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1. INTRODUCTION 
1.1 RTBfoods Overview 

Breeding Root, Tuber and Banana (RTB) products for end-user preferences (RTBfoods) is a 
Bill and Melinda Gates Foundation (BMGF) investment, which is cofunded by CIRAD, INRA, CIAT, 
CIP, and JHI, to encourage increased variety adoption of roots, tubers, and bananas (RTB) crops in 
sub-Saharan Africa (SSA). It will develop high-throughput tools that will facilitate the selection of RTB 
varieties by breeders to meet end-users’ requirements, thereby contributing to better variety adoption 
and improved food security. The investment aims to identify the quality traits that drive the adoption 
by users of new RTB varieties and takes a novel approach by directly involving consumers, 
processors, and researchers. The main challenge the project addresses is to translate RTB product 
profiles into market-led breeding initiatives that will develop new, end-user–focused, RTB varieties in 
SSA. The project will improve genetic insights into the quality traits along the value chain essential for 
successful RTB breeding and variety adoption. Multidisciplinary teams of social scientists and food 
technologists will capture these essential quality traits through surveys conducted with RTB crop 
users (i.e., processors and consumers), farmers, traders, and middlemen. 
Research activities are organized in five work packages (WPs) that bring together the skills and 
expertise of several world-class laboratories. A sixth WP is dedicated to the management, financial 
and scientific coordination, monitoring, and communication of the project. 

CGIAR Partners 
• Bioversity International, Rome, Italy 
• International Center for Tropical Agriculture (CIAT), Cali, Colombia 
• International Potato Center (CIP), Lima, Peru 
• International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria 

European Partners 
• French Agricultural Research Centre for International Development (CIRAD), Montpellier, 

France 
• French National Institute for Agricultural Research (Inra), Paris, France 
• The James Hutton Institute (JHI), Invergowrie, Scotland 
• Natural Resources Institute (NRI), University of Greenwich, Chatham Maritime, UK 

Regional and National African Partners 
• Bowen University, Bowen, Nigeria 
• Centre Africain de Recherche sur Bananiers et Plantains (CARBAP), Djombé, Cameroon 
• Centre National de Recherche Agronomique (CNRA), Abidjan, Côte d’Ivoire 
• National Agricultural Research Organisation (NARO) (NaCRRI, NARL, Kazardi), Kampala, 

Uganda 
• Université d'Abomey-Calavi (UAC/FSA), Cotonou, Benin 

Consultants and Subcontractors  
• Boyce Thompson Institute (BTI), Ithaca, New York 
• Cornell University, Ithaca, New York 
• ENSAI, Ngaoundéré, Cameroon 

Box 1. RTBfoods partners 
WP 1: Understanding the drivers of trait preferences and the development of multi-user RTB 
product profiles. The evidence base for user preferences for RTB products will be identified through 
the use of interdisciplinary methods and lines of inquiry (food science, gender, and economics). This 
will examine preferences for different user groups in the product chain and identify the factors that 
influence these preferences for men, women, and other social segments, including how they are 
prioritized. 

https://rtbfoods.cirad.fr/
https://www.bioversityinternational.org/
http://bowenuniversity.edu.ng/
http://fsa-uac.org/
https://btiscience.org/
https://www.cornell.edu/
http://ensai.univ-ndere.cm/
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WP 2: Biophysical characterization of quality traits. To characterize chemical compounds of 
interest in detail, specific biophysical analysis and sensory profiling protocols will be adapted or 
developed as needed. 
WP 3: High-throughput phenotyping protocols (HTPP). On the basis of these primary quantitative 
analyses, the investment will build databases to establish predictive equations based on near-infrared 
spectroscopy (NIRS) data and to calibrate HTPP in the different RTB breeding programs in SSA. 
NIRS of new, elite breeding lines will enable simultaneous prediction of several quality traits, using a 
single in-situ spectral analysis of fresh RTB materials, to select the varieties most likely to be adopted 
by end-users. 
WP 4: Integrated end-user–focused breeding for varieties that meet users’ needs—VUE: 
variety (V); user (U); and socio-economic environment (E). These HTPP may also allow genetic 
association analyses, that is, genome-wide association study (GWAS) and study of genes for quality 
quantitative trait loci (QTLs). The investment will also significantly reduce phenotyping costs and allow 
low-cost analysis of the contribution of genetic factors, environmental factors, and cultivation and 
processing practices to the quality traits of RTB-based end products. 
WP 5: Gender equitable positioning, promotion and performance. The most promising varieties 
(VUE) thus identified will be tested under real conditions with farmers, processors, and other users, 
including consumers, to validate the approach in partnership with the various RTB breeding programs 
in SSA.  
11 food products of particular importance for RTB-based staple diets (cassava, yam, sweetpotato, 
highland banana, plantain, and tropical potato) were selected (Table 1), in partnership with several 
SSA organizations in five countries: Benin, Cameroon, Côte d'Ivoire, Nigeria, and Uganda. Specific 
deliverables were assigned to and accepted by project partners that enable RTBfoods product profiles 
(i.e., profiling of biophysical and sensorial preferred RTB end-products in a socioeconomic-specific 
context) to be developed and thus map activities between the different WPs and product profiles. 
Each partner contributes to the establishment of the 11 product profiles and the scientific coherence 
of the different WPs. 
 

RTB 
Crop 

RTB Food 
Product Profile 

Primary 
Country 

Spillover Countries National Partners International 
Partners 

Cassava Boiled and 
pounded cassava 

Uganda, 
Colombia 

Benin NaCRRI, NARL, 
UAC/FSA 

CIAT, CIRAD, 
INRA, NRI 

Gari, attiéké, eba Nigeria Cameroon, Benin, 
Côte d'Ivoire 

CNRA, UAC/FSA 
NRCRI, ENSAI 

IITA, CIRAD, NRI 

Fufu Nigeria Cameroon, Uganda NRCRI, NaCRRI, 
ENSAI 

IITA, CIRAD, NRI 

Cooking 
banana 

Boiled plantain Cameroon Côte d'Ivoire, Nigeria CARBAP, CNRA CIRAD, INRA, IITA, 
NRI 

Matooke (East 
African Highland 
banana) 

Uganda  NARL Bioversity, CIRAD, 
IITA, NRI 

Fried plantain 
Aloco 

Nigeria Cameroon CARBAP IITA/CIRAD 

Sweet- 
potato 

Boiled 
sweetpotato  

Uganda  NaCRRI CIP, JHI, CIRAD, 
NRI 

Fried sweetpotato Nigeria Côte d'Ivoire, 
Uganda 

NaCRRI, CNRA CIP, CIRAD, NRI 

https://rtbfoods.cirad.fr/
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RTB 
Crop 

RTB Food 
Product Profile 

Primary 
Country 

Spillover Countries National Partners International 
Partners 

Yam Boiled yam Benin Côte d'Ivoire, Nigeria Bowen U., UAC/ 
FSA, CNRA, NRCRI 

CIRAD, IITA, INRA, 
NRI 

Pounded yam Nigeria Côte d'Ivoire Bowen U., CNRA, 
NRCRI 

CIRAD, IITA, INRA, 
NRI 

Potato Boiled potato Uganda  NARO/Kazardi CIP, JHI 

Table 1. RTBfoods selected RTB product profiles (main countries and partners) 

1.2 RTBfoods Interaction with Other RTB Breeding 
Investments 

The RTBfoods project is designed to complement the many other investments in breeding programs in 
SSA (i.e., NEXTGEN, SweetGains, AfricaYam, ABBB, and HarvestPlus) in order to improve and/or 
optimize the impacts of these ongoing investments. 

1.2.1 Next Generation Cassava Breeding 

(NEXTGEN) seeks to modernize partner cassava breeding institutions in Africa and use cutting-edge 
tools for efficient delivery of improved varieties of cassava. The ultimate beneficiaries of this project 
are the cassava farmers of sub-Saharan Africa, who will receive improved varieties that increase fresh 
root yields, are more resilient to devastating virus diseases, and exhibit other traits preferred by 
smallholder farmers. NextGen is currently in its second 5-year phase and the project aims to 
significantly increase the rate of genetic improvement in cassava breeding and unlock the full potential 
of cassava, a staple crop central to food security and livelihoods across Africa. The project will 
implement and empirically test a new breeding method known as genomic selection. This method 
relies on statistical modeling to predict cassava performance before testing in the field and 
dramatically accelerates the breeding cycle. The successful adoption of new cassava varieties 
generated in Phase 2 will depend on identifying and meeting the spectrum of different user 
preferences and acceptability criteria. Consumer-testing and sensory evaluation studies will 
qualitatively establish key quality attributes, whereas lab analyses will reveal any correlation to 
measurable lab variables. For winning quality traits that are heritable and high priority in key market 
segments—but for which there are no current high-throughput phenotyping methods—NextGen and 
RTBfoods will together invest in specific new tools, based on spectral calibration. Biophysical analysis, 
sensory evaluation, and consumer testing will be carried out by RTBfoods supporting the NextGen 
project in Nigeria and Uganda. SweetGains 

1.2.2 The Sweetpotato Genetic Advances and Innovative Seed 
Systems 

(SweetGains) project is an ambitious three-year initiative designed to modernize sweetpotato 
breeding in Africa. It seeks to improve breeding operations and methods, ensure integration between 
breeding outputs and early generation seed availability, and form a strong and dynamic community 
of practice for sharing of knowledge and experiences. 
The project builds on previous sweetpotato breeding achievements, which include:  

• The formation of a network of researchers including from several national agricultural 
research institutes in Africa;  

• Using accelerated breeding schemes to release significant numbers of improved varieties of 
sweetpotato since 2009.  

https://rtbfoods.cirad.fr/
http://www.nextgencassava.org/
https://www.sweetpotatoknowledge.org/project/sweetpotato-action-for-security-and-health-in-africa-sasha/
https://africayam.org/
http://breedingbetterbananas.org/
https://www.harvestplus.org/
http://www.nextgencassava.org/
https://www.sweetpotatoknowledge.org/project/sweetpotato-action-for-security-and-health-in-africa-sasha/
https://www.sweetpotatoknowledge.org/project/sweetpotato-action-for-security-and-health-in-africa-sasha/
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• Genome sequencing, and significant progress in breeding for high-iron levels;  
• Development of proof-of-concept that hybrid breeding schemes can revolutionize 

sweetpotato breeding.  
SweetGAINS will build upon earlier achievements to accelerate and improve the development and 
dissemination of climate-resilient, market-accepted sweetpotato, including orange- and the more 
common white- and yellow-fleshed varieties. It will bring a customer-needs-driven, industry 
perspective to sweetpotato breeding and promote aspects such as operational excellence. This 
project is aligned with the ‘scaling up nutrition’ movement, which encompasses commitment to 
delivering more nutritious food in all major sweetpotato-producing countries in sub-Saharan Africa. 

1.2.3 Enhancing yam breeding for increased productivity and 
improved quality in West Africa  

AfricaYam project is to increase yam productivity while reducing production costs and environmental 
impact by developing and deploying varieties with higher yield, greater resistance to pests and 
diseases, and improved quality. The AfricaYam project focuses on genetic improvement of two 
major cultivated yam species which are white yam (Dioscorea rotundata), which is native to West 
Africa, and water yam (D. alata) which originated from the Asia/Pacific region.  
Some specific objectives of the project are to: 

• Breed for high yield, good quality, nematode, and resistance to diseases (anthracnose and yam 
mosaic virus). 

• Perform regional testing of promising breeding selections currently available. 
• Phenotype for bi-parental population mapping and GWAS for key agronomic and quality traits. 
• Establishing a breeders’ community of practice for participating countries with a focus on 

upgrading skills in phenotyping, breeding, program management, and trial management 
• Additional re-sequencing, sequence analysis for generation of genomic tools for genotyping 

populations, genome-wide association studies, and testing feasibility of genomic selection 
• Constructing and using a database for curation and integration of yam research data 
• Training and capacity building 

RTBfoods and AfricaYam have created a synergy to better understand the acceptability of the new 
yam lines produced. Surveys on consumer preferences and identification of quality traits, leading to 
better adoption, are being undertaken in Benin, Côte d'Ivoire, and three regions of Nigeria. A co-
investment for the development of a method for predicting quality traits, such as boiling preferences 
or yam poundability (smooth dough), is underway. 

1.2.4 Improvement of banana for smallholder farmers in the Great 
Lakes Region of Africa 

(ABBB: Advance Breeding Better Bananas) project seeks to improve the production and 
productivity of banana in Tanzania and Uganda. This is done through the development and delivery 
of hybrid banana varieties that are expected to have 30% higher yield than the current varieties grown 
by farmers under the same conditions. ABBB is structured in four WPs, one of which is more 
concerned with market and acceptability aspects and intends to develop a system for better tailoring 
breeding products and increasing adoption of new cultivars through end-user feedback systems 
and participatory evaluation of improved banana germplasm. Using a multilocation participatory 
varietal selection (PVS) approach, 27 promising East African highland (EAHB) hybrids, called 
NARITAs, will be tested. Regional testing of the hybrids using multilocation field trials in the range of 
expected end-user environments provides an ideal experimental design to understand how site 
conditions interact to affect the performance and adoption potential of each hybrid. Working in close 
collaboration with farmers in Tanzania and Uganda allows the quantification of the suitability of each 
cultivar to local farming conditions. At the same time, sensory evaluations with consumers provide 
feedback on taste and other organoleptic features and on processing potential. Besides 

https://rtbfoods.cirad.fr/
https://africayam.org/
http://breedingbetterbananas.org/
http://breedingbetterbananas.org/
http://breedingbetterbananas.org/
http://breedingbetterbananas.org/
http://www.promusa.org/NARITA+hybrids
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generating data on these 27 EAHB hybrids, RTBfoods and BBB will provide valuable feedback to the 
NARO-IITA breeding program on key criteria that farmers and consumers use for adoption or rejection 
of new cultivars to guide breeding investments. Standardized protocols and tools for evaluation and 
data sharing are being developed in both projects. We expect that the multilocation PVS approach 
will provide an efficient mechanism for the evaluation of the new EAHB hybrids, lead to higher and 
faster adoption of the new hybrids, and thus maximize the impact of these new hybrids. 

1.2.5 Project Management Structure 

CIRAD, in Montpellier, France, leads project coordination, with sub-awards to specialized partner 
organizations that target specific product profiles. Project coordination covers monitoring and 
evaluation (M&E), communications, financial management, and technology transfer. It also supports 
the project Advisory Committee, organizes annual meetings and scientific meetings, and prepares 
overall project plans and reports. An internal CIRAD Monitoring Committee has been set up to facilitate 
internal communication within the organization (CIRAD’s scientific, financial, and administrative 
departments). 
The Project Management Unit (PMU) is composed of the following persons and functions: 

• Dr. Dominique Dufour, food technologist, RTBfoods project coordinator 
• Eglantine Fauvelle, agronomist, RTBfoods project manager—monitoring, evaluation, and 

learning (MEL) position 
• Dr. Philippe Vernier, yam agronomist, RTBfoods/CIRAD internal Monitoring Committee 

manager 
• Cathy Méjean, RTBfoods project assistant 
• Delphine Marciano and Anne Laure Perignon, RTBfoods financial project managers 
• Marion Mille and Claire Khoury, RTBfoods contract and technology transfer managers 

The PMU facilitates the smooth running of the project at scientific, logistical, and financial levels. The 
PMU regularly organizes follow-up meetings with the WP coordination teams (leaders and co-
leaders), the various partners, and, in particular, the focal points of each institution as well as with the 
champion products (Table 2). The PMU meets monthly with the WP coordinators, at the request of 
the various partners or product profile champions, and according to their needs. This close interaction 
is essential for good project communications.  

WP Leaders Partner Focal Points Product Champion Leaders 
WP 1. Lora Forsythe/Ulrich Kleih (NRI) Bioversity: Pricilla Marimo Boiled cassava: Robert 

Kawuki (NaCRRI) 
WP 1. Co-leader: Geneviève Fliedel 
(CIRAD) 

Bowen U.: Bolanle Otegbayo Gari, attiéké, eba: Busie 
Maziya Dixon (IITA)  

BTI: Lukas Muller Fufu: Ugo Chijioke (NRCRI) 
WP 2. Busie Maziya-Dixon (IITA) CARBAP: Gérard Ngoh 

Newilah 
Boiled Plantain: Gérard Ngoh 
Newilah (CARBAP) 

WP 2. Co-leaders: Christian Mestres; 
Layal Dahdouh, Christophe Bugaud 
(CIRAD) 

CIAT: Thierry Tran Matooke: Kephas 
Nowakunda (NARL) 

WP 2. Co-Leader: Thierry Tran (CIAT) CIP: Jolien Swanckaert Fried Plantain, Aloco: 
Delphine Amah (IITA) 

WP 3. Fabrice Davrieux (CIRAD) CIRAD: Dominique Dufour Boiled sweetpotato: Robert 
Mwanga (CIP) 

WP 3. Co-leader: Emmanuel Alamu 
(IITA) 

CNRA: Michel Kouakou 
Amani 

Fried sweetpotato: Jane Low 
(CIP) 

WP 3. Co-leader: Thomas Zum Felde 
(CIP) 

ENSAI: Robert Ndjouenkeu Boiled yam: Noël Akissoé 
(UAC/FSA) 

https://rtbfoods.cirad.fr/
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WP Leaders Partner Focal Points Product Champion Leaders 
WP 4. Hana Chair (CIRAD) IITA: Busie Maziya-Dixon Pounded yam: Bolanle 

Otegbayo (Bowen U.) 
WP 4. Cassava co-leader: Robert 
Kawuki (NaCRRI) 

INRA: Agnès Rolland Sabaté Boiled potato: Thiago 
Mendes (CIP) 

WP 4. Cassava co-leader: Xiaofei 
Zhang (CIAT) 

JHI: Mark Taylor 
 

WP 4. Sweetpotato co-leader: Robert 
Mwanga (CIP) 

NaCRRI: Robert Kawuki 
 

WP 4. Banana co-leader: Brigitte 
Uwimana (IITA) 

NARL: Kephas Nowakunda 
 

WP 4. Potato co-leader: Thiago 
Mendes (CIP) 

NRCRI: Ugo Chijioke 
 

WP 4. Yam co-leader: Asrat Amele 
(IITA) 

NRI: Lora Forsythe/Ulrich 
Kleih 

 

WP 5. Jolien Swanckaert (CIP) UAC/FSA: Noël Akissoé 
 

WP 5. Co-leader: Gérard Ngoh 
(CARBAP) 
WP 5. Co-leader: Alexandre Bouniol 
(CIRAD) 

 

Table 2. RTBfoods scientific responsibilities 
For reporting purposes, on an annual basis each WP leader, partner focal point, and product 
champion leader produce a report that is consolidated by the PMU to produce the RTBfoods annual 
report. Each project deliverable is also made available on the RTBfoods platform, before validation 
for open access distribution. 

1.3 Project Phasing 
It was unfeasible to start all socioeconomic studies concerning each product profile at the same time 
during Period 1. Due to methodological developments, only 6 surveys concerning the different product 
profiles were initiated in period 1. The field activities for the 11 product profiles were completed in 
period 2. The first 6 product profiles have been finalized and the data collected for the other product 
profiles are being processed. (Mentioned in the File Results Tracker Framework). 
Activities of WP 4 and WP 5 will be phased in gradually from Period 2 to Period 5, as and when 
outputs from WP 1–WP 3 become available (see Fig. 1). Nevertheless, the five WPs worked 
simultaneously on the state of knowledge (SoK), lab and genetic resources inventories, 
standardization, and methodological developments to be implemented in the project. 

https://rtbfoods.cirad.fr/
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Figure 1. RTBfoods phasing. 

2. PROJECT OUTPUT PROGRESS IN PERIOD 2 
2.1 Gendered Food Product Mapping & Quality 

Characteristics 
In Period 2, methodological guidance to standardize data processing and reporting by partner teams 
were improved or developed in Period 2 taking advantage of feedbacks from partner teams. They are 
currently available on the RTBfoods platform. Partners were trained during a global WP1 workshop 
at the beginning of Period 2. All Period 2 long, WP1 coordinators were responsible to support partners 
in data analysis and to validate final reports and first versions of food product profiles developed. 
 
Target Period 2: 27 studies were expected on quality characteristics, demands and consumption 
patterns for 11 RTB food products. 
Achieved: 32 studies have been performed on 11 food product profiles by 10 different partner teams 
in 5 targeted countries. These studies come from 3 different types of field surveys: 

- individual interviews & focus group discussions on RTB food consumption habits & 
preferences;  

- participatory diagnosis of RTB crop processing,  
- testing of final RTB products.  
Some product profiles are more advanced than others due to crop seasonality. Some product profiles 
are not yet covered by the 3 types of field surveys and will be finalized in Period 3. 9 reports on 
gendered food mapping covering 9 product profiles have been delivered and are currently available 
(see Table 4). 2 state of knowledge reports were produced on Fried Plantain and Fried Sweetpotato, 
missing from Period 1. 
Variance: More studies have been conducted because:  

https://rtbfoods.cirad.fr/
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- some product profiles have been surveyed in more than one country (ex: boiled yam in Benin 
and in Nigeria; Gari in Nigeria and in Cameroon); 

- in a same country, different partners may have surveyed the same product profile but in 
different regions. Each partner ended up delivering its own report (ex: NRCRI and IITA carrying 
out surveys in different regions in Nigeria on Gari/Eba). 

Activities Performed in Period 2 Deliverables 
Capacity Strengthening & 
Methodology Development for Data 
Analysis & Product Profile 
Consolidation 

Capacity strengthening kit: 
Guidance Report Part I - State of Knowledge (New increased version) 
Guidance Report Part II – Activity 3 Gendered product mapping (New 
increased version with Guidance on Data Analysis & Reporting 
included) 
Guidance Report Part III – Activity 4 Participatory diagnosis and quality 
characteristics – (New increased version) 
Guidance Report Part IV – Activity 5  Consumer tasting in rural and 
urban user segments – (New increased version) 
Data Analysis Worksphop Material  
  - Multiple-User Preferences & Product Profiling in RTB Value Chain 
(L. Forsythe) 
  - Qualitative Data Analysis Session (L. Forsythe) 
  - Activity 3 Synthesis and Reporting (L. Forsythe) 
Report from Support Mission to Bioversity International and CIP teams 
for implementing Activity 4 “Processing diagnosis” and Activity 5 
“Consumer testing” on Matooke in Luwero region and on Boiled 
Sweetpotato in Lira region (G. Fliedel) 

Desk literature review 
Interviews involving experts 

State of knowledge by food product 
Fried Plantain- Dodo in Nigeria (IITA, D. Amah) 
Fried Sweetpotato in Nigeria & Ghana (CIP, E. carey) 

Surveys on gendered knowledge on 
food consumption habits and 
preferences by user groups 

Gendered Food Mapping by food product 
Gari in Cameroon (ENSAI-IITA, R. Njouenkeu & B. Teeken) 
Boiled Plantain in Cameroon (CARBAP, G. Ngoh) 
Boiled Sweetpotato in Uganda (CIP, S. Mayanja) 
Boiled Yam in Bénin (UAC-FSA, N. Akissoe) 

Table 3: Output 1.1.1: Gendered knowledge produced on quality characteristics, demands and 
consumption patterns for 11 RTB food/processed products in 5 African countries. 

2.1.1 Surveys on Gendered Food Mapping 

In total, 19 surveys were carried out in Period 1 and 2 by 10 teams; 14 datasets have been uploaded 
on the RTBfoods platform and 9 reports have been submitted. 
Product 
Profile Institute Country Survey 

Completed 
Raw 
Datasets 
St d 

Report 

Boiled 
cassava 

NaCRRI Uganda X in P1 X   

UAC/FSA Benin X     

Gari/Eba 
IITA Nigeria X  in P1 X   

NRCRI Nigeria X in P1 X Under Revision  
Gari - 
Cameroon 

ENSAI/IITA Cameroon X X X 

Attieke CNRA Côte d'Ivoire X  in P1 & P2 1 region 
missing Under Revision 

Fufu NRCRI Nigeria X  in P1 X Under Revision   
Boiled 
Plantain 

CARBAP Cameroon X in P1 X X 

https://rtbfoods.cirad.fr/
https://mel.cgiar.org/reporting/download/report_file_id/13324
https://mel.cgiar.org/reporting/download/report_file_id/13329
https://mel.cgiar.org/reporting/download/report_file_id/13331
https://mel.cgiar.org/reporting/download/report_file_id/13331
https://mel.cgiar.org/reporting/download/report_file_id/13332
https://mel.cgiar.org/reporting/download/report_file_id/13332
https://mel.cgiar.org/reporting/download/report_file_id/17787
https://mel.cgiar.org/reporting/download/report_file_id/17789
https://mel.cgiar.org/reporting/download/report_file_id/17790
https://mel.cgiar.org/reporting/download/report_file_id/20571
https://mel.cgiar.org/reporting/download/report_file_id/20571
https://mel.cgiar.org/reporting/download/report_file_id/20571
https://mel.cgiar.org/reporting/download/report_file_id/20571
https://mel.cgiar.org/reporting/download/report_file_id/17786
https://mel.cgiar.org/reporting/download/report_file_id/20556
https://mel.cgiar.org/reporting/download/report_file_id/17796
https://mel.cgiar.org/reporting/download/report_file_id/17800
https://mel.cgiar.org/reporting/download/report_file_id/17802
https://mel.cgiar.org/reporting/download/report_file_id/17803
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Product 
Profile Institute Country Survey 

Completed 
Raw 
Datasets 
St d 

Report 

Matooke NARL/ 
Bioversity Uganda X in P1 X X Market Missing  

Fried 
Plantain-

 
IITA Nigeria X X   

Boiled 
Sweetpotato CIP Uganda X in P1 X X 

Fried 
Sweetpotato CIP Nigeria/Ghana X     

Boiled yam 

UAC/FSA Benin X in P1 X X 

NRCRI Nigeria X in P1 X   

IITA Nigeria X in P1   

Pounded yam 

Bowen Nigeria X in P1 X  

NRCRI Nigeria X in P1 X   

IITA Nigeria X in P1     

Boiled Potato CIP Uganda X   Different Format  

TOTAL (/Total Nb of Surveys Expected) 19 (/19) 
5 in P2 14 (/19) 9 (/19) 

Table 4: Progress done in Period 2 on surveys on Gendered Food Mapping. 

2.1.2 Participatory Processing Diagnosis of RTB Crops 

Table 5 hereunder summarize progress done on participatory diagnosis for processing of RTB crops.  
In total, 15 surveys were carried out, 8 datasets have been uploaded on the RTBfoods platform and 
2 reports have been submitted.  

Product Profile Institute Country Survey 
Completed 

Raw Datasets 
Stored Finalized 

Boiled cassava NaCRRI Uganda X 
Consent Forms & 
Questionnaire 
missing 

  

UAC/FSA Benin X     

Gari/Eba 
IITA Nigeria X Consent Forms 

missing   

NRCRI Nigeria X Consent Forms 
missing   

Gari - Cameroon ENSAI/IITA Cameroon      
Attieke CNRA Côte d'Ivoire      

Fufu NRCRI Nigeria X Consent Forms 
missing   

Boiled Plantain CARBAP Cameroon X X Draft  

Matooke NARL/ 
Bioversity Uganda X     

Fried Plantain-
Dodo IITA Nigeria      

Boiled 
Sweetpotato CIP Uganda X     

https://rtbfoods.cirad.fr/
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Product Profile Institute Country Survey 
Completed 

Raw Datasets 
Stored Finalized 

Fried 
Sweetpotato CIP Nigeria/Ghana X     

Boiled yam 

UAC/FSA Benin X Consent Forms 
missing Draft  

NRCRI Nigeria X 

Processing 
Parameters + 
Consent Forms 
missing 

  

IITA Nigeria X   

Pounded yam 

Bowen Nigeria X     

NRCRI Nigeria X 

Processing 
Parameters + 
Consent Forms 
missing 

  

IITA Nigeria X     
Boiled Potato CIP Uganda ?     
TOTAL (/Total Nb of Surveys Expected) 15 (/19) 8 (/19) 2 (/19) 

Table 5: Progress done in Period 2 on participatory processing diagnosis of RTB crops. 

2.1.3 Consumer Testing of RTB Food Products 

Table 6 hereunder summarize progress done on consumer testing in Period 2.  
In total, 14 surveys were carried out; 6 datasets have been uploaded on the RTBfoods platform and 
1 report has been submitted.  

Product 
Profile Institute Country 

Survey 
Complete
d 

Raw Datasets Stored Repor
t 

Boiled 
cassava 

NaCRRI Uganda X X   

UAC/FSA Benin X X   

Gari/Eba 
IITA Nigeria X X   

NRCRI Nigeria X Consent Forms & 
Questionnaires missing   

Gari - 
Cameroon ENSAI/IITA Cameroon     

Attieke CNRA Côte d'Ivoire     

Fufu NRCRI Nigeria X Consent Forms & 
Questionnaires missing   

Boiled 
Plantain CARBAP Cameroon     

Matooke NARL/Bioversit
y Uganda X    

Fried 
Plantain-
Dodo 

IITA Nigeria     

Boiled 
Sweetpotat
o 

CIP Uganda X     

Fried 
Sweetpotat
o 

CIP Nigeria/Ghan
a X     

https://rtbfoods.cirad.fr/
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Product 
Profile Institute Country 

Survey 
Complete
d 

Raw Datasets Stored Repor
t 

Boiled yam 

UAC/FSA Benin X X Draft 

NRCRI Nigeria X    

IITA Nigeria X   

Pounded 
yam 

Bowen Nigeria X    

NRCRI Nigeria X    

IITA Nigeria X    
Boiled 
Potato CIP Uganda ?    

TOTAL (/Total Nb of Surveys Expected) 14 (/19) 6 (/19) 1 (/19) 
Table 6: Progress done in Period 2 on consumer testing of RTB final products. 

2.1.4 Product Profiles Consolidation from Surveys on Gendered 
Food Mapping  

In Period 2, knowledge produced during surveys on consumption habits and preferences was 
processed to consolidate first versions of food product profiles. The 10 partner teams were involved 
in data analysis. Datasets built during surveys Period 1 represent a hudge amount of both quantitative 
and qualitative data which must be coded and cleaned before processing. A first methodological 
workshop had been organized in Period 1; a second workshop focused on data analysis was held in 
early Period 2 in Abuja. It was the opportunity for all teams involved in field surveys to strengthen their 
capacity in data coding and analysis for report writing.  
New methodological guidance was also developed in Period 2 to extract key data from survey reports 
and to consolidate first versions of product profiles. Many discussions and exchanges (by email or 
skype) took place between each partner team and WP coordinators and activity focal points to reach 
product profile tables approved by all parts. This explains why some product profiles are still under 
revision to date.   
Target for Period 2: 6 first iterations of product profiles were expected to be developed. 
Achieved: 14 first versions of product profiles have been submitted in Period 2 (consolidated from 
surveys on gendered food mapping). 3 of them have been approved in Period 2 (i.e. Gari in 
Cameroon, Boiled Pantain in Cameroon, Boiled Yam in Bénin); 9 product profiles are currently under 
revision at partner team level to integrate feedbacks from WP1 coordinators. 2 product profiles were 
submitted after the reporting deadline and are to be reviewed by WP1 coordinators (not validated 
presently). These product profiles should be received for final validation by WP coordinators in early 
Period 3. 
Variance: Out of the 8 product profiles not finalized in Period 2, 5 are the product profiles which could 
not be surveyed in Period 1 due to harvesting and time constraints faced by the responsible team 
also involved in other product profiles. For these 5 product profiles, field surveys started in Period 2; 
hence, data analysis is on-going. First versions of product profiles should be received for revision by 
WP coordinators in early Period 3 and finalized soon. 

Activities Performed in 
Period 2 

Deliverables 

Data extraction and 
analysis from surveys on 
RTB food consumption 

First Versions of Product Profiles from Gendered Food 
Mapping' (only) 
Gari in Cameroon (ENSAI-IITA, R. Njouenkeun & B. Teeken) 
Boiled Plantain in Cameroon (CARBAP, G. Ngoh) 

https://rtbfoods.cirad.fr/
https://mel.cgiar.org/reporting/download/report_file_id/17807
https://mel.cgiar.org/reporting/download/report_file_id/17808
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Activities Performed in 
Period 2 

Deliverables 

habits & preferences to 
feed into product profiles  

Boiled Yam in Bénin (UAC-FSA, N. Akissoe) 

Table 7: Output 1.2.1: Quality characteristics identified for 11 RTB food/processed products in 5 
African countries. 

Product Profile Institute Country Draft or Under 
Revision  

V1.0 
Finalized  

Boiled cassava NaCRRI Uganda Under Revision    
UAC/FSA Benin     

Gari/Eba IITA Nigeria Under Revision    
NRCRI Nigeria Under Revision    

Gari - Cameroon ENSAI/IITA Cameroon  X 
Attieke CNRA Côte d'Ivoire  Under Revision    
Fufu NRCRI Nigeria  Under Revision   
Boiled Plantain CARBAP Cameroon  X 
Matooke NARL/Bioversity Uganda Under Revision    
Fried Plantain-
Dodo IITA Nigeria     

Product Profile Institute Country Draft or Under 
Revision  

V1.0 
Finalized  

Boiled 
Sweetpotato CIP Uganda  Under Revision   

Fried 
Sweetpotato CIP Nigeria/Ghana     

Boiled yam 
UAC/FSA Benin  X 
NRCRI Nigeria Draft   
IITA Nigeria   

Pounded yam 
Bowen Nigeria Under Revision   
NRCRI Nigeria Draft   
IITA Nigeria     

Boiled Potato CIP Uganda (Different Format)   
TOTAL  (/Total Nb of Product Profiles Expected) 11 (/19) 3 (/19) 
First Iterations Targeted for Period 2 - 6 

Table 8: Period 2 progress on product profile consolidation (first iterations from surveys on RTB 
consumption habits & preferences). 

2.2 Quality Trait Characterization  
2.2.1 Development of Standard Operating Procedures (SOPs) 

In Period 2, a considerable effort was done to standardize laboratory operations and procedures 
(sampling, sample codification, product preparation, biochemical characterization as well as textural 
and sensorial properties).  
3 strengthening capacity workshops on texture & sensory analysis were performed in Benin and 
Uganda on boiled cassava (Bénin, Uganda) and matooke (Uganda). Partners developed methods to 
evaluate boiled cassava and matooke texture in parallel to the establishment of sensory panels in the 
two countries.  
In Nigeria, food scientists from Bowen University shard their experience in sensory analysis and 
provided support to NRCRI and IITA in the training of their panellists and for the generation of 
descriptors for 4 products (i.e. Gari-Eba, Fufu, pounded and boiled yam). In total, 5 trained sensory 
panels have established in Period 2, across 3 countries and for 6 product profiles (see WP2 Scientific 

https://rtbfoods.cirad.fr/
https://mel.cgiar.org/reporting/download/report_file_id/17809
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Report for Period 2) with the final objective to determine instrumental methods representative of 
assessments performed with trained panels. 
Target in Period 2: 6 standard operating procedures (SOPs) were expected to be developed for RTB 
crops and products. 
Achieved: 12 peer reviewed SOPs have been written down and peer reviewed internally (by project 
scientists): 
• 3 SOPs developed to propose a relevant sampling and codification of RTB material and to 
prepare fresh (cassava, yam) and dried (cassava flour) samples prior to laboratory analysis;  

• 4 SOPs written down for biochemical characterization of RTB material on compositional traits 
in relation with major quality traits; 

• 3 SOPs developed for textural characterization of boiled sweetpotato and boiled cassava 
through extrusion and matooke through double compression with texture analyser; 

• 2 SOPs developed for sensory characterization of boiled sweetpotato and matooke with a 
trained panel. 

Variance: The need to standardize procedures between partner laboratories was initially under-
estimated, in particular for sampling and coding of samples. Hence, SOPs for sampling & coding fresh 
crops are being developed by project partners for the 5 crops as well as SOPs for product preparation 
and textural and sensorial characterization for the 11 product profiles targeted. 
 

Activities 
Performed in 
Period 2 

Deliverables 

Development of 
laboratory based 
Standard Operating 
Procedures for 
sampling and 
codification of RTB 
crops and products, 
sample preparation, 
and for biochemical, 
textural and 
sensorial 
characterization of 
RTB crops & 
products 

SOPs for sampling & codification of RTB crops for analyses on raw 
material  
Sampling & Codification of raw Cassava Roots (T. Tran) 
Sampling & Codification of raw Yam Tubers (C. Mestres) 
SOPs for low temperature drying and/or freeze-drying of RTB crops & 
products 
Drying of fresh cassava (T. Tran) 
SOPs for biochemical analyses on RTB crops & products 
Dry matter (B. Maziya-Dixon)  
Starch & Sugars (Acid hydrolysis) (B. Otegbayo) 
Sugars (HPLC) (C. Mestres) 
Amylose (DSC) (C. Mestres) 
SOPs for textural analyses on RTB products 
Boiled Cassava (extrusion) (T. Tran)  
Boiled Matooke (double compression) (M. Matovu) 
Boiled Sweetpotato (extrusion) (L. Banda) 
SOPs for sensory analyses on RTB products (sample presentation & 
service) 
Boiled Matooke (E. Khakasa)  
Boiled Sweetpotato (M.  Nakitto) 

Table 9: Output 1.3.1: High quality SOPs to characterize and understand key users' preferred quality 
traits developed. 

2.2.2 Trait Dissection & Proofs of Concepts on Parietal Compounds 
& Cell Wall Analysis  

In Period 2, the effort was focused on 5 main biochemical compounds (dry matter, starch content, 
sugar content, amylose content and polyphenols content) which are supposed to be related to 4 more 
complex functional quality traits: cooking ability, texture, retting ability and colour. Hundreds of 
samples were analysed by partner laboratories to generate reference values that were transferred to 
WP3 for calibration development. 

https://rtbfoods.cirad.fr/
https://mel.cgiar.org/reporting/download/report_file_id/17810
https://mel.cgiar.org/reporting/download/report_file_id/17811
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https://mel.cgiar.org/reporting/download/report_file_id/17825
https://mel.cgiar.org/reporting/download/report_file_id/17826
https://mel.cgiar.org/reporting/download/report_file_id/17828
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CIRAD, JHI, INRA and CIAT have been working on proofs of concept on the role of parietal 
compounds in the functional properties (texture and cooking ability) of cassava and sweetpotato (see 
Partner Report in JHI, CIRAD, INRA).  

- JHI assessed pectin methyl-esterase enzyme in sweetpotato parietal compounds (See JHI 
Annex 15, p.418);  

- CIAT extracted pectin from cell wall in collaboration with CIRAD for MIRS analysis (see CIAT 
Annex 9, p.257); 

- CIRAD developed a fast-track method for pectin quantification on yam in collaboration with UAC-
FSA in Benin and INRA (See CIRAD Annex 11, p.302 & INRA Annex 14, p.383 ); 

This work will be extended to banana by INRA in Period 3.  
Correlations were investigated between cooking ability and parietal compounds composition. For 
sweetpotato no correlation was found between texture and parietal compounds. In the case of 
cassava, promising results were achieved between texture measurements in relation with cooking 
ability and parietal compounds predicted by MIRS.  
Besides, CIRAD is developing a method for the evaluation of retting (root softening) ability in relation 
with parietal compounds composition, in collaboration with CRP RTB CC 4.1. CIRAD has also been 
developing imaging analysis to analyse browning on fresh yam. 
Target for Period 2: 5 quality traits (compositional & functional traits) characterized to inform RTB 
product profiles. 
Achieved: In Period 2, 5 compositional traits and 4 more complex functional traits have been 
investigated on 3 crops (cassava, yam, sweetpotato) 

Activities Performed in 
Period 2 

Deliverables 

Strengthening Capacities of 
Partners in methods of 
analysis for biophysical & 
sensory characterization of 
RTB material 

Technical & Support Mission Reports  
for Texture Analysis on Boiled Cassava in Benin, June 2018 (J. Ricci) 
for Texture Analysis on Boiled Cassava in Uganda, July 2019 (J. 
Ricci) 
for Texture Analysis on Matooke in Uganda, September 2019 (J. 
Ricci) 
for Sensory Profiling on Matooke products in Uganda, September 
2019 (C. Bugaud) 

Development of new 
methods of analysis to 
understand and explain 
quality traits (biochemistry) 

Proofs of Concepts to understand Quality Traits 
In Period 2, intermediate results regarding on-going proofs of 
concepts are reported in the WP2 Scientific Progress Report and in 
Annexes attached to the CIRAD, INRA, CIAT and JHI Activity 
Reports for Period 2 (especially for proofs of concept on parietal 
compounds and cell wall analysis) 

Table 10: Output 1.2.2: RTB product profiles informed with trait dissection knowledge for 5 RTB crops 
and 11 RTB food/processed products. 

2.3 High Throughput Phenotyping for Prediction of 
Quality Traits of RTB Crops 

2.3.1 Strengthening of Screening Capacity  

2 major trainings in West Africa (10 days) and in East Africa (5 days)  with participants from 6 partner 
institutes out of the 8 institutes working on high throughput tools and spectral methods to predict 
quality traits of RTB products in RTBfoods. Training material toolkit on NIRS theory and practice was 
developed and is already available on the RTBfoods platform. During these 2 trainings, 3 NIRS 

https://rtbfoods.cirad.fr/
https://mel.cgiar.org/reporting/download/report_file_id/17830
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equipment purchased by NextGen project (2 handled NIRS & 1 desktop NIRS) were installed at 
NRCRI & IITA in Nigeria and NaCRRI in Uganda. 
Complementary specific trainings were provided to 4 partner institutes: INRA-Guadeloupe, CIP-Peru, 
CIP-Uganda, CIAT-Colombia. In Guadeloupe, a probe for direct spectra acquisition on fresh yam was 
also installed during the training. 
During Period 2, a state of knowledge was carried out on hyperspectral tools applied to RTB crops. 
This study showed the interest of hyperspectral instruments (HIS) to improve screening efficiency of 
RTB breeding programs. Hence, CIRAD took the decision to purchase an hyperspectral camera which 
will be used for proofs of concept on cassava in Colombia and Nigeria during Period 3.  
Target for Period 2: 4 HTP tools were expected to be installed in key countries + 4 trainings to partner 
laboratories. 
Achieved: 1 NIRS co-funded at CIAT Colombia. 3 NIRS funded by NextGen project installed at 
NRCRI, IITA and NaCRRI-Uganda. 1 hyperspectral camera purchased and received at CIRAD-
Montpellier in early Period 3. 
2 major trainings for WP3 partners organized in Nigeria and Uganda. 2 specific support missions 
provided to 4 partner institutes (INRA-Guadeloupe, CIAT-Colombia, CIP-Uganda & CIP-Peru).  
(See WP3 Scientific Report for Period 2, Annex 3, p.119). 
Variance: The choice was made to replace the 4 in-country trainings initially planned by 2 major 
trainings in West and in East Africa to allow more partners to attend and to mobilize a robust team of 
expert trainers (including a member of the advisory committee).  
 
Activities Performed in 
Period 2 

Deliverables 

Training workshops & 
Capacity Strengthening on 
NIRS routine analysis 

Training Reports / Technical Reports on Staff Capacity 
Development on NIRS Routine Analysis 
Training Report on NIRS calibration & standardisation in Nigeria, July 
2019 (F. Davrieux) 
Training Report on NIRS calibration in Uganda, August 2019 (F. 
Davrieux) 
Support Mission Report at CIAT Colombia (K. Meghar) 
Training Toolkit/Material (supports, manuals) 
Material Toolkit presented during WP3 Satellite workshop in Abuja, 
March 2019 (WP3 coordinators) 
NIRS Training Presentations (WP3 coordinators & P. Dardenne) 

Basic statistics applied to NIRS (F. Davrieux) 
Chemometrics Theory (F. Davrieux) 
NIR, history, theory (F. Davrieux) 
NIR instrumentation (F. Davrieux) 
NIRS Quality Control Process Monitoring (F. Davrieux) 
The spectra the signal & the noise (F. Davrieux) 
NIRS Measurements protocol (K. Meghar) 
NIRS Training (K. Meghar) 
Yam &_Cassava_NIRS Measurements_Protocol (K. Meghar) 
Carotenoid NIRS Sampling protocol for cassava & yam (E. 
Alamu) 
Overview on NIRS applications (T. zum Felde) 
NIRS Calibration Transfer Networking (P. Dardenne) 
Quantitative Calibration in NIRS (P. Dardenne) 
Reliability Repeatability spectra predictions (P. Dardenne)  

https://rtbfoods.cirad.fr/
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Activities Performed in 
Period 2 

Deliverables 

Comparative Market study 
of existing tools for 
purchase 

Report on Hyper Spectral Camera specifications + Comparative table 
of Hyper Spectral Instruments with specifications (K. Meghar) 

Table 11: Output 1.4.1: Screening capacity for users' preferred quality traits developed in key 
countries. 

2.3.2 Development of High Throughput Screening Platform on RTB 
Crops  

The main priority in Period 2 was to develop procedures for NIRS measurements on fresh raw 
material. Indeed the production of dried samples delays results availability for selection. Protocols are 
being developed and validated on both fresh intact roots (portable NIRS) and ground roots (desktop 
NIRS), depending on the equipment available at the partner laboratory.  
During Period 2, standard operating procedures were developed for sampling, coding and NIRS 
measurements on 3 raw fresh RTB crops in close interaction with WP2 counterparts at CIAT-
Colombia (raw fresh cassava), CIP-Uganda (raw fresh & dried sweetpotato) and CIRAD-Montpellier 
(raw fresh yam). The protocol for NIRS measurements on cassava roots is still being refined and will 
be submitted in Period 3; indeed, the protocol on raw intact roots appeared not robust & reliable 
enough to be shared and better results being obtained on raw ground material. Protocol for NIRS 
measurements on sweetpotato will probably be improved as well in Period 3 to take into consideration 
recent data collected on September harvest. In addition, 2 protocols for appearance and starch grain 
analysis through imaging have been developed on raw yam. 
Target for Period 2: 5 HTP (or MTP) protocols adapted and developed + 4 calibrations available for 
a group of prioritized quality traits. 
Achieved: 4 HTP protocols for NIRS measurements on raw fresh yam, raw fresh cassava and raw 
fresh & dried sweetpotato have been developed in Period 2 out of which 2 are under improvement 
(for NIRS on raw fresh ground cassava and on raw fresh & dried sweetpotato). 2 MTP protocols for 
analysis of tuber colour have been submitted as well.  
More than 30 Calibrations are currently under development for more than 15 traits, compositional 
traits (i.e. dry matter, sugars, starch, amylose, etc.) linked to priority more complex functional traits 
involved in quality (i.e. texture, cooking time, colour, shape, oxidation). 

Activities Performed in 
Period 2 

Deliverables 

Desk literature review State of Knowledge on HTP tools applied to RTB crops and 
products 
State of the Art for Hyper Spectral Instruments applied to RTB crops 
(K. Meghar) 

Development of high 
throughput methods 
(NIRS, MIRS, 
hyperspectral, imaging) for 
rapid prediction quality 
traits  of fresh RTB crops 
and processed products 
(biophysical & chemical 
composition) 

Proofs of Concept to predict quality traits through high 
throughput methods 
In Period 2, intermediate results & on-going proofs of concepts are 
reported in the WP3 Scientific Progress Report for Period 2. 

Adaptation/improvement & 
development of protocols 
for sampling, sample 

SOPs  developed for sampling, samples preparation and HTP or 
MTP measurements on RTB crops & products: 
SOP for Sampling, Codification & NIRS of fresh yam (K. Meghar)  

https://rtbfoods.cirad.fr/
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Activities Performed in 
Period 2 

Deliverables 

preparation and 
NIRS/MIRS/hyperspectral 
measurements on RTB 
crops and products 

SOP for Calibrated Color measurements of RTB foods using image 
analysis (D. Cornet)  
SOP for Colour Measurement in Fresh Yam using chromameter (E. 
Alamu) 

Activities Performed in 
Period 2 

Deliverables 

Development of 
calibrations on raw RTB 
crops (and eventually final 
cooked products) for 
various quantitative & 
qualitative quality traits 

Technical reports on calibrations for quantitative & qualitative 
traits 
In Period 2, preliminary calibrations are included in spectral databases 
with more detailed narratives provided in the WP3 Scientific Progress 
report for Period 2. 

Table 12: Output 1.4.2: Operational HTP (or MTP) protocols platform for screening users' preferred 
quality traits developed. 

Partner 
Laborator
y 

Country 

Type of 
Calibration 
(NIRS, MIRS, 
HSI) + Quality 
Trait/Componen
t targeted 

Nb of 
Sample
s  

Product / 
Sample 
Presentatio
n 

RTB crops concerned Database 
uploaded 
on 
RTBfoods 
platform 
 

 

C
as

sa
va

 

B
an

an
a 

Sw
ee

t 
po

ta
to

 
Ya

m
 

Po
ta

to
 

Co-funding 
Program 

CIRAD, 
FSA 

France, 
Benin 

NIRS 248 Pieces of 
fresh yam    X  YES RTBfoods 

CIRAD, 
FSA 

France, 
Benin 

NIRS 52 Pieces of 
fresh yam 

   X  YES RTBfoods 

CIRAD, 
FSA 

France, 
Benin 

NIRS 52 Pieces of 
fresh yam 

   X  YES RTBfoods 

CIAT Colombia NIRS  
(DM, cooking 
time, texture) 

409 Discs & 
mashed 
fresh 
cassava 

X     Partially RTB 

IITA Nigeria NIRS  
(DM, Ash, 
Protein, Fat)  

230 Dried & 
milled 
cassava 

X     YES  

IITA Nigeria NIRS (color ) 90 Fresh yam    X  YES AfricaYam  

IITA Nigeria NIRS  
(DM, Starch) 

125 Fresh 
cassava X     YES  

CIP Uganda 

NIRS  
(swelling power, 
solubility, starch, 
sugars & 
amylose) 

120 
Fresh & 
boiled 
sweetpotato 

  X   

NO SweetGAIN
S 

INRA 
France, 
Guadeloup
e 

NIRS  
(DM, Starch, 
Protein, Sugar, 
Textural traits) 

174 
Dried flour 
Yam    X  

YES AfricaYam  

Table 13: Summary table of calibrations under-development on quality traits for RTB crops & products 
in Period 2. 

2.4 Genetic Architecture of Quality Traits  
In Period 2, specific populations have been developed under RTBfoods project at CIAT-Colombia (for 
boiled cassava) and at CIRAD & INRA Guadeloupe on boiled & pounded yam. For other product 
profiles and partners, the panels to be studied within RTBfoods have been identified in NextGen, 
AfricaYam and BBB programs. 
Studies on trait heritability is on-going on 2 crops and 5 product profiles for 6 major quality traits: 

- Boiled Cassava : CIAT and NACRRI on cooking time/softness  

- Gari & Fufu : NRCRI & IITA on dry matter content, fufu & gari yields 

https://rtbfoods.cirad.fr/
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- Boiled & Pounded Yam at INRA & CIRAD-Guadeloupe : dry matter, protein, sugar, starch 
contents 
Target for Period 2: 1 reports on correlation between traits, heritability and genetic gain per crop and 
product profile. 
Achieved: 1 synthesis report on partner progress in breeding for quality has been consolidated, 
disaggregated by crop for the 5 RTB crops targeted. It includes the description of populations planted 
by each partner institutes, the description of environments of planting to prepare GxE studies in Period 
3, quality traits systematically measured on these populations as well as preliminary results on trait 
heritability.  

Activities Performed in Period 2 Deliverables 

Unravelling genetic architecture of traits for VUE 
improvement in RTB breeding programs 

The Breeding Population tracker 
developed in Period 1 has been updated 
by H. Chaïr and included in the WP4 
synthesis report for Period 2. 

Table 14: Output 2.1.1: Genetic architecture of users' preferred quality traits for VUE improvement in 
RTB breeding programs identified. 

2.5 On-farm Participatory Assessment of Advanced 
RTB Clones  

In Period 2, an inventory of existing on-farm trials has been performed for cassava, yam, plantain and 
sweetpotato advanced material in Nigeria, Uganda, Benin, Côte d’Ivoire and Cameroon. 
Besides, partners have assessed advanced clones during participatory evaluations with farmers. 
Sensory Checks The on-farm assessment include ranking of selection criteria at harvest, ranking of 
clones based on identified criteria for harvest and food quality traits. Sensory evaluation was carried 
out using existing partner participatory evaluation protocols. In period 3, taking advantage of each 
partner experience on on-farm participatory varietal selection, RTBfoods will develop a standardize 
protocol for assessment of advanced RTB clones with users engagement, in collaboration between 
WP1 and WP5. 
In Period 2, advanced material from AfricaYam on-farm trials have been assessed with farmers:  

- in Nigeria: 5 new hybrids from D. alata and 5 new hybrids from D. rotundata were evaluated 
with 2 local checks (landrace) at IITA, Nigeria;  

- in Côte d’Ivoire: 4 contrasted clones of D. alata and 3 of D. rotundata have been planted in 
two multi-locational trials in Bouaké and Gagnoa, in Côte d’Ivoire. They will be taste-evaluated 
with farmers in early Period 3. 

New on-farm trials for advanced clones of cassava, plantain and sweetpotato have been established 
in Period 2 for assessment in Period 3: 

- Cassava in Nigeria: 30 NextGen clones have been deployed across 400 farmers using 
TRICOT methodology; evaluation will be conducted in Period 3, jointly with NextGen;  

- Cassava in Uganda: 12 NextGen clones (NaCRRI) have been deployed with farmers using 
the TRICOT methodology and will be assessed in Period 3; 

- Cassava in Côte d’Ivoire: 4 advanced clones, 8 new hybrids have been planted with 4 released 
hybrid and 1 local check by CNRA. They will be participatory-assessed for Attieke acceptability 
in Period 3;  

- Sweetpotato in Côte d’Ivoire: two participatory trials have been established in 2 localities in 
Korhogo region, in Côte d’Ivoire, as a repetition of 2018 trial. Agronomic and sensory data is 
being collected on 16 sweet potato genotypes on 6 new hybrids from CNRA and 10 local 
landraces;  
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- Plantain in Côte d’Ivoire & Cameroon: new trials have been establishment in Period 2 and will 
be assessed in Period 3. In Côte d’Ivoire, 4 new hybrids with 7 local checks have been planted 
by CNRA in Anguédédou, near Abidjan. In Cameroon, 8 plantain-like hybrids from CARBAP 
and IITA with 3 local checks planted in Njombé and Bansoa. 

Target for Period 2: 10 new hybrids from partner breeding programs assessed against users' quality 
preferences 
Achieved: 17 promising clones from AfricaYam have been assessed in Period 2. 
Variance: On-going trials for cassava in Nigeria and plantain in Côte d’Ivoire and Cameroon. TRICOT 
methodology have been implemented under NextGen project for cassava in Nigeria and Uganda and 
is planned under SweetGAINS for sweetpotato. These new on-farm trials will provide many study 
cases of on-farm evaluation for RTBfoods project in Period 3. 

Activities Performed in Period 2 Deliverables 
Inventory of ongoing or planned on-station 
or on-farm assessments of advanced 
selection 

A synthesis table of on-farm advanced trials from 
partner RTB breeding programs in Period 2 is 
included in the WP5 Scientific Progress Report for 
Period 2 
 

Participatory evaluation of new hybrids 
(from partner RTB breeding programs) with 
adapted WP1 Guidance prior to release 

A summary of existing participatory methods for 
assessment of advanced material in partner breeding 
programs is provided in the WP5 Scientific Progress 
Report for Period 2 

Table 15: Output 3.1.1: Methodology for participatory assessment of VUEs acceptance developed. 

2.6 Data Management & Ontology Development for 
Quality Traits of RTB Food Products 

A Data Management & Ontology workshop was held, 19-20 June, in Montpellier, with 47 attendees 
representing the RTB Breeding Community of Practice, RTBfoods project and RTB partner breeding 
programs, all of which use the RTB Breedbases maintained at the Boyce Thompson Institute. The 
need to further discuss the data management of RTBfoods and the connection to the Breedbases 
was identified during the RTBfoods Annual Meeting in Abuja, March 2019. 

The objective was to identify the existing data sets, data flows, needs in ontology and desirable 
connections of various project databases and repositories for data sets. This with a view to create the 
foundation of a global information system that will include the RTB breeding databases and RTBfoods 
databases and repositories, that will enable the tracking of material used across RTBfoods WPs and 
will  provide documented traits for breeding product profiles.  We considered unstructured and 
structured data generated by the RTBfoods work packages. 

2.6.1 Raw data from Surveys uploaded on RTBfoods Platform 

Challenges linked to the storage of raw survey data on the project platform as well as on other 
repositories managed by BTI was raised and addressed during the data management workshop 
organized in Montpellier in Period 2 by the PMU, Bioversity and the Breeding Community of Practice.  

Project partners and the PMU were concerned by the fact that raw data contained on scanned 
documents (consent forms and questionnaires) cannot be easily anonymized. Consecutively, the 
PMU took the decision to restrict the access to each folder containing raw data from field surveys to 
team members, to WP coordinators (for review and support purposes) and to PMU (for management 
purposes).  
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Consolidated datasets by product profile will be made available on open access on BTI repositories 
after anonymization and validation by WP1 coordinators. 

Target for Period 2: Processed Data from surveys secured on RTBfoods platform for 9 teams 
(covering 6 food/processed products surveyed in Period 1 & 2) & Raw + Coded Datasets from surveys 
secured on RTBfoods platform for 6 teams (covering 5 food/processed products surveyed in Period 
2). 

Achieved: Raw Data uploaded concern 3 types of field surveys carried out by 10 teams. For each 
type of survey, 19 datasets are expected (different countries or teams are performing the 3 surveys 
on the same product profile). To date, progress in uploading survey datasets on RTBfoods platform 
is the following: 

- Surveys on Food Consumption Habits and Preferences (Activity 3): 15/19 
- Participatory Processing Diagnosis (Activity 4): 8/19  
- Consumer Testing (Activity 5): 6/19 

Consent forms from participants (processors) are missing for some teams. 

Variance: Participatory Processing Diagnosis and Consumer Testing activities started late in Period 
2, after the completion of data analysis from surveys carried out in Period 1. Consequently, most 
teams have not started the cleaning-up of their datasets generated in Period 2; this is the main reason 
explaining why most datasets generated in Period 2 during Participatory Processing Diagnosis and 
Consumer Testing activities have not been uploaded on the RTBfoods platform yet.  

We can expect that partners will only upload their datasets once they have completed data cleaning 
and analysis. 

Product Profile Institute Country 
Surveys on RTB 

Consumption 
Habits and 

Preferences 

Participatory 
Processing 
Diagnosis 

Consumer 
Testing 

Boiled 
cassava 

NaCRRI Uganda X  X 

UAC/FSA Benin X 

X  
Questionnaires + 
Consent Forms 
Missing 

X 

Gari/Eba 

IITA Nigeria X Consent Forms 
missing X 

NRCRI Nigeria X Consent Forms 
missing 

Consent 
Forms + 
Questionnaires 
missing 

Gari - 
Cameroon ENSAI/IITA Cameroon X   

Attieke CNRA Côte d'Ivoire 1 region 
missing 

  

Fufu NRCRI Nigeria X Consent Forms 
missing 

Consent 
Forms + 
Questionnaires 
missing 

Boiled 
Plantain CARBAP Cameroon X X  

Matooke NARL/Bioversity Uganda X   
Fried 
Plantain-
Dodo 

IITA Nigeria X   

Boiled 
Sweetpotato CIP Uganda X   

Fried 
Sweetpotato CIP Nigeria/Ghana    

Boiled yam UAC/FSA Benin X Consent Forms 
missing X 
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Product Profile Institute Country 
Surveys on RTB 

Consumption 
Habits and 

Preferences 

Participatory 
Processing 
Diagnosis 

Consumer 
Testing 

NRCRI Nigeria X 

Processing 
Parameters + 
Consent Forms 
missing 

 

IITA Nigeria    

Pounded yam 

Bowen Nigeria X   

NRCRI Nigeria X 

Processing 
Parameters + 
Consent Forms 
missing 

 

IITA Nigeria    

Boiled Potato CIP Uganda    
TOTAL NB OF DATASETS STORED (/Total Nb of 
Surveys) 15 (/19) 8 (/19) 6 (/19) 

Table 1: Output 1.5.1: Gendered socio-economic databases on consumer & user preferences for 11 
RTB food/processed products in 5 African countries 

2.6.2 Quantitative Database for Biochemical, Textural & Sensorial 
Data  

In Period 2, three meetings (Abuja, Montpellier, Ithaca) were organized between BTI and RTBfoods 
on ontology and data management to discuss these challenges and explore solutions.  

An agreement on a standardized structure and process for data management need to be defined at 
WP2 level; meanwhile partner laboratories are storing their quantitative data on their side. Though, 
they are ready to share their datasets as soon as clear recommendations are provided by WP2 
coordinators and PMU. 

Finally, it is to be mentioned that some challenges faced in human resource management at WP2 
coordination level (B. Maziya-Dixon took over T. Muzhingi at mid-period) as well as BTI level 
(departure of BTI data manager dedicated to RTBfoods data) contributed to delay the development 
of a unique data transfer platform between RTBfoods and BTI breed-bases for quantitative biophysical 
data.  

RTBfoods PMU will ensure that this challenge will be addressed in early Period 3.  

Target for Period 2: quantitative data for 5 quality traits should be available in a database. 

Achieved: To date no standardized format to store biophysical data from biochemical, sensory and 
texture analyses has been defined and agreed upon by WP2 laboratory managers and coordinators. 
A first database template for quantitative biophysical data has been developed by WP2 coordinators 
together with WP3 coordinators to ensure similar structure and sample tracking between these 2 
WPs. This template is still to be agreed upon by the WP2 coordinators and partner laboratory 
managers. 

Variance:  RTBfoods has no dedicated data manager and Breedbases developed and managed by 
BTI currently impose a crop-based data management which is not suitable with the pattern of data 
generation within RTBfoods, especially at the level of post-harvest food science laboratories. Many 
datasets used for methodology development within RTBfoods are not linked with breeding lines. This 
is a great constraint to upload biophysical and sensorial data in Breedbases. RTBfoods is a cross-
cutting project based on different scientific themes; hence, each type of discipline is developing 
specific types of datasets and databases (i.e. socio-economical data, biochemical data, sensorial 
data, textural data, spectral data). 
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Activities Performed in Period 2 Deliverables 
Development of quantitative database for a 
selected group of prioritized quality traits to 
be utilized by WP3 for NIRS calibration and 
other high-throughput methods 

A draft database structure has been developed in 
Period 2 in alignment with the database for spectral 
data – This structure should be discussed and agreed 
upon by laboratory managers, WP2 coordinators in 
consultation with BTI data managers in Period 2. 

Table 17: Output 1.5.2: RTB physico-chemical databases developed / enriched for users' preferred 
quality traits with quantitative data on 5 RTB crops and 11 RTB food/processed products 

2.6.3 Spectral Databases for Quality Traits Prediction 

In Period 2, spectra acquisition is on-going on 4 crops excepted on potato due to planting in Period 
2. Spectral databases are currently developed on:  

- Cassava: CIAT, IITA, NaCRRI, CIRAD, NRCRI (Total Nb of Spectra acquired in Period 2 = 2 
057) 

- Sweetpotato:  CIP together with NaCRRI (Total Nb of Spectra acquired in Period 2 = 120) 
- Yam: INRA, CIRAD, NRCRI and IITA (Total Nb of Spectra acquired in Period 2 = 897) 
- Matooke: IITA together with NaCRRI (Total Nb of Spectra acquired in Period 2 = 431) 

Target for Period 2: >4 000 new spectra were expected to be stored in RTB databases: 300 spectra 
on Cassava, 500 on Sweetpotato: 500, 100 on Yam: 100, 300 on Potato.  

Achieved: Spectra acquisition by partners is on track excepted on potato. A description of the spectral 
databases available by crop and sample type (raw fresh, mashed, freeze dried, cooked, etc.) is 
available in the WP3 Scientific Progress Report. 

Variance: Planting of potato took place in Period 2 and spectra acquisition will be performed at CIP-
Uganda in Period 3. 

Activities 
Performed in 
Period 2 

Deliverables 

Spectra 
acquisitions 
on raw RTB 
crops (and 
eventually 
final cooked 
products) 
 
 

Spectral databases developed / enriched for quality traits: 
K.2.1- on Fresh Cassava for Dry Matter Calibration at NaCRRI, Uganda (E. 
Nuwamanya) 
K.2.2- on Dried Grounded Cassava Flour for Moisture, Ash, Fat, Protein, Sugar, 
Starch & Amylose Calibrations at IITA, Nigeria (E. Alamu) 
K.2.3- on Fresh Grounded Cassava for Dry Matter Calibration at IITA, Nigeria (E. 
Alamu) 
K.2.4- on Fresh Grounded Cassava for Starch Calibration at IITA, Nigeria (E. 
Alamu) 
K.2.5- on Fresh Intact Cassava for Dry Matter Calibration at IITA, Nigeria (E. Alamu) 
K.2.6- on Milled Gari for Water Absorption Capacity, Bulk Density, Dispersibility, 
Titratable Acidity Calibrations at IITA, Nigeria (E. Alamu) 
K.2.7- on Unmilled Gari for Water Absorption Capacity, Bulk Density, Dispersibility, 
Titratable Acidity Calibrations at IITA, Nigeria (E. Alamu) 
K.2.8- on Fresh Intact Yam for Total Sugars & Polyphenols Calibrations at CIRAD, 
Montpellier (K. Meghar) 
K.2.9- on Fresh Intact Cassava for cooking time to texxture calibration at CIAT, 
Colombia (J. Belalcazar & T. Tran) 

Development 
/ Enriching of 
large RTB 
databases 

K.2.10- on Fresh Intact Cassava for Dry Matter to texture Calibration at CIAT, 
Colombia  (J. Belalcazar & T. Tran) 
K.2.11- on Fresh Cassava + Wet Mashed Fufu + Dried Fufu Flour for Dry matter, 
Starch & Amylose Calibrations at NRCRI, Nigeria (U. Chijioke) 
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Activities 
Performed in 
Period 2 

Deliverables 

with spectral 
data & 
calibrations 
on users' 
preferred 
quality traits  

K.2.12- on Fresh Yam tuber for Dry Matter & Starch Calibrations at NRCRI, Nigeria 
(U. Chijioke) 
K.2.13- on Fresh Cooking Banana at NaCRRI/NARL/IITA, Uganda (E. 
Nuwamanya) 
K.2.14- on Dried Yam for Calibrations on Dry Matter, Protein, Starch, Sugar & 
Textural Properties at INRA-CIRAD Guadeloupe (L. Desfontaines) 
K.2.15- on Raw Dried Sweetpotato at CIP, Uganda (T. zum Felde) 
K.2.16- on Cooked dried Sweetpotato at CIP, Uganda (T. zum felde) 

Table 18: Output 1.5.3: RTB databases developed / enriched for users' preferred quality traits with 
spectral data on 5 RTB crops and 11 RTB food/processed products. 

2.6.4 Quality Data to Inform Breedbases Genotypic Data  

In RTBfoods project, breeders have chosen to work on populations developed and genotyped in 
partner breeding programs. New populations have been developed specifically for RTBfoods 
purposes at CIAT-Colombia (no genotyping activities planned under RTBfoods) and at INRA & CIRAD 
Guadeloupe (genotyping completed).  
Data managers working with RTB breeders from NextGen, AfricaYam, SweetGAINS and BBB are 
responsible to upload the genotypic data for their populations in breed-bases.  

RTBfoods is at an early stage of selection and development of methods to characterize quality traits 
based on preference surveys.  

Partners have just started measuring traits related to food quality on the following RTBfoods 
genotyped populations: 

- 64 cassava clones from NextGen at NaCRRI-Uganda; 
- 29 matooke clones from the BBB training population at IITA-Uganda;  
- 60 sweetpotato clones from Mwanga Diversity Panel at CIP-Uganda; 
- 90 yam genotypes from AfricaYam at NRCRI-Nigeria; 
- 48 accessions on yam INRA & CIRAD collections in Guadeloupe. 
 

Target for Period 2: 5% of genotypic data uploaded in existing RTB databases. 

Achieved: Partners are just starting generating quality data (related to ready-to-eat final product) on 
populations genotyped by partner breeding programs. 

Variance: First and foremost, RTBfoods project aims to prioritize, understand and find measurable 
indicators for complex quality traits related to food consumption patterns whereas RTB breeding 
programs are more related to basic composition of raw RTBs (dry matter, starch, fibre, proteins, 
sugar). 

Activities Performed in Period 2 Deliverables 
Generation of Quality Data on 
Genotyped RTB populations (from 
partner breeding programs) 
 

No Specific deliverable to date – Summary information 
on quality data generated RTBfoods populations is 
provided in the WP4 scientific Progress Report and more 
detailed in Partner Institute Activity Reports for Period 2. 

Table 19: Output 1.5.4: RTB databases enriched with genotypic data for users' preferred quality traits.  
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2.6.5 Ontology Development for Quality Traits of RTB Food Products 

RTBfoods project aims at contributing to the development of new ontologies needed for the 
description of RTB food products, processing techniques, biochemical, sensorial and textural 
analyses, and NIRS data. 

Based on the conclusions of the RTBfoods-Breeding CoP workshop in June 2019, a second meeting 
took place in BTI, Ithaca, focused on the workflow and format to integrate RTBfoods traits and terms 
into the Ontologies, Breedbases and finally support the breeding product profile description for 
breeders’ use.   

During these meetings, it was decided that ontology curators will work with RTBfoods food scientists 
from WP2 to get the lexicons and check sensory traits defined and integrate them into the post-harvest 
section of the ontology, with their corresponding method and scale. The ontology team and the food 
scientists will select and validate sensory traits, product types and processing types to be added in 
the ontology. Curators will use quantitative datasets with sensory and biophysical data to develop 
ontology annotation in Breedbases. 

Target for Period 2: 11 quality traits for RTB food/processed products (i.e. functional traits) defined 
with lexicon and objective attribute goals 
Achieved: In total 40 descriptors of quality traits have been generated by a trained panel for Boiled 
Sweetpotato (26) and Matooke (14) product profiles, defined with lexicon and allocated a specific 
sensory scale for measurement. Textural and basic biochemical analyses such as dry matter and 
sugar content have been performed in parallel to sensory profiling, on sub-samples coming from the 
same material. Preliminary correlations between sensory and instrumental measurements have been 
reported. Preliminary correlations between sensory and instrumental measurements have been 
reported. But to date not all the 40 sensory descriptors have been linked to compositional traits 
instrumentally measurable at laboratory level. Sensory descriptors of quality for Fufu, Eba and 
Pounded Yam have been generated and are currently under revision by focal points for sensory 
analysis in RTBfoods. 
Variance: At project level, partners have just started the prioritization of quality characteristics per 
product profiles based on WP1 findings; first iterations of food product profiles have just been made 
available at the end of Period 2. In parallel, proofs of concepts to identify the biochemical indicators 
linked to sensory descriptors and explaining main functional quality traits are on-going at WP2 level. 
The definition of objective & measurable goals for a specific quality trait results from the confrontation 
of instrumental measurements (of compositional underlying traits) with the hedonic score given by 
consumers. This activity will be performed jointly by WP1 and WP2 food scientists in Period 3. 
In Period 3, priority traits by product profile will be delivered by WP1. A specific effort will be made to 
describe these priority traits (compositional, physical and sensorial) and find out measurable 
indicators to inform Crop Ontologies.  
The main decisions taken during the Data Management & Ontology Workshop regarding activities to 
be implemented in Period 3 are summarized hereunder.  
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WP1:  Ontologies tagging traits in resulting product profile, mapping codes extracted from the 
verbatim text - can submit trait names with assessment farmers’ assessment methods + 
processors, consumers, traders. Produce hedonic data through state of knowledge approach & 
activity packages. A systematic review of the hedonic profiles by crop and product profiles since 
information is scattered –ensure all is in the database 
WP2: physico-chemical and sensorial. Start with available lexicons of sensory traits. A lexicon will 
be developed for each country, for each product profile 
For each product, a vocabulary is generated with a panel for between 10 and 20 attributes, train 
panelists to put a value for each attribute 0 to 10. The mean of the panel is then used to quantify 
the intensity of the attribute.  
Look at existing international standards (e.g. for texture) 
WP3 priority actions = define the ontology for NIRS data, spectral database  
WP4 Breeders will review the quality traits being used and list those not yet listed in Crop Ontology 
to guide the addition of missing traits. 
 
A trait validation group per crop 

• Proposed Workflow is : i) RTBfoods scientists make an inventory what is in the 
ontology, ii) what measure has to be included and iii) check what is  missing in the 
ontology list.  

• Create the list of members defined by crop. Food scientists need to work with the 
ontology curators to provide the food quality traits creation of an Ontology 
Development Expert Group for each of the target crops  

• Worthwhile for the ontology curators to coordinate and communicate with product 
champions for RTBfoods. 

  
The Ontology team at Bioversity and BTI will be involved to redefine the trait creation workflow 
for inserting new quality traits and variables in Crop Ontology. 
 
Additional staff time will be necessary for the Ontology team.  

 
Activities Performed in Period 2 Deliverables 
Coordination meetings to create common 
knowledge on ontology development  for 
RTB food products 

Meeting Report on Improvement of Trait Data 
Management in RTBfoods-RTB breeding COP (E. 
Arnaud) 
RTB Ontology Working Meeting Report (E. Arnaud) 

Review of traits related to quality of the 
final food product already existing in Crop 
Ontologies  

A summary of this review is provided in the WP4 
Scientific Report for Period 2, in the Data 
Management & Ontologies. 

Development of Sensory Descriptors for 2 
RTB products – with preliminary 
acquisition on linking these sensory 
descriptors with instrumental (biochemical 
& physical) measurements 

In Period 2, the tables of sensory descriptors with 
sensory scale developed for Boiled Sweetpotato 
and Matooke have been included in the SOPs for 
Sensory Characterisation – Preliminary correlations 
with instrumental measurements (mainly textural) 
are reported in WP2 Scientific Progress report. 

Sensory profiling of RTB varieties for 11 
product profiles 

Preliminary Results of sensory profiling of 
Sweetpotato & Matooke varieties are reported in the 
WP2 Scientific Progress Report 

Table 20: Output 1.3.2: Standardized ontology established for major quality traits for 11 RTB 
food/processed products with objective goal defined for each attribute. 

2.7 Ethics  
A session dedicated to ethics and open access was organized during the Data Management & 
Ontology Workshop in June 2019, in Montpellier. During this session, a CIRAD jurist presented the 
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theoretical concepts and salient principles for efficient implementation within RTBfoods framework. 
Consecutively, the PMU launched a process for project Ethical Clearance in the 5 targeted countries. 
Ethical Clearance is required prior to publication of RTBfoods results from activities involving 
participants (surveys, sensory panels, on-farm assessments). An ethical clearance must then be 
obtained at country level for all RTBfoods activities dealing with personal information in reference to 
EU RGPD (i.e. WP1), product testing (i.e. WP1, WP2 & WP5), 'traditional' or 'local' knowledge on 
varieties & processing methods in reference to the Nagoya protocol (i.e. WP1/5 Act3&4). 
Regarding product testing performed under WP1, WP2 and WP5, RTBfoods partners should be in 
capacity to prove that they apply a procedure to ensure that tested products are safe & non-
contaminated (i.e. in WP1/5 Act5 + WP2 sensory profiling). It does not necessarily impose 
microbiology and mycotoxins analyses -which are time and money-consuming- but a written 
commitment from the Laboratory showing evidence of their respect of hygienic rules may be sufficient, 
possibly attached with a description of product preparation and storage protocol. Inventories of 
existing national standards have been performed in each of the 5 countries targeted in RTBfoods.  
In RTBfoods projects, the ethical clearance process is lead by national partners who have taken the 
lead in identifying and interacting with relevant national ethical bodies and the Nagoya Focal Point – 
when existing. In Nigeria, IITA provided a back-stopping to NRCRI. The PMU coordinates & ensures 
the compliance with international rules and protocols at project level. 
In the 5 targeted countries, the focal points for ethics contacted the relevant entities to obtain 
authorizations for surveying local knowledge under WP1 is certainly different from the one to get 
authorizations to make people eat & taste products. 
 

Country Focal Point 
Ethics 

Progress Performed in Period 2 

Nigeria Ugo 
Chijioke 
(NRCRI) 

Process for obtaining ethical clearance has been engaged together with support 
from IITA (B. Teeken and R. Ofei). NRCRI is responsible for obtaining the 
approval document for Nigeria. Relevant parties have been contacted and 
CIRAD informed of progress.    

Uganda Kephas 
Nowakunda 
(NARO) 

Ethical approval in Uganda is given by Institutional Research and Ethics 
Committees (RECs), accredited by the Uganda National Council of Science and 
Technology. The process launched for RTBfoods ethical clearance includes: (1) 
Identification of a relevant and accredited Institutional Research and Ethics 
Committee (2) preparing and submitting an application (3) Pay the fees (4) 
Obtain approval.  Among the accredited RECS in Uganda, the Makerere 
University of Social Sciences Research and Ethics Committee was the most 
revevant for RTBFoods activities. During Period 2, the committee was contacted 
to get informed about the requirements to obtain ethical approval. The 
committee required a (1) Fully filled application form, (2) a copy of the research 
proposal (3) Fourteen copies of the research protocol, (4) Fourteen copies of 
the informed consent form (5) Fourteen copies of the questionnaire that will be 
administered in the research surveys.  All these documents have been 
submitted to the committee. In early January, the ethical approval letter for 
RTBfoods was received; the registration with UNCST is on-going to complete 
the process. 

Cameroon Gérard 
Ngoh 
(CARBAP) 

In Cameroon, Ethical Clearance is delivered by the Cameroon National 
Committee for Ethics of Research for Human Health. The request file is made 
of at least 11 documents including submission fees of about 400 $US. Within 
the framework of RTB-Foods Project, a request for ethical clearance was 
submitted to the above mentioned Committee and received a favorable opinion. 
Some responses for the Regions where the project activities will be 
implemented are awaited for the deliverance of the Ethical clearance. 

Benin Noël 
Akissoe 
(UAC-FSA) 

The responsible institute is “Centre national d’éthique pour la recherche en 
santé” (CNERS), website http://www.ethique-sante.org/. Contact taken with the 
secretary for complementary information; requested documents are being 
centralized by N. Akissoe. A summary protocol was submitted to two external 
experts for reviewing; their feedbacks and Curricula required by CNRES were 
submitted to the secretary of CNERS. The CNERS is evaluating the compliance 
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Country Focal Point 
Ethics 

Progress Performed in Period 2 

with their principles; after approval, UAC-FSA team will provide sixteen copies 
of the document for in-depth evaluation by the CNRES team. 

Côte 
d’Ivoire 

Amani 
Michel 
Kouakou 
(CNRA) 

Contact taken at the level of Ministry of Environment. 

Table 21: Ethic Clearance Achievements Period 2. 

2.8 Scientific Exchanges & Talent Developement  

Country Institute WP NAME First 
Name  
 

Master 
Student 
or PhD or 
Post-Doc 

Subject Title Tutor(s) in 
RTBfoods 
project  

Benin UAC-FSA WP1 
& 2 

Laurenda 
HONFOZO 

PhD Structural and biophysical traits of 
cassava and yam affecting the 
quality and preference of derived 
boiled products - UAC-FSA 

Noël Akissoé 

WP2 Francis 
HOTEGNI 

Master Biophysical and texture 
characteristics of boiled yam - UAC-
FSA 

Noël Akissoé 

Came-
roon 

CARBAP WP1 Cédric 
KENDINE 
VEPOWO 

PhD To be define  Gérard NGOH 
NEWILAH 

IITA WP1 Noel TAKAM-
TCHUENTE 

PhD Determinants institutionels et 
organisationnnels de l’adaption des 
variétés améliorées de manioc au 
Cameroun : une approche 
systémique par la chaine de valeur - 
Dschang University, Cameroun 

Béla Teeken 
(IITA), Sydhia 
Mathe (IITA), 
Guillaume 
Fongang 
(University of 
Dschang) 

Colom-
bia 

CIAT WP2 Daniela 
TAMAYO  

BSc Extraction of CWM; Starch content 
protocol by enzymatic hydrolysis - 
ICESI 

Jhon Larry 
Moreno       
Thierry Tran 

WP2 
& 3 

John 
BELALCAZAR  

PhD Rapid evaluation of processing 
ability of cassava roots by near-
infrared spectrophotometry (NIRS) -
Universidad Nacional de Colombia 
(UNAL) 

Thierry Tran 

Fabrice Davrieux 

Côte 
d’Ivoire 

CNRA WP2 
& 3 

Emmanuel 
Adou 
EHOUNOU  

PhD (Selection of yam Dioscorea alata 
varieties for tuber shape, cooking 
qualities and tolerance to 
anthracnose) Sélection de variétés 
d’ignames Dioscorea alata pour la 
forme du tubercule, les qualités 
culinaires et la tolerance à 
l’anthracnose -Université Félix 
Houphouet Boigny, CI 

Kouakou Amani 
Michel 
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Country Institute WP NAME First 
Name  
 

Master 
Student 
or PhD or 
Post-Doc 

Subject Title Tutor(s) in 
RTBfoods 
project  

WP5 Christiane 
KOFFI ADJO 

PhD Determination of the morphological 
and physicochemical traits for early 
selection of cassava (Manihot 
esculenta Crantz) varieties -
Université Félix Houphouet Boigny, 
CI 

NZué Boni 

WP5 Jean Hugues 
Martial 
KOUASSI 

PhD Agronomic evaluation of 
sweetpotato (Ipomoea batatas) 
varieties and determination of end-
user preferences in Côte d'Ivoire -
University Jean Lorougnon GUEDE, 
Daloa, CI 

DIBI Konan E.B. 

France INRA WP2 Franck 
BERTRAND 

Master II 
student 

Impact of the cell wall composition 
on the texture of yam products -
University of Lorraine 

A. Rolland-
Sabaté 

Kenya CIP WP2, 
3 & 4 

Linly BANDA  PhD Biochemical and genetic 
determinants of texture in 
sweetpotato (Ipomoea batatas) -
Pan African University Institute of 
Basic Science, Technology and 
Innovation (PAUISTI), Nairobi, 
Kenya 

Tawanda 
Muzhingi 

Nigeria Bowen WP2 Ayomide 
ALAMU 

Master 
Student 

Determinants of Food quality  in  
pounded yam made from D.alata - 
Bowen University 

Bolanle Otegbayo 

Oluyinka 
Oroniran 

Tomilola Bolaji 

NRCRI WP4 Queen 
Udodirim 
OKWU 

phD WACCI GHANA TO BE 
DISCUSSED 

WP4 Kelechi 
UCHENDU 

phD WACCI GHANA TO BE 
DISCUSSED 

Uganda Bioversity WP1 Moreen 
ASASIRA  

MS Urban consumer’s preferences for 
cooking banana- Makerere 
University, Uganda 

Kenneth 
Akankwasa 
(NARL); Pricilla 
Marimo 
(Bioversity), 
Kephas 
Nowakunda 
(NARL) 

NaCRRI WP3 
& 4 

Fatumah 
Babirye 
NAMAKULA 

Master’s 
student  

Diversity of root softness and starch 
content in cassava germplasm - 
Makerere University 

Emphraim 
Nuwamanya  

Robert Kawuki 
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Country Institute WP NAME First 
Name  
 

Master 
Student 
or PhD or 
Post-Doc 

Subject Title Tutor(s) in 
RTBfoods 
project  

 

NARL WP2 Nelson Kisenyi Msc Physico-chemical and sensory 
properties of selected local and 
hybrid bananas in Uganda-  
Kyambogo University 

Kenneth 
Akankwasa 

Table 22: Capacity development Period 2 

3. WORKPACKAGES PROGRESS IN PERIOD 2 
3.1 WP1 Key Achievements  

(full progress report: Annex 1, p.3) 
At present (December 2019), most teams have developed product profiles (PP), although some of 
the PP still need to be combined or summarized. The table below provides an overview on the 
availability of documents at the end of December 2019. The PP include agronomical, post-harvest, 
technological, physico-chemical and sensory characteristics regarding the raw material, the raw 
material during processing and the final food product. The work on processing diagnosis and 
consumer testing has been carried out during Year2 by several teams, and will be completed by the 
other teams in Year 3. This work provides other technological and sensory characteristics to complete 
the PP. The reports will be available in period 3 of the project.  
Draft product profiles were made available from July 2019 onwards and have been reviewed by the 
WP1 coordination team. The majority of product profiles and reports (as far as available) were 
submitted in November 2019. Some of the reports are partly completed (e.g. market interviews have 
been missing), and complete reports will be submitted in period 3 of the project. The WP1 coordination 
team and focal point have provided support to teams through missions, skype calls or emails. The 
trainings being offered to teams emphasize the involvement of both men and women in the research. 
This applies to research respondents as well as opportunities at institutional level and in countries. 
Tasks were distributed between members of the WP1 coordination team to support the teams by 
reviewing the PP tables, full reports and summary, through skype calls and emails, but also on the 
implementation of fieldwork activities through missions or skype calls and/or emails.  
The Activity 3 product profiles (PPs) and reports produced in period 2 of the project vary as far as 
quality is concerned. The Activity 3 product profiles have been reviewed when submitted to the WP1 
coordination team, as well as the Activity 3 full reports. The team will continue to review the other PP 
and full reports when they will be submitted. Support on the implementation of fieldwork activities for 
Activity 3 (Year 1), 4 & 5 (Year 2) was provided through missions, or skype calls and/or emails, to 
ensure that the teams will obtain good quality data.  
As indicated, the product profiles (PP) and reports vary in quality. In sum, some teams have been 
able to spend more time on the task, and better carry out the fieldwork and data analysis and report 
the findings. In some cases, language barriers may have represented an extra burden to the teams.  
It is planned that all Activity 3 product profiles (PP) and reports (table below refers) will be completed 
in Year 3 of the project (as far as they are not complete already). Also, exchange of information is 
planned at the annual project meeting in February 2020 in Kampala (e.g. between different research 
teams and with other work packages). Support missions to specific countries (e.g. Côte d’Ivoire, 
Cameroon) are planned to provide support related to activities 4 and 5 (including reporting). Hand-
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over of WP1 data to WP2 and WP4 will take place. The production of a methodology paper is planned 
in the International Journal on Food Science and Technology (IJFST).  

3.2 WP2 Key Achievements  
(full progress report: Annex 2, p.66) 
For Period 2 activities under WP 2 involved defining standard SOPs on biophysical analyses and 
samples preparation; Acquiring equipment, in particular, texture analyzer; conducted training on 
Sensory analysis and Texture analysis. Also, production of first complete datasets on sensory and 
textural analyses by taking advantage of harvests by WP4 and breeding projects during the period 
two and Promising intermediate results ("learning curve") especially the proof of concepts.  During 
this period, there are many SOPs developed, finalized and approved by the reviewers which include: 

i) SOPs for Biochemical analyses on RTB crops and products( boiled cassava, boiled 
matooke, boiled sweet potato, boiled yam, boiled plantain /banana and pounded yam)  for 
were finalized and approved by the reviewers;  

ii) (ii) SOPs for Textural Characterization of RTB products (Boiled Cassava (extrusion), 
Boiled Matooke (double compression), Boiled Sweetpotato (extrusion), Boiled 
Sweetpotato and Boiled Matooke. Product preparation SOPs were also developed and 
revised for boiled cassava, boiled sweet potato, boiled yam matooke.  

In addition to the planned SOP, a SOP for total polyphenols has been drafted and two SOPs were 
developed in partnership with WP3 for the sampling, codification and NIRS acquisition.  A total of 3 
support missions (FSA-UAC, Benin on Boiled Cassava, NARL, Uganda on Boiled Cassava and 
NARL, Uganda on Matooke) were provided in collaboration with CIRAD texture team to provide 
specific support to partners on the pieces of training on sensory and texture analyses. The Sensory 
analysis panels were established by all project partners (Bowen, NRCRI, NACRRI, UAC-FSA, CNRA, 
CARBAP, INRA Guadeloupe) in Uganda, Nigeria Benin, Cameroun, Ivory coast during period 2. 
Most Institutions (Bowen, IITA, NRCRI, NACRRI, UAC-FSA, CNRA, CARBAP, INRA Guadeloupe) 
recruited their panelists, conducted basic training, Standardized the processing protocols and Trained 
panelists on descriptive sensory evaluation. However, the only sensory evaluation that was done was 
on Matooke. Many Proofs of concepts were carried out that involved Identification of instrumental 
indicators of the texture of boiled plantain: Identification of reliable instrumental indicators of the 
texture of boiled plantain, regardless of the stage of ripening. The datasets to understand 
processing/cooking ability of RTB Crops were generated. Various texture behaviours identified after 
boiling cassava for 20mins. Texture parameters (hardness at 20’) correlate with optimum cooking 
time. Dry matter / Starch content does not correlate with optimum cooking time and this showed that 
other components (CWM) are at play even though they are present in much smaller quantities than 
starch. Other promising results that we generated in this period include Water absorption during 
boiling cassava) and excellent cooking genotypes absorb water faster and in more significant amounts 
than adverse cooking genotypes. However, there was a correlation between water absorption and 
optimum cooking time was identified (R2 = 0.47) and needed to be confirmed after more data 
collection. Besides, we conducted preliminary tests of Hyperspectral (HS) cameras and obtained 
promising results on the distribution of water and other components. 
Consequently, an HS camera was purchased and is now available at CIRAD for characterization of 
RTB products. JHI developed a method for cell wall composition analysis from sweetpotato roots as 
part of a training visit. CIAT fine-tuned the method for extraction of cell wall materials. There was a 
slight correlation (R2 = 0.4) between CWM extraction yield (an indicator of the CWM content in fresh 
roots) and MIRS (Medium Infrared Spectroscopy) of the CWM extracts was identified. This confirmed 
the potential of MIRS to predict traits related to cell Wall materials (CWM).  Rheology tests were 
performed on Matooke and boiled cassava using a portable rheometer. Preliminary results obtained 
during the training support showed that sensory attributes are more correlated with rheology 
parameters than instrumental texture parameters. Hundreds of samples were analysed for selected 
traits (Dry matter, Starch content, Sugars content, Amylose content and polyphenols content) of RTB 

https://rtbfoods.cirad.fr/


  Page 36 of 554 

crops and products to generate reference values that were transferred to WP3 for calibration 
developments and the data were added into RTB Physico-chemical databases of RTB crops and 
products. 

3.3 WP3 Key Achievements  
(full progress report: Annex 3, p.119) 
The WP3 of RTBfoods project consists of eight teams from different institutes (INRA, CIAT, CIP, IITA, 
NACRRI, NARL, NRCRI and CIRAD) over seven countries (Uganda, Nigeria, Colombia, Peru, 
Guadeloupe, Ghana and France). The main activities conducted with this team during the second 
project year were 1) Two intensive training workshops on NIRS calibration development conducted 
in Uganda and Nigeria 2) SOP’s developed 3) Decision on purchasing of new HTP technology. The 
recommendations of the Advisory Committee after period 1 were taken into consideration when 
implementing the activities for period 2. 
WP3 focussed in period 2 on the typical quality traits that could be easily evaluated with the available 
equipment. Examples of such traits are dry matter, starch, protein sugars, and color, which are all 
relevant for consumer preferences. On the next step, the acquisition of a hyperspectral camera has 
been launched in period 2. The final choice was an FX17 from Specim Company; the system will be 
operational at CIRAD in February 2020. Researchers are using HSI related to fresh and processed 
products. Mainly quality control or process monitoring are achieved through the quantification of 
biochemical compounds: moisture content, nitrogen stress, sugar concentrations, solid soluble and 
volatile compounds, water binding, dry matter, starch, acrylamide, protein, chlorophyll, water stress, 
and amino acids. Other research findings refer to internal and external defects such as black spot, 
scab detection, late blight, bud and green rind and hollow heart but even more interesting for 
RTBfoods is the application on physical proprieties such as specific gravity, cooking time, clods 
detection, weight, shape and firmness. Some other traits can better be measured by mid-infrared 
spectroscopy (MIRS): Cell wall composition, pectin, the monomeric composition of cell walls etc. 
Thus, one MIR Thermo Scientific™ Nicolet™ iS50R Research FTIR Spectrometer was acquired and 
installed at CIRAD.  
Two pieces of training have been achieved in 2019. One in IITA (Nigeria, Ibadan, 2 weeks) and one 
in NaCRRI (Uganda, Namulonge, 1 week) involving all RTBfoods partners working under WP3 and 
other project partners, such as NextGen. In total 30 participants covering different institutions were 
participating in these 2 training events. The objectives of the training were to transfer theoretical 
knowledge to understand the functioning of NIRS: the principles of the technique, advantages and 
limitations, know-how to develop, validate and maintain a calibration, practice work on data acquisition 
process, variation factors, data processing, knowledge of software (Winisi, Unscrambler) and 
principles of standardization and application.  
SOPs were defined for NIRS measurement of fresh yam, fresh ground cassava and intact fresh 
cassava roots, gari and fresh raw, fresh raw ground & dried ground sweetpotato roots. Other SOP’s 
on ‘Calibrated color measurements of RTB foods using image analysis’ and for the ‘transfer of spectral 
data from one hand-held ASD Near Infrared device to tabletop NIRS’ was developed. The SOP’s 
have been developed considering various experiences of the ongoing work in RTBfoods and other 
related projects. 

3.4 WP4 Key Achievements  
(full progress report: Annex 4, p.156) 
For this period, the different breeding programs implemented the trials in at least two environments 
per country to be able to collect data for genotype by environment interactions. Most of the breeding 
populations were developed within BMGF fundings on crop-focus projects (SASHA, Africayam, 
NextGen, BBB, etc.). Beside these populations, CIAT and Cirad developed populations which will be 
dedicated to RTBfoods project. The environments were chosen based on the climatic range of crop 
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cultivation and breeders experiences. Thanks to the different partners, within the projects, we have a 
range of kind of populations within the same crops (bi-parental populations (cassava, yam), diversity 
panels (sweetpotato, potato, yam and cassava), advanced populations from genomic selection trials 
(cassava, Matooke). In Uganda, three environments were used for GxE interaction for potato, 
sweetpotato, cassava, except Matooke. This crop is planted only in one of these three environments 
due to the difficulties to ship bunches to the laboratory for analysis. In Nigeria, due to the size of the 
country, the sites are not shared between crops nor between institutes. In Côte d’Ivoire, breeding 
activities are conducted only on yam within RTBfoods project and the trials are implemented in two 
environments. It is the same for Guadeloupe (France) where only yam activities are conducted with 
trials in three environments. We could regret the absence of controls shared between the different 
institutes working on the same crop. To achieve so, it would have been important to proceed to seed 
cleaning before sharing them which would have taken a long time. Nevertheless, this multitude of 
sites and populations will allow us to generate a huge amount of data to understand the genetic 
architecture of quality traits. 
Beside this work, most of the breeding programs planted large panels representing large diversity of 
quality in order to provide them to WP2 and 3. It has been done on cassava (CIAT and NaCRRI), on 
yam (IITA, Cirad and NRCRI), on potato and sweetpotato by CIP. Concerning Matooke, IITA is 
providing its material to NARL for sensory analysis and quality traits measurement. The identification 
of these panels was based mainly on breeders knowledge on the quality acceptance by consumers 
of the varieties obtained from breeding programs and on the most popular and unpopular landraces. 
These panels will have to be refined based on WP1 outputs and the phenotypic methods which will 
be developed. Meanwhile, the breeders are working in tight collaboration with scientists from WP2 to 
develop the methods for quality assessment (see below the reports per institute). 
Within the WP3, trainings on the use of NIRS have been conducted in the countries involved in the 
project. Thus, most of the populations are in the process of NIRS screening (cassava (CIAT), Matooke 
(IITA), sweetpotato (CIP)), or have been achieved Yam (Cirad). The diversity panel for calibration has 
been provided by the breeders and the wet chemistry analysis is done in collaboration with WP2 and 
WP3.  
The data related to the trials and the populations have been uploaded in the RTB databases 
developed and managed by BTI. For this year, the phenotypic data collected will be uploaded when 
all the data will be collected and cleaned. Breeders in collaboration with the different WPs involved in 
the project have set a protocol for samples tracking between WP2, 3 and 4. Finally, as we progress 
in our activities, synergies are developing between partners, such as co-supervision of PhD student 
between Cirad and CNRA on boiled yam qualitygenetics, protocol for boiling cassava roots developed 
by CIAT and shared with NaCRRI, in Uganda protocols on sensory evaluation and NIRS spectra 
acquisition between IITA, NaCRRI and NARL. These synergies should increase along the project. 
The next step will be sharing methods to assess the genotypic value and the GXE interaction. 

3.5 WP5 Key Achievements  
(full progress report: Annex 5, p.196) 
The objective of WP5 is to ensure that user perspectives related to quality attributes (product profiles) 
and other key attributes of importance to users are adequately considered in the final stages of variety 
evaluation in order to improve adoption rates of newly-released RTB varieties. WP5 draws on 
information and approaches from WP1 to ensure that users’ perspectives with respect to product 
quality are appropriately considered in pre-release trials in addition to agronomic traits.   
In line with project timelines, relatively little was done under WP5 in year 2. Trials were conducted as 
follows:  

- Fried sweetpotato product: CNRA, Cote d’Ivoire - Preliminary results received from one trial 
- Boiled plantain: CARBAP, Cameroun – plant multiplication – two trials installed in two 

contrasted locations (Njombé and Bansoa) – Trials follow-up ongoing.  

https://rtbfoods.cirad.fr/


  Page 38 of 554 

- Cassava gari/eba: IITA, Nigeria – A second year trials has been conducted. Data will be 
processed in the beginning of 2020.  

- Multi-locational on-farm yam trials were conducted in Nigeria by IITA and partners in 2019.  

WP5 trials to evaluate fried sweetpotato conducted by CNRA in Cote d’Ivoire included selected 
landrace and introduced varieties from other breeding programs, including orange-, yellow- and white-
fleshed varieties. The preliminary report from CNRA provides results of consumer sensory evaluations 
which included assessment of both fried and boiled product at one location is presented as Annex 2. 
A hedonic scale was used to rank preference, and was complemented by a “just about right” test for 
3 attributes: appearance, texture and taste. Expert processors prepared the samples at the village 
level and 35 consumers, including male and female conducted the evaluations. The top five 
genotypes for frying and for boiling were ranked by consumers.  Interestingly, consumer preference 
for fried and boiled sweetpotato were quite different, with orange- and yellow-fleshed types ranking 
among the top five for frying and white and yellow types ranking among the top five for boiling. There 
was some overlap, however. The top-ranked entry for frying, Irene, an orange-fleshed SASHA-bred 
variety from Mozambique, also ranked third for boiling. Appearance, texture and taste all played a 
role in preference for fried sweetpotato product. There were orange-fleshed varieties that were not 
considered to make good fries, as they did not rank among the top five. Laboratory and trained 
sensory panel results (WP2 and WP3) will help to provide insights into the basis of consumer 
preferences for boiled and fried sweetpotato.  
Multilocational on-farm trials of D. rotundata and D. alata were conducted by IITA and partners in 
Nigeria in 2019. Gender disaggregated participatory methods were used to rank selection criteria and 
performance results within species. Agronomically, newly-bred varieties ranked well across sites 
relative to checks. Results of processing/culinary assessment remain to be reported.  
Banana plantain. CARBAP. Regarding boiled plantain with CARBAP, during period 2 planting 
materials from three (03) landraces and eight (08) plantain-like-hybrids from CARBAP and IITA were 
multiplied using PIF techniques. Two multi-location trials were established in September 2019 in 
Njombé (80 masl) and Bansoa (1300 masl) with more than 1900 plants. They are being monitored.  

4. PARTNER PROGRESS IN PERIOD 2 
4.1 Bioversity Key Achievements  

(full progress report: Annex 6, p.230) 
Bioversity was involved in work packages (WP) 1, 2 and 5 and focused on the matooke product profile. 
In Period 2, activities related to WPs 1 and 2 were conducted. All activities were jointly coordinated 
with NARL. These included: data analysis and writing the Activity 3 report; protocol modification and 
data collection for Activities 4 and 5 in Mbarara and Luwero districts; supervision of the two MS 
students-Moreen Asasira (Makerere University) and Nelson Kisenyi (Kyambogo University). Product 
profile tables from Activity 3 were prepared and shared with WPs 2 and 4 and an iterative process 
was used to understand and interpret results particularly related to the characteristics and indicators 
of poor and good quality: raw materials, processing characteristics and cooked product (steamed-
mashed matooke). The MS students whose research costs and supervision are shared by Bioversity 
and NARL are progressing well – Moreen finished data collection on urban consumer preferences 
using a choice experiment and household survey and is currently conducting data analysis; Nelson 
finished textural analysis and sensory evaluations of select local and hybrid varieties with a trained 
panelist and is currently conducting chemical analyses. WP5 work focused more on preliminary 
review of current methodologies.   
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4.2 Bowen University Key Achievements  
(full progress report: Annex 7, p.238) 
Pounded Yam (Nigeria): 
Bowen University team participated in the RTBfoods First Annual Meeting, Ibeto hotel, Abuja, Nigeria 
(March 21-27, 2019). We also participated actively in the pre-meeting workshops of WP1 and WP2. 
WP1: In Period 2 we submitted report for activity 3 in WPI. The team participated in processing 
demonstration in activity 4 of WP1. In WP2: We wrote the SOP for Starch and Sugar analysis and 
SOP for preparation of Pounded yam by Mechanical Yam Pounder.  Conducted training for Bowen 
Sensory panelists. Participated in all Skype meetings (WP2, sensory and texture) scheduled for this 
period. Developed standard protocol for preparation of pounded yam. The SOP for pounded yam 
texture analysis will be submitted later. The Bowen team also attended the NIRS Training at IITA 
from 24th of June-5th of July 2019. We were also involved in backstopping activities for other partner 
institutions:  Training of sensory evaluation panelists from partner institutions: IITA, Ibadan and NRCRI, 
Umudike for products such as Eba, Pounded yam, boiled yam, Fufu. Bowen University team were also 
resource persons for the “RTB Cluster 4.1 Gendered Product Mapping, User Profiles and Consumer 
Testing in Urban Segments on descriptive sensory evaluation at the workshop which was done to 
harmonize, review and adapt RTBfoods methodology for Gendered Food Mapping (Gender 
Dimensions of the food product chain and alternative uses of the crops to be used by all partners in 
RTB Cluster 4.1. 

4.3 CARBAP Key Achievements  
(full progress report: Annex 8, p.248) 
Boiled Plantain (Cameroon) 
During Period 2 of RTBfoods Project, CARBAP focused on activities related to WP1, WP2 and WP5. 
For WP1, data obtained from Activity 3 (i.e. surveys carried out in 08 localities of West and Littoral 
Regions of Cameroon) were analyzed under the supervision of a hired biostatistician. A complete 
report of activity 3 was elaborated and boiled plantain product profile sheets were made available for 
WP2 team. A request for ethical clearance was submitted to the Cameroon National Committee for 
Ethics of Research for Human Health, and received a favorable opinion. Concerning Activity 4 of 
WP1, surveys related to processing demonstrations on boiled plantain were carried out in 02 towns 
(Bafoussam and Douala) in Cameroon. Key processing unit operations were identified. Seventeen 
participants were selected to be trained later for boiled plantain sensory analysis and evaluation within 
the framework of WP2. 
For WP5, planting materials from 03 landraces and 08 plantain-like-hybrids from CARBAP and IITA 
have been multiplied using PIF techniques and two multilocation trials were established in September 
2019 in Njombé (80 masl) and Bansoa (1300 masl) where they are being monitored.  

4.4 CIAT Key Achievements  
(full progress report: Annex 9, p.257) 
The main objective of Period 2 for WP2 and WP3 was to develop biophysical tests (e.g. texture), and 
if possible NIRS calibration, to predict cooking quality of boiled cassava. Cooking quality was 
measured as optimum cooking time, i.e. the boiling time when pieces of cassava roots (half-cylinders 
6 cm long and 2.5 cm radius) become soft and ready to consume. In Period 3, WP1 may provide 
further criteria for determining cooking quality of boiled cassava. To predict optimum cooking time, a 
texture extrusion test was developed, whereby the force necessary to push a piece of boiled root 
through a five-blade grid is measured (together with other texture parameters). 
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For WP4, 979 seeds from nine families with parents from 36 progenitors were germinated and planted 
in the field to produce F1 generation. In January 2020 the stems of young seedling plants (e.g. 6-7 
months old) will be harvested and a rapid multiplication scheme (based on 2-nodes micro-cuttings) 
will be implemented. The idea is to have 10-20 plants per genotype ready for harvest at the proper 
age (10-12 months after planting) by the end of 2020. The cooking quality of 36 progenitors were 
determined using samples harvested in October and November 2019 (8 and 9 month after planting). 
The optimum cooking time in the second harvest was much smaller than the first harvest, with the 
median of 19 min vs. 37 min, but the optimum cooking time showed significant correlation between 
two harvests with R2 = 0.37. 
In April-May 2019, optimum cooking time and texture-extrusion tests were conducted on 36 genotypes 
from the “Diversity” collection harvested at 10-11 months after planting. NIRS spectra were recorded 
at the same time, using discs cut from the same fresh roots as were used for the boiling tests, in order 
to investigate potential correlations between biophysical data and NIRS. Significant differences in 
optimum cooking time and in texture parameters were found between genotypes, which led to 
classifying the genotypes into groups with different textural behaviors, possibly related to the 
composition and structure of the roots cell walls. However, no correlation between cooking time, 
texture and NIRS could be identified so far (R2 < 0.11), possibly due to high standard deviations of 
some of the measured parameters. 
Consequently, the experimental protocol was modified to explore other tests beyond texture, in 
particular kinetics of water absorption during boiling. In October, optimum cooking time and water 
absorption tests were conducted on 36 genotypes from the “Cooking quality” collection harvested at 
8 months after planting. Six groups of genotypes were identified based on cooking time and water 
absorption behaviors, from short cooking time and high water absorption to long cooking time and low 
water absorption. 
These tests were repeated in November and December (36 genotypes, respectively 9 and 10 months 
after planting). In November, the texture-extrusion test was also included. A correlation was identified 
(R2 = 0.5) between texture area and cooking time, thus demonstrating the possibility of predicting 
cooking time with texture tests. This correlation needs to be confirmed and R2 improved to at least 
0.7. In December, the water absorption test was modified to measure absorption on cassava pieces 
pooled together rather than individual pieces, in order to reduce standard deviations. Preliminary 
results indicate a potential correlation between optimum cooking time and water absorption at 30 
minutes boiling (R2 = 0.6). 

4.5 CIP Key Achievements  
(full progress report: Annex 10, p.272) 
CIP activities in RTBfoods are advancing. WP1 found that for a good quality boiled sweetpotato, the 
raw roots should ideally be big in size, smooth and firm/hard. When peeling/processing, the roots 
should be sweet to taste, with a good appearance, firm to touch with a nice smell. The final product 
should be sweet to taste, mealy and with a nice smell. The use of the word sweet needs however 
further refinement as it is often a combination of texture and sugariness. An RTB sensory panel was 
established and trained at the research center in Kawanda, Uganda.   
CIP conducted a combined WP2/3 activity in Uganda during November 2019. Briefly, the WP2 activity 
was focusing on cooking time and texture attributes analysis while the WP3 team scanned the same 
roots with different NIRS equipment as raw samples and after cooking. The collected material is 
recently under reference analysis at CIAT and CIRAD. NIRS trainings with CIP as co-organizer and 
with participants from various institutions related to RTBfoods were conducted in Nigeria and Uganda.  
Perishability of sweetpotato roots was another challenge. Storability of sweetpotato roots is very 
limited especially in diverse genotypes which are not varieties. They often degrade very fast and show 
high levels of oxidation after cutting. Roots therefore must be processed for analysis within 5 days 
after harvest. We might face similar problems with potato next year but will be better prepared to 
manage those potential issues.  
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Communication and coordination are key in this complex project. After changing CIP’s focal point, we 
have established a monthly SKYPE coordination call which helps a lot in resolving issues and plan 
the work properly across work packages and countries. 

4.6 CIRAD Key Achievements 
(full progress report: Annex 11, p.302) 
In Period 2, CIRAD staff played a very important role in the coordination of the 5 scientific work 
packages, for activity implementation by partners as well as for the identification of capacity 
strengthening needs. CIRAD scientists actively participated in technical backstopping, trainings and 
scientific programming of cross-cutting actions between project partners. In each WP, regular WP 
coordination meetings have been organized with WP partners as well as monthly meetings between 
the PMU and the different WP coordinators to share intermediate results, scientific progress 
performed and challenges faced by WP partners.  
The general coordination of the project is ensured by CIRAD and the Project Management Unit (PMU) 
which role is to ensure the smooth running of research activities, in partnership with international and 
national partners in the 6 countries of implementation (i.e. Benin, Nigeria, Côte d’Ivoire, Cameroon, 
Uganda, Colombia). Numerous coordination missions have been carried out by the PMU in period 2 
(Guadeloupe, Nigeria (2), Uganda (2), Ivory Coast, Kenya, Rwanda, Colombia). Eglantine Fauvelle, 
as project manager for Monitoring, Evaluation & Learning, has ensured that all WP partners are 
moving toward the completion of Period 2 milestones to meet the output commitment at project level. 
The production of deliverables (i.e. manuals, training material, SOPs, scientific & activity reports) has 
been discussed all year long and agreed upon with WP coordinators and activity focal points. A 
special effort was made to publish results in open access; all project products finalized and submitted 
in Period 2 are now available on MEL platform. CIRAD's financial and commercial development team 
was responsible of the good financial execution and cash flow management at partner level. 
In Period 2, the PMU has obtained the agreement of the editor of the International Journal of Food 
Science and Technology journal to publish intermediate results in a special issue dedicated to the 
RTB valuation: Consumers have their say: assessing preferred quality traits of roots, tubers and 
cooking bananas, and implications for breeding. (click here) This special issue is expected to be 
published at mid-Period 3; it will allow all scientists involved in RTBfoods to value their research 
activities performed in the framework of this project.  

4.7 CNRA Key Achievements  
(full progress report: Annex 12, p.340) 
Attieke (Côte d’Ivoire): In this period 2, CNRA completed activity 3 of WP1 in the central region of 
the country, particularly in Yamoussoukro and Bouaké. Analysis are in progress. Activities 4 and 5 
could not be realized for lack of time. Cassava varieties Yacé and Agbavé have been found the best 
to make attiéké. The most important characteristics defining a good variety of cassava that can give 
a very good attiéké are: "hard flesh", "white flesh", "cassava with less water", "white skin". "hard flesh"; 
"white flesh" . They are the most quoted features. The storability of the fresh root is also important. 
For WP5, the on-farm survey is ongoing. The morphological, agronomic and sensorial traits are 
collected from a station (Bouaké) and on farm (Molonoublé and Ngattadolikro) trials for 9 cassava 
varieties. Field days were organized for harvest and sensorial test on attiéké. 
Pounded Yam (Côte d’Ivoire + Guadeloupe): For pounded yam, activities focused on WP3, WP4 
and WP5. In WP3, the use of NIRS permitted to have a good prediction for the dry matter, the sugar 
content and the starch content.  Adhesiveness, stickiness, springiness and extensibility were also 
determined. There was a large variability among clones for these traits.  
For WP4, the results of the finger printing by SNPs technics genotyping by sequencing (GBS) by DarT 
for 188 samples of the germplasm of D. alata have been generated. For each marker, the trimmed 
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sequence, the SNP position on the primer, the position of the SNPs on the chromosome on the DarT 
map of reference, the frequences of the homozygotes and the heterozygotes, the polymorphism 
informations have been determined. A total of 22 506 markers having complete data are developped. 
In WP5, 5 contrasted clones of D. alata and 5 of D. rotundata are planted in 2 locations for the users’ 
preference. They will be harvested in January 2020. 
Fried Plantain (Côte d’Ivoire): The protocol for sensory analysis is settled and biophysical analysis 
(Dry matter content, ash, Sugars, proteins, Starch, Fiber) will be performed. Eleven (11) varieties are 
planted for consumers’ preference assessment in 2020.  
Fried Sweetpotato (Côte d’Ivoire): WP5 only is concerned. Ten (10) varieties are planted in 2 
locations (North and Center regions) for the sensory analysis to determine the consumer’s preference. 
Data are still being collected 

4.8 IITA Key Achievements  
(full progress report: Annex 13, p.358) 

Gari/Eba (Nigeria):  
 WP1: we carried out an analysis of the survey activity 3 work. We produced the priority analysis of 
the answers to the questions from the individual interviews on preferred characteristics of cassava at 
each stage of the processing of cassava into gari and eba. Some crucial characteristics were ‘non-
discolouration of cassava during processing’, ‘a bright-coloured gari as well as Eba’ and ‘good 
cohesiveness’ (not sticky to the hand). Furthermore, a “shortcut” document (asked for by the WP1 
leaders) before the last activity 3 reports, was produced to possibly correct the results obtained from 
the individual interviews by including information from the marketing interviews and focus group 
discussions as well. A new trait that was not mentioned in the individual interviews was the time a 
cassava stem could be stocked before planting. The results gave input to the CATA and JAR 
questionnaires for activity 5. To get contrasting eba food products based on only variety difference, 
rather than altering the processing which would not be very informative for WP2, we processed 8 
different clones with champion processors and chose two very contrasting varieties to add to a first 
wave low dry matter biofortified cassava variety as well as to the local best variety in each of the 
localities. In order to obtain contrast among the eight varieties, aspects such as the significant 
difference in dry matter and discolouration and cohesiveness of the eba were considered. After that, 
Activity 4 was carried out in the two states. This created enough contrast widely on an excellent 
consumer evaluation during activity 5. All data of act 4 and 5 have been put in the data entry template 
and are ready for analysis 
WP2: SOP have developed for dry matter determination, and 72 genotypes of fresh cassava roots 
were analysed for dry matter and starch content. SOP for preparation of Eba has also been prepared, 
and Gari samples were evaluated for selected functional and quality analysis. Sensory training was 
successfully conducted for panellist in preparation for the sensory analysis of the Eba. Texture 
analyzer and Rapid Visco- Analyzer was purchased and installed and awaiting training and SOP for 
textural characterization of the product. IITA laboratory participated in the WP2 Ring test for calibration 
and standardization of partners’ laboratories. 
WP3:  IITA organized, in conjunction with WP3 leaders and PMU, NIRS training in Nigeria in June for 
two weeks. The participants were from different partnering institutions with RTBfoods project. Also, 
spectra data of Fresh cassava roots for 2018 and 2019 were combined to develop calibration models 
for dry matter and starch respectively. Experiments were conducted on sampling protocols for intact 
cassava roots samples, and the calibration model was developed and validated. Gari samples 
prepared from 129 cassava genotypes (from NextGen materials) were analysed with NIRS to collect 
the spectra data and develop calibration models for selected functional characteristics of the products. 
130 cassava flour samples, from NCRP trial, were scanned, and the calibration models for proximate 
compositions were developed and validated 
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WP4: To gain better understanding of the genetic variation in productivity and quality of garri and fufu, 
we processed storage roots from six Uniform Yield Trials of advanced selections from the first two 
cycles of genomic selection: GS cycle 1 UYT34, GS cycle 2 UYT36 set A, GS cycle 2 UYT36 set B. 
In total, we produced about 400 samples for garri and fufu each. All the UYTs were established using 
a randomised complete block design with three replicates. Since we processed garri and fufu samples 
from two replicates in each trial, we fitted the following linear mixed model using lme4 R package to 
obtain variance components and genotype fixed effects. Most traits had high heritability values across 
trials indicating that robust genetic control. Dry matter content heritability ranged from 0.67 to 0.88, 
except for trial UYT36 setB.AGO, which had a value of 0.50. Garri yield (h2 0.61 to 0.86) had slightly 
higher heritability compared to fufu yield (0.31 to 0.77). Mainstreaming of quality assessments of garri 
and fufu yield and quality have been initiated in the first to cycles of genomic selection. The analysis 
of processed garri and fufu in future years will be augmented using the inputs of WP1, WP2 and WP3.   
Gari (Cameroon) 
Survey activity 3 work was carried out in 4 villages in the Littoral zone of Cameroon. The survey was 
done thoroughly by a very motivated team. Interestingly, we found two different product profiles 
among the farmers: the varieties to be used to boil and eat or pound for home consumption and small 
local sale on the one hand and non-poundable varieties to produce fermented cassava products like 
gari, couscous de manioc (eba), bobolo and miondo on the other. Also early maturing more watery 
varieties were used to continue processing in the offseason. Ranking of characteristics by 
respondents was not easy as they often stated that one characteristic was not more important than 
the other but that they must go together or are related. 
For this reason, we used different ranking procedures in the writeup of the report. Most important 
characteristics for a good quality gari were ‘bright colour’, ‘white colour of the pulp (no discolouration 
during processing)’, ‘heavy roots/low water content’, ‘low content of woody filaments (crude fibre)’. 
Interesting was the primary importance of gari still providing resistance in the mouth when consumed 
with cold water or dry. Another important characteristic was the absence of rancid smell caused by 
using lousy quality oil. Concerning the results for the Southwest and North Central of Nigeria, it is also 
remarkable that yield-related characteristics such as massive big roots are mentioned at a lower rank 
then in Nigeria. It seems that in Cameroon the product’s refined quality is more important than in the 
southwest of Nigeria. This is not surprising as, in Nigeria population density, competition and 
economic activity are much more significant. Fermentation time of gari is generally short except a 
more sour gari connected to immigrants from the South West Anglophone part of Cameroon bordering 
with Nigeria. When comparing sexes, there seems to be more similarity in preferences and details 
with which the preferences are expressed than in Nigeria. In Cameroon, more men and women are 
more equally involved in processing resulting in more similar explanations of preferred traits and a 
similar level of detail provided. 
Boiled Yam (Nigeria ) 
WP4: Two bi-parental mapping populations (one for white yam and one for water yam) and one 
diversity panel of water yam are nominated to constitute the target population for WP4. The bi-parental 
populations are TDr1402 constituting 145 progenies plus 3 check varieties of white yam and TDa1402 
constituting 148 progenies plus three check varieties of water yam. The diversity panel includes 100 
water yam accessions representing gene bank collections and advanced breeding lines. In 2018, the 
bi-parental mapping populations were grown at one site in Nigeria while the diversity panels were 
planted at three locations. The 2018 trials were harvested in January 2019 and repeated in 2019 and 
will be replanted in April 2020 for more detail phenotyping for quality traits for WP4 activities 
Boiled yam (Benin) 
WP1: A survey was carried out on yam and boiled yam based on the principle of triangulation of data 
collection tools and informants’ sources in the food chain with eight (8) rural communities of central 
Benin, named District of DASSA-ZOUME and District of DJIDJA, two production and consumption 
zones of yam. For this purpose and Activity 3, four sub-activities were undertaken that integrated key 
informant group interviews (KII) with community leaders, sex-disaggregated Focus Group 
Discussions (FGD) with people who produce, process and consume the boiled yam, individual 
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interviews (II) with community members and market interviews (MI) with key individuals or groups 
involved in marketing and trading activities. The communities interviewed were very diverse: 
differences between and within communities were evidenced as far as wealth and ethnicity are 
concerned. In the communities, there are no collective plots for yam, but market gardening is carried 
out by some women cooperative groups. Yam is grown in different ways depending on the community. 
Two ways of planting: (a) to clear of stumps (Weeding) before making the mounds, (b) make the 
mounds without weeding, Yam varieties locally named “Laboko”, “Kokoro” and Moroko are the most 
commonly grown irrespective of gender and regions under study. Laboko is the first recognised by all 
communities (except Djidja) as the best quality yam for preparing any related dishes while Kokoro is 
better for storage in addition to its ability to make many dishes. The ability of varieties to be boiled 
or/and pounded is one of the reasons for their preference. The market value is also considered in the 
choice of the variety to grow and Laboko had the highest market value and Tchewere the lowest. 
Most of the characteristics cited are common to both gender and region. Large tubers were preferred 
for their market value and ease in peeling. Characteristics related to "big sized tuber/smooth peel 
without injury/ long tuber with thorny redhead "were the most important regardless of the gender and 
region. Neither gender nor region was completely independent (mean score <4) in decision making 
and trade-offs between the different uses of the yam. 
Fried Plantain (Nigeria): 
WP1: Planned activities for 2019 for fried plantain comprised developing a State of Knowledge (SoK) 
report and carrying out a modified end-user survey on plantain in Nigeria. The Sok report was 
developed based on a review of existing literature on plantain from Nigeria and other countries where 
plantain is a predominant crop and interviews with key informants in Nigeria. The report addresses 
aspects of production, marketing and consumption of plantain. Although the focus is fried plantain 
(dodo), the report also focuses on other plantain products since little is known about the relative 
importance of dodo and plantain products within Nigeria in general. The SoK also considered the role 
of bred plantain hybrids (improved plantain varieties) disseminated in Nigeria, which is also a focus 
of the end-user survey. The end-user survey was conducted in July and August 2019 by a group of 
researchers following a 2-day training in IITA Ibadan. The survey was conducted in three states 
(Osun, Delta and Rivers), which were identified as important plantain producing areas in the SoK and 
some, also, had several locations where bred hybrids had been distributed by IITA. The field study 
comprised 24 Focus Group Discussions, 125 Individual Interviews, 60 Market Interviews and 12 Key 
Informant Interviews. Data analysis is in an advanced stage, and a first version of the final survey 
report is expected by January 2020. 
Matooke (Uganda) 
WP4: Clones with pulp from the GS training population, made of 228 clones, which comprise the 
matooke-derived hybrids, their direct parents (4x and 2x) and their grandparents (3x and 2x) were 
used for WP4 activities.  This population was replanted in Sendusu, to make sure that at least three 
bunches per clone are available for evaluation throughout the project, as bananas do not mature at 
the same time in the field like seasonal crops, but are harvested one by one over the year. One 
hundred fifty-three of these clones were evaluated in Kawanda by NARL for sensory and other 
laboratory traits such as dry matter and texture sensory traits. The number of bunches per clones 
varied between 1 and 5. NIRS spectra were generated for 129 of the genotypes by NaCCRI 
(Namulonge). IITA and NARL collaborated to map the process of sampling and sample tracking and 
data recording. As a result, the ontology for matooke sensory traits was defined and uploaded in 
Musabase in collaboration with BTI, the trial for matooke quality was set up in Musabase, and the 
roadmap for the use of barcodes was set up and tested. 
Others:  
IITA organised an RTBfoods country coordination meeting for all RTBfoods partners based in Nigeria 
(IITA, BOWEN and NRCRI) held at De-Meros Hotel Lagos between 1 - 2, August 2019. A total of 17 
participants working on all the WPs attended the meeting to give progress reports on the RTBFoods 
project activities for Period 2. Also, few members of the RTBfoods PMU participated virtually, 
especially the Project Investigator (PI) - Dominique Dufour. 
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4.9 INRA Key Achievements  
(full progress report: Annex 14, p.383) 
Boiled Yam (Avignon + Benin): In Period 2, INRA Avignon mainly worked to produce an SOP for cell 
wall polysaccharide extraction on yam roots as well as on the proof of concept (POC) concerning the 
impact of the cell wall, and especially pectin on the textural properties of yam products. The master’s 
student recruited at INRA Avignon defined a procedure using first an alcohol insoluble solids (AIS) 
extraction followed by an enzymatic destarching procedure working on a reference raw yam sample 
(D. cayenensis-rotundata from Ghana). 12 raw yam root samples recieved from UAC-FSA Benin and 
INRA and CIRAD Guadeloupe (10 genotypes, D. alata and D. cayenensis-rotundata) were then 
prepared and stabilized at -80°C in Avignon for further analyses. Raw yam roots were then analysed 
for endogeneous pectinase activities, starch content and cell wall polysaccharides content and 
composition. These works are in progress as the cell wall extraction SOP has to be optimized and the 
POC needs more data on cooking ability that will be acquired in the early P3. 
Boiled Yam (Guadeloupe): In Period 2, from January to April 2019, INRA Guadeloupe harvested 41 
yam genotypes planted in 2 places with contrasting pedoclimatic conditions, in order to follow quality 
traits of yam tuber flour in the frame of WP3. Harvest took place at maturity (full senescence) 
depending on genotype, and three tubers were used by genotype. In order to coordinate the INRA 
(quality traits) and CIRAD (quality traits and phenotyping) activities, the same tubers were used during 
the process of sample treatments. Tubers were cut longitudinally, half of a tuber was used for fresh 
analysis (i.e. color and oxidation conducted by CIRAD Guadeloupe), then after the piece were 
weighted, peeled with a knife, washed, wring out, weighted, and cut in cubes of 5/10 mm for drying in 
oven at 70 °C during 3 days. Dry matter (DM) was measured after drying. Samples were placed in a 
sealed bag until grinding. From January to November 2019, different activities were conducted by the 
team and non-permanent staff: (i) Preparation of 348 yam tubers flour for amylose and protein 
analysis, and starch grain images at INRA-ASTRO Laboratory; (ii) Acquisition of NIRS Spectra of yam 
flour at INRA-URZ Laboratory, (iii) Sampling flour for chemicals analysis (starch, sugar) by Teyssier 
Laboratory, (iv) Collection and building spectra data base from chemicals reference and NIRS 
spectra. Development of calibration models for Chemicals parameters (DM, starch, proteins, sugars, 
amylose) is in progress. DM and browning data of this genotype panel were used to select 6 
genotypes for Avignon assays of cell wall extraction and cooking assays in period 3. 
Pounded Yam (Guadeloupe): INRA-Astro and URZ expertises were used to develop predictive 
models for chemical and textural parameters of yam flours, in order to predict these parameters in 3 
biparental populations of D. alata for germplasm breeding on samples studied as well in the frame of 
Africayam project conducted by Gemma Arnau (CIRAD). 174 flour samples of 27 genotypes supplied 
by CIRAD from Roujol location were used for the development of a calibration model. A publication 
in a per-reviewed scientific journal is being written by Emmanuel Elhonou (CNRA-Côte d’Ivoire). Then, 
predictive data based on DM, starch, sugar and hardness were obtained upon 892 samples of D. 
alata to evaluate their pounded ability.  
Boiled Plantain (Avignon + Côte d’Ivoire): With the aim to produce a SOP for cell wall polysaccharides 
extraction on banana and plantain, INRA Avignon carried out some sample preparations, AIS 
extractions and dry matter content determinations on green and ripe plantain. INRA Avignon is also 
working on POCs, for this aims INRA Avignon is recruiting a PhD student for the early 2020. The aims 
of this PhD project will be to evaluate the impact of cell wall polysaccharides composition, particularly 
pectin structure, and polyphenol composition on the softening during boiling of banana and identify 
the biochemical mechanisms involved. 

4.10 JHI Key Achievements  
(full progress report: Annex 15, p.418) 
In collaboration with partners, JHI was responsible for developing a cooking method for sweet potato 
roots that can be used to discern texture differences in boiled sweetpotato roots. A robust method for 

https://rtbfoods.cirad.fr/


  Page 46 of 554 

texture analysis of boiled sweetpotato roots during cooking has been developed. We then obtained 
sweetpotato roots from 15 genotypes supplied by CIP and performed texture analysis of these 
samples, revealing differences between genotypes. Based on previous literature we assessed the 
potential role of two enzymes, pectin methyl esterase (PME) and amylase, that may account for 
the textural differences between the genotypes. Reliable assays for these enzymes were developed 
and applied to the root samples however no significant correlations between the activity of these 
enzymes and textural measurements were identified based on the 15 genotypes. A method for cell 
wall composition analysis from sweetpotato roots was developed for a test variety as part of a training 
visit (PhD student Linly Banda). Oven-dried root samples from the 15 genotypes were prepared and 
sent to CIRAD (C. Mestres) for differential scanning calorimetry (DSC) analysis. Although no direct 
significant correlations were identified between DSC parameters and textural measurements within 
this set of samples, multiple regression analysis showed that starch characteristics (gelatinization 
enthalpy and temperature and amylose content) were significantly correlated to measurements of 
firmness after 20 minutes of cooking. 

4.11 NaCRRI Key Achievements  
(full progress report: Annex 16, p.437) 
During the past one year (December 2018 to 30th November 2019), NaCRRI participated in 
implementation of activities spread across four work packets (WP1, WP2, WP3 and WP4). All 
implemented activities aligned to boiled cassava, as the primary product profile.    
Under WP1, we completed activity 3 (preference surveys), activity 4 (processing diagnosis) and 
activity 5 (consumer testing) as per the target typologies. In the end, we were able to document the 
product processing pipeline, preferred traits by men and women, and challenges experienced. All 
data associated with WP1 has been submitted to CIRAD. Under WP2, two major activities were 
accomplished. Firstly, we contributed towards development of standard operating procedures (SOPs) 
for: dry matter content (DMC) determination, sample preparation for texture analysis of boiled 
cassava, and NIRS spectra acquisition. Secondly, we have developed sensory descriptors for boiled 
cassava and collected sensory data on 45 cassava clones. 
For WP3, we generated 538 spectra using bench top NIRS and corresponding wet chemistry data. 
These datasets were used for making calibrations for estimation of DMC and softness of freshly boiled 
roots. DMC predictions after calibration ranged between 22 to 45% with R2 ranging from 0.98 to 0.99. 
For root softness, calibration analysis is ongoing. Efforts are on-going to calibrate the portable ASD 
NIRS.  
Finally, under WP 4, root softness was assessed using root samples harvested from trials established 
at Serere (eastern region) and Namulonge (central region).  At Serere, 76 clones were boiled for 30 
and 45 minutes; only middle sections of roots were sampled.  Softness ranged from 1.03 to 10.2 (for 
samples boiled for 30 minutes), while for samples boiled for 45 minutes softness ranged from 0.34 to 
9.24. Overall, 45 minutes registered higher heritability (H2 = 0.53 and lower softness readings, than 
samples boiled for 30 minutes (H2 = 0.41 and mean = 4.44). At Namulonge, distal, middle and 
proximal root sections were sampled; lowest softness was recoded at 45 minutes (2.24) and highest 
at 15 minutes (5.4).   Next year, we plan to undertake the following: a) continue to generate sensory 
data on boiled roots, and wet chemistry data on selected end-user traits; b) generate spectra using 
both portable and hand-held NIRS associated with selected end-user traits; and c) undertake 
association and genetic studies on softness.  

4.12 NARL Key Achievements  
(full progress report: Annex 17, p.449) 
During period 2, NARL prioritized WP1 activities, due to their importance in informing and guiding 
other Work packages. The activities included cleaning and analysis of data for activity 3 (Gendered 
product mapping) that had been collected during period 1. A report for this activity is being finalized. 
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With supporting missions from CIRAD, three remaining activities under WP1 were initiated. They are 
a market study, matooke processing demonstrations and consumer testing studies to gain insights 
into the products uses, preference of quality characteristics and preferred attributes by different 
demand segments in urban and rural settings. Processing demonstrations were completed and data 
processing is on-going.  The remaining part of the market and consumer studies will be completed by 
end of December, 2019. 
Under WP2, NARL coordinated the recruitment and training of a laboratory panel. The training was 
supported by CIRAD and CIP/North Carolina University. The panel is currently being used to generate 
sensory profiles of matooke, cassava, sweet potatoes and potatoes. Also, protocol for preparing, 
cooking, texture and sensory analysis for matooke was standardized and is currently under review. 
Following the protocol, sensory profiles of 29 banana genotypes, together with their texture have been 
generated. 
During the same period 2, NARL staff, Moses Matovu and Sarah Kisaakye participated in a NIRS 
training to be conducted by CIRAD team in August, 2019.  NARL also collaborates with NaCRRI and 
IITA to develop NIRS calibrations for matooke bananas.  During period 2, we collected 184 spectra 
in duplicate, using the DS2500 NIRS equipment.  
Matooke (Uganda): 
Sensory protocol, sensory profiling, 
A sensory analysis protocol for matooke was standardized. Also, sensory profiling of matooke, for 29 
genotypes (ranging from very good, good, medium, bad, very bad) has been conducted using the 
protocol.  Data analysis will be done during December, 2019 and January, 2020 
Boiled Cassava (Uganda): 
A sensory analysis protocol for cassava was standardized and sensory profiling for 32 genotypes 
(ranging from very good, good, medium, bad, very bad) has been completed. Data analysis and 
reporting will be done during December, 2019 and January, 2020. 
Boiled Sweet potato (Uganda): 
Lexicon for sweet potatoes and potatoes have been generated. Standardization of the cooking and 
sensory analysis protocol will be done during the first half of period 3.  

4.13 NRCRI Key Achievements  
(full progress report: Annex 18, p.463) 
Fufu (Nigeria): NRCRI processed and characterized fufu quality traits of 18 Next gen cassava 
varieties at NCRP and 20 genotypes at UYT, replicated three times in two agro ecology in south-east 
Nigeria (Umudike and Otobi). NIRs spectral data, DM and starch yield of the raw materials was 
determined on freshly harvested roots.  Sampling procedure for evaluating biophysical properties of 
intermediate fufu product with ASD Spec Quality trek being developed using wet fufu mash from UYT 
and NCRP.  Biophysical properties of the flour from roots, intermediate fufu sample (wet cake mash) 
and cooked fufu were determined using standard laboratory procedures as practiced in the institute. 
The sensory evaluation of the cooked fufu was determined using the hedonic scale method by semi- 
trained panelist.  SOP for fermentation and cooking of fufu utilized in different communities within 
South- east agro ecology in Nigeria was standardized using 18 Nextgen cassava genotypes.  
Fermenting potentials of the materials were also assessed and relevant data on was collected 
periodically during the days of fermentation. Softness of the fermenting roots were assessed with a 
penetrometer. 
Gari/Eba (Nigeria): NRCRI processed and evaluated gari quality traits using 18 Nextgen cassava 
genotypes at NCRP breeding stage and 20 genotypes at UYT. The trials were replicated three times 
in two agro ecology in south-east Nigeria (Umudike and Otobi). NIRs spectral data was collected on 
the raw materials and intermediate gari granule (milled and umilled).  Biophysical properties of the 
fresh, intermediate sample (gari granules) and eba were also determined using standard laboratory 
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procedures as practiced in the institute. The sensory evaluation of the eba was determined using the 
hedonic scale method by semi- trained panelist. Standard operating procedure for preparing eba 
within South- east agro ecology in Nigeria was standardized using 18 Nextgen genotypes 
Boiled Yam (Nigeria): Cooking time of different portions of yam (head, middle and tail) were 
evaluated using materials collected from African Yam project. The materials were collected from on-
farm trial established in two locations (three farmers /location) within the South-east agro-ecology in 
Nigeria.  Farmer participatory processing and sensory evaluation of material (10 participant/ farmer) 
was carried on- farm in the two location. NIRS spectra of raw material and boiled material was 
acquired using the ASD Quality SEPC. SOP for cooking yam was developed using different portion 
of freshly harvested yam and stored yams (one month after harvesting), softness of boiled yam was 
evaluated using the penetrometer. Biophysical properties of the different were evaluated, NIRS 
spectra of the samples were acquired 
Pounded Yam (Nigeria): Pounding ability of different portions of yam (head, middle and tail) were 
evaluated using materials collected from African Yam project. The materials were collected from on-
farm trial established in two locations (three farmers /location) within the South-east agro-ecology in 
Nigeria.  Farmer participatory processing and sensory evaluation of material was carried on- farm in 
the two location. NIRS spectra of raw material and pounded material was acquired using the ASD 
Quality SEPC. SOP for cooking yam was developed using different portion of freshly harvested yam 
and stored yams (one month after harvesting).  Biophysical properties of the different were evaluated, 
NIRS spectra of the samples were acquired. 

4.14 NRI Key Achievements  
(full progress report: Annex 19, p.484) 
NRI is responsible for the overall coordination of WP1 and contributing to WP5. Achievements for 
Year 2 are mainly in WP1 due to activity sequencing. In collaboration with CIRAD and Cornell 
University, NRI has led the achievement of the following project outputs:  

- Contributions to capacity strengthening workshop carried out as part of the annual project 
meeting in Abuja, Nigeria, in March 2019; 

- Organisation of workshop involving L Forsythe, G Fliedel, and U Kleih, in July 2019, as part of 
hand-over arrangements regarding L Forsyhte’s maternity leave (Aug 2019 – May 2020); 

- Review of 2 state of knowledge report (SOKs), 4 product profiles, and 4 reports (including 
draft) submitted by teams in period 2 of project; 

- Planning of activities to be carried out as part of support of team in Côte d’Ivoire, although the 
trip has been postponed from Nov 2019 to year 3 of project; 

- NRI’s work with WP5 in year 2 is at its infancy; 
- Participation in project coordination activities. 

4.15 UAC-FSA Key progress Achievements  
(full progress report: Annex 20, p.491)  
During the period of Dec. 2018 to Dec. 2019, UAC-FSA team (Bénin) has been working on boiled 
yam and boiled cassava and on WP1 and WP2 activities. In this respect the following activities were 
undertaken: 
Boiled Yam (Benin) -WP1 
 Data collected during period 1 (last year) on activity 3 were currently (period 2) analyzed in 

accordance with the guidance. Two partial reports were written from these qualitative and 
quantitative analyses: the first on quality characteristics of yam tuber and boiled yam prioritized 
by gender and spatial difference (two regions) was delivered and validated by the WP1 
coordination team; the second report on socio economic context and product preferences was 
submitted to WP1 coordination team for reviewing.  
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 Process characterization referring to activity 4 with focus on processing diagnosis of boiled 
yam pieces was achieved using six (6) varieties and six processors: the quality traits of boiled 
yam were collected through a participatory processing with 6 processors, and the report was 
submitted to WP1 coordination team for reviewing. 

 Consumer acceptability with reference to activity 5 was achieved on 5 yam cultivars based on 
a panel of 301 ordinary consumers testing. Data analyses were achieved and report was 
written for reviewing and validating by WP1 coordination team. 

Boiled Yam (Benin)-WP2 
 Concerning WP2, The UAC-FSA team are working on development of a protocol for texture 

analysis, essentially on samples preparation and optimum cooking time; the related SOP will 
be submitted very soon to WP2 coordination team for reviewing. A work was done on NIRS 
(on six yam varieties) at Montpellier by our PhD student who obtained additional financial 
support and training from CIRAD 

 Interactions with other Institutes working on Boiled Yam (Results & Protocols Shared, Staff, 
Equipment) 
 Capacity building activity: Our research team was trained by a researcher from CIRAD (RICCI 

J.) on the use of rheometer purshased by RTBfoods. In addition, a PhD student was trained 
at CIRAD Montpellier on NIRS methodology. Some members of UAC-FSA team were trained 
on qualitative data analysis and sensory data analysis at Abuja during the annual project 
meeting. Other collaborating activities with IITA-Benin, CIRAD Montpellier, INRA France, 
skype calls were established during this period.  

Boiled Cassava (Benin) -WP1 
 During the period 2, and following the same methodology as for “boiled yam”, the UAC-FSA 

team undertook all activities (3, 4 and 5) of WP1 on boiled cassava, the second product profile. 
Thus, all field activities were achieved on cassava boiled product. However, statistical 
analyses of the data collected from the survey (Activity 3) related to production, trading, 
processing and consumption are in progress.  

 Regarding activity 4, Data analysis and report are in progress. 
 Consumer acceptance was conducted on five boiled cassava samples in 8 rural communities 

(n = 120 ordinary consumers) and in urban town (Porto-Novo, n = 120 consumers). Data 
analysis is in progress.  

Interactions with other Institutes working on Boiled cassava (Results & Protocols Shared, Staff, 
Equipment) 
We received protocols of SOP related to physicochemical analyses from CIRAD. Tests on texture of 
boiled cassava on the basis of protocol developed by CIAT are in progress. 
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5. APPENDICES 
5.1 Annex 1: WP1 Scientific Progress Report for 

Period 2 
Scientific Achievements, Key Research Findings & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
KLEIH, Ulrich, Natural Resources Institute (NRI), University of Greenwich, United Kingdom 
FLIEDEL Geneviève, CIRAD, UMR QualiSud, Montpellier, France. 
BOUNIOL Alexandre, CIRAD, UMR QualiSud, Cotonou, Benin 
 
WP coordinators (NAME First name, email, Skype ID, Country):   
FORSYTHE Lora, NRI, University of Greenwich, l.forsythe@gre.ac.uk, Lora Forsythe, UK, (on 
maternity leave August 2019 – May 2020) 
FLIEDEL Geneviève, CIRAD, genevieve.fliedel@cirad.fr, Geneviève Fliedel, France  
TUFAN Hale, Cornell University, (till September 2019), hat36@cornell.edu,  Hale Tufan, USA 
KLEIH Ulrich, NRI (since Aug 2019, affiliate), University of Greenwich, u.k.kleih@gre.ac.uk, Uli Kleih, 
UK 

5.1.1 Product Profiles & WP1 Teams across Countries 

 Please review table below with information provided by Partner Focal Points in their Activity 
Report for Period 2 or information collected during trainings & support missions. 
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Crop Product 
Profile 

Product 
Champion 

Partner 
Institutes 
responsible for 
WP1 activities  

Institute Focal Point WP1 Team Composition  
Product Profile 
WP1 
Correspondent 

Names of Operational Staff for WP1 
Surveys & Data Management 

Cassava PP1- Boiled 
Cassava 

Robert Kawuki 
(NaCRRi-Uganda) 

NaCRRI-Uganda Robert Kawuki Ann-Ritah 
Nanyonjo 

Sophia Hamba  

IITA-Benin Busie Maziya-Dixon  Sounkoura 
Adetonah 

Jules Bakpe 

UAC-FSA Benin Noel Akissoe Laurent Adinsi 
 

Laurenda Honfozo 
Alexandre Bouniol (Cirad) 

PP2- Gari, 
Eba, Attiéké 

Busie Maziya-Dixon  
(IITA-Nigeria) 

IITA-Nigeria 
[Gari/Eba]  

Busie Maziya-Dixon Bela Teeken 
 

Bello Abolore 
Deborah Olamide 

NRCRI-Nigeria  
[Gari/Eba] 

Ugo Chijioke Tessy Madu Benjamin Okoye 

IITA & ENSAI- 
Cameroon 
[Gari] 

Busie Maziya-Dixon 
 

Bela Teeken (IITA-
Nigeria) 
 

Huber Noel Takam (IITA-Cameroon) 
Franklin Ngoualem Kégah (ENSAI-
Cameroon) 
Robert Ndjouenkeu (ENSAI-Cameroon) 

CNRA-Côte 
d’Ivoire [Gari/Eba] 

Amani Kouakou Catherine Ebah 
 

Landry Kanon 
Ernest Depieu 

PP3- Fufu Ugo Chijioke 
(NRCRI-Nigeria) 

NRCRI-Nigeria Ugo Chijioke Tessy Madu Benjamin Okoye 

Cooking 
Banana 

PP4- Boiled 
Plantain 

Gérard Ngoh 
(CARBAP-
Cameroon) 

CARBAP-
Cameroon 

Gérard Ngoh Gérard Ngoh Cédric Kendine 

PP5- 
Matooke 

Kephas 
Nowakunda 
(NARL-Uganda) 

NARL & 
Bioversity-
Uganda 

Kephas Nowakunda 
(NARL) 
Pricilla Marimo 
(Bioversity) 

Pricilla Marimo 
(Bioversity) 

Kenneth Akankwasa (NARL) 
 

PP6- Fried 
Plantain 

Delphine Amah  
(IITA-Nigeria) 

IITA-Nigeria Busie Maziya-Dixon Delphine Amah 
 

Esme Stuart 

Sweetpotato PP7- Boiled 
Sweetpotato 

Robert Mwanga  
(CIP-Uganda) 

CIP-Uganda Jolien Swanckaert Sarah Mayanja  
 

Samuel Edgar Tinyiro 

PP8- Fried 
Sweetpotato 

Jan Low  
(CIP-Kenya) 

CIP-Nigeria Jolien Swanckaert Edward Carey 
 

Simon Imoro 

https://rtbfoods.cirad.fr/


 

  Page 52 of 554 

 
Crop Product 

Profile 
Product 
Champion 

Partner 
Institutes 
responsible for 
WP1 activities  

Institute Focal Point WP1 Team Composition  
Product Profile 
WP1 
Correspondent 

Names of Operational Staff for WP1 
Surveys & Data Management 

Yam PP9- Boiled 
Yam 

Noel Akissoe  
(UAC-FSA-Benin) 

UAC-FSA Benin Noel Akissoe Laurent Adinsi 
 

Laurenda Honfozo 
Alexandre Bouniol (Cirad) 

IITA-Nigeria  Busie Maziya-Dixon Bela Teeken 
 

Bello Abolore 
Deborah Olamide 

NRCRI-Nigeria  Ugo Chijioke Tessy Madu Benjamin Okoye 
PP10- 
Pounded 
Yam 

Bolanle Otegbayo 
(Bowen University-
Nigeria) 

Bowen University-
Nigeria 

Bolanle Otegbayo Bolanle Otegbayo Olayinka Tinuke 

IITA-Nigeria  Busie Maziya-Dixon Bela Teeken 
 

Bello Abolore 
Deborah Olamide 

NRCRI-Nigeria  Ugo Chijioke Tessy Madu Benjamin Okoye 
Potato PP11- 

Boiled 
Potato 

Thiago Mendes 
(CIP-Kenya) 

CIP-Uganda Jolien Swanckaert Sarah Mayanja  
 

Samuel Edgar Tinyiro 
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5.1.2 WP1 Summary Narrative  

Tell us the progress of your WP in Period 2 (Dec. 2018 to Dec 2019) focusing on main Activities & 
Achievements for each Output contributed to – Do not forget to systematically refer to product 
profiles concerned. (NB: This section will be copied & pasted as is in the body of the RTBfoods 
Annual Report for Period 2). 

Activities performed in Period 2 within RTBfoods WP1 are contributing  to 3 project Outputs:  

• Output 1.1.1 : Gendered knowledge produced on quality characteristics, demands and 
consumption patterns for 11 RTBfoods/processed products in 5 African countries; 

• Output 1.2.1 : Quality characteristics identified for 11 RTB food/processed products in 5 
African countries; 

• Output 1.5.1: Gendered socio-economic databases on consumer/user preferences for 11 
RTBfoods/processed products in 5 African countries. 
 

At present (December 2019), most teams have developed product profiles (PP), although some of 
the PP still need to be combined or summarised. The table below provides an overview on the 
availability of documents at the end of December 2019. The PP include agronomical, post-harvest, 
technological, physico-chemical and sensory characteristics regarding the raw material, the raw 
material during processing and the final food product. The work on processing diagnosis and 
consumer testing has been carried out during Year2 by several teams, and will be completed by the 
other teams in Year 3. This work provides other technological and sensory characteristics to 
complete the PP. The reports will be available in period 3 of the project.  
 
Draft product profiles were made available from July 2019 onwards and have been reviewed by the 
WP1 coordination team. The majority of product profiles and reports (as far as available) were 
submitted in November 2019. Some of the reports are partly completed (e.g. market interviews have 
been missing), and complete reports will be submitted in period 3 of the project. The WP1 
coordination team and focal point have provided support to teams through missions, skype calls or 
emails. The trainings being offered to teams emphasise the involvement of both men and women in 
the research. This applies to research respondents as well as opportunities at institutional level and 
in countries. 
 
Tasks were distributed between members of the WP1 coordination team to support the teams by 
reviewing the PP tables, full reports and summary, through skype calls and emails, but also on the 
implementation of fieldwork activities through missions or skype calls and/or emails.  
 
The Activity 3 product profiles (PPs) and reports produced in period 2 of the project vary as far as 
quality is concerned. The Activity 3 product profiles have been reviewed when submitted to the WP1 
coordination team, as well as the Activity 3 full reports. The team will continue to review the other 
PP and full reports when they will be submitted. Support on the implementation of fieldwork activities 
for Activity 3 (Year 1), 4 & 5 (Year 2) was provided through missions, or skype calls and/or emails, 
to ensure that the teams will obtain good quality data.  
 
As indicated, the product profiles (PP) and reports vary in quality. In sum, some teams have been 
able to spend more time on the task, and better carry out the fieldwork and data analysis and report 
the findings. In some cases, language barriers may have represented an extra burden to the teams.  
 
It is planned that all Activity 3 product profiles (PP) and reports (table below refers) will be completed 
in Year 3 of the project (as far as they are not complete already). Also, exchange of information is 
planned at the annual project meeting in February 2020 in Kampala (e.g. between different research 
teams and with other work packages). Support missions to specific countries (e.g. Côte d’Ivoire, 
Cameroon) are planned to provide support related to activities 4 and 5 (including reporting). Hand-
over of WP1 data to WP2 and WP4 will take place. The production of a methodology paper is planned 
in the International Journal on Food Science and Technology (IJFST).  
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RTBfoods WP1, Yr 2 Summary – Availability of Documents, December 2019 

 
# 

Teams / Products Activity 3 
PP 

Activity 3 
Report 

Activity 4 
Report 

Activity 5 
Report 

1 Benin – Boiled yam, FSA/IITA X X X, draft X, draft 
2 Cameroun – Gari, ENSAI/IITA X X Yr3 Yr3 
3 Cameroon – Boiled Plantain, 

CARBAP X X  
X, draft  Yr3 

4 Côte d’Ivoire – Attiéké, CNRA X X, draft Yr3 Yr3 
5 Nigeria – Fufu, NRCRI X X, draft Field 

work Field work 

6 Nigeria – Gari/Eba, NRCRI X X, draft Field 
work Field work 

7 Nigeria – Boiled yam, NRCRI X, draft not 
reviewed    

8 Nigeria – Pounded yam, NRCRI X, draft not 
reviewed    

9 Nigeria – Pounded yam, Bowen X, draft    
10 Nigeria – Gari/Eba, IITA X, draft    
11 Uganda – Boiled cassava, NaCRRI X, draft    
12 Uganda – Boiled Sweet Potato, 

CIP 
X, to be 

summarised X Field 
work Field work 

13 Uganda – Boiled Potato, CIP X, different 
Format Yr3 Yr3 

14 Uganda – Matooke, 
NARL/Bioversity X, summary 

tables to be 
combined 

X 
Marketing 
section in 

Yr3 

Field 
work Field work 

15 Benin – Boiled cassava, FSA/IITA Fieldwork 
done Yr3 Yr3 Yr3 

16 Nigeria/Ghana – Fried Sweet 
Potato, CIP/local partners Yr3 Yr3 Yr3 Yr3 

17 Nigeria – Fried plantain, IITA SoK completed in Nov 
2019   

18 Nigeria – Boiled Yam, IITA Year 3 Year 3 Year 3 
19 Nigeria – Pounded Yam, IITA Year 3 Year 3 Year 3 
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5.1.3 WP1 Achievements & Contribution to Output 1.1.1, Output 
1.2.1 & Output 1.5.1 

Output 1.1.1 : Gendered knowledge produced on quality characteristics, demands and consumption 
patterns for 11 RTBfoods/processed products in 5 African countries 

Output 1.2.1 : Quality characteristics identified for 11 RTB food/processed products in 5 African 
countries 

Output 1.5.1: Gendered socio-economic databases on consumer/user preferences for 11 
RTBfoods/processed products in 5 African countries. 

Fill-in the table below to provide an update on the progress made in achieving project in Period 2 – 
Information provided in this table will be used to update the RTBfoods Results-Tracker. 

Output Period 2 
Targets/Milestones  

Achieved in Period 2  Variance & Brief 
Explanation 

1.1.1 9 reports on RTB food 
consumption habits and 
preferred characteristics 
by gender and user 
groups (Activity 3) 

As of December 2019, the 
following RTBfoods Activity 3 
reports are completed: 

1. ENSAI/IITA – Cameroon, 
gari; 

2. CARBAP – Cameroon, 
boiled plantain; 

3. CIP – Uganda, boiled 
sweet potato; 

4. FSA/IITA – Benin, boiled 
yam. 

Draft reports have been 
submitted and are under review: 

1. NRCRI – Nigeria, 
gari/eba; 

2. NRCRI – Nigeria, fufu; 
3. NARL/Bioversity – 

Uganda, matooke 
(marketing section to be 
completed in Year 3); 

4. One report (CIP Uganda, 
potato) has been 
produced but is in format 
for another project. 

8 reports are due to be 
completed in Year 3 of the 
project. In some cases, the 
reports will be combined 
covering Nigeria (e.g. 
reports on boiled and 
pounded yam by NRCRI, 
IITA, and Bowen 
University). 
 
As of December 2019, the 
following product profiles 
(PP) have been produced: 

1. FSA/IITA – Benin, 
boiled yam; 

2. ENSAI/IITA – 
Cameroon, gari; 

3. CARBAP – 
Cameroon, boiled 
plantain; 

4. NRCRI – Nigeria, 
gari/eba; 

5. NRCRI – Nigeria, 
fufu; 

6. NARL/Bioversity – 
Uganda, matooke 
(to be summarized); 

7. Bowen – Nigeria, 
pounded yam; 

8. IITA – Nigeria, 
gari/eba; 

9. CIP – Uganda, 
sweet potato (to be 
summarized); 

10. CNRA – Côte 
d’Ivoire, attiéké; 
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Output Period 2 
Targets/Milestones  

Achieved in Period 2  Variance & Brief 
Explanation 

11. NaCRRI – Uganda, 
boiled cassava; 

12. NRCRI – Nigeria, 
boiled and pounded 
yam (to be 
reviewed); 

13. CIP – Uganda, 
boiled potato 
(different format). 

Other product profiles will 
be completed in Year 3 of 
project: 

1. IITA, Nigeria, boiled 
and pounded yam; 

2. CIP, Ghana and 
Nigeria; fried sweet 
potato; 

3. IITA, Nigeria, fried 
plantain; 

4. FSA/IITA, Benin – 
boiled cassava. 

9 reports on 
processing/preparation 
diagnosis by product 
(Activity 4) 

Draft reports have been 
submitted and are under review: 

1. FSA/IITA – Benin, boiled 
yam. 

2. CARBAP – Cameroon, 
boiled plantain; 

8 reports are due to be 
completed in Year 3 of the 
project. In some cases, the 
reports will be combined 
covering Nigeria (e.g. 
reports on boiled and 
pounded yam by NRCRI, 
IITA, and Bowen 
University). 

9 reports on consumer 
testing (Activity 5) 

Draft reports have been 
submitted and are under review: 

1. FSA/IITA – Benin, boiled 
yam. 

8 reports are due to be 
completed in Year 3 of the 
project. In some cases, the 
reports will be combined 
covering Nigeria (e.g. 
reports on boiled and 
pounded yam by NRCRI, 
IITA, and Bowen 
University). 

1.2.1 Quality Characteristics 
extracted & prioritized for 
9 Product Profiles 
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Output Period 2 
Targets/Milestones  

Achieved in Period 2  Variance & Brief 
Explanation 

1.5.1 Raw + Coded Data from 
Surveys (Activity 3) 
secured on RTBfoods 
platform by 3 teams (for 
Products Profiles not 
covered in Period 1 i.e. 
Fried Sweetpotato & Fried 
Plantain in Nigeria and 
Gari in Cameroon) 

Raw data from Activity 3 have 
been uploaded on RTBfoods 
platform by: 

1. ENSAI/IITA – Cameroon, 
gari 

 

Raw data from Activity 3 are 
due to be completed in Year 
3 of the project by: 

1. CIP, Ghana and 
Nigeria; fried sweet 
potato; 

2. IITA, Nigeria, fried 
plantain. 

Raw Data from 
Participatory diagnosis 
(Activity 4) secured on 
RTBfoods platform by 9 
teams (covering 9 food 
Products Profiles) 

Raw data from Participatory 
diagnosis (Activity 4) have been 
uploaded on RTBfoods platform 
by: 

1. FSA/IITA – Benin, boiled 
yam; 

2. CARBAP – Cameroon, 
boiled plantain; 

3. NRCRI – Nigeria, 
gari/eba; 

4. NRCRI – Nigeria, fufu; 
5. NRCRI – Nigeria, boiled 

and pounded yam; 
6. IITA – Nigeria, gari/eba. 

Data analysis are under 
process and most of them 
will be finalized in year 3. 

Raw Data from Consumer 
testing (Activity 5) secured 
on RTBfoods platform by 9 
teams (covering 9 food 
Products Profiles) 

Raw data from Consumer testing 
(Activity 5) have been uploaded 
on RTBfoods platform by: 

1. FSA/IITA – Benin, boiled 
yam; 

2. NaCRRI – Uganda, 
boiled cassava; 

3. NRCRI – Nigeria, 
gari/eba; 

4. NRCRI – Nigeria, fufu; 
5. NRCRI – Nigeria, boiled 

and pounded yam 
6. IITA – Nigeria, gari/eba. 
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Please complete the list of Deliverables to be submitted in Period 2 & Responsible Persons, in the 
table hereunder. The draft list hereunder has been consolidated by Eglantine based work plans for 
Period 2: Deliverable Titles as well as Responsible Persons may be changed. 

Activities performed under 
1.1.1, 1.2.1 & 1.5.1 

Deliverables Expected for Submission in Period 2 
(Responsible Person or Data Managers) 

Desk literature review 
 
Interviews involving experts 

State of knowledge Reports by food product: 
Fried Plantain (D. Amah)  
Fried Sweetpotato (E. Carey) 
 

Capacity Strengthening Capacity strengthening kit (in complement to material produced & 
delivered in Period 1):  

Guidance Report Part I - State of Knowledge (New increased 
version) 
Guidance Report Part II – Activity 3 Gendered product mapping 
(New increased version with Guidance on Data Analysis & 
Reporting included) 
Guidance Report Part III – Activity 4 Participatory diagnosis and 
quality characteristics – (New increased version) 
Guidance Report Part IV – Activity 5  Consumer tasting in rural 
and urban user segments – (New increased version) 
 

Data Analysis Worksphop Material:  
  Multiple-User Preferences & Product Profiling in RTB Value 
Chain (L. Forsythe) 
  Qualitative Data Analysis Session (L. Forsythe) 
  Activity 3 Synthesis and Reporting (L. Forsythe) 
 

Report from Support Mission to Bioversity International and CIP team   
implementing Activity 4 “Processing diagnosis” and Activity 5 “Cons  
testing” on Matooke in Luwero region and on Boiled Sweetpotato i   
region (G. Fliedel) 

Gendered Food mapping / 
Surveys on RTB consumption 
habits and preferences 
involving user groups (Activity 
3) 

Reports on Gendered knowledge of food consumption habits and 
preferences by user group, disaggregated by product (Activity 3 full-
report): 

Act 3 Full report on Gari/Eba in Nigeria (T. Madu), Draft 
Act 3 Full report on Gari in Cameroon ( R. Ndjouenkeu), Yes 
Act 3 Full report on Fufu in Nigeria (T. Madu), Draft 
Act 3 Full report on Boiled Plantain in Cameroon (G. Ngoh), Yes 
Act 3 Full report on Fried Plantain in Nigeria (D. Amah), SoK 
Act 3 Full report on Matooke in Uganda (P. Marimo), Partly 
Act 3 Full report on Boiled Sweetpotato in Uganda (S. Mayanja), 
Yes 
Act 3 Full report on Boiled Yam in Bénin (N. Akissoe), Yes  
Act3 Full report on Boiled Potato in Uganda (S. Mayanja), Partly 

Participatory diagnosis on 
quality characteristics (Activity 
4) 

(Activity conducted but no deliverable in Period 3 – Raw Data stored 
on RTBfoods platform) 

Consumer testing surveys in 
rural and urban user segments 
(Activity 5) 

(Activity conducted but no deliverable in Period 3 – Raw Data stored 
on RTBfoods platform) 
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Activities performed under 
1.1.1, 1.2.1 & 1.5.1 

Deliverables Expected for Submission in Period 2 
(Responsible Person or Data Managers) 

Data extraction and analysis 
from reports to feed into 
product profiles 

Guidance Report on methodology to incorporate quality 
characteristics into product profile development (under development) 

Uploading Raw data on 
secured repositories 

Raw data from Participatory diagnosis on quality characteristics 
(Activity 4) (Questionnaires + Consent forms): 

Gari/Eba - Nigeria – IITA (B. Teeken) Yes 
Gari/Eba - Nigeria – NRCRI (T. Madu) Yes 
Fufu – Nigeria – NRCRI (T. Madu) Yes 
Boiled Plantain - Cameroon – CARBAP (G. Ngoh) Yes 
Boiled Yam - Benin – UAC-FSA (N. Akissoe) Yes 
Boiled & Pounded Yam - Nigeria – NRCRI (T. Madu) Partly 

 
Raw data from Consumer testing surveys in rural and urban user 
segments (Activity 5) (Questionnaires + Consent forms): 

Gari/Eba - Nigeria – IITA (B. Teeken) Yes 
Gari/Eba - Nigeria – NRCRI (T. Madu) Yes 
Fufu – Nigeria – NRCRI (T. Madu) Yes 

5.1.4 Capacity Strengthening Training in Abuja, March 2019 

Provide a 1-page Summary of the training organized in Abuja including:  
 Dates, Training Objectives, Agenda, Trainers Curricula, Nb of participants & Institutes 

represented, Material Provided, any other useful information? 
 

The WP1 Capacity Strengthening Training in Abuja (18 – 20 March 2019), was held for 25 
participants from the partner institutes, and covered the following sessions:  
 

(a) First iteration of the product profile, which included:  
o Part I: Overview of the Activity 3 WP1 product profile 

o Part II: Organisation of Excel database  

o Part III: Identifying characteristics, indicators and codes through qualitative data analysis 

o Part IV: Analysing the data by priority (ranking)  

o Part V: Analysis and tables. 

The presentation was prepared by Lora Forsythe with inputs from Geneviève Fliedel (CIRAD), Hale 
Tufan (Cornell University), and Ulrich Kleih (NRI). The presentation was given by G. Fliedel and U 
Kleih. 
 
The aim of the training was to provide guidance on Activity 3 data analysis for the WP1 product 
profile, which is priority data for WP2.  The objectives of the training were the following: 

o Objective 1: teams to be confident in analysing and presenting data,  
o Objective 2: consistent approach to analysing and presenting data. 

The presentation focussed on Activity 3 data analysis for the WP1 product profile, including: 
o quality characteristics of raw material, raw material during processing, raw final product and 

final product ready to eat, 
o prioritisation by different gender and geographical segments, 
o with adequate population sample sizes from rural producers, processors and consumers. 

 
(b) Ethics issues (presentation prepared by L Forsythe and given by U Kleih), which included 

the following messages : 
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o WP1 partners are responsible for obtaining ethical approval from their national institutions, 
as the research and budget is managed and conducted by partner organisations. 

o Partners are required to inform WP1 Coordinators of their status of ethical approval so that 
assurance can be provided to the Bill and Melinda Gates Foundation. 

o Ethical approval is required for activities 3, 4 and 5, in a single application. For activity 5 
(consumer studies) specific measures are required as it is considered invasive research. 

o Ethical approval is required before the research starts and the WP1 Coordination team can 
provide advice. 

 
(c)  Multiple-user preferences & product profiling in RTB value chains – Market Interviews 

The presentation was prepared and given by U Kleih (NRI) with inputs from L Forsythe (NRI), 
G Fliedel (CIRAD), and H Tufan (Cornell University). 
The presentation covered the following aspects: 

o Creation of data base. 
o Classification of data (including, coding of information, according to gender, region, etc). 
o Analysis of data. 
o Preparation of summary tables. 

 
(d) Qualitative Data Analysis Session; the presentation was given by H Tufan (Cornell University) 

and B. Teeken (IITA), prepared in conjunction with L. Forsythe (NRI), also on drawing on H. 
Posthumus, and the GREAT team: B. Boonabaana (Makerere University), Peace Musiimenta 
(Makerere University), and D. Rubin (Cultural Practice LLC). 

The session’s aim was to provide guidance on qualitative Activity 3 data analysis, with the following 
objectives:  

o Objective 1: teams to gain confidence in analysing and presenting qualitative data ;  
o Objective 2: consistent approach across partners to analysing and presenting data. 

It was highlighted that the presentation built on day 1, which was also qualitative analysis because 
it was about analysing text and in some cases narratives.   
The presentation focussed on:  

o Qualitative analysis of cleaned and organised data as presented in GREAT training and the 
WP1 Capacity strengthening and sharing session the year before. 

o Guiding practice with selected questions from focus group discussions (FGD) and individual 
interviews (II) with presentations. 

 
(e) Activity 3 Synthesis and Reporting, which was prepared by H. Tufan (Cornell University) and 

L. Forsythe (NRI), and presented by H. Tufan. 
 

The presentation stressed the importance of consistency regarding data collection, analysis, and 
presentation, and covered the following points: 

o Activity 3 output; 
o Activity 3 WP1 Product Profile; 
o Results synthesis: bringing it all together; 
o Guidance and reporting template; 
o Timeline. 

 
 Training outputs disaggregated by session? 
 
The training was over 3 days, focussing on Powerpoint presentations with practical sessions and 
discussions. 
A guidance document was provided to each participant and a restitution of the training was presented 
by G. Fliedel (CIRAD) in plenary session at the annual meeting.  
 
 Decisions taken during the training for actions to be implemented during Period 2? 
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The training focused on coherent data collection, analysis, and presentation as part of the RTBfoods 
project. The presentations were shared with the RTBfood teams participating in the exercise. 
 
 Any feedbacks provided by partner teams that were taken into consideration to improve guidance 

material and/or support strategy from WP1 coordinators? 
 
Overall, the capacity strengthening was well received, and has helped to produce more consistent 
outputs from WP1 (e.g. regarding essential and poor quality characteristics of raw material (crop), 
raw material during processing, and raw and ready-to-eat final product, plus related indicators). Also, 
better distinction between men’s and women’s preferences regarding the characteristics was 
achieved (i.e. understanding the topic from a gendered perspective).  

5.1.5 Methodological Support & Guidance developed 

 Resume of Particular focus on changes been made to the methodological guidance delivered in 
Period 1? For what reasons (feedbacks from partners, more accuracy, gap mitigation)? 
 

A.2.4- Guidance Report - Activity 3 Gendered product mapping 
 
A.2.6- Guidance Report - Activity 4 Participatory diagnosis and quality characteristics 
 
This guidance document, written in Period 1, was updated in Period 2 by adding details in the 
sampling with different options according to the country, following discussions with partners during 
the annual meeting in Abuja. A questionnaire on market study to be conducted at the level of small 
towns was also added. 
 
Fliedel G., Forsythe L., Tufan H. 2019. RTBfoods Work Package 1 Manual: Participatory Processing 
diagnosis and quality characteristics. June 2018. 28 pp. 
 
A.2.7- Guidance Report - Activity 5 Consumer testing in rural and urban user segments 
 
This guidance document, written in Period 1, was updated in Period 2 by adding details in the 
sampling with different options according to the country, following discussions with partners during 
the annual meeting in Abuja. A questionnaire on market study to be conducted at the level of big 
cities was also added. 
 
Fliedel G., Forsythe L. 2019. RTBfoods Work Package 1 Manual: Consumer testing in rural and 
urban segments. June 2018. 30 pp. 
 
 Which new methodological guidance was developed in Period 2? What for? What does this 

guidance bring new as compared to guidance produced in Period 1 (need to synthetize, more 
accuracy, results transfer)? 
 

Three new guidance documents have been written in Period 2, mainly based on data analysis and 
reporting of Activity 3 data: 
 
Forsythe L., Fliedel G., Tufan H., Kleih U. 2019. Guidance analysis and reporting for Activity 3 
Gendered Food Mapping. WP1 RTBfoods Project Guidance Report, 41pp. 

 
Forsythe L., Fliedel G., Klieh U. 2019. Activity 3 data analysis guidance on quality characteristics. 
WP1 RTBfoods Project Guidance Report, 14pp. 
 
Activity 3 Product Profile + Interpretation document. This document was drafted in July 2019 and 
adapted in August and September 2019. 

https://rtbfoods.cirad.fr/


 

  Page 63 of 554 

 How first feedbacks from partners have been integrated to adapt/improve WP1 methodology?  

5.1.6 State of Knowledge  

 Key findings from WP1 SOKs on remaining Product Profiles (not covered in Period 1). 

PP3- Fufu – Nigeria   
 
PP5- Fried Plantain - Nigeria 
 
As part of the RTBfoods project WP1, a State of Knowledge (SoK) report was developed based on 
a review of existing literature on plantain from Nigeria and other countries where plantain is a 
predominant crop and interviews with key informants in Nigeria. The report addresses aspects of 
production, marketing and consumption of plantain. Although the focus is fried plantain (dodo), the 
report also focuses on other plantain products since little is known about the relative importance of 
dodo and plantain products within Nigeria in general. The SoK also considered the role of bred 
plantain hybrids (improved plantain varieties) disseminated in Nigeria which is also a focus of the 
end user survey. 
 
 Plantain is an important crop in different farming systems in the Southern, plantain producing belt 
of Nigeria. Men and women play different roles in the production of plantain, which is more male 
dominated in the South West, and more female dominated in the South South. There is increasing 
interest of commercial farmers in plantain production, which is in line with an increasing demand for 
plantain. The increasing demand is partly related to increased awareness of the health benefit of 
various plantain products, and therefore increased appreciation of plantain as food crop. The scoping 
study shows that the ripening stage mostly determines the quality of the plantain and informs the 
processing method. Apart from ripening stage, the bunch size (number of fingers per hand) and the 
finger size seem to be important quality determinants. The RTB foods WP1 end user survey will 
need to investigate possible other crucial quality characteristics that are not featured in this scoping 
study.  
 
Contrary to what is written in literature regarding the relation between the variety of plantain and the 
food product that it is best used for in, for example Ivory Coast, this relation seems to be absent in 
Nigeria. The scoping study reveals that generally, varietal difference does not play an important role 
in plantain production, processing and marketing in Nigeria. Although we assume to find more 
improved varieties in Delta State, there is little information about the acceptability of these hybrids, 
and their possible use for specific plantain products. This scoping study confirms that there are 
strong regional differences in plantain products. For example, fried plantain is more prominent in 
cities and there is an increasing demand for plantain flour. However, little is known about what people 
in different parts of Nigeria use plantain for and the importance of other plantain products for food 
security and income generation. Whereas women are to varying degrees involved in the production 
of plantain, women generally play a significant role in the processing and marketing of plantain and 
plantain products. At the same time, key informants explain that the control over revenue is mostly 
in the hands of the (male) producer, especially where no processing takes place. It has to be stressed 
that in this scoping study limited information was found on specific quality characteristics related to 
plantain products in Nigeria, the uses of plantain in Nigeria and the role improved hybrids play among 
end users. This affirms the importance and pioneering nature of the WP1 RTB foods survey work. 
To inform the breeding process, more detailed information is needed on possible varietal differences 
and their relation to different uses of the crop by different end users.  
Source: Conclusion of SoK report on fried plantain in Nigeria 
PP8- Fried Sweetpotato - Nigeria  
 
PP11- Boiled  Potato - Uganda  
 
The purpose of this work was to develop gender-responsive product profiles for boiled potato in 
Uganda.  At the same time, the data collected, as yet, is presented in a format that meets the 
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requirements of the donor agency which is not the RTBfoods project/BMGF. The most common 
mode of consuming potato in Uganda is a boiled potato. In both Kabale and Rakaai, potato is boiled 
together with beans, meat or groundnuts (Katogo), wrapped with cooking banana leaves and 
steamed or boiled and mashed before being consumed.  

Given that the work on this product was started during a second round of activities, results are based 
on fieldwork and are only partially available. The following tables and graphs show selected results 
from the survey. 
 
Table: Description of sample 
 

Activities Men Wome
n 

Men 
FDGs 

Women 
FGDs 

Total 

Focus groups discussion with community members: 
Community ranking, livelihoods and potato varieties 

  8 8 16 

Focus group discussion with community members: 
specific details about varieties and potato products 

  8 8 16 

Key Informant Interviews  4 4   8 

Survey questions 74 62   136 

Trader Interviews (retailers) 17 20   37 

Restaurants and Food vendors  9 10   19 

 

In FGDs, participants were asked what were the effects of top-ranked traits on women's labour, 
decision making and control of income from the sale of potato. Big sized potatoes saved women 
labour in terms of peeling, while disease tolerance reduced women's labour demands related to 
spraying fungicides. Many of the preferred traits are related to market demand but have no direct 
observable impact on women. For example, women's ability to benefit from any of the marketable 
traits depend on household and community dynamics.  For instance, decision making was not linked 
to traits but the social-cultural configurations of the society as shown in table below. 
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Table: Preferred traits and their implications for women 

 How to identify the trait The benefit of the trait to women The negative 
effect of trait on 
women 

Big-sized 
tubers 

The tuber is bigger than a fist 
or an egg  

When you put the tuber in 
your palm you cannot close 
the palm 

2 tubers should weigh a kilo  

3 tubers can satisfy 5 people 
when  cooked 

Big sized tubers sell quickly in the 
market.  

They peel quickly and save labour 

A woman has control over what 
remains to be used for food. 

The big potatoes fill the basket quickly 
during harvest 

‘Some men will 
not agree with 
you on how to 
use the income. 
Yet you will have 
put in a lot of 
energy, and you 
feel 
demoralized.' 

Bright and 
shiny skin 

 This attracts buyers, they do not buy 
rough skin potatoes. 

 

Nice buds 
and eyes 

 They attract customers directly 
increasing farmer income 

 

Mature 
potato 

   

Red skin 
and yellow 
flesh 

By looking and by the pricking 
of a small piece. When 
growing, the flower is pink. 
The buds are also pink 

It's mealy 

It has a longer shelf life 

It is what buyers want  

 

Pest and 
disease 
resistance,  

The tuber has no signs of 
diseases i.e. no black spots, 
no visible rotting 

Disease resistance results in high yields 
thus fetching more income 

Labour for spraying is reduced. 

Disease resistant crops do not require a 
lot of spraying, therefore, saving on 
costs of agrochemicals and labour 

Women do not 
control the 
income resulting 
from the higher 
yields  

Drought 
tolerance  

   

High Yield Has many eyes; Can harvest 
many tubers from one plant 

Produce only big size 
potatoes 

A plant can have 15 tubers 

We can get approximately 5 
bags from 1/8 of an acre 

  

Early 
maturity 

Matures in less than 4 months Women can get money quickly to pay 
school fees; Availability of food which 
stabilizes the home.  

 

 

Deo deo, Rwangume, Victoria, Kiningye, Kachpot 1, Rutuku, NAROPOT 1 are varieties mentioned 
in FGDs as addressing some of the key trait preferences by men and women farmers.  
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Figure: Number of men and women cultivating certain varieties (quantitative survey) 

 
 
For selecting potatoes on the market, both men and women preferred big size tubers, potatoes that 
are firm when touched, are not damaged and have smooth skin. In the market, men and women 
stated that they could identify potatoes that are bad for boiling quite easily because these potatoes 
are damaged, dead buds or eyes oozing of a milky substance, and bad smell. When it came to 
marketed potatoes 61.2% of women and 77% of men showed a preference for big size tubers. Key 
traits during consumption were as presented in the following table. 

Table: Key traits for consumption (survey results, percentages) 

Key Trait Descriptors  Women Men 

Mealiness 

(kakumuuka) looks powdery and can 
also be perceived in between fingers 
and in the mouth; akumuuka (easily 
crumbles in the hands and mouth 

 72.58 62.16 

Aroma 

Potato odour (Akawowo); good 
aroma 

 62.90 52.70 

Taste 
‘Sweet’ taste (Kawooma) 

 38.71 24.32 
Firm  25.81 25.68 

Softness 
is easy to chew and digest, can even 
be given to a recovering patient 6.45 16.22 

Other 
(Specify) 

 
1.61 6.76 

There were no huge differences between men and women concerning preferred traits during 
consumption. 

 

26 27
18

4 3 3 3 1 0 0

39

22

16

9
5 3 1 1 1 10

10

20

30

40

50

60

70

# 
of

 m
en

 a
nd

 w
om

en
  c

ul
tiv

at
in

g 
a 

va
ri

et
y

Women Men

https://rtbfoods.cirad.fr/


 

  Page 67 of 554 

5.1.7 Gendered Food Mapping or Surveys on RTB Consumption 
Habits & Preferences involving User Groups (Act. 3)  

 Fieldwork completed on Activity 3 in Period 2 (Product Profiles not reported in Period 1; see WP1 
Progress Report for Period 1) – Briefly describe Achievements & Specific Challenges faced (e.g. 
methodological, scientific). 

 
PP1- Boiled Cassava – Bénin 
Fieldwork completed; Product profile and report in Year 3 
 
PP2- Gari - Cameroon  
Completed in Littoral region (only 1 region covered due to security constraints). 
 
PP2- Attiéké – Côte d’Ivoire  
Completed 
 
PP3- Fufu – Nigeria  
Completed 
 
PP5- Fried Plantain - Nigeria  
Sok completed 
 
PP8- Fried Sweetpotato - Nigeria  
Year 3 
 
PP11- Boiled Potato - Uganda  
Fieldwork completed; report format corresponds to requirements of another donor 
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 Summary table on Activity 3 fieldwork performed in Period 2, by Product Profile & country. 
Activities performed in Period 2 on RTB food 
Product Profiles across countries 

Dates of Field 
Surveys 

Regions 
surveyed 

Name of 
Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
group
s  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end   M F  Yes No 
PP1- Boiled 
Cassava 

ACTIVIT
Y 3 

Spillove
r 
Country 

Bénin 26/01/19 
 
 
11/02/19 

02/02/19 
 
 
22/02/19 

Bohicon Bohicon - 6 0  N 
 
Dassa 

Kpekoute 10 5 0  N 
Igoho 7 8 0  N 
Adihinlidji 4 14 0  N 
Lema 6 10 0  N 
Hannangbo 4 15 0  N 
Lalo 2 13 0  N 
Mandjavi 8 9 0  N 

Djidja Zinkamin 6 8 0  N 
Bohicon Bohicon 27 25 0  N 
Cotonou Cotonou 100 20 0  N 
Fieldwork in 
Dassa and 
Djidja in June 
2018 

      

PP2- Gari ACTIVIT
Y 3 

Spillove
r 
Country 

Cameroon Aug 2019 Sept 2019 Littoral Region Bonagoum 5 5 4   
Bonamukandjo I 5 5 4   
Passim 5 5 4   
Nkongsoung Long 
Trait 

5 5 4   

Quartier 5, Souza/ 
Melong 

  2   

PP2- 
Attiéké 

ACTIVIT
Y 3 

Spillove
r 
Country 

Côte 
d’Ivoire 

24/2/19 
 
20/5/19 

6/3/19 
 
29/5/19 

Yamoussoukro 
 
Bouaké 

Lolobo 0 10 2  N 
Sakiaré 0 10 2  N 
Molonoublé 2 11 2  N 
BendeKouassikro 0 10 2  N 

South, near 
Abidjan; field 
work in 2018 
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Activities performed in Period 2 on RTB food 
Product Profiles across countries 

Dates of Field 
Surveys 

Regions 
surveyed 

Name of 
Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
group
s  

Questionnair
es uploaded 
on RTBfoods 
platform 

start end   M F  Yes No 
PP3- Fufu ACTIVIT

Y 3 
Primary 
Country 

Nigeria 20/6/19 26/6/19 South-East 
Abia State 

Amaeke Afarata 
Ibeku (Abia State) 

10 10 2  N 

Okwuta – Isieke  
Umuahia north L.G 
A Abia State 

10 10 2  N 

PP6- Fried 
Plantain 

ACTIVIT
Y 3 

Primary 
Country 

Nigeria          

PP8- Fried 
Sweetpotat
o 

ACTIVIT
Y 3 

Primary 
Country 

Nigeria   Kano, Nigeria 
 
 

Gogori+Liringo, 
Bagwai LGA 

14 6 4 Y  

Kafin Chiri+Garin 
Ali, Garko LGA 

14 6 4 Y  

KII, Market surveys 6 1 6 Y  
Kwara, Nigeria 
 

Araromi-
Ipo+Omido, 
Iredopun LGA 

10 10 4 Y  

Igosun+Onila, 
Oyun LGA 

10 10 4 Y  

KII, Market 
Interviews 

   Y  

Bawku, Ghana 

Tampezua, Abisiga, 
Barebare 

12 6 6 Y  

KII, Market 
interviews 

4 7  Y  

PP11- 
Boiled 
Potato 

ACTIVIT
Y 3 

Primary 
Country 

Uganda 03/7/19 
 
 
 
23/7/19 
 

20/7/19 
 
 
 
27/7/19 

Rakai Kamukalo   4  N 
Byakabanda   4  N 
Buterere   4  N 
Kamukalo   4  N 

Kabale Kanyegenyege   4  N 

                                                                                                                   Total 104 96    
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 Narrative on Key Research findings from Activity 3 disaggregated by product profile (± 
30lines each)  

Reminder on Activity 3 Objectives:  
• Understand who is producing, processing, selling and consuming the crop and product, 

from a gendered perspective.  

• Understand the multiple uses and products of the crop and possible trade-offs between 
uses 

• Identify the quality characteristics of the raw material, the raw material during processing, 
the raw final product and the raw final product ready to eat, by gender, region and ethnic 
group.  

• Understand how gender influences prioritisation for good and bad quality characteristics. 

This activity focuses on both the crop and product, to identify the quality characteristics along the 
food chain (production, post-harvest and market) the multiple uses and trade-offs between uses, that 
may reflect different interests of men and women.  

 
PP1- Boiled Cassava – Uganda  
 
Activity 3 achievements – Gendered Food Mapping/ Preference Surveys:  Following the 
collection of gender disaggregated and socio-economic data from Luweero (Central Uganda) and 
Apac (Northern Uganda), a cassava product profile was developed from individual interviews. The 
product profile highlights all the quality characteristics by men and women of both regions at different 
levels of the boiled cassava food chain.  A full Activity 3 report has been compiled.  Source: NaCRRI, 
RTBfoods project, Period 2report. 
 
Men 
 

- RAW material (men) :  
ESSENTIAL good quality characteristics  
 

o Sweet (87) – (Indicator: Break the root and taste when it is not as sweet as sugar); 
o Softness of the peel (23) - (Indicator: The outer peel is soft and easy to remove when you 

touch); 
o Pink peel colour (19) – (Indicator: remove the outer skin and to see the pink skin); 
o Easy to peel (18) – (Indicator: The outer peel is soft and easy to remove); 
o Smooth skin (15) – (Indicator: by looking, the roots have no disease damage);  
o Resistant to diseases (14) – (Indicator: break roots to see if the root is not rotten; by looking 

at the roots, they are clean with no constrictions). 
 

POOR quality characteristics (+ ‘indicators’) 
 

o Bitter – (Indicator:  Break and chew); 
o Yellowish colour – (Indicator:  By looking at the roots); 
o Fibrous – (Indicator:   feel the  threads while eating); 
o Diseased roots – (Indicator:  Un-clean roots); 
o Watery – (Indicator:  High water content; too soft when boiled). 

 
Raw material during PROCESSING (men): 

ESSENTIAL good quality characteristics (+ ‘indicators’) 
 
Sweet (83) – (Indicator: Tastes sweet, not like sugar); 
Soft (47) – (Indicator: cut and chew if it is soft); 
White colour (43) – (Indicator: white like paper when cut); 
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Nice aroma (29) – (Indicator: when cooking cassava will have a nice smell); 
Non-fibrous (20) – (Indicator: no thread-like things when broken); 
Easy to peel (19) – (Indicator: use minimal force energy peeling; the outer skin is easily removed). 
 
POOR quality characteristics (+ ‘indicators’) 
 
Hard – (Indicator: During peeling, hard roots to break, chew and split easily don’t make good 
cassava); 
Bitter – (Indicator: Cut and chew); 
Watery with spongy middle part – (By looking, the middle part of the root is spongy). 
 

- FINAL product (men) 
ESSENTIAL good quality characteristics (+ ‘indicators’) 
 

1) Sweet (86) – (Indicator: break and taste); 
2) Soft (59) – (Indicator: easy to break and chew); 
3) nice aroma (39) – (Indicator: By smelling the boiled root); 
4) Mealy  (11) – (Indicator: Has less water content when you eat); 
5) White colour (6) – (Indicator: By looking – it’s white like paper). 

 
POOR quality characteristics (+ ‘indicators’) 
 

1) Bitter (59) – (Indicator: Break and chew) ; 
2) Hard (39) – (Indicator: use a lot of energy to break and chew) ; 
3) Fibrous (25) – (Indicator: feel the  threads while eating) ; 
4) Diseased roots (24) – (Indicator: Un-clean roots) ; 
5) Watery (19) – (Indicator: High water content ; too soft when boiled) ; 
6) Yellow colour (17) – (Indicator: By looking at the colour of the roots). 

 
Women 
 

- RAW material (women) :  
ESSENTIAL good quality characteristics  
 

o Sweet (66) – (Indicator: By tasting/eating, sweet taste); 
o Smooth skin (12) – (Indicator: By looking, the root, looks attractive, shining with no disease); 
o Resistant to diseases (9) – (Indicator: By breaking and looking at the flesh, the root looks 

clean); 
o Pink/red peel colour (9) – (Indicator: By peeling off the outer most skin, the inner skin(cortex) 

is pink/red in colour); 
o Big size roots (6) – (Indicator: By looking, the roots appear big); 
o Easy to peel (6) – (Indicator: By looking, outer skin normally peels off by itself);   
o High yielding (6) – (Indicator: One stool of cassava with at least 10 tubers); 

White colour (6) – (Indicator: By breaking the root, the flesh looks white like paper). 
 
POOR quality characteristics (+ ‘indicators’) 
 

o Bitter (97) – (Indicator: By testing, cassava tastes like quinine); 
o Diseased roots (17) – (Indicator: By breaking the roots, you find brown streaks); 
o Fibrous (34) – (Indicator: By breaking the roots, you find thread-like strands in the roots); 
o Hard (59) – (Indicator:      ) 
o Very sweet like sugar (2) – (Indicator: By tasting, the root is sugary); 
o Watery (5) – (Indicator: During peeling, the root makes noise and breaks easily); 
o Yellow/brown (6) – (Indicator: By looking at the peeled roots, the colour is not white). 

 
Raw material during PROCESSING (women): 
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ESSENTIAL good quality characteristics (+ ‘indicators’) 
 

o Sweet (89) – (Indicator: Sweet but not sweet like sugar); 
o White colour flesh (42) – (Indicator: After peeling, cassava is very white like paper/white 

beans/panadol); 
o Soft peel (35) – (Indicator: During peeling, the knife can easily cut through the flesh); 
o Easy to peel (32) – (Indicator: During peeling the peel can be easily removed); 
o Non-fibrous(17) – (Indicator: By looking, good cassava has no thread like strands in the 

flesh); 
o Nice aroma (15) – (Indicator: When boiling, good cassava makes a nice aroma). 

 
POOR quality characteristics (+ ‘indicators’) 

o Watery with spongy middle part – (Indicator: By looking, the middle part of the root is 
spongy) ; 

o Very sweet roots – (Indicator: 
o Hard – (Indicator: During peeling, hard roots to break and split easily, don’t make good 

cassava). 
 

- FINAL product (women) 
ESSENTIAL good quality characteristics (+ ‘indicators’) 
 

o Sweetness (97) – (Indicator: By testing, good boiled cassava tastes sweet but not like sugar); 
o Softness (70) – (Indicator: By breaking, boiled cassava can be easily broken and by using a 

thumb, the finger can easily go through); 
o Nice Aroma (37) – (Indicator: When serving, good boiled cassava smells good); 
o Non-fibrous (12) – (Indicator: By breaking, it can be easily broken. By looking, it has no fibre); 
o White colour (11) – (Indicator: By looking, boiled cassava is as white as paper or Panadol 

tablets); 
o Mealiness (6) – (Indicator: By looking, mealy cassava breaks by itself. When chewing, it feels 

powdery in the mouth). 
 
POOR quality characteristics (+ ‘indicators’) 
 

o Diseased (17) – (Indicator:  By looking, the roots are infected with hard brown things); 
o Fibrousness (34) – (Indicator: The root has fibres); 
o Hardness (59) – (Indicator: by breaking and chewing, the roots are hard to chew); 
o Bitterness (97) – (Indicator: By tasting); 
o Yellow/brown colour(6) – (Indicator: By looking); 
o Watery (5) – (Indicator: By looking, the boiled roots are translucent). 

 
What’s new as compared to SOK? 
 
Good Varieties listed: - Men: Bao (L), NASE 14 (I), TME 14 (I), Njule (L). 

Women: Bao (L), Njule (L) Kakuta Kamyufu/Nase 13 (I), Nase 14 (I), 
Nyaraboke (L), Caritus/NASE 14 (I), Nankinga/TME 14 (I). 

Bad Varieties listed: -     Men: Narocass1 (I), Alifazia (L), Jamal. 
                                           Women: Alifazia, Magana, Narocass1, Jamali. 
 
PP1- Boiled Cassava – Bénin 
Year 3 – Fieldwork completed. 
 
PP2- Gari/Eba - Nigeria  
Information based on product profile by IITA. 
 
For Individual Interviews in Benue we had 37 respondents out of which 20 females and 17 males. In 
Osun we had 37 respondents out of which 22 were females and 5 were males. In total we did 16 key 
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informant interviews, 8 in each of Benue and Osun including 4 with women and 4 with men and 12 
market interviews consisting of 8 females (4 each in Osun and Benue) and 4 males (all from Osun). 
 
All respondents were involved in food processing. The implication is that differences between men 
and women can be assessed more confidently for Benue state. We also observed that more men 
are involved in cassava processing in Benue than in Osun. A total of 16 FGDs were held. 8 in each 
state including 4 with women and 4 with men. 
 

- RAW material:  
ESSENTIAL good quality characteristics (mention the ‘indicators’  
 

1) Big heavy cassava roots  
2) Not rotten 
3) Low water 
4) White flesh 
5) Big long roots 
6) Stem and longevity (although related to the agronomy of the plant not to the roots). 

 
POOR quality characteristics (+ ‘indicators’) 
 

1. Rotten root  
2. Light root  
3. Woody root  
4. Small root  
5. High water content 

 
- Raw material during PROCESSING: 

ESSENTIAL good quality characteristics (+ ‘indicators’) 
 

1. Well dried mash, cake and gari  
2. No lumps (during and after roasting) 
3. Low water in cassava root  
4. No pulp, mash and cake discolouration* at each processing stage and final product/colour 

retention (white mash and cake) 
5. Gari swelling during roasting  

 
POOR quality characteristics (+ ‘indicators’) 
 

1. Pulp, mash and cake discolouration at each processing stage (stressing the high importance 
of this for the processing characteristics and showing the connection/similarity between the 
4th and 6th characteristic under 3: What are the essential characteristics in processing) 

2. High water in cassava root  
3. Plenty lumps (during and after roasting), 
4. Gari obtained after a Fast or smooth roasting  

 
- FINAL product:  

ESSENTIAL good quality characteristics (+ ‘indicators’) 
 
Final product: Eba 
 

1. Mouldable/not sticky (! meaning good cohesiveness, should not stick to fingers)  
2. Smootheba 
3. Draw  
4. Soft 
5. Pleasant aroma 
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Final product: Gari 
 

1. Dry gari 
2. White gari 
3. Bright gari 
4. Heavy gari 
5. Sour gari 

POOR quality characteristics (+ ‘indicators’) 
 

 
What’s new as compared to SOK?  
 

o No pulp, cake, and mask discoloration at each processing stage; 
o Colour retention after roasting and eba preparation. 

 
Good Varieties listed:  
 
BNARDA/AGRIC – (I)- Benue;   
Cotonou and Wonono (L)-Benue;  
IITA (N) and 419 (I/L)- Benue and Osun;  
Oko-Iyawo (I), Arubielu(I) and Idileruwa (I)-Osun;  
Nikan (L)-Osun  
 
Bad Varieties listed:  
 
Chop and die – Yape (L), Benue 
 
PP2- Gari - Cameroon  
In each village, the survey was carried out with 4 groups of persons: 

(i) Key informant (at least one per village, 6 in total), community leader/person/a set pf 
persons (1-6 persons) who live in the village since at least 25 years. 

(ii) Focus Group Discussions (at least 2 per village, 1 for men & 1 for women, 9 in total (4 for 
men and 5 for women). 

(iii) Individual interviews (10 per village, 40 in total), with man or women who farm cassava 
and process it into gari/tapioca. 

(iv) Market interviews (at least 1 per village, and 5 in total), with a set of 2 to 4 women who 
trade gari/tapioca since at least 5 years. 

Source: Ngoualem K.F., Takam T.H.N., Bela Teeken, Ndjouenkeu R. 2019. Gendered food mapping 
for Gari/Tapioca in Littoral region of Cameroon. RTBfoods Project Report, 130 pages. 
 
The following information shows extracts from draft product profile with comments by G. Fliedel. 
 
Variety characteristics (Priority of high quality characteristic): 
o Varieties with roots which have good ability to be processed into many cassava processed 

products 
o Varieties with roots which give shining appearance to processed product  
o Varieties that roots are farmed for consumption 
o Variety which give an important/acceptable production yield on highly farmed (non-fertile) soils 
o Variety which gives taller plant/short plant with few quantities of branches 

 

o Paste with lumps/chaff/stick/sand 
o Bad/black/dark/change colour 
o Not mouldable/firm/bind 
o Too soft/sticky/stain hand 
o Not smooth/undissolved granules 
o Bad/offensive/unpleasant smell or odour 
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- RAW material:  
 

ESSENTIAL good quality characteristics (mention the ‘indicators’)  
 
o White colour of the pulp; 
o Low fibres content; 
o Low water content; 

o Harvested at most at maturity; 
o High density; 
o Large & long; 
o Easy to peel; Sweet; 
o Root with a white second peel/Smooth skin; 
o Root not injured in farm; 

 
POOR quality characteristics (+ ‘indicators’) 

o High fibres content; 
o Roots which have exceeded their maturity stage; 
o Non-white colour of the pulp; 
o Rot around the central root / low density; 
o High water content; 
o Roots heated by fire in soil; 
o Too early harvested roots; 
o Roots with low resistance to diseases; 
o Roots which are used  long time after harvesting (4 days) 

- Raw material during PROCESSING: 
 

ESSENTIAL good quality characteristics (+ ‘indicators’) 
 

o Low water content of dough; 
o White colour of cassava dough; 
o White colour of cassava roots; 
o Low water content of the pulp; 
o Low fibres content of the pulp; 
o Cassava root harvested at most at maturity; 
o Cassava roots which are difficult to peel; 
o Presence of foam on bag during dewatering; 
o Absence of contaminants/Absence of acidity of dough/Important size of roots; 
o High density of cassava pulp; 
o Low fibres content of dough. 

 
POOR quality characteristics (+ ‘indicators’) 
 

- FINAL product : Characteristics of Gari/Tapioca  
 

ESSENTIAL good quality characteristics (+ ‘indicators’) 
 
To look at: 
1. Important shininess; 
2. Low amount of oil used; 
3. Uniform granules of medium size; 
4. Low visible fibre content; 
5. Absence of contaminants; 
6. Homogeneous colour; 
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To touch: 
1. Low residual humidity 
2. High density; 
 
To smell 
1. No rancid oil odour/flavour; 
2. No moulds/ mouldy odour/flavour 
 
To taste 
1. Little bit sweet taste; 
2. Absence of contaminants; 
3. Little bit acidic taste; 
 
Texture in mouth 
1. Little resistance to chewing; 
2. Complete cooking 
3. Good water absorption capacity 
 
POOR quality characteristics (+ ‘indicators’) 
 
To look at: 

o Low shininess; 
o High visible fibre content; 
o High quantity of oil used; 
o Non-homogeneity of Colour; 
o Granules of small size; 
o Granules of big size; 

 
To touch: 

o Important residual humidity; 
o Low density; 

 
To smell 

o Presence of rancid oil odour/flavour; 
o Presence of moulds/mouldy odour/flavour; 

 
To taste 

o Pronounced sweet taste; 
o Pronounced acidic taste ; 

 
Texture in mouth 

o Incomplete cooking; 
o Absence of resistance to chewing. 

 
- FINAL product : Characteristics of Gari/Tapioca trempé 

 
ESSENTIAL good quality characteristics (+ ‘indicators’) 
 
Prioritisation of characteristics not possible, since data are obtained from different tables 
 
To look at: 
o Middle size granules;  
o Low quantity of oil used;  
o Small quantity of visible fibres;  
o Important shininess;  
o Uniform colour;  
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o Small size of granules;  
o Uniform shape of granules;  
o Red palm oil which doesn’t totally adhere to granules;  
o No contaminants; 

 
To touch: 

o Low residual humidity;  
o Little resistance to disintegration; 

 
To smell 

o No rancid oil odour/flavour 
 
To taste 

o Little bit sweet taste;  
o Little bit acidic taste; 

 
Texture in mouth 

o Little bit resistant to chewing;  
o Good water absorption capacity; 

 
POOR quality characteristics (+ ‘indicators’) 
 
To look at: 

o Presence of contaminants;  
o No shining appearance;  
o Incomplete cooking;  
o No contaminants;  
o Presence of moulds;  
o High quantity of visible fibres;  
o Non-homogeneity of the colour;  
o Oil which doesn’t totally adhere to granules ; 

 
To touch: 

o Important residual humidity 
 
To smell: 

o Rancid oil odour/flavour;  
o Mouldy odour/flavour;  
o No savour; 

 
To taste: 

o Pronounced acidic taste;  
o Pronounced sweet taste 

 
Texture in mouth: 

o No resistance to chewing 
 
In addition to the above, information on characteristics of the final products of Couscous Tapioca 
and Tapioca Sauté are presented in the summary/interpretation document. 
 
What’s new as compared to SOK? (see WP1 Progress Report for Period 1) 
 

- No SOK available in this case. 
 
Good Varieties listed:  
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As said by many stakeholders, and as it comes out from analysis of answers and priority, there is 
neither a good variety nor a bad one. There are just varieties, their characteristics, and farmers who 
master how to use them. In this respect, once cassava roots are farmed at most at their maturity 
stage, they will give a good product when processed, with characteristics which suit to customers of 
these products. Processors know which process parameter to modify in order to obtain a given 
product with their wanted characteristics. Preferred varieties are generally those of short production 
cycle, which are improved ones, have high water content, low fibres content, are generally sweet 
and edible (raw and cooked), give acceptable or important production cycle on non-fertile soils, and 
their roots get rotten in soil beyond maturity.  
Less preferred varieties are long production cycle varieties, locally, have low water content, high 
fibres content, are generally bitter end non-edible (even when cooked, since they don’t get soft), give 
a low processing yield on non-fertile soils, and their roots don’t get rotten in soil beyond maturity. In 
order to have the advantages of both varieties while overcoming their disadvantages, farmers 
generally use both varieties for processing. For these reasons, it is not possible to associate 
good/bad varieties with high/low quality characteristics. 
Source: Cameroun gari product profile and interpretation document. 
 
PP2- Attiéké – Côte d’Ivoire  
For this activity, all the field surveys were done. Two (02) areas were selected according to the 
importance of attiéké production and the types of attieke encountered: in the South ABIDJAN, and 
the Centre BOUAKE. Communities were randomly selected in the South while in the Centre it was 
a reasoned choice. In each community, 4 actions were carried out: namely, focus group of key 
informants, sex disaggregated Focus Group Discussions (FGD) with people who produce, process 
and consume attiéké, individual interviews (II) with community members who process attiéké in the 
communities and market interviews (MI) with key individuals or groups involved in marketing and 
trading activities. In total, we performed 9 key informant focus group discussions, 18 sex 
disaggregated focus group discussions, 9 market interviews and 91 individual interviews. 
 
Data collected has been analysed. The processing of attiéké is an activity almost exclusively devoted 
to women. The most important traits that define a good variety of cassava that can give a very good 
attiéké are: "hard flesh", "white flesh", "cassava with less water", "white skin". They are the most 
quoted features. Regarding the different steps of the processing in the Center region, the 
fermentation time is the most important. Indeed 3 days of fermentation furnishes the best attiéké. In 
the South, the good attiéké is defined as a "slightly sweet attieke", "no sour taste”, “the grains come 
loose in the hand", "hard grains to the touch", "round grains". In the South, the best variety of cassava 
to make attiéké is the local variety ” yacé”, because it has less water and gives a lot of dough and a 
white attiéké. In the Centre, the local variety "Agbablé" is the most cited, it gives a good attiéké and 
can last up to 5 years in the field.  
Source: Annual project report, CNRA, Year 2. 
 

- RAW material:  
ESSENTIAL good quality characteristics (mention the ‘indicators’  

o Hard flesh 
o White flesh 
o White skin 
o Cassava with less water 
o Big roots 

 
POOR quality characteristics (+ ‘indicators’) 

o Cassava with lots of water (When cassava lasts in the field, it throws itself with water) 
o The interior is black 
o Too much wood inside 
o The inside is flabby 
o Smooth skin 

 
- Characteristics of raw material during processing : 
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ESSENTIAL good quality characteristics (+ ‘indicators’) 
o Cassava with less water 
o Hard flesh 
o 3 days fermentation 
o Easily peeled 
o Gives a lot of pressed pulp 

 
POOR quality characteristics (+ ‘indicators’) 

o Attiéké becomes dark after cooking 
o The pulp does not swell during cooking 
o Difficulty to peel the root 

 
- FINAL product:  

ESSENTIAL good quality characteristics (+ ‘indicators’) 
o Slightly sweet attiéké 
o No sour taste 
o Grains come off in the hand 
o Hard grains 
o Good smell of atttiéké 

 
POOR quality characteristics (+ ‘indicators’) 

o Sour 
o Grains are not well formed 
o Smell bad 
o Black attiéké 
o Grains stick 

 
New Knowledge as compared to SOK  
 
Good Varieties listed:  
Agbablé (L), yavo (I), yacé (L), akaman (L), soclo (L), alendaagba (L), bonoua (L), bocou 2 (I), 
essakpl (L), yacé (L), anader (I), éléphant (L), jocé (N), manioc rouge (L), yavo(I), 
 
Bad Varieties listed:  
Agbahouphouet (L), bocou (I), bonoua (L), côlou (L), gros pied (L), houphouet sama (L), jocé (N), 
Kouenga (L), yavo (I), yacé garçon. 

 
PP3- Fufu – Nigeria  
Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: In this activity we had 
individual interviews of 10 males 10 females in two locations in Abia state, two focus group 
discussions of male and female was done in each location. It was found out that women are more 
involved in the processing of fufu than men. In cultivating they both participate at different stages. 
For example, the men participate in clearing and tilling of the farm while the women and youths take 
part in weeding. The men do not engage in the trade of fufu but sell more of fresh cassava roots. In 
Abia state where they grate the cassava, the men take part in the grating of the cassava by operating 
the grating machine. 
 
Completed WP1 activites 3, 4 and 5, and generated descriptors for WP2 (fufu). NRCRI has submitted 
full report for activity 3 on fufu and uploaded raw data for activities collected for activities 4 and 5 for 
fufu.   
Source: NRCRI, Annual report, Period 2, November 2019. 
 
The following information is based on the product profile by NRCRI: 
 

- RAW material:  
ESSENTIAL good quality characteristics (mention the ‘indicators’)  
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Top 5 characteristics (+ indicators) 
o Big sized roots (The roots are usually big, big like or even bigger than Eva bottled water( 

1Ltr) that when you harvest 4-5 stands your basin will be filled) ; 
o Fresh skin roots (Where it is detached from the stem should still be fresh and white and not 

brown (must be fresh) and harvested that day) ; 
o Heavy roots (When you see nwanyi umuahia in the market, it has heavy weight like yam, it 

will be good for fufu) ; 
o Dark coloured skin/peel (Dark-dark as black soil) ; 
o Smooth skin (mere looking at nwanyiumuahia in the market, it will attract, the body of the 

tuber is smooth). 
 

POOR quality characteristics (+ ‘indicators’) 
Top 5 characteristics (+ indicators) 

o Bad colour of roots/dark colour (a cassava that has bad colour/dark colour) ; 
o Light weight roots (a bad cassava will not have weight) ; 
o Fibrous roots/roots from burnt cassava farm (fibrous roots are not good for either gari or fufu 

or abacha) ; 
o Roots with high moisture content (The ones that have very high moisture will have very low  

fufu yield) ; 
o Roots with black lines (Roots that have black lines are not good for fufu). 

 
- Raw material during PROCESSING: 

ESSENTIAL good quality characteristics (+ ‘indicators’) 
Top 5 characteristics (+ indicators) 

o Easy to peel (The peeling should be easy while peeling) ; 
o Not foamy root (the inner membrane should not be foamy (like bread)) ; 
o Fresh roots / freshly harvested roots (the root has to be fresh without any bad colour) ; 
o Easy to ferment / good fermentation (the cassava should ferment within 3 days) ; 
o No discolouration (during peeling, it should not have stripes of colour; the colour of the tuber 

will have a white look when you break it open with your hand). 
 
POOR quality characteristics (+ ‘indicators’) 
Top 5 characteristics (no indicators in product profile) 

o Not well fermented roots 
o Dark colour of mash if roots not soak same day after peeling 
o Not well peeled roots 
o Not well washed roots 
o Not starchy 

 
- FINAL product:  

ESSENTIAL good quality characteristics (+ ‘indicators’) 
Top 5 characteristics (+ indicators) 

o Neatness (the fufu should be neat (as white as  milk) without particles) ; 
o White colour fufu (A good fufu will have a good bright colour like white, though not too white ; 

the colour will be attractive, off white color) ; 
o Easy to form dough (mouldability, otherwise no indicator given) ; 
o Drawy (the fufu will draw to show it was well cooked) ; 
o Not sticky (To some people, when touched, it will not stick to your hand). 

 
POOR quality characteristics (+ ‘indicators’) 
Top 5 characteristics (+ indicators as far as available) 

o Too soft cooked fufu / loi loi (It will also be neither too soft nor too hard when touched ; fufu 
that is stirred is too soft but the pounded fufu is not too soft. The pounded one is not too white 
unlike the stirred one) ;  

o Fufu sticks to the hand 
o Not well cooked 
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o Not easy to mould 
o Offensive odour 

 
New Knowledge as compared to SOK (expected to be submitted in Period 2 as well) 
 
Good Varieties listed: TME 419 (NI), Dabere(L), TMS98/0505 (I), Imo best(I), Torokwem(L), 
Gbayuomma (L) , Aguoegbulam(L), yellow root(I), akwatakwa(L),  agric.(I),Akpalam Aka, Codelia, 
Ogwuru ego,  Mmaduabuchi, Sakasaka, Akpu da grace, Nwaocha, Nwaibibi, nwanyi umuahia (lady 
from Umuahia)(I), Yellow root (Vit. C) NR. 
Bad Varieties listed: TMS 01/1368. Odakara Mgbara, Okpuwuruwuru. 
 
PP4- Boiled Plantain - Cameroon   
Plantain is exclusively grown by men in the West region, while in the Littoral region both men and 
women grow plantain. These plantains are cooked into boiled plantain at household level or in 
restaurants by women, who are also responsible for its sale. The sale of plantain (in bunch) is entirely 
managed by men especially in the West region, while in some communities of the Littoral region, 
women sell plantain bunches and decide on the use of the money with their husbands. Apart from 
been consumed at household level, plantains are also consumed during ceremonies like dowry, 
marriage, funerals, etc. 
 
Various products are obtained from plantains and consumed with other food complements such as: 
kondrè with pork, pounded plantains with groundnut sauce/beans, plantain porridge, fried ripe and 
unripe plantain with fried eggs, raw overripe plantain, roasted plantain with plum, red oil or avocados, 
and boiled plantain. The latter is eaten with a variety of supplements such as: pistachio sauce, tomato 
sauce, groundnut sauce, ndolè, koki, fried cabbage, fried beans, vegetables, fried eggs, snails, 
groundnut paste, avocados, mbongo sauce and n’soughi sauce (nuts sauce). 
 
The most important crop characteristics are “Healthy sucker” for women and “Originate from a good 
trunk” for men. Moreover, when it comes to crop characteristics for obtaining high-quality boiled 
plantain, men liked “Attractive bunches”, unlike women who preferred “Bunches free of black spots”. 
High-quality boiled plantain for instance must be “soft” and “well-cooked” for both men and women. 
 
Men ranked plantain first as the most important crop, while women ranked it 4th behind maize (1st), 
beans (2nd) and cassava (3rd). Decision making about what is to be sold or consumed at home 
regarding plantains, are taken either by men alone, women alone, jointly (men and women), or by 
children.  
 

- RAW material:  
ESSENTIAL good quality characteristics (mention the ‘indicators’ used to describe the 
characteristics): 
 
- Big fingers; Dark green color of plantain; Mature; Yellow color of interior – (Indicators: When 

breaking a finger (fruit)); Presence of a ripe finger; Orange color of interior; Hard fingers – 
(Indicators: on touching); Bear a ripe finger; Presence of a split finger; Attractive bunch; Heavy 
bunch – (Indicators: On carrying with a hand); Black-edged fingers; Green color of plantain; Dark 
spots on the peel; Little sap flow – (Indicators: When breaking a finger (fruit)); Presence of stains 
on peel; Absence of black spots; Dry leaves; Mature or over-mature; Not over mature; Shiny green 
color of plantain; Small fingers; Fresh peel; Long fingers; Rough peel; Big plantain bunch; Brown 
color of interior; Khaki color of interior – (Indicators: When breaking a finger (fruit)); Small yellow 
spots; Thin peel; Well green bunch; Not too black edges; Solid peduncle of bunch; Yellowish 
leaves. 

 
POOR quality characteristics (+ ‘indicators’) 
- Absence of black edges; Big fingers; Bunch is not attractive; Bunch small in size; Excess sap flow 

– (Indicators: When breaking a finger (fruit)); Green leaves; Immature plantain bunch; Light green 
color of plantain; No big fingers (small fingers); No black stains on the peel; No ripe fingers; Not 
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hard fingers; Pale green color of plantain; Presence of black spots; Small thin fingers; Soft fingers; 
Too soft texture – (Indicators: on touching); Unripe plantain; White color of interior (pulp) – 
(Indicators: When breaking a finger (fruit)). 

 
- Raw material during PROCESSING: 

ESSENTIAL good quality characteristics (+ ‘indicators’) 
- Dark green color of plantain; Big fingers plantain; Mature plantain; Presence of a ripe finger; Yellow-

colored interior of plantain; Presence of a split finger; Orange-colored interior of plantain; Hard 
plantain fingers; Black-edged plantain fingers; Big and strong bunch; Attractive bunch; Presence 
of dark stains on the peel; Absence of black spots on the bunch; Little sap flow; Shiny green color 
of plantain; Small fingers plantain; Soft plantain fingers; Brown-colored interior of plantain; Easy-
to-peel plantain; Khaki-colored interior of plantain; Thin peel of plantain. 

 
POOR quality characteristics (+ ‘indicators’) 
 

- FINAL product:  
ESSENTIAL good quality characteristics (+ ‘indicators’) 
- Soft plantain – (Indicators: Easily traversed by a knife or fork); Attractive plantain; Brown-colored 

plantain; Well-cooked plantain; Yellow-colored plantain; Soft and tender plantain; Big fingers 
plantain; Tasteful plantain; Dark yellow-colored plantain; Golden yellow-colored plantain; Sweet 
plantain; Attractive yellow color; Mealy plantain; Succulent plantain; Intense yellow-colored 
plantain; Nice odor of plantain; Watery taste; Firm and shaped plantain; Khaki-colored plantain; 
Medium fingers plantain; Not hard nor too soft; Not watery in the mouth; Juicy plantain (if sweet); 
Smooth plantain; Natural taste; Absence of spaces between the grains; Filled plantain fruits; Red-
colored plantain. 
 

POOR quality characteristics (+ ‘indicators’) 
To look at (i.e. Not at maturity);  
To touch (i.e. Hard plantain; Not soft; Too soft plantain); 
To smell; 
To taste (i.e. Bad taste; Bitter taste; Sour/bitter taste; Taste of sap; Tasteless/bitter); 
Texture in mouth (i.e. Crunchy; Sticky in the mouth; Too watery; Watery texture). 
 
What’s new as compared to SOK?) 
 
Good Varieties listed:  
Big ebanga; Big plantain bunch with big fingers; Black plantain; Brokaka; Cook no done; Ebang ; 
Ebanga ; 
Fon ngwô ; French géant ; Gros Michel ; Kendon lâh; Kendon netôh; Knack ear; Mékih tôh; Ngwô 
kôh; Ngwô sèsè; Nkounda; Plantain bunch with big fingers; Plantain bunch with small fingers; 
Yaoundé plantain; Yong. 
 
Bad Varieties listed:  
Bamoun plantain; Bang ekondo; Big plantain bunch; Bobby tanap; DiyonKendon; French clair; Hard; 
Knack ear; Mé ma ngon; Mèh tangûeh; Mékong; Moundja; Ngai kondo; Nose for swine; Par yara; 
Pâtchou; Plantain banana; Plantain bunch with big fingers and small number of hands; Plantain 
bunch with middle fingers; Plantain of Baleng; Red plantain; Small plantain bunch; Tchôh; Three 
hand plantain; Toutou menô; Toutouôh medong; White plantain; Zéphepf. 

 
PP5- Matooke - Uganda  
Gendered Food Mapping/Preference Surveys: Data collection on this activity was concluded in 
Period 1. In Period 2, the focus was on data cleaning and analysis, which have been completed and 
report writing is in advanced stages. Market interviews, to gain insights into the preferred attributes 
by traders involved in the banana market were initiated and are on-going. So far, surveys have been 
conducted with men and women traders in Mbarara city (Western Uganda) and a similar survey has 
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been planned for Kampala during late November and early December 2019. Source: Annual 
RTBfoods report, NARL, November 2019, 

The results show minimal differences in the preferred characteristics for men and women in the two 
sampled districts. Consumption related traits should be given priority in the cooking banana breeding 
program. Most of the varieties that participants prefer are local landraces hence the need for WP2 
to do physicochemical analyses to understand the components that the breeding program should 
focus on. Most farmers indicated that they did not have access to or aware of the improved varieties 
that have been introduced, hence the need for the banana breeding program to increase awareness 
and dissemination of the improved varieties that have been officially released. Source: Report on 
RTBfoods WP1 Activity 3 activities carried out by NARL, December 2019.  
 

- RAW material:  
ESSENTIAL good quality characteristics (mention the ‘indicators’) 

1. Mature bunch - (Indicators : visual assessment of a combination of characteristics - no 
angles/ disappearing angles on fingers, dark-yellow/ creamish pulp colour, light green finger 
colour, shiny green colour, smooth skin/fingers, smooth when touched, tips fall off, well filled 
fingers, bunch changes colour, no black tips on fingers) ; 

2. Big fingers - (Indicators : visual assessment) ; 
3. Big bunch - (Indicators: number of clusters (many), visual assessment) ; 
4. Disease free - (Indicators: spotless fingers) ; 
5. Long fingers - (Indicators: visual assessment). 

 
POOR quality characteristics (+ ‘indicators’) 

1. Small short fingers - (Indicators: visual assessment of fingers on a bunch) 
2. Immature - (Indicators: fingers still have angles, fingers not fully filled, fingers not smooth) 
3. Spotted/diseased - (Indicators: unhealthy looking fingers, spots on fingers) 
4. Hard/brittle fingers - (Indicators: feel in hands) 
5. White/ creamish pulp colour - (Indicators: observed after cutting finger) 

 
- Raw material during PROCESSING: 

ESSENTIAL good quality characteristics (+ ‘indicators’) 
      1.    Mature bunch - (Indicators: see above); 
    2.   Big fingers - (Indicators: visual assessment); 

      3.   Easy to peel – (Indicators: feel with fingers when peeling); 
      4.   Soft peel – (Indicators: feels soft during peeling, knife easily slides in); 
      5.   Soft pulp – (Indicators: feel with fingers when peeling). 
 
POOR quality characteristics (+ ‘indicators’) 
 

- FINAL product:  
ESSENTIAL good quality characteristics (+ ‘indicators’) 
       1.  Soft texture - (Indicators: on eating –feel in the mouth, smooth on fingers, easy to cut); 
       2.  Nice smell - (Indicators: inhaling under the nose/ by smelling, smells like it’s been cooked in 

banana leaves); 
       3. Yellow colour - (Indicators: visual assessment; yellow, golden yellow); 
       4.  Good taste - (Indicators: good taste when eating); 
       5.  Smooth mouthfeel - (Indicators: smooth in the mouth during eating). 
 
POOR quality characteristics (+ ‘indicators’) 

1. Hard texture – (Indicators: visual assessment, by touching, feels hard during eating, does not 
feel soft when using spoon/fork to eat) ; 

2. Watery – (Indicators : doesn’t satisfy/fill the stomach, too soft, has high water content after 
mashing) ; 

3. Pale yellow – (Indicator : visual assessment) ; 
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4. Easily separates – (Indicator : not compact, does not mash properly after steaming, easily 
separates when being served) ; 

5. Poor/flat taste – (Indicator : flat taste like water) 
6. Bad smell – (Indicator: does not have steamed matooke smell, determined by inhaling under 

the nose/ by smelling). 
 
What’s new as compared to SOK?  
 
There are not enough studies to make a conclusion. Only 4 studies are available with any info on 
gender specific preferences.  
 
According to the WP1 Activity 3 report, production activities for banana seem shared hence 
characteristics related to the roles of men and women potentially affect both. Women are exclusively 
responsible for food preparation and rank ease of peeling higher than men so maybe this increases 
their workload. Short cooking time is mentioned as important by both.   
 
Good Varieties listed:  
Kibuzi (L), Nakitembe (L); Enyeru (L); Mbwazirume (L); Enjagata (L) 
 
Bad Varieties listed:  
Bukumu (L); Butoobe (L); Nshakala (L); Entazinduka (L); Enkunku (L); Enzirabahima (L); Kawanda 
(I) 
 
Nb: L = local, I = improved older released variety, N = new variety recently released. 
 
PP6- Fried Plantain - Nigeria 
Year 3 
PP7- Boiled Sweetpotato - Uganda 
Activity 3: Achievements – Gendered Food Mapping/ Preference Surveys: 
 
For this reporting period, CIP achieved the following:  

o Cleaned quantitative data collected in 2018. A clean data set is now available.  
o CIP coded and analyzed qualitative data following guidance received in a three-days training 

workshop in Abuja/Nigeria (March 2019). 
o CIP submitted the first iteration of the boiled sweetpotato product profiles (disaggregated by 

sex and region).  
 

Preliminary results show that to make good quality boiled sweetpotato, the raw roots should ideally 
be big in size, smooth and firm/hard. When peeling/processing, the roots should have sweet taste, 
with a good appearance, firm to touch and smell nice. The final product should be sweet to taste, 
mealy and with a nice smell. Some minor differences were observed between regions and between 
men and women.  
 
Source: CIP, Annual RTBfoods report, Period 2, Nov 2019. 
 
PREFERRED SWEETPOTATO VARIETIES  
We found variations among preferences for men and women, as well as across regions in Uganda 
(Figure 1). Women mostly preferred local varieties and those took the first and third position 
(Okonynedo and Araka araka, respectively).  Both varieties were mainly grown in Lira. For men, the 
best two varieties were improved material i.e. Naspot 8 (pale orange flesh) and Kakamega (pale 
orange flesh), respectively. Naspot 8 was also ranked to be the second-best variety by women, while 
Okonynedo was ranked to be the third most preferred variety by men. These varieties were preferred 
because they were high yielding, early maturing and had a good taste. Orange-fleshed sweetpotato 
(OFSP) varieties were also preferred because they were nutritious. 
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Figure 1: Preferred sweetpotato varieties by sex and region 

The least preferred varieties included OFSP varieties like Vita and Kabode (both intermediate 
orange-flesh) in both regions, and local varieties like Rushema mahamba and Rwamityana in 
Kamwenge. In Lira, Anamoit Dwe Acel and Agoba were mentioned. Reasons cited included 
fibrousness, softness, not sweet and rotting quickly. 
 
RAW SWEETPOTATO CHARACTERISTICS 
Figure 2 shows the preferred characteristics for raw sweetpotato roots by sex and by the two study 
regions. There were no significant differences in the top three preferred raw material characteristics 
amongst men and women. 
 
The difference lay in the order of preference: for example, men’s top three characteristics were (i) 
big sized roots (ii) smooth skin (iii) hard, while for women the order was (i) big sized roots (ii) hard 
and (iii) smooth skin. A similar pattern was observed amongst the two regions i.e. Kamwenge and 
Lira.  
 

 
Figure 2: Preferred characteristics for raw sweetpotato roots 

The least preferred characteristics mirrored the preferred ones and included small size roots, fibrous, 
bad appearance and not sweet; among others. 
 
PROCESSING CHARACTERISTICS 
Good processing characteristics for women included sweet taste, good smell and firmness and good 
appearance. For men the prioritized characteristics were good smell, sappy and easy to peel. From 
Kamwenge, the characteristics of choice included sweet taste, firmness and good smell, while in Lira 
ease of peeling, good smell and taste were prioritized. The least preferred characteristics were small 
root size, bad appearance, rough outer surface and softness. 
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Figure 3: Preferred sweetpotato primary processing characteristics 

BOILED SWEETPOTATO CHARACTERISTICS 
The most highly ranked characteristic for good boiled sweetpotato was sweet taste, as cited by men, 
women and respondents from Kamwenge. This was followed by mealiness and nice/good smell 
(Figure 4).   
The least preferred characteristics included watery followed by tasteless and soft. 
 

 
Figure 4: Good boiled sweetpotato characteristics 

In summary, to make good quality boiled sweetpotato, the raw roots should ideally be big in size, 
smooth and firm/hard.  When peeling/processing, the roots should be sweet to taste, with a good 
appearance, firm to touch and smell nice. The final product should be sweet to taste, mealy and with 
a nice smell. 
 
Source: CIP, Annual RTBfoods report, Period 2, Nov 2019. 
 
PP8- Fried Sweetpotato - Nigeria 
Year 3. No product profile available as yet 
 
PP9- Boiled Yam - Benin 
Activity 3 achievements – Gendered Food Mapping/ Preference Surveys:  
The UAC-FSA team in collaboration with IITA team performed all WP1 activities in period 1 but data 
processing and analysis were carried out in period 2. Data related to quality characteristics of yam 
tuber and boiled yam prioritised by gender and by region were firstly analysed and reported for 
validation by WP1 coordination team. In addition, other data collected from the survey was divided 
into two sections: socio economic context and product preferences (i) and market study (ii). Data 
from the section (i) was analysed by the UAC-FSA team and the report was submitted to WP1 
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coordination team for review, while data related to market study (section ii) was the responsibility of 
IITA-Benin team who completed the report.  
Source: Annual project report by UAC/FSA, November 2019. 
 

- RAW material:  
ESSENTIAL good quality characteristics (mention the ‘indicators’)  
 

 

 
Source: FAS/IITA, RTBfoods Annual Report, Year 2, November 2019 
 
POOR quality characteristics (+ ‘indicators’) 
 

- Raw material during PROCESSING: 
ESSENTIAL good quality characteristics (+ ‘indicators’) 
 
 

https://rtbfoods.cirad.fr/


 

  Page 88 of 554 

 
 

 
 
 
 
 

  

https://rtbfoods.cirad.fr/


 

  Page 89 of 554 

- FINAL product:  
ESSENTIAL good quality characteristics (+ ‘indicators’) 
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Table: Benin - overview of yam tuber quality characteristics and its behaviour during processing 
into boiled yam. Source: Product profile. 
 

Items Characteristics Indicators Frequency 
(%, n=80) 

A good yam VARIETY 
for making a HIGH-
QUALITY product ? By 
looking at it. by 
touching. smelling or 
by tasting it? (Q20) 

Brown peel By looking 20 
Smooth peel/without hump or thorns By looking and touching 87.5 
Cracked/scratched peel By looking 20 
Rough/shaggy/hump peel By looking and touching 16.25 
Thin peel Easy peeling with nails 11.25 

Not crumbly peel 
Easy separation of outer 
and inner bark 6.25 

Keeping white or yellow colour during 
peeling  

No change of flesh 
colour 7.5 

Skin free from holes By looking 7.5 
No too big or too long tubers No information 5 
Free from rot odour By smelling 5 

Characteristics of the 
VARIETY that give a 
POOR QUALITY 
product so that you 
would not use or buy 
it?  (Q21) 

Yellow/dark/red/green flesh during 
peeling  

Change of colour during 
first second of peeling 35 

Roughed/shaddy/humped/thorned 
peel 

Presence of rootlets 
or/and humps 46.25 

Big tuber  
Difficult to roll yam 
diameter with hand 12.5 

Ugly tuber 
Multiform/presence of 
rootlets/humps 11.25 

Presence of insects  By looking 5 
Presence of rootlets in flesh By looking after peeling 5 

Characteristics that 
show it has good 
PROCESSING 
ABILITY into the 
BOILED YAM  (Q23) 

Keeping white/yellow/whitish yam 
during peeling 

By looking 
38.75 

Easy to peel 

Bark not sticky to flesh / 
not require physical 
strengh  6.25 

Thin peel 
Slight thickness of outer 
bark 8.75 

Easy to slice/ not too hard 
Not require physical 
strengh 7.5 

Keep white or yellow colour during 
cooking 

By looking 
18.75 

Friable/easy to break with fork during 
cooking 

Easiness to push the 
fork 26.25 

Good odour of cooking water and 
steam 

Know-how on odour 
characteristic of  steam 
during cooking 8.75 

Stickiness 
Ability of the back fork to 
stick boiled yam pieces 6.25 

Good odour of yam at end of cooking 

Know-how on odour 
characteristic of  boiled 
yam 11.25 
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Items Characteristics Indicators Frequency 
(%, n=80) 

Characteristics of a 
HIGH-QUALITY 
BOILED YAM 
PRIOR TO 
CONSUMPTION 
(Q28) 
 
 

White colour By looking 52.5 
Egg yellow/yellowish By looking 46.25 
Pleasant 
appearance/attractive/nice/clean 

By looking 
56.25 

Stickiness to the fingers By touching 20 
Soft yam By pressing in fingers 21.25 
Swelling of yam By turgesence 10 

Friable/not hard 
Easiness to break with 
fork 63.75 

Good odour of yam By smelling 41.25 
 
Characteristics of a 
HIGH QUALITY 
BOILED YAM IN 
THE MOUTH and 
how do you 
evaluate it?  
(Q28.1) 

Good aroma of yam After chewing 17.3 
Friable / tender Easiness to chew 23.5 

Soft yam 
Easiness to cut with 
the teeth  9.9 

Stickiness 
Slightly stick to the 
teeth 4.9 

Good taste/sweet By tasting 40.7 
Bitter taste By tasting 6.2 

 
Characteristics of a 
POOR QUALITY 
BOILED YAM when 
we eat it? (Q29) 

Bitter/bad taste/not sweet/sour By tasting 61.25 

Hard/not friable/difficult to eat 
Long duration of 
chewiness 52.5 

Dark/red colour By looking 32.5 
Presence of radicles/fibers in the 
flesh 

By looking 
7.5 

Unpleasant odour By smell 5 
 
What’s new as compared to SOK? 
 
Good Varieties listed:  
 
Bad Varieties listed:  
 

PP9- Boiled Yam - Nigeria 
 
 
PP10- Pounded Yam - Nigeria   
Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: 

o Bowen team was able to carry out gendered food mapping preference survey in 4 small 
locations (Ife-odan, Gbongan, Iwo, and Ilesha) in Osun State, Nigeria.  

o Majority of the ethnic groups are Yorubas with few being either Ebira or Edo who are farmers 
of yam, maize, tomatoes etc.  

o Out of the 40 individual interviews (IIs) and 8 focus group discussions (FGD) (4 females, 4 
males) in the proposed sampling frame for the team, 32IIs and 5 FGD [3 male (farmers), 2 
female (trader and farmer, processors)] were conducted respectively based on availability 
and willingness to participate.  

o  14 market interviews (Mis) and 5 key informant interviews (KIs) (2 males, 3 females) were 
done. 

o  Data were analysed and the list of yam varieties planted and used for the product profile was 
generated.  

o Most of the varieties are local and they include: Lasinrin, Gbongi, Odo, Awana, Efuru, 
Marodojo, Amula etc. with preference and quality characteristics depending on season or 
period of harvest.  
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o  Food Quality characteristics, indicators and descriptors by the farmers for Pounded yam 
were ranked.  

o Amongst the food quality attributes, textural quality of the pounded yam was given the highest 
rank followed by appearance and then taste. 

o In terms of the indicators for a good yam that can be used in making a high-quality pounded 
yam  

o  Water content of the yam ranked first, this is known when the yam is pricked with 
fingers; If it produces little quantity of water when the yam is pricked with fingernails. 

o  Colour change (If it remains white when the yam is pricked with fingernails), flesh 
colour (Not Skin colour) is based on the variety e.g. gbongi has white flesh colour and 
lasinrin has yellow flesh colour. 

o By looking at it if there is no insect or mechanical injury. 
o Good yam for high quality pounded yam is not known by smelling or by tasting the raw tubers.  
o  Consumers purchase them mostly when the name of the variety is known with few 

morphological qualities like hairy or bright, not wrinkled peel and sometimes its size.  
o The Food quality of a good pounded yam as gathered include: 

o Textural quality: stretchability, mouldablity, smoothness (not lumpy deformable (not 
too hard nor not too soft) 

o  Colour 
o  Taste.  

Thus, the product profile for pounded yam was generated for WP2 from the data collected.  
Source: Annual report, Bowen University, December 2019 
 
The tables below show selected data collected in Osun state, Nigeria, and analysed by Bowen 
University. Comments have been provided on the draft information sent.  
 

- RAW material:  
ESSENTIAL good quality characteristics (mention the ‘indicators’ used to describe the 
characteristics) 
 
Table: Weighted characteristics for 1st, 2nd and 3rd priority (count multiplied by weights 3, 2 
or 1) on how to recognise and perceive a good raw yam for making a high-quality pounded 
yam by gender, Osun State, Nigeria (draft) 

 
  

Weighted 
characteristics by 

gender

Male Female Male Female Male Female

1st (x3) 1st(x3) 2nd(x2) 2nd(x2) 3rd(x1) 3rd(x1) Male Female Male Female

aroma 3 3 4

experience 3 3 4
smooth 15 2 1 2 16 5 1

soft 6 3 1 7 3 1 4
stretchable 3 6 6 3 12 4 2
sweet taste 3 2 5 3
white colour 6 6 2

appearance 2 2 5
mouldable 4 2 4 2 3 5

Summary score Ranked priorities
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POOR quality characteristics (+ ‘indicators’) 
 
Table: Weighted characteristics for 1st, 2nd and 3rd priority (count in Figure 2 multiplied by 
weights 3, 2 or 1) of a variety of yam that give a less preferred pounded yam by gender, Osun 
State, Nigeria (draft) 

 
 

- Raw material during PROCESSING: 
ESSENTIAL good quality characteristics (+ ‘indicators’) 
 
Table: Weighted characteristics for 1st, 2nd and 3rd priority (count multiplied by weight 3, 2 
or 1) of yam that shows it has good processing-ability into pounded yam by gender, Osun 
State, Nigeria (draft) 

 
 
POOR quality characteristics (+ ‘indicators’) 
  
FINAL product:  
ESSENTIAL good quality characteristics (+ ‘indicators’) 
  

Weighted 
characteristics by 

gender

Male Female Male Female Male Female

1st (x3) 1st(x3) 2nd(x2) 2nd(x2) 3rd(x1) 3rd(x1) Male Female Male Female

bitter taste 6 3 6 3 1 6

colour based on 3 3 6

colour change 6 2 2 2 8 3 5

experience 3 3 3 3 2 6

freshness 3 12 3 12 2 3

high water 3 6 1 1 9 4 4

name 3 18 2 3 20 2 1

period of harvest 3 3 6

variety 9 4 13 2

unappealing look 2 2 3

hard 2 2 3
big size 1 1 7

Summary score Ranked priorities

Weighing 
characteristics by 

gender

Male Female Male Female Male Female

1st (x3) 1st(x3) 2nd(x2) 2nd(x2) 3rd(x1) 3rd(x1) Male Female Male Female

appearance 3 3 4
aroma 3 3 4

ease of processing 3 3 4
high dry matter 3 3 4

increased volume 3 3 4
mealy 3 3 2
name 6 6 3

smooth 9 2 4 2 13 3 1
soft 3 3 1 3 3 2 4

stretchable 9 2 11 2
variety 3 3 2

white colour 6 6 2 8 6 1 3
mouldable 2 2 5
sweet taste 2 2 5

texture 2 2 5

Summary score Ranked priorities
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Table: Weighted characteristics for 1st, 2nd and 3rd priority by gender for characteristics of 
a high-quality end product [pounded yam] prior to consumption 

 
 
POOR quality characteristics (+ ‘indicators’) 
 
Table: Weighted characteristics for 1st, 2nd and 3rd priority by gender for characteristics 
when a person says that the quality of pounded yam is not good when they eat it 

 
 
What’s new as compared to SOK?  
 
Good Varieties listed: Afo, awana, efuru, gbongi, lasinrin, maro, odo, elentu, gambari 
 

Bad Varieties listed:  
 
PP11- Boiled Potato - Uganda  
Year 3 

5.1.8 Participatory Diagnosis and Quality Characteristics (Activity 4) 
& Consumer Testing in Rural & Urban User Segments (Activity 
5)  

 Summary table on Activity 4 & 5 fieldwork performed in Period 2, by Product Profile & country.  
Annotation concerning the “Questionnaires uploaded on RTBfoods platform”: 
a   Missing consent forms 
b   Missing questionnaires 
c   Field work done 
d   Ready to download, but technical problem for the dataverse 
e   Missing Raw data 

Weighted 
characteristics by 

gender

Male Female Male Female Male Female

1st (x3) 1st(x3) 2nd(x2) 2nd(x2) 3rd(x1) 3rd(x1) Male Female Male Female
appearance 3 3 3
colour 3 3 3 3 3 4
mouldable 3 3 3 3 3 4
smooth 6 15 2 2 1 1 9 18 1 1
soft 3 6 4 2 1 7 9 2 3
stretchable 6 2 4 2 10 4 2
sweet taste 6 2 2 1 1 3 9 3 3
aroma 2 2 5

Summary score Ranked priorities

Weighted 
characteristics by 

gender

Male Female Male Female Male Female

1st (x3) 1st(x3) 2nd(x2) 2nd(x2) 3rd(x1) 3rd(x1) Male Female Male Female
bitter taste 3 6 2 2 5 8 1 3
colour change 3 4 1 3 5 2 4
hard 3 6 4 3 10 2 2
lumpy 3 15 2 3 17 2 1
unappealing smell 3 3 5
not mouldable 2 2 6
not stretchable 4 1 5 4
too soft 2 1 1 2 1 6
colour (related to 
type of yam) 2 2 3
soggy 1 1 7
Total 12 30 4 20 1 3

Summary score Ranked priorities
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Activities performed in Period 2 on RTB food 
Product Profiles across countries 

Dates of Field 
Surveys 

Regions 
surveyed 

Name of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
group
s  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end   M F  Yes No 
PP1- Boiled 
Cassava 

ACTIVITY 
4 

Primary 
Country 

Uganda 21/05/19 
 
 
 
11/06/19 

06/06/19 
 
 
 
22/06/19 
 

Apac ATANA, Ayegero village  5 0  Noc 
AKERE,Ogei village  5 0  Noc 
CHEGERE, Anyambazi.B  5 0  Noc 

 
Luwero 

Butuntumula,Ngogolo 
town 

 5 0  Noc 

BWAZIBA,kiberenge 
Village 

 5 0  Noc 

ACTIVITY 
5 

Primary 
Country 

Uganda 21/05/19 
 
 
 
 
11/06/19 
 
 
27/06/19 

03/06/19 
 
 
 
 
22/06/19 
 
 
05/07/19 

Apac 
 
 
 
 
Luwero 
 

ATANA, Ayegero village 9 26  Yes  
AKERE,Ogei village 9 11  Yes  
CHEGERE, Anyambazi 15 26  Yes  
Butuntumula,Ngogolo 
town 

18 29  Yes  

BWAZIBA,kiberenge 
Village 

21 21  Yes  

Kampala City Nakawa Market 13 2  Yes  
Kalerwe Market 12 15  Yes  
Kasubi Market 17 22  Yes  
Gayaza Market 13 2  Yes  

PP1- Boiled 
Cassava 
 

ACTIVITY 
4 

Spillove
r 
Country 

Bénin 17/06/19 21/06/19 Bonou  0 3   Noc 
Dangbo  0 3   Noc 

ACTIVITY 
5 

Spillove
r 
Country 

Bénin 01/07/19 10/07/19  
 

     Noc 
     Noc 
     Noc 

      Noc 
     Noc 
     Noc 

PP2- 
Gari/Eba  

ACTIVITY 
4 [NRCRI 
& IITA] 

Primary 
Country 

Nigeria 1/10/19 5/10/19 South-East 
Abia State 

Mgbaja- Ossah  4  Yesa  

ACTIVITY 
5 [NRCRI 
& IITA] 

Primary 
Country 

Nigeria 16/10/19 19/10/19 South-East Imo 
State 

Amakoha Owerri 
municipal 

23 47  Yesa,b  

Ubomiri Mbaitolu LGA 12 18  Yesa,b  
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Activities performed in Period 2 on RTB food 
Product Profiles across countries 

Dates of Field 
Surveys 

Regions 
surveyed 

Name of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
group
s  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end   M F  Yes No 
Akwakuma Owerri north 
LGA 

12 18  Yesa,b  

PP2- 
Attiéké 
Postponed 
Period 3 

ACTIVITY 
4 

Spillove
r 
Country 

Côte 
d’Ivoire 

         
      

       
      

ACTIVITY 
5 

Spillove
r 
Country 

Côte 
d’Ivoire 

         
      

PP3- Fufu ACTIVITY 
4 

Primary 
Country 

Nigeria 27/09/19 5/10/19 Imo State Ihite – Uboma L.G.A (Imo 
state) 

 4  Yesa  

Abia State Izzi -Ossa Umuahia North 
L.G.A(Abia State) 

 4  Yesa  

ACTIVITY 
5 

Primary 
Country 

Nigeria 12/11/19 14/11/19 South-East 
Imo state 

Owerri town Owerri 
municipal 

37 33  Yesa,b  

Isinweke Ihete-Iboma LGA 1 49  Yesa,b  
Oriagu Ehime Mbano L G 
A 

15 15  Yesa,b  

South-East 
Abia State 

Umuahia Urban Umuahia 
North L G A 

29 41  Yesa,b  

Ubakala Umuahia south L 
G A 

14 36  Yesa,b  

Umudike  Ikwuano L G A 22 8  Yesa,b  
PP4- Boiled 
Plantain 

ACTIVITY 
4 

Primary 
Country 

Cameroo
n 

09/08/19 27/09/19 West Region Bafoussam 0 3  Yes  
Littoral Region Douala 1 2  Yes  

ACTIVITY 
5 
Postpone
d Period 3 

Primary 
Country 

Cameroo
n 

         
      

       
      

PP5- 
Matooke 

ACTIVITY 
4 

Primary 
Country 

Uganda 10/09/19 
 
22/09/19 

14/09/19 
 
29/09/19 

Luwero  
 

Wobulenzi (Luwero city) 0 4   Noc 

Mbarara Rwebikona (Mbarara city) 0 4   Noc 
ACTIVITY 
5 

Primary 
Country 

Uganda 10/09/19 
 

14/09/19 
 

Luwero  
 

Wobulenzi (pretesting) 0 7   Noc 
Nakaseke  13 5   Noc 
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Activities performed in Period 2 on RTB food 
Product Profiles across countries 

Dates of Field 
Surveys 

Regions 
surveyed 

Name of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
group
s  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end   M F  Yes No 
 
 
 
 
 
 
22/09/19 

 
 
 
 
 
 
29/09/19 

Kiwoko  18 24   Noc 
Kasana (Luwero city) 9 46   Noc 
Kashaka 21 16   Noc 
Nyihanga  16 14   Noc 
Mugarutsya  19 11   Noc 

Mbarara Kiswahili (Mbarara city) 13 22   Noc 

PP6- Fried 
Plantain 
Postponed 
Period 3 

ACTIVITY 
4 

Primary 
Country 

Nigeria    
 

      
      
      

       
      
      

ACTIVITY 
5 

Primary 
Country 

Nigeria          
      
      

       
      

PP7- Boiled 
Sweetpotat
o 

ACTIVITY 
4 

Primary 
Country 

Uganda 14/09/19  Lira  0 6   Noc 
     Noc 
     Noc 

      Noc 
     Noc 
     Noc 

ACTIVITY 
5 

Primary 
Country 

Uganda 14/09/19        Noc 
     Noc 
     Noc 
     Noc 
     Noc 
     Noc 
     Noc 

      Noc 
     Noc 
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Activities performed in Period 2 on RTB food 
Product Profiles across countries 

Dates of Field 
Surveys 

Regions 
surveyed 

Name of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
group
s  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end   M F  Yes No 
     Noc 
     Noc 
     Noc 
     Noc 
     Noc 

PP8- Fried 
Sweetpotat
o 
Postponed 
Period 3 ? 

ACTIVITY 
4 

Primary 
Country 

Nigeria         No 
     No 
     No 

      No 
     No 
     No 

ACTIVITY 
5 

Primary 
Country 

Nigeria         No 
     No 
     No 
     No 
     No 
     No 
     No 

      No 
     No 
     No 

PP9- Boiled 
Yam 

ACTIVITY 
4 

Primary 
Country 

Bénin 26/01/19 02/02/19 Bohicon Bohicon - 6 0 Yes  

ACTIVITY 
5 

Primary 
Country 

Bénin 11/02/19 22/02/19 Dassa KPEKOUTE 10 5 0  Nod 
IGOHO 7 8 0  Nod 
ADIHINLIDJI 4 14 0  Nod 
LEMA 6 10 0  Nod 
HANNANGBO 4 15 0  Nod 
LALO 2 13 0  Nod 
MANDJAVI 8 9 0  Nod 

Djidja 
Bohicon 
Cotonou 

ZINKAMIN 6 8 0  Nod 
Bohicon 27 25 0  Nod 
Cotonou 100 20 0  Nod 
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Activities performed in Period 2 on RTB food 
Product Profiles across countries 

Dates of Field 
Surveys 

Regions 
surveyed 

Name of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
group
s  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end   M F  Yes No 
PP9- Boiled 
Yam 
 

ACTIVITY 
4 [NRCRI 
+ IITA + 
Bowen] 

Spillove
r 
Country 

Nigeria        Yesa  
    Yesa  

ACTIVITY 
5 [NRCRI 
+ IITA + 
Bowen] 
 

Spillove
r 
Country 

Nigeria        Yesa,e  
    Yesa,e  
    Yesa,e  
    Yesa,e  
    Yesa,e  
    Yesa,e  
    Yesa,e  
    Yesa,e  

PP10- 
Pounded  
Yam 

ACTIVITY 
4 [NRCRI 
+ IITA + 
Bowen] 

Primary  
Country 

Nigeria 15/10/19 15/11/19 Osun State Oluponna 2 2   No 
Ile-ogbo 0 2   No 
Ogbagba - -   No 

ACTIVITY 
5 [NRCRI 
+ IITA + 
Bowen] 
 

Primary 
Country 

Nigeria   Osun State      No 
     No 
     No 
     No 

NRCRI     Yesa,e  
    Yesa,e  
    Yesa,e  

PP11- 
Boiled 
Potato 
Postponed 
Period 3 ? 

ACTIVITY 
4 

Primary 
Country 

Uganda         No 
     No 
     No 

      No 
     No 
     No 

ACTIVITY 
5 

Primary 
Country 

Uganda         No 
     No 
     No 
     No 
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Activities performed in Period 2 on RTB food 
Product Profiles across countries 

Dates of Field 
Surveys 

Regions 
surveyed 

Name of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
group
s  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end   M F  Yes No 
     Noc 
     Noc 
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 Challenges & Next Steps: Main Challenges mentioned by the teams (e.g. methodological, 
scientific) Describe Level of Achievement of Activity 4 & 5 (full report AND flow sheet) for the 
11 Product Profiles. 

 
Reminder on Activity 4 Objective:  
The objective of the activity 4 is to conduct participatory processing/preparation demonstrations for 
the product under study to understand processors’ demand for quality characteristics of the crop, 
while processing different RTB varieties with various technological properties. 
Several parameters will be measured at each step of the process to assess the technological 
properties of each variety, and processors’ opinions and views on the different quality characteristics 
of varieties associated with the different processing/ preparation steps or practices will be collected.  
This activity will identify the key processing unit operations important in the quality of intermediate 
and final product, and as much as possible will produce products with different quality characteristics 
and sensory properties that will be part of the Activity 5 consumer tests.   
Reminder on Activity 5 Objective:  
The objective of this activity is to understand the consumers’ demand for quality characteristics of 
the product under study, i.e. to understand what a high quality product is for local consumers.  
This activity will provide a sensory mapping of the products with a relationship between frequencies 
of citation of sensory descriptors & hedonic overall liking scores for each product, and a description 
of consumer’s opinion and preferences on the products. 
 
PP1- Boiled Cassava – Uganda, NaCRRI  
Raw data from Consumer testing (Activity 5) have been uploaded on RTBfoods platform 
  
PP1- Boiled Cassava – Bénin  
Fieldwork for Activity 4 & 5 completed in Year 2.  
 
PP2- Gari/Eba - Nigeria 
Raw data from Participatory diagnosis (Activity 4) have been uploaded on RTBfoods platform 

1. NRCRI – Nigeria, gari/eba; 
2. IITA – Nigeria, gari/eba. 

Raw data from Consumer testing (Activity 5) have been uploaded on RTBfoods platform  
1. NRCRI – Nigeria, gari/eba; 
2. IITA – Nigeria, gari/eba. 

 
PP2- Attiéké – Côte d’Ivoire, CNRA 
Activities 4 & 5 will be conducted in Year 3. 
 
PP3- Fufu – Nigeria, NRCRI  

- Raw data from Participatory diagnosis (Activity 4) have been uploaded on RTBfoods platform  
- Raw data from Consumer testing (Activity 5) have been uploaded on RTBfoods platform 

 
PP4- Boiled Plantain – Cameroon, CARBAP  

- Raw data from Participatory diagnosis (Activity 4) have been uploaded on RTBfoods platform 
- Draft report (Activity 4) has been submitted and is under review 
- Activity 5 will be conducted in Year 3. 

 PP5- Matooke – Uganda, Bioversity & NARL  
- Fieldwork for Activity 4 & 5 completed in Year 2.  
- Full reports will be submitted in Year 3 

 
 
PP6- Fried Plantain - Nigeria , IITA 
Year 3. 
 
PP7- Boiled Sweetpotato - Uganda, CIP 
Fieldwork for Activity 4 & 5 completed in Year 2.  
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Full reports will be submitted in Year 3 
 
PP8- Fried Sweetpotato – Nigeria, CIP  
Year 3 
 
PP9- Boiled Yam – Benin,  FSA/IITA 

- Raw data from Participatory diagnosis (Activity 4) have been uploaded on RTBfoods platform   
- Draft report (Activity 4) has been submitted and is under review 
- Raw data from Consumer testing (Activity 5) have been uploaded on RTBfoods platform 
- Draft report (Activity 5) has been submitted and is under review 

 
PP9- Boiled Yam – Nigeria, NRCRI  

- Raw data from Participatory diagnosis (Activity 4) have been uploaded on RTBfoods platform  
- Raw data from Consumer testing (Activity 5) have been uploaded on RTBfoods platform  

 
PP10- Pounded Yam –Nigeria, NRCRI   

- Raw data from Participatory diagnosis (Activity 4) have been uploaded on RTBfoods platform 
- Raw data from Consumer testing (Activity 5) have been uploaded on RTBfoods platform 

 
PP11- Boiled Potato - Uganda  
Year 3 

5.1.9 Implementation of Advisory Committee Recommendations  

Feedbacks on Activities performed in Period 1 
1. Define product profiles that combine/join desired traits at the required level for the categories 

agronomy, quality, post-harvest …. as desired by end-users. 
2. Other WPs need the input from processing and end-user traits asap to enable the start of 

SOPs for trait measurement 
3. Distribute time and means well to reach your demanding targets 

 
 Please tell us how these recommendations were taken into consideration for improvement in 

Period2? 
 

1. At present (December 2019), most teams have developed product profiles (PP). At the same 
time, some of these PP still need to be combined. These PP include agronomical, post-
harvest, technological, physico-chemical and sensory characteristics regarding the raw 
material, the raw material during processing and the final product. 

2. The work on processing diagnosis and consumer testing has been carried out during period 
2 by several teams. It will be completed by the other teams in Year 3. This work provides 
other technological and sensory characteristics to complete the PP. The reports will be 
available in period 3 of the project.  

3. Draft product profiles were made available from July 2019 onwards and have been reviewed 
by the WP1 coordination team. The majority of product profiles and reports (as far as 
available) were submitted in November 2019. Some of the reports are partly completed, and 
complete reports will be submitted in period 3 of the project.  

4. WP1 coordination team and focal point has provided supports to many teams through 
missions, skype calls or emails. 

Recommendations for Period 2 
 Hereunder are listed the main recommendations from the Advisory Committee for Period 2 (cf. 

Recommendations for Period 2 and DR Review of annual report). Please inform how each one 
was taken into consideration to develop the Period 2 work plan and how activities performed by 
the WP teams succeeded in tackling these challenges. If NOT or NOT ENOUGH, please provide 
explanations. 
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Distribute time and means well to reach your demanding targets. How are these issues, especially 
of time and funding, going to be addressed? Is the scope of work too ambitious? 
 
Deadlines for completion of Activity 3 product profiles and reports were communicated as early as 
possible (e.g. at the annual project meeting in Abuja, March 2019). Draft Activity 3 product profiles, 
manual guidance on data analysis, reporting and summary, were made available from July 2019 
onwards. The majority of Activity 3 product profiles and reports (as far as available) were submitted 
in November 2019. Some of the reports are partly completed (e.g. market interviews have been 
missing), and complete reports will be submitted in period 3 of the project. Tasks were distributed 
between members of WP1 coordination teams to support the teams by reviewing the PP tables, full 
reports and summary, through skype calls and emails, but also on the implementation of fieldwork 
activities through missions, or skype call and/or emails. 
 
Are the trainings being offered in a way that promotes both men and women’s involvement and 
spread opportunities across institutions and countries? 
 
The trainings being offered emphasise the involvement of both men and women in the research. 
This applies to research respondents as well as opportunities at institutional level and in countries. 
 
Despite the serious effort to prepare guidance and disseminate it to all the teams in WP1, it seems 
that not all the teams were able to follow the guidance fully. How is the quality and outcome of training 
being monitored and assessed? 
 
The Activity 3 product profiles (PPs) and reports produced in period 2 of the project vary as far as 
quality is concerned.  
The Activity 3 product profiles have been reviewed when submitted to the WP1 coordination team, 
the same for the Activity 3 full reports. We will continue to review the other PP and full reports when 
they will be submitted. Support on the implementation of fieldwork activities for Activity 3 (Year 1) 4 
& 5 (Year 2) was provided through missions, or skype call and/or emails, to be sure that the team 
will obtain good quality data. Support on the development of questionnaire for Activity 5 has been 
provided to teams when required through missions, skype calls or emails, to be sure that the team 
will obtain good quality data. 
 
Will the SoK reports also be “living documents” in the same way as is proposed for the WP1 method 
guides? There seem to be a number of topics about which still need more work. 
 
SoK reports are only living documents up to a certain point. In most cases to carry out a full SoK is 
quite time consuming and the SoKs available as yet (December 2019) vary in quality. 
 
 
If it is too early to truly understand how well these mixed methods efforts are doing, what plans are 
in place to assess the socio-economic and qualitative data quality as the project moves forward? It 
would be a pity if this work were not taken forward and the various topics that call for further 
investigation were not followed up 
As yet (December 2019), the product profiles and reports are only partially available. For example, 
several of the exercises have been carried out in 2019 but reports will be available in 2020. As a 
result, it is too early to truly understand how well these mixed methods efforts are doing. 
 
It would be good to report if there are differences between perceptions and practice. 
 
As indicated, the product profiles (PP) and reports vary in quality. In sum, some teams have been 
able to spend more time on the task, and better carry out the fieldwork and data analysis and report 
the findings. In some cases, language barriers may have represented an extra burden to the teams. 
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Communication with the advisory board could also be strengthened. What is expected of advisory 
board members? 
 
Based on reports, communication notes, annual meeting notes, etc. it is expected that advisory 
board members provide advice.  

5.1.10 WP1 Coordination 

Cross Product Profile Scientific Interactions 
 Narrative on collaborations between WP partners (10-15 lines each) - Describe activity (ies) 

concerned & type of collaboration (methodology development, share of equipment & facilities, 
share of responsibilities on a specific activity). 

 
Bowen/NRCRI/IITA in Nigeria on Gari/Eba, Boiled & Pounded Yam: 
 
WP1 exchange of information and joint activities were carried out by Bowen, IITA, and NRCRI in 
Nigeria 
 
ENSAI & IITA in Cameroon on Gari: 
 
Joint undertaking of fieldwork activities by ENSAI & IITA in Cameroon in September 2019. In 
addition, CIRAD WP1 co-leader translated all the Activity 3 questionnaires in French to facilitate the 
fieldwork, provided advice on aspects of the fieldwork, reviewed the PP tables and give advice on 
report writing.  
 
Bioversity & NARL in Uganda on Matooke: 
 
Joint undertaking of fieldwork activities. Coordination during report writing. 
 
UAC-FSA & IITA in Benin on Boiled Yam & Boiled Cassava: 
 
Joint undertaking of fieldwork activities. Coordination during report writing.  
Support Strategy from WP1 Coordinators & Focal Points 
 Describe briefly how is organised the coordination of the WP and how are shared responsibilities 

between of co-leaders and focal points – Highlight Strengths and Complementarities  
 
The WP1 coordination team provided training on data analysis (e.g. as part of workshop in Abuja, 
March 2019), further field support missions (e.g. in September 2019), reviewing of the PP tables and 
guidance in the form of documents (e.g. on structuring the report, and summarising findings). 
 
In addition, email exchanges and skype calls between project partners are regularly held, with advice 
on the PP tables, the implementation of Activities 4 & 5, the development of questionnaire of Activity 
5...  
 
To note that Dr Lora Forsythe (NRI, University of Greenwich) went on maternity leave on August 
2019, and, due to additional workload as a result of another project, Dr Hale Tufan (Cornell 
University) was available until September 2019. 
 
 Narrative on support visits from WP1 coordinators & focal points to ensure a successful 

coordination of activities across countries and Product Profiles (mention team(s) & Product 
profiles concerned) (20-30 lines per support mission). 
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Box 1: Summary of lessons learnt from learning visits to NARL & CIP teams in Uganda for Activity 4 
& 5 on Matooke & Boiled Sweetpotato, facilitated by Geneviève Fliedel & Alexandre Bouniol 
(September, 2019)     
  
Please refer to the mission report : 
 
FLIEDEL G and Bouniol A. 2019. WP1 Support to Bioversity International team and CIP team for 
implementing Activity 4 “Processing diagnosis” and Activity 5 “Consumer testing” on Matooke in 
Luwero region and on Boiled Sweet Potatoes in Lira region, Uganda, 9-19 September 2019, 10 pp. 
 
Inputs for Coordination Team (to improve support) 
The establishment of a support mission requires prior work of exchange with the teams of the country  
concerned in order to i) define the objectives of the mission with the different participants, ii) integrate  
constraints into the organization specific to the crop and the field, iii) to set up the most efficient logist   
system possible, iv) to draw up the detailed mission program. 
 
Inputs for the NARL Team (to improve practice) 
Standardization of practices to collect data during Activity 4 Processing diagnosis and measure all 
the parameters 
Activity 3 PP tables reviewed  
Meeting before implementation of Activity 5 Consumer testing to precise the objectives, the sampling, 
the choice of JAR descriptors and CATA terms 
Improvement of the questionnaire for Activity 5 Consumer testing 
Training on the randomization method  
Good practices to improve the way for interviewing consumers in Activity 5. 
Harmonization of practices to invite consumers to taste each product one after the other, and give 
their opinion.  
 
Inputs for the CIP Team (to improve practice) 
. Standardization of practices to collect data during Activity 4 Processing diagnosis and measure all 
the parameters 
. Conduct Activity 4 in villages where Orange Sweet Potatoes are not in experiment. If not, difficulty 
to collect opinion on the population’s preferences and habits that will be representative of the 
population in the region before the introduction of these new genotypes.  
. Activity 3 PP tables reviewed 
. Meeting before implementation of Activity 5 Consumer testing to precise the objectives, the 
sampling, the choice of JAR descriptors and CATA terms 
. Improvement of the questionnaire for Activity 5 Consumer testing : 
Avoid to use CATA tables from another previous study, but use the data collected during their Activity 
3 & 4 to build a specific CATA table for that RTBfoods study and their specific Product Profile. 
Choose well balanced terms in the CATA table, between good and bad quality characteristics, and 
describing all of the sensory descriptors that will be useful for WP2. 
. Training on the randomization method  
. Good practices to improve the way for interviewing consumers in Activity 5. Harmonization of 
practices to invite consumers to taste each product one after the other, and give their opinion. 
Preparation and cooking of samples done in a place different from where the consumer test will be 
carried out. 
All of these advices were proposed to avoid biases and improve the results. 
 
 Pinpoint gaps observed & challenges faced in the coordination of the WP & Identify risk mitigation 

strategies to tackle these challenges & solve these problems (50-60 lines). 
 
WP1 coordination team provided support to facilitate the implementation of Activities 4 & 5. 
Advice was proposed to avoid biases and improve the quality of data collected. 
For instance, for CIP team, several challenges were faced by: 

- Conducting Activity 4 in villages where Orange Sweet Potatoes are not in experiment. If not, 
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it will be difficult to collect opinion on the population’s preferences and habits that will be 
representative of the population in the region before the introduction of these new genotypes.  

- Preparing and cooking the samples in a place different from where the consumer test will be 
carried out. 

- Avoid to use CATA tables from another previous study, but use the data collected during their 
Activity 3 & 4 to build a specific CATA table for that RTBfoods study and their specific Product 
Profile. 

- Choose well balanced terms in the CATA table, between good and bad quality 
characteristics, and describing all of the sensory descriptors that will be useful for WP2. 

5.1.11 Interaction Mechanisms between WPs 

Deciphering of WP1 findings for WP2 Biophysical Analyses 
 How will information from WP1 feed into the development of Product Profiles? 
 
Information is being summarised into one product profile (summary of 2 gender (female and male) 
tables, and  
2 regional tables) in communication with WP2 coordinators.  
After building PP from Activity 3, WP1 coordination team will propose a template to complete the PP 
by including Activity 4 & 5 data when available in Year 3.  
With the Activity 3 PP tables, WP2 has enough information to start to identify simple physico-
chemical components useful for WP3 and WP4. They will be able to use the supplement information 
provided by Activity 4 & 5 later. 
 
 
Monthly skype calls are being organised by the PMU between coordinators of work packages. 
 
Meetings between WP1 and WP2 teams are encouraged on a team by team basis. 
 
 How will the information from WP1 be transferred to WP2 counterparts? Detail the process to be 

implemented, diversity of backgrounds to be involved and expected roles of WP1 & WP2 partners. 
Provide details on how the characteristics will be prioritized for each product profile.   

 
The following activities are being carried out or planned: 
 

o Regular interaction between members of WP1 and WP2 coordination teams ; 
o Break-out sessions are planned to take place between WP1 and other WPs at the annual 

meeting (Kampala, Uganda, February 2020).  
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 Fill-in the table below with a brief description or bullet-point lists of interactions with other WPs (successful ones & gaps) and propositions for risk 
mitigation 
 

 Successful Interactions/ Coordination with 
other WPs (specific actions concerned, 
frequency, tool sharing) 

Gaps in Interactions/Coordination with other WPs: 
What is needed from other WPs ?  

(NR = not relevant) 

Risk mitigation : How to Improve (specific 
actions to be taken, frequency, tool sharing?) 

WP2 ● Interaction with WP2 coordination team 
members to develop product profiles that 
can easily be used by plant breeders.  

● The interaction may miss some members of the 
coordination team if they are not available on a 
regular basis. 

 

 

 Annual meeting (e.g. Kampala, Feb 2020) 
and break-out sessions are important to 
mitigate risks and fill gaps in terms of sharing 
of information, tools, etc). 

 

WP3   ● Annual meeting (e.g. Kampala, Feb 2020) 
and break-out sessions are important to 
mitigate risks and fill gaps in terms of sharing 
of information, tools, etc). 

WP4 ● Interaction with WP4 leader in Montpellier 
on relationships between varieties and 
quality characteristics that can be useful 
used for plant breeders.  

 ● Annual meeting (e.g. Kampala, Feb 2020) 
and break-out sessions are important to 
mitigate risks and fill gaps in terms of sharing 
of information, tools, etc). 

WP5   ● Annual meeting (e.g. Kampala, Feb 2020) 
and break-out sessions are important to 
mitigate risks and fill gaps in terms of sharing 
of information, tools, etc). 

WP6/
PMU 

● Monthly skype calls. 

● Email exchange. 

● Access to project platform and stored 
documents. 

●  ● Annual meeting (e.g. Kampala, Feb 2020) 
and break-out sessions are important to 
mitigate risks and fill gaps in terms of sharing 
of information, tools, etc). 
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5.1.12 Complementarity with other Projects or Breeding Programs on 
RTB crops  

 Narrative on Activities performed in complementarity with other projects or breeding programs 
from national partners (e.g. NextGen, AfricaYam, SASHA/SweetGAINS, CRP RTB, BBB, 
HarvestPlus). Describe type of complementarity (students, equipment share, facilities, 
participation of WP coordinators in partner projects, events or initiatives on RTB crops). 

 
There is complementarity between RTBfoods and other projects or breeding programs: 

- For cassava, the RTBfoods project draws on NextGen activities and support in Nigeria and 
Uganda ; 

- For yam, the RTBfoods project draws on AfricaYam ; 
- For sweet potato, the RTBfoods project draws on SASHA and SweetGAINS ; 
- For matooke, the RTBfoods project draws on BBB in Uganda ; 
- Programs related to plantain in Nigeria and Cameroon are supported by CRP RTB (to be 

confirmed). 

5.1.13 Conclusion & Perspectives 

WP1 Progress & Key Achievements in Period 2 
 Synthesis on Key Achievements at WP level in Period 2 & Level of Progress toward the 

completion of WP overall objectives in RTBfoods framework (20-30 lines). 
 
In all, product profiles (PP) involving activity 3 of WP1 have been completed in the majority of cases, 
although the format in which the results have been presented varies.  
 
The table below summarises the availability (as at December 2019) of product profiles and reports 
produced as part of RTBfoods WP1. 
 

o 6 product profiles have been completed,  
o 5 product profiles have been drafted and commented on and finalised product profiles are 

being awaited (including 2 product profiles which need to be summarised taking into account 
findings from the original 4 tables based on gender and regions),  

o 2 product profiles have been drafted but not reviewed,  
o 1 product has been produced but in a format for another project, 
o 4 product profiles will be produced in year 3 of project (activities started in phase 2). 

 
As for activity 3 reports: 

o 4 have been completed, 
o 2 have been drafted, and need finalisation, 
o 1 has been produced but is incomplete (market section is missing), 
o 1 has been produced but is in format for another project, 
o 8 reports will be submitted in year 2 of project. 

 
It is understood that product profiles and reports produced across products will require combining. 
 
As of December 2019, reports on activities 4 and 5 have been produced for boiled yam in Benin. 
The remaining reports will be produced in year 3 of project. 
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RTBfoods WP1, Yr 2 Summary – Availability of Documents, December 2019 

 
# 

Teams / Products Activity 3 
PP 

Activity 3 
Report 

Activity 4 
Report 

Activity 5 
Report 

1 Benin – Boiled yam, FSA/IITA X X X, draft X, draft 
2 Cameroun – Gari, ENSAI/IITA X X Yr3 Yr3 
3 Cameroon – Boiled Plantain, 

CARBAP X X  
X, draft 

 
Year 3 

4 Côte d’Ivoire – Attiéké, CNRA X X, draft Yr3 Yr3 
5 Nigeria – Fufu, NRCRI X X, draft Field 

work Field work 

6 Nigeria – Gari/Eba, NRCRI X X, draft Field 
work Field work 

7 Nigeria – Boiled yam, NRCRI X, draft not 
reviewed    

8 Nigeria – Pounded yam, NRCRI X, draft not 
reviewed    

9 Nigeria – Pounded yam, Bowen X, draft    
10 Nigeria – Gari, IITA X, draft    
11 Uganda – Boiled cassava, 

NaCRRI X, draft    

12 Uganda – Boiled Sweet Potato, 
CIP 

X, to be 
summarised X Field 

work Field work 

13 Uganda – Boiled Potato, CIP X, different 
Format Yr3 Yr3 

14 Uganda – Matooke, 
NARL/Bioversity X, summary 

tables to be 
combined 

X 
Marketing 
section in 
Yr3 

Field 
work Field work 

15 Benin – Boiled cassava, FSA/IITA Fieldwork 
done Yr3 Yr3 Yr3 

16 Nigeria/Ghana – Fried Sweet 
Potato, CIP/local partners Yr3 Yr3 Yr3 Yr3 

17 Nigeria – Fried plantain, IITA SoK completed in Nov 
2019   

18 Nigeria – Boiled Yam, IITA Year 3 Year 3 Year 3 
19 Nigeria – Pounded Yam, IITA Year 3 Year 3 Year 3 

Perspectives for Period 3 
 Identify major Next Steps to reach at WP level in Period 3 & Priority Activities to be performed to 

do so, all product Profiles concerned – Draft Period 3 WP Roadmap (20-30 lines). 
The following activities are planned for Period 3 by WP1: 

- Completion of Activity 3 product profiles (PP) and reports (above table refers). This will 
require email communication and skype calls.  

- Information exchange at annual project meeting (e.g. between different research teams and 
with other work packages). 

- Support missions to specific countries (e.g. Côte d’Ivoire, Cameroon) to provide support 
related to activities 4 and 5 

- Implementation of Activities 4 & 5 and reporting for all the teams 
- Building a complete PP including Activities 3 & 4 & 5 
- Hand-over of WP1 data to WP2 and WP4  
- Production of methodology paper is planned in International Journal on Food Science and 

Technology (IJFST).  
- Coordination with other teams producing papers on RTBfoods survey findings will be 

required. 
- Contribution to WP5. 
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5.2 Annex 2: WP2 Scientific Progress Report for 
Period 2 

Scientific Achievements, Key Research Findings & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
MAZIYA-Dixon Busie, IITA 
MESTRES Christian, CIRAD 
BUGAUD Christophe, CIRAD 
DAHDOUH Layal, CIRAD 
MBEGUIE-A-MBEGUIE Didier, CIRAD 
TRAN Thierry, CIAT/CIRAD 
 
Collaborator(s): 
Noel Akissoe, UAC-FSA, Benin 
Bolanle Otegbayo, Bowen University, Nigeria 
Robert Kawuki, NaCRRi, Uganda  
Busie Maziya-Dixon, IITA, Nigeria 
Ugo Chijioke, NRCRI, Nigeria 
Gérard Ngoh, CARBAP, Cameroon 
Kephas Nowakunda, NARL, Uganda  
Robert Mwanga, CIP, Uganda & Kenya 
Jan Low, CIP, Kenya  
Thiago Mendes, CIP, Kenya 
 
WP coordinators (NAME First name, email, Skype ID, Country):   
MAZIYA-DIXON Busie, B.Maziya-Dixon@cgiar.org, Skype b.maziya-dixon, IITA, Nigeria 
MESTRES Christian, christian.mestres@cirad.fr Skype christian.mestres, CIRAD, France  
TRAN Thierry, thierry.tran@cgiar.org Skype Thierry Tran, CIAT, Colombia 
 
Thematic Focal Points:  
SOPs Processing & Cooking Patterns: MESTRES Christian & TRAN Thierry 
SOPs Biochemical Composition: MESTRES Christian; Ring Tests: TRAN Thierry, 
Proofs of Concept Starch & Parietal Compounds: MESTRES Christian 
Proofs of Concept & SOPs Texture: DAHDOUH Layal 
SOPs Sensory: BUGAUD Christophe 
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5.2.1 Product Profiles & WP2 Teams across Countries 

Crop Product 
Profile 

Product 
Champion 

Partner Institutes 
responsible for WP2 
activities  

Institute Focal 
Point 

WP2 Team Composition  

Product Profile WP2 
Correspondent 

Names of Operational Staff for 
WP2 Analyses & Data 
Management 

Cassava PP1- Boiled 
Cassava 

Robert Kawuki 
(NaCRRi-
Uganda) 

NaCRRI-Uganda 
[+ NARL for Sensory 
Analyses] 

Robert Kawuki 
 

Ephraim Nuwamanya Ephraim Nuwamanya 

UAC-FSA Noel Akissoe  Noel Akissoe Laurent Adinsi, Laurenda Honfozo 
CIAT-Colombia Thierry Tran  Thierry Tran  John Belalcazar, Larry Moreno, 

Maria Alejandra Ospina, Andrés 
Escobar, William Trivino 

CIRAD-Montpellier Dominique Dufour  Christian Mestres Layal Dahdouh, Julien Ricci, 
Christian Mestres, Léa Ollier 

PP2- Gari, 
Eba, Attiéké 

Busie Maziya-
Dixon  
(IITA-Nigeria) 

IITA-Nigeria [Gari/Eba]  Busie Maziya-Dixon Busie Maziya-Dixon Emmanuel Alamu, Michael 
Adesokan, 

NRCRI-Nigeria [Gari/Eba] Ugo Chijioke Ugo Chijioke Miriam Ofoeze 

CNRA-Côte d’Ivoire 
[Attiéké] 

Amani Kouakou  Catherine Ebah Sylvie N’Nan Diby 

PP3- Fufu Ugo Chijioke 
(NRCRI-Nigeria) 

NRCRI-Nigeria Ugo Chijioke Ugo Chijioke Miriam Ofoeze 
CIRAD Dominique Dufour Dominique Dufour Didier Mbéguié-A-Mbéguié 

Cooking 
Banana 

PP4- Boiled 
Plantain 

Gérard Ngoh 
(CARBAP-
Cameroon) 

CARBAP-Cameroon Gérard Ngoh Gérard Ngoh Cedric Kendine 

INRA-Avignon Agnès Rolland-
Sabaté 

PhD Student  

CNRA-Côte d’Ivoire Amani Kouakou  Catherine Ebah Sylvie N’Nan Diby 

PP5- 
Matooke 

Kephas 
Nowakunda 
(NARL-Uganda) 

NARL-Uganda Kephas 
Nowakunda  

Kephas Nowakunda 
(NARL) 

Moses Matovu, Elizabeth Khakasa 

PP6- Fried 
Plantain 

Delphine Amah  
(IITA-Nigeria) 

IITA-Nigeria Busie Maziya-Dixon - 
 

- 
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Crop Product 
Profile 

Product 
Champion 

Partner Institutes 
responsible for WP2 
activities  

Institute Focal 
Point WP2 Team Composition  

Product Profile WP2 
Correspondent 

Names of Operational Staff for 
WP2 Analyses & Data 
Management 

Sweetpotato PP7- Boiled 
Sweetpotato 

Robert Mwanga  
(CIP-Uganda) 

CIP-Uganda & Kenya 
[+ NARL for Sensory 
Analyses] 

Jolien Swanckaert  
 

Tawanda Muzhingi Mariam Nakitto, Linly Banda 

CIP-Peru Gabriela Burgos Eduardo Porras  
JHI Mark Taylor  Mark Taylor  

  CIRAD Dominique Dufour  Christian Mestres Christian Mestres, Léa Ollier 
PP8- Fried 
Sweetpotato 

Jan Low  
(CIP-Kenya) 

CIP-Ghana Jolien Swanckaert 
(Uganda) 

Eric Dery-Kuuna  

CNRA-Côte d’Ivoire Amani Kouakou  Catherine Ebah Sylvie N’Nan Diby 
Yam PP9- Boiled 

Yam 
Noel Akissoe  
(UAC-FSA-Benin) 

UAC-FSA Noel Akissoe  Noel Akissoe Laurent Adinsi, Laurenda Honfozo 
NRCRI-Nigeria  Ugo Chijioke Ugo Chijioke Miriam Ofoeze 
CNRA-Côte d’Ivoire Amani Kouakou  Catherine Ebah Sylvie N’Nan Diby 

INRA-Avignon Agnès Rolland-
Sabaté 

Agnès Rolland-Sabaté  

INRA-Guadeloupe 
(budgeted under WP3) 

Agnès Rolland-
Sabaté 

Lucienne Desfontaines 
 

Dominique Rinaldo 

CIRAD-Montpellier Dominique Dufour  Christian Mestres Christian Mestres, Layal Dahdouh, 
Julien Ricci, Léa Ollier 

PP10- 
Pounded 
Yam 

Bolanle Otegbayo 
(Bowen 
University-
Nigeria) 

Bowen University-Nigeria Bolanle Otegbayo Bolanle Otegbayo Olayinka Oroniran 
NRCRI-Nigeria  Ugo Chijioke Ugo Chijioke Miriam Ofoeze 
CNRA-Côte d’Ivoire Amani Kouakou  Catherine Ebah Sylvie N’Nan Diby 

Potato PP11- 
Boiled 
Potato 

Thiago Mendes 
(CIP-Kenya) 

CIP-Uganda 
[+ NARL for Sensory 
Analyses] 

Jolien Swanckaert 
 

 Mariam Nakitto, Linly Banda 

CIP-Peru Gabriela Burgos Eduardo Porras 
JHI-UK (?) Mark Taylor Mark Taylor  
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5.2.2 WP2 Summary Narrative  

Tell us the progress of your WP in Period 2 (Dec. 2018 to Dec 2019) focusing on main Activities & 
Achievements for each Output contributed to – Do not forget to systematically refer to product 
profiles concerned. (NB: This section will be copied & pasted as is in the body of the RTBfoods 
Annual Report for Period 2) (1-2 pages). 

Activities performed in Period 2 within RTBfoods WP2 are contributing to 4 project Outputs:  

• Output 1.2.2: RTB product profiles informed with trait dissection knowledge for 5 RTB crops 
and 11 RTB food/processed products; 

• Output 1.3.1: High quality SOPs to characterize and understand key users' preferred quality 
traits developed; 

• Output 1.3.2: Standardized ontology established for major quality traits for 11 RTB 
food/processed products with objective goal defined for each attribute; 

• Output 1.5.2: RTB physico-chemical databases developed / enriched for users' preferred 
quality traits with quantitative data on 5 RTB crops and 11 RTB food/processed products. 

 
For Period 2 activities under WP 2 involved defining standard SOPs on biophysical analyses and 
samples preparation; Acquiring equipment, in particular, texture analyzer; conducted training on 
Sensory analysis and Texture analysis. Also, production of first complete datasets on sensory and 
textural analyses by taking advantage of harvests by WP4 and breeding projects during the period 
two and Promising intermediate results ("learning curve") especially the proof of concepts.  During 
this period, there are many SOPs developed, finalized and approved by the reviewers which include, 
viz:(i) SOPs for Biochemical analyses on RTB crops and products( boiled cassava, boiled matooke, 
boiled sweet potato, boiled yam, boiled plantain /banana and pounded yam)  for were finalized and 
approved by the reviewers; (ii) SOPs for Textural Characterization of RTB products (Boiled Cassava 
(extrusion), Boiled Matooke (double compression), Boiled Sweetpotato (extrusion), Boiled 
Sweetpotato and Boiled Matooke. Product preparation SOPs were also developed and revised for 
boiled cassava, boiled sweet potato, boiled yam matooke. In addition to the planned SOP, a SOP 
for total polyphenols has been drafted and two SOPs were developed in partnership with WP3 for 
the sampling, codification and NIRS acquisition.  A total of 3 support missions (FSA-UAC, Benin on 
Boiled Cassava, NARL, Uganda on Boiled Cassava and NARL, Uganda on Matooke) were provided 
in collaboration with CIRAD texture team to provide specific support to partners on the pieces of 
training on sensory and texture analyses. The Sensory analysis panels were established by all 
project partners (Bowen, NRCRI, NACRRI, UAC-FSA, CNRA, CARBAP) in Uganda, Nigeria Benin, 
Cameroun, Ivory coast during period 2. 

Most Institutions (Bowen, IITA, NRCRI, NACRRI, UAC-FSA, CNRA, CARBAP, INRA Guadeloupe) 
recruited their panellists, conducted basic training, Standardized the processing protocols and 
Trained panellists on descriptive sensory evaluation. However, the only sensory evaluation that was 
done was on Matooke. Many Proofs of concepts were carried out that involved Identification of 
instrumental indicators of the texture of boiled plantain: Identification of reliable instrumental 
indicators of the texture of boiled plantain, regardless of the stage of ripening. The datasets to 
understand processing/cooking ability of RTB Crops were generated. Various texture behaviours 
identified after boiling cassava for 20mins. Texture parameters (hardness at 20’) correlate with 
optimum cooking time. Dry matter / Starch content does not correlate with optimum cooking time 
and this showed that other components (CWM) are at play even though they are present in much 
smaller quantities than starch. Other promising results that we generated in this period include Water 
absorption during boiling cassava) and excellent cooking genotypes absorb water faster and in more 
significant amounts than adverse cooking genotypes. However, there was a correlation between 
water absorption and optimum cooking time was identified (R2 = 0.47) and needed to be confirmed 
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after more data collection. Besides, we conducted preliminary tests of Hyperspectral (HS) cameras 
and obtained promising results on the distribution of water and other components. 

Consequently, an HS camera was purchased and is now available at CIRAD for characterization of 
RTB products. JHI developed a method for cell wall composition analysis from sweetpotato roots as 
part of a training visit. CIAT fine-tuned the method for extraction of cell wall materials. There was a 
slight correlation (R2 = 0.4) between CWM extraction yield (an indicator of the CWM content in fresh 
roots) and MIRS of the CWM extracts was identified. This confirmed the potential of MIRS to predict 
traits related to cell Wall materials (CWM).  Rheology tests were performed on Matooke and boiled 
cassava using a portable rheometer. Preliminary results obtained during the training support showed 
that sensory attributes are more correlated with rheology parameters than instrumental texture 
parameters. Hundreds of samples were analysed for selected traits (Dry matter, Starch content, 
Sugars content, Amylose content and polyphenols content) of RTB crops and products to generate 
reference values that were transferred to WP3 for calibration developments and the data were added 
into RTB Physico-chemical databases of RTB crops and products. 

5.2.3 WP2 Achievements & Contribution to Output 1.2.2, Output 
1.3.1, Output 1.3.2 & Output 1.5.2 

Fill-in the table below to provide an update on the progress made in achieving project in Period 2 – 
Information provided in this table will be used to update the RTBfoods Results-Tracker. 

Output Period 2 
Targets/Milestones 
mentioned in RTBfoods 
Project Results-Tracker  

Achieved in Period 2 Variance & Explanation 

1.2.2 5 quality traits –either 
compositional on fresh 
crops or functional traits 
on processed products- 
characterized to inform 
food product profiles 

Quality traits related to 
processing /cooking ability of the 
product profile included; dry 
matter content, starch, cell wall 
materials, cooking time and 
textural properties. Others are 
Water Absorption capacity and 
retting capacity. 

Preliminary data have been 
obtained for the various 
quality traits as a learning 
curve for each partner. 

 

1.3.1 SOPs developed for RTB 
crops and products 

SOPs were developed during the 
reporting period as follows: 
o Dry matter ( Oven drying) 
o Starch-2SOPs,  
o sugars -2 SOPs (acid 

hydrolysis and enzymatic 
hydrolysis) 

o Sugar content: colorimetry 
and HPLC) 

o Amylose-2 SOPs. :(iodine 
colorimetry and DSC) 

SOPs are developed to 
harmonize procedures 
amongst partners. Ring test 
was organized to calibrate 
individual laboratories. 
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Output Period 2 
Targets/Milestones 
mentioned in RTBfoods 
Project Results-Tracker  

Achieved in Period 2 Variance & Explanation 

1.3.2 11 quality traits for RTB 
processed products (i.e. 
functional traits) defined 
with lexicon and objective 
attribute goals (with 
sensory panel) 

Functional traits and descriptors 
generated from preliminary 
textural analysis are; Quality 
traits for processing/cooking 
abilities of RTBfoods products 
are dry matter, starch, amylose, 
cooking time, cell wall materials 
and pectin. 

Proof of concepts are being 
developed for certain traits 
like  

1.5.2 5 quality traits for which 
quantitative information is 
available in a database 
(either compositional on 
fresh crops or functional 
traits on processed 
products) 

Preliminary data set are 
uploaded on the RTBfoods 
database for dry matter, starch, 
cooking time and functional traits 

None 

 

Please complete the list of Deliverables to be submitted in Period 2 & Responsible Persons, in the 
table hereunder. The draft list hereunder has been consolidated by Eglantine based work plans for 
Period 2: Deliverable Titles as well as Responsible Persons may be changed. 

Activities performed under 
1.2.2, 1.3.1, 1.3.2 & 1.5.2 

Deliverables Expected for Submission in Period 2 (Responsible Pe  
 

 
Biophysical Characterization 
of RTB varieties 
 
Linking sensory 
descriptors/quality traits of 
RTB food products & 
instrumental (biochemical & 
physical) characterization of 
raw RTB crops 
 

Reports of Support Missions:  
Texture Analysis on Boiled Cassava in Benin, June 2018  
Texture Analysis on Boiled Cassava in Uganda, July 2019  
Texture Analysis on Matooke in Uganda, September 2019  
Sensory Profiling on Matooke products in Uganda, September 
2019  

(Intermediate Results disaggregated by type of analysis & RTB 
product are reported in the WP2 Scientific Progress Report for Period 
2) 
 
Proofs of concepts to understand Processing/Cooking Ability: (NB: 
most of these proofs of concept are reported in this WP2 Scientific 
Progress Report for Period 2): 

For Texture/Cooking Properties correlations (reported in this WP2 
Scientific Progress Report for Period 2) 
Role of Starch on Cooking Pattern of Yam - intermediate report 
(reported in this WP2 Scientific Progress Report for Period 2) 
Role of Cell Wall Material (PME and b-amylase) on Cooking 
Pattern of Sweetpotato - intermediate report (reported in this WP2 
Scientific Progress Report for Period 2) 
Role of Cell Wall on Cooking pattern of Cassava (reported in this 
WP2 Scientific Progress Report for Period 2) 
Proof of Concept on the Role of Cell Wall Material (Pectin 
Structure) on Cooking Pattern of Yam - intermediate report  
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Activities performed under 
1.2.2, 1.3.1, 1.3.2 & 1.5.2 

Deliverables Expected for Submission in Period 2 (Responsible Pe  
 

Writing of laboratory based 
peer reviewed Standardized 
Operating Procedures for 
biochemical, physical and 
sensory characterization of 
RTB crops & products 
including proofs of concept to 
discriminate genotypes 
based on their cooking 
pattern 
 
Writing of laboratory based 
Standardized Operating 
Procedures for sampling and 
codification prior to analyses 
 
Writing of laboratory-based 
peer reviewed Standardized 
Operating Procedures for 
Cooking/Preparation Process 
of RTB products 
 
Ring tests to disseminate 
SOPs and Good Laboratory 
Practices 

SOPs for sampling & codification of RTB crops for analyses on raw 
material (i.e. biochemical & NIRS analyses): 

Sampling & Codification on raw Cassava Roots  
Sampling & Codification on raw Yam Tuber 

 
SOPs for Drying of fresh cassava flour and starch, and starch 
extraction (prior to biochemical & NIRS analyses) have been done.  

Drying of Fresh Cassava [flour and starch] & Starch Extraction. 
 
SOPs for biochemical analyses on RTB crops: 

Dry matter  
Starch & Sugars (Acid hydrolysis)  
Sugars (HPLC)  
Amylose (DSC)  

 
SOPs for textural analyses on RTB products (Incl. Table of sensory 
descriptors generated with sensory panels): 

on Boiled Cassava (extrusion)   
on Boiled Matooke (double compression)  
on Boiled Sweetpotato (extrusion)  
 

SOPs for sensory analyses on RTB products (sample presentation & 
service): 

On Boiled Matooke (E. Khakasa)  
On Boiled Sweetpotato (M.  Nakitto) 
 

Ring Tests databases for a set of analyses on stabilized samples (no 
deliverables in Period 2 but the Database template for ring tests across 
laboratories has been developed)  
 

Sensory profiling of RTB 
varieties 

(Preliminary Results disaggregated by RTB product are reported in 
this WP2 Scientific Progress Report for Period 2 + Assessment 
spreadsheets on panel performance attached) 

 
Activities performed under 
1.2.2, 1.3.1, 1.3.2 & 1.5.2 

Deliverables Expected for Submission in Period 2 (Responsible Pe  
 

Development of quantitative 
database for a selected 
group of prioritized quality 
traits to be utilized by WP3 
for NIRS calibration and 
other high-throughput 
methods 

Quantitative databases for a selected group of prioritized quality traits 
of RTB crops and products 

 

5.2.4 Satellite Workshop in Abuja, 19 & 20 March 2019  

The WP2 satellite workshop was held on Tuesday 19 and Wednesday 20 March 2019 in Abuja, 
before the RTBfoods Annual meeting. All the institutes involved in RTBfoods WP2 were represented, 
with a total of 26 participants. The objectives of the workshop were as follows: 

1. Biophysical analyses: 
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a. Review the biophysical analyses necessary to characterize the various RTB product 
profiles of RTBfoods. 

b. Review the capacity of the WP2 partner laboratories to conduct these biophysical 
analyses and establish an inventory of where each analysis can be conducted. 

c. Identify priority analyses that are common to most product profiles, or that are critical 
to characterize a specific product profile. 

d. Strategy to harmonize the protocols between WP2 partner laboratories.  
 

2. Sensory analyses: 
a. Review of the key steps to conduct sensory analyses of RTB product profiles, 

including recruitment and training of panelists, standardized protocol for preparation 
of food samples, generation of descriptors, descriptive sensory tests. 

b. Strategy to implement sensory analysis panels by RTBfoods WP2 partners during 
Period 2. 

 
 Training outputs & Decisions taken during the training for actions to be implemented during Period 2. 
 
For biophysical analyses, four common priority analyses were identified: Dry matter, Starch 
content, Sugars content, Amylose content. Different procedures are in use by different RTBfoods 
partners, in some cases due to external constraints, e.g. frequent power cuts limit the drying 
temperature for dry matter to 60°C instead of the recommended 105°C. The partners agreed to 
develop standard operation procedures (SOPs) to harmonize these four priority biophysical analyses 
between RTBfoods laboratories, as follows: 

o Dry matter : One SOP 
o Starch content: Two SOPs (acid hydrolysis and enzymatic hydrolysis) 
o Sugar content: Two SOPs (phenol colorimetry and HPLC) 
o Amylose: Two SOPs (iodine colorimetry and DSC) 

For starch content, sugar content and amylose, developing two SOPs was necessary because not 
all partners are able to implement the same procedure, due to availability of equipment. 
Two specific analyses were identified, critical for the characterization of some product profiles: 
Cooking time (for boiled product profiles) and Texture. The partners agreed to develop 
corresponding “prototype” SOPs for Boiled cassava, Boiled sweet potato and Matooke. That first 
experience is to be shared at the end of Period 2, to decide on developing further SOPs on texture 
& cooking time in Period 3. 
For sensory analyses, partners were grouped by regional areas (Uganda, West Africa), and 
trainings were planned in each region, by CIRAD (Uganda) and Bowen University (West Africa). 
Partners also agreed on developing SOPs for sensory analyses of priority product profiles (matooke 
and boiled Sweetpotato). 
The decisions taken during the WP2 satellite meeting, as summarized above, were taken in common 
with inputs from the different WP2 partners. WP2 coordinators then implemented these decisions 
during Period 2. 
The minutes and documents produced during the WP2 satellite meeting are available on the 
RTBfoods platform in WP2 > Annual Meeting 1 Abuja 2019 > WP2-Lab manager Workshop. 
 

General presentation 
Activities of WP2 were initially planned within 4 sections: 1. Laboratory-based sensory panel, 2. 
Traits dissection for identifying biophysical traits, 3. Developing SMART laboratory processing and 
evaluation, and 4. Development and implementation of robust and relevant biophysical methods. 
Laboratory processing, sensory evaluation and texture measurement are interconnected and hardly 
separated; ideally, laboratory processing is indeed the same before sensory evaluation and texture 
measurement. SOPs for laboratory processing have been developed that can be coupled with 
sensory evaluation (for example, Matooke in NARL, boiled sweet potato in CIP and gari/Eba in IITA) 
and/or texture analysis (for example, boiled cassava in CIAT). Sensory analysis results are thus 
been displayed separately in section 1, but texture results will appear in the section 3. Section 4 
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present two sub-sections: SOPs development for routine analyses, already used by several partners 
of the project and planned during the Abuja meeting, and ring tests, and Section 3 present several 
proofs of concepts of candidate new biophysical analyses. In addition, sampling strategy and data 
management appear to be critical points of the project and have been developed in Section 5. 

Section 1. Sensory Analyses  
Development of SOPs for Sensory Characterization of RTB Products  

In Uganda, the goal is to have a single site (NARL) and a common panel to conduct sensory analysis 
for all partners (NARL, NACCRI, CIP) and products from this country (see the advisory committee 
recommendations). As a jury was quickly recruited (May-June 2019), and Matooke's preparation 
was almost standardized, it was obvious to support this product. 
SOP for Sensory Analysis of Matooke  
The SOP for Sensory Analysis of Matooke is validated and available on RTBfoods platform 
(“SOP_Sensory_EN_Matooke_V3.doc”). It was decided to include in this SOP the preparation of the 
Matooke which is the same as for the texture SOP (WP2-Figure 1).  
Consultations with the WP1 focal point for Matooke preparation indicated that Matooke preparation 
for the traditional processors is much longer (minimum 4 hours of cooking compared to 2 hours in 
NARL). However, it is not conceivable to respect these cooking times in WP2 from an organizational 
point of view.  
Preliminary tests have shown the importance of well controlling the mashing time of the products. It 
must be identical for all products to avoid introducing bias related to the preparation. 

 

 
WP2-Figure 1. Wrapping banana fingers in leaves 

 
Preliminary tests conducted at CIRAD have shown the importance of well controlling the temperature 
of product for assessing texture attributes. Precautions were taken so that the tasters can taste all 
products at the same temperature (75°C) measured in the core of a reference product. For 
descriptors less affected by temperature (appearance, taste), they were evaluated either before or 
after.  
 
SOP for Sensory Analysis of Boiled Sweetpotato (Resp.: M. Nakitto) 
The writing of the SOP for Sensory Analysis of Sweet Potato is validated (“SOP_for 
Sensory_of_Boiled Sweetpotato_V3.doc”) (WP2-Figure 2).  
After discussions between CIRAD and CIP, it was finally decided to carry out sensory evaluations 
on the products at room temperature, because the instrumental analysis of the texture is done at 
room temperature.  
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WP2- Figure 2. Cutting RTB samples for boiling before sensory analysis 
 
Sensory Profiles of RTB products & Preliminary Results in Correlating Sensory Descriptors with 
Instrumental Measurements 
 
14 attributes were generated by the panel in 2 sessions: 2 for appearance, 6 for texture (3 evaluated 
in mouth and 3 by touch), 2 tastes, one impression and 3 aromas. Their definition and how to 
measure them are given in the deliverable (“SOP_Sensory_EN_Matooke_V3.doc”). 12 attributes are 
scored on a 0-10 scale and 2 (aromas) in presence /absence. 
The panel performances were assessed according to the report “RTBfoods_F.2.2_2018.pdf” (WP2-
Figure 3-4):  

• one session to explain and discuss how to use the scale in accordance with all the panellists  
• 2 sessions to evaluate the repeatability of panellists and agreement with panel from 4 

contrasted varieties. 
 
A                                                                 B                                                                  C 

WP2-Figure 3. A) thermometer inserted in matooke to monitor temperature. B) Monitoring 
matooke temperature before signalling panellists. C) Serving of Matooke samples on coded 
plates 
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WP2- Figure 4: Panellists assessing samples in the sensory booths 

 
The results on performances were discussed with each panellist. 
40 samples, from 33 varieties, were assessed. In each session, one sample was replicated, which 
allowed us to evaluate the repeatability of the panel during the sessions. The raw data is being 
recorded.  
During support mission on September, Julien Ricci brought a rheometer to assess rheological 
parameters. It was then possible to establish correlations between texture attributes and instrumental 
parameters (textural and rheological parameters) on a dozen of samples used for assessment of the 
panel performance (WP2-Figure 5). It was observed that rheological parameters were better to 
predict texture attributes than textural parameters (compression) (see support mission 
RTBfoods_NARL sensory SUPPORT MISSION_201909.docx). 
 

 
WP2- Figure 5: ACP of sensory panel results, texture and rheology measurments 

 
As part of another project, Suzanne Johanningsmeier (United States Department of Agriculture, 
North Carolina) came to support the CIP team on sweet potato for one week to generate vocabulary, 
train the panelists and standardize the sample preparation. We discussed about the protocol in 
accordance with the report “RTBfoods_F.2.2_2018.pdf”. Finally, only the vocabulary was generated. 

Yellow
Homogeneity of 

colour

Firmness M

Moisture M

Smoothness M

hardness T

Moldability T

Stickiness T

hardness Inst
Cohesiveness

adhesiveness

croosover
LVE G'

LVE G"

-1

-0,75

-0,5

-0,25

0

0,25

0,5

0,75

1

-1 -0,75 -0,5 -0,25 0 0,25 0,5 0,75 1

F2
 (2

3,
73

 %
)

F1 (68,89 %)

Variables (axes F1 et F2 : 92,62 %)

Variables actives Variables supplémentaires

https://rtbfoods.cirad.fr/


 

  Page 123 of 554 

During support mission on September, Mariam Nakitto was asked to reduce the number of 
descriptors (initially 40). In addition, they were focused mainly on odors and aromas, and very little 
on texture, which are important in the RTBfoods project. 
Finally, 26 attributes were selected: 4 for appearance, 4 for odors, 11 for texture (8 evaluated in 
mouth and 3 by touch), 3 tastes and 4 aromas (WP2-Figure 6).  
We think that there are too many attributes. The risk that they take is twofold: 
1. the panelists will be less efficient because they have too many descriptors to evaluate and they 

will get tired;  
2. the evaluation needs more time to score all the attributes and the last attributes will be scored 

at an inappropriate temperature.  
Cirad also recommended to reduce the number of samples to be evaluated per session. Their 
definitions and how to measure them are given in (“SOP_for Sensory_of_Boiled 
Sweetpotato_V1.doc”). 21 attributes are scored on a 0-10 scale and 5 in presence/absence. The 
panel performances were assessed according to the report “RTBfoods_F.2.2_2018.pdf”. The results 
on performances were discussed with each panellist.  
17 varieties are planned to be analysed early 2020 by 10 trained panellists. 
 

 

WP2- Figure 6. Panellists assessing samples in sensory booths 
 
 
 
A study was carried out at CIRAD in Montpellier to show that it is possible to identify reliable 
instrumental indicators of the texture of boiled plantain, regardless of the stage of ripening. This 
study was carried out as part of a thesis funded by the Ivorian Ministry of Higher Education and 
Scientific Research and directed by the University of Nangui Abrogoua (Ivory Coast). To do this, 16 
varieties of plantains were sent at green stage in Montpellier. Part of the fruits was artificially ripened 
with ethylene to obtain fruit at a medium maturity stage and at a mature stage. The fruits were cooked 
in boiling water for 30 min for green fruits, 20 min for medium-ripe fruits and 10 min for ripe fruits 
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(WP2-Figure 7). A total of 35 samples were obtained. The sensory and textural analyses are 
presented in WP2 Annex 3 (WP2-Figure 8). 
 

 
WP2- Figure 7. Preparation of samples of boiled plantains for sensory analysis 

 
 
Sensory attributes were predicted by textural parameters from multiple linear regression (Xlstat). 
The results showed that the sensory descriptors are very well predicted by the texture parameters 
(R²> 0.78) and the use of 2 instrumental measurements (penetration and double compression) 
improves the prediction of sensory descriptors. 
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WP2-Figure 8. Configuration of two texture tests for bananas and plantains 
 
All partners have already recruited the panel, and more than half began basic training (given in the 
Table “RTBfoods_Sensory Update from Partners_2019.xls”). The conditions and the training 
protocol will have to be specified. 
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Summary table of SOP development for Sensory Analyses on RTB products (write ‘NA’ if ‘Not Applicable) 
 

Lab responsible for 
Analyses on 
Cooked/Processed RTB 
Product Profiles 

Product Profile  Responsible 
Person 

SOP 
available 
(YES/NO) 

Nb of Sensory Analyses 
performed in Period 2 
(+ Nb of genotypes profiled) 

Progress on SOP dvpt 

IITA-Nigeria  Eba M. Adesokan & B. 
Maziya- Dixon 

YES Scheduled for Period 3 Training from Bowen U. 

NRCRI-Nigeria  Eba M. Ofoeze & U. 
Chijioke 

NO  Training from Bowen U. 
Fufu NO   
Boiled & Pounded Yam NO   

Bowen University-Nigeria Pounded Yam B. Otegbayo & O. 
Oroniran 

NO   

NARL-Uganda Matooke E. Khakasa YES 40 (33 cultivars)  
NaCRRI-Uganda Boiled Cassava E. Nuwamanya & 

R. Kawuki 
NO   

CIP-Uganda Boiled Sweetpotato M. Nakitto YES 17 cultivars scheduled for 
2020 

 

Boiled Potato NO   
CIP-Ghana Fried Sweetpotato E. Dery-Kuna & E. 

Carey 
NA   

CNRA- Côte d’Ivoire  Attiéké C. Ebah  NO   
Boiled Plantain NO   
Fried Sweetpotato  NO   
Boiled & Pounded Yam NO   

UAC-FSA Boiled Yam L. Adinsi & L. 
Honfozo 

NO   
Boiled Cassava NO   

CARBAP-Cameroon Boiled Plantain G. Ngoh NO   
INRA-Guadeloupe  Boiled Yam L. Desfontaines & 

D. Rinaldo 
NA   
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5.2.5 Cross Product Profile Scientific Interactions on Sensory 
Characterization of RTB products  

NARL, CIP & NaCRRI in Uganda:  
• All sensory analyses are done in the sensory lab of NARL. Elizabeth Khakasa (NARL) 

coordinates the sensory activities for all Ugandan partners: she recruited 25 people from the 
3 research organizations and trained them under the conditions mentioned in the report 
“RTBfoods_F.2.2_2018.pdf”. She is responsible for sensory analyses on Matooke and 
provided support for sweet potato. 

• Mariam Nakitto (CIP) is responsible for sensory analyses on sweet potato. She provides 
support during sessions for vocabulary generation and specific training on Matooke, as well 
as instrumental texture measurements.  

• The role of NaCRRI has been to provide panellists for Matooke and sweet potato. 
In conclusion, there is a very good collaboration between the 3 partners in Uganda for the sensory 
analysis. Recommendations were made to emphasize on the importance to get involved in the panel 
(even if it is not their product).  
NRCRI and IITA work on a common product: Eba. Therefore, they planned to collaborate in writing 
the SOP of this product.  
They received a support from Bolanlé Otegbayo (Bowen Univ.) from 15 to 19th November 
(“IITA_REPORT ON SENSORY EVALUATION TRAINING.docx”) for IITA and from 25 to 28th 
November (“NRCRI REPORT ON TRAINING OF SENSORY PANELIST.pdf) to recruit and train 
panellists. Exchanges will be necessary to clarify a certain number of points about the training.  

5.2.6 Coordination & Support Strategy from WP2 Focal Point for 
Sensory Analysis 

A workshop was organized at the annual meeting in Nigeria (March 2019) with all partners to discuss 
on tasks to be performed for sensory analysis. 
A videoconference was organized in November with all the partners to take stock of the progress: a 
summary table has been shared and is available on the platform (“RTBfoods_Sensory Update from 
Partners_2019.xls”). 
For each product (matooke and sweet potato), exchanges are conducted with the partner involved. 
The first SOP sensory on Matooke has been validated (December 2019) and is available on the 
platform. It will be shared quickly to other partners as a model. 
At NARL Uganda on Matooke from 9 to 20 September (WP2-Figure 9). Nelly Forestier-Chiron and 
Christophe Bugaud met Elizabeth Khakaza (NARL) and Mariam Nakitto (CIP) for the following 
objectives: 

1. Establish a protocol for the preparation and service of the matooke (SOP to be done by NARL 
for 2019) 

2. Support the sensory lab team on setting up tasting sessions: vocabulary generation / specific 
training / panel performance analysis 

3. Support on data processing to assess/establish relationships between sensory and textural 
data 

Together, they were able to: 
• Train 12-14 panelists on Matooke 
• Define a list of sensory descriptors (<15 attributes) of the Matooke: to be compared with 
results from WP1 surveys 
• Attempt to establish a protocol for Matooke preparation and service: to be compared with 
results from WP1 Activity 4 diagnosis.  
• Perform sensory, textural and rheological characterizations on 8 varieties  
• Perform preliminary correlations between sensory and physicochemical analyses: the 
predictors of sensory texture seem to be rheological parameters. 
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Recommendations in terms of organization and management were made so that they could carry 
out their analyses. NARL will certainly have to invest in the purchase of chromameter for color and 
rheometer for texture. 
 

 
WP2- Figure 9. RTBfoods sensory analysis training in Uganda 

5.2.7 Implementation of Advisory Committee Recommendations 

In Uganda, the sensory analysis is coordinated and carried out for all partners by Elizabeth Khakaza 
(NARL) with the support of a person from the other 2 institutes (Mariam Nakitto for CIP, no identified 
for NaCCRI). 25 people from the 3 institutes were recruited and received a common basic training. 
A smaller panel (between 10 and 14 people) is trained specifically for each product (some having 
participated or not in the training of the other products). All this is possible because the distance 
between the institutes is less than 2 hours away, which allows the panellists to go "easily" to the 
NARL during the tasting sessions.  
In Nigeria, there are also 3 partners, but the configuration is different: the distances between the 
institutes are much greater. Technically, the most "feasible" solution would be to have a panel in one 
institute, and the other institutes would come with their product on site. This would certainly bring 
some problems for the most perishable products. The choice of institutes and coordinators of the 
project was finally to have a panel per institute. On the other hand, the mutualisation took place since 
Bolanlé Otegbayo (Bowen Univ.) coordinates the animation of the tasting sessions for all the 
Nigerian partners. 
In Benin, Cote d'Ivoire and Cameroon, there is one partner per country, and therefore one site per 
country and only one panel.  

5.2.8 Progress & Perspectives  

This will be discussed and finalized during the annual meeting but some information (such as 
sensory profiling of boiled yam and boiled cassava at the beginning of year 3 in UAC/FSA) is already 
available (RTBfoods_Sensory Update from Partners_2019.xls). Regular skype meetings will also be 
planned to follow the progression of the work, help partners and plan support missions, if necessary. 
The data from WP1 are not completely available, while this is mandatory to refine the sensory 
attributes and to analyse any relationship between sensory attributes and consumer preferences. A 
discussion with WP1 is clearly necessary to plan the interactions between both WPs. A satellite 
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meeting between WP1 and WP2 can be organized during the Annual meeting in Entebbe (February 
2020), with the following objectives: 
(1) WP1 presents the key quality traits identified by users, for the PP already studied (boiled 
cassava…): Quality trait, range of variation, identification of genotypes (or processes or end-
products) that represent the extremes. 
(2) WP2 teams plan how to assess these quality traits: Using the biophysical characterizations 
already available; or developing new biophysical characterizations; or using descriptive sensory 
panels, to be trained with support from the sensory analysis team at CIRAD. 
(3) WP2 teams integrate the conclusions of objective (2) in their plan of work for Period 3. 

5.2.9 Section 2. Traits dissection for identifying biophysical traits 
TRAN   

Several Proofs of Concept of biophysical traits that can be linked with products quality have been 
tested such as starch characteristics, parietal Compounds 

Development of Proofs of Concept to understand Processing/Cooking Ability of RTB Crops through 
Starch & Parietal Compounds Analyses  
The texture of food products is determined by their composition and internal structure. RTB crops 
targeted in the RTBfoods project contain mainly starch, from which we formulated the hypothesis H1 
that starch plays a key role in determining texture of cooked RTB. This hypothesis is supported by 
publications on cassava and potato linking starch content (or dry matter content) with texture 
(Hongbété et al., 2011; Franck et al., 2011; Dijk et al., 2002; Jarvis et al., 1992) while other works 
did not evidence any relationship between dry matter and texture for potato (Ross et al., 2010). Other 
publications point out to the role of cell walls materials (CWM) in determining texture of processed 
RTB (Huang, 2016; Favaro et al., 2008; Poonsrisawat et al., 2016; Legrand et al., 2016; Ross et al., 
2011), from which we formulated hypothesis H2 that cell walls materials (CWM), or components 
thereof such as pectins, play a key role in determining texture of cooked RTB. 
Preliminary results on boiled cassava and boiled sweet potato did not show any link between dry 
matter (which correlates strongly with starch content) and optimum cooking time for cassava or 
firmness for sweet potato (WP2-Figure 10). This reinforced hypothesis H2 that other components, 
such as CWM, are at play even though they are present in much smaller quantities than starch. 

 
WP2- Figure 10: a. Correlation analysis between dry matter of fresh cassava roots and optimum 
cooking time (by boiling). 36 genotypes with contrasted cooking quality (Cooking collection, CIAT, 
harvested November 2019 at 9 and 10 months after planting) b. Correlation between dry matter of 
fresh sweet potato and firmness after 10 min cooking. 
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INRA defined a procedure for extracting CWM (cell wall material) from yam using first an alcohol 
insoluble solids (AIS) extraction followed by an enzymatic destarching procedure working on a 
reference raw yam sample (commercial roots of D. cayenensis-rotundata from Ghana). Using this 
procedure on raw commercial roots of D. cayenensis-rotundata from Ghana, AIS with 6% starch 
were obtained allowing to measure accurately galacturonic acid, neutral sugars and methanol 
contents of cell walls. Nevertheless in order to be more widely applied, this destarching procedure 
still have to be optimized as it was not efficient enough to destarch some of the raw roots supplied 
by INRA and CIRAD Guadeloupe and UAC-FSA Benin, giving generally AIS with about 8-19% starch 
and even about 45-50% for Peter, Kpété and Sinoua cultivars. 12 samples (10 genotypes, two of 
them were grown in different conditions) with contrasted cooking properties (boiling time to cook and 
behaviour) were  analysed for their endogeneous pectinase activities (PME and PG), starch content 
and then extracted cell wall polysaccharides from by using the method he developed previously. 
Enzymatic activities in the head of the tubers was found to be very low for every yam tuber: PME 
activity was generally 0 nkatal/g fresh root whereas PG activity varied from 0.095 to 0.203 nkatal/g 
fresh root. No clear correlation could be established at this stage between endogeneous enzymatic 
activities and cooking behaviour. Starch content varied from about 62% db up to 80% db and 
galacturonic acid varied from 9 to 16% in the cell walls with generally higher values observed for D. 
cayenensis-rotundata. This work to establish this proof of concept is still in progress. In fact data on 
cell wall and pectin characteristics and amount need to be consolidated by additional measurements 
(notably by improving the destarching procedure) and we have not enough data right now on 
processing ability and texture properties to conclude to any impact whatsoever on cooking or textural 
properties of boiled yam roots. 
In parallel, CIRAD began to develop a rapid procedure to assess pectin level in raw RTBs, without 
extraction of CWM. A colorimetric procedure that can assess galacturonic acid without interference 
of sugars has been implemented and tested on 3 yam samples. It clearly evidenced different total 
and soluble pectin levels with a quite good uncertainty of measurement (WP2-Table 1). This 
procedure will be tested on several yam and sweet potato samples.  
 

WP2-Table 1. Uronic acid and sugar level in three yam cultivars 

Cultivar Soluble galacturonic 
acid (mg/g) 

(pH 6.5) 

Total galacturonic 
acid (mg/g) 

(pH 10) 

Total sugar content 
(mg/g) 

Kpahina 2.5d 10.4a 60.5 
Ala 2.3d 7.4b 78.7 
Debah 1.7d 6.1c 75.1 

 
Boiled Sweet potato: 
The texture was measured by JHI on 15 sweetpotato genotypes provided by CIP-SSA. Based on 
previous literature we assessed the potential role of two enzymes, pectin methyl esterase (PME) 
and amylase, that may account for the textural differences between the genotypes. Reliable 
assays for these enzymes were developed and applied to the root samples however no significant 
correlations between the activity of these enzymes and textural measurements were identified (WP2-
Figure 11). 
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WP2- Figure 11. Correlation between texture (Area Under Curve, AUC) and PME or b-amylase 
activities 
 
Oven-dried root samples from the 15 genotypes were prepared and sent to CIRAD (C. Mestres) for 
differential scanning calorimetry (DSC) analysis. These data were compared with texture 
measurements. Although no direct significant correlations were identified between DSC parameters 
and textural measurements within this set of samples, multiple regression analysis showed that 
starch characteristics (gelatinization enthalpy and temperature and amylose content) were 
significantly correlated to measurements of firmness after 20 minutes of cooking (WP2-Table 2). 
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WP2- Table 2: Model for AUC (after 20 min): 

Source 
Value SE t value Pr > |t| 

Lower 
boundary 

(95%) 

Upper 
boundary  

(95%) 

Constant -324067 145749 -2.22 0.048 -644858 -3276 
Gelatinisation 4103 1679 2.44 0.033 407 7798 
% amylose 3077 1933 1.59 0.140 -1179 7332 
DH -1930 865 -2.23 0.047 -3834 -26 

 

A method for cell wall composition analysis from sweetpotato roots was developed by JHI as part of 
a training visit (PhD student Linly Banda from CIP).  

 

 

 

 

 

 

 

 

 

 

 

WP2- Figure 12. Composition of Cell wall polymers form sweet potato 
 
Galacturonic acid composed more than 20% of soluble and insoluble cell wall polymers (SWP, WP2-
Figure 12) 

 
Boiled Cassava 
In Period 2, CIAT fine-tuned the method for extraction of cell wall materials (CWM) first developed 
in Period 1 as follows: The sample of cassava flour was incubated with α-amylase (Termamyl 120 
L) for 17 hours at 70± 1°C, giving branched and unbranched maltodextrins as the product of partial 
hydrolysis of the starch. The pH was then adjusted, and the sample was incubated with 
amyloglucosidase solution for 3 hours at 60±0.5 °C. The sample was then centrifuged, and the 
supernatant discarded. Consecutive washes of the pellet with ethanol were performed. A final wash 
with water was conducted and the supernatant eliminated. The sample was freeze-dried for 72 hours 
and then ground to obtain a fine powder. The objective was to remove as much starch as possible 
by enzyme hydrolysis and obtain CWM extracts to investigate the influence of CWM on boiled 
cassava texture separately from starch. The resulting CWM extracts contained between 3 and 5% 
residual starch, which is in line with studies reported in the scientific literature. 

The CWM extracts (36 genotypes, 3 roots/genotype from Diversity collection) were then analyzed 
by MIRS and NIRs at CIRAD (104 datapoints). A slight correlation (R2 = 0.4) between CWM 
extraction yield (an indicator of the CWM content in fresh roots) and MIRS of the CWM extracts was 
identified (WP2- Figure 13), which confirmed the potential of MIRS to predict traits related to CWM.  
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With this dataset, no other relation was found so far, between quantity of CWM recovered and texture 
after cooking, and between texture parameters and MIRS or NIRS of CWM extracts. 

 

 
WP2-Figure 13. Quality of the prediction of CWM extraction yield by MIRS spectra of the CWM 
extracts. CWM extraction yield is an indicator of CWM content in fresh cassava roots. 
 

For year 3, we plan to continue the PoC for starch characteristics and CWM (pectin level, PME 
activity etc) for boiled Sweet potato (20-25 samples already characterized for texture will be analysed 
by CIRAD and JHI), boiled yam (6 cultivars with 3 part of tubers, representing 18 samples will be 
characterized by sensory evaluation and texture analysis by UAC/FSA and starch and pectin levels 
will be determined by CIRAD) and for cassava (15-20 samples already characterized for texture by 
CIAT will be analysed by CIRAD for starch and pectins). 
Discussions have been initiated in year 2 between CIP, CIAT, JHI, INRA and CIRAD about the 
proof of concept concerning starch and parietal compounds; some common studies have been 
initiated and are indeed planned for year 3, see above. 
The coordination between works performed by the partners should however be improved (for 
example, every partner is developing extraction procedures of cell wall material and this should be 
shared) and this will be the subject of a meeting during the annual meeting in Uganda. 
 
Development of Proofs of Concept to understand Processing/Cooking Ability of RTB Crops through 
other Methods of Analysis  
Water Absorption at CIAT & CIP: The texture analysis data of boiled cassava had high standard 
deviations, due to the limited number of repetitions that could be carried out during Period 2 (due to 
limited quantities of roots available and the need to optimize resources for laboratory-based 
experiments). While the texture analysis protocol is being improved (increasing number of 
repetitions, updating the protocol to reduce variability), it is also important to develop other 
complementary protocols to characterize cooking quality of boiled cassava and other RTBs. A water 
absorption protocol was developed at CIAT (October-December 2019) by measuring the kinetics of 
weight gain of pieces of cassava roots during boiling. Preliminary results provided evidence of 
contrasted behaviours: Overall good cooking genotypes absorbed water faster and in larger 
amounts, whereas bad cooking genotypes absorbed water more slowly. A correlation between water 
absorption and optimum cooking time was identified and needs to be confirmed after more data 
collection. 
 
Conductivity at CIRAD & CIAT: The differences observed in water absorption (see above) led to 
the hypothesis that the permeability of cassava roots varies depending on genotypes: Genotypes 
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that absorb water faster during boiling may have higher permeability, possibly due to differences in 
the structure and/or composition of their cell walls. One way to test this hypothesis is to assess the 
quantity of soluble materials released by the roots during boiling, as genotypes with higher 
permeability would not only absorb more water, but also release more soluble compounds. To do 
this, measurements of the conductivity of the water during boiling and at the end of boiling are being 
conducted. Initial results are expected in the first quarter of Period 3.   
 
Image Analysis at CIAT: Another quality criterion that may complement texture analysis of boiled 
cassava, is the closing angle, i.e. the angle a half-cylinder piece of root closes during boiling (WP2-
Figures 14 and 15). Observations during cooking indicate that pieces of good cooking genotypes 
tend to close more on themselves than bad cooking genotypes. Measuring the closing angle may 
therefore provide information on the cooking quality of boiled cassava. To do this, photos of pieces 
of boiled cassava were taken during characterization of the Cooking collection at CIAT (36 
genotypes, 2 harvests in November 2019 and December 2019). In Period 3 we will investigate ways 
to use image analysis to automate the measurement of the closing angle, so as to integrate this 
parameter in the analyses of correlations with cooking quality parameters (in particular optimum 
cooking time). 
 

  
WP2-Figure 14: Closing angle WP2-Figure 15: Closing angle  after OCT boiling  
before boiling is defined as 0° is measured as indicated, using a protractor 

 
Fufu characterization from cassava 
Retting ability is an important characteristic needed for preparing fufu from cassava. Thirteen 
parameters were thus measured during the retting process of 11 cassava genotypes, including root 
firmness and biochemical compounds of soaking water.  Their changes were varied according to the 
genotype suggesting a genotype effect. The local variety considered as a reference was 
characterized, among other, by a significant firmness after 24 hours of retting and a strong 
accumulation of butyric acid, which can thus be considered as putative biophysical indicators of 
retting process.  The integrated analysis of all the data obtained led to: 
(i) Point out correlations between indicators, i.e positive between pH and butyric acid, between 
firmness, dry matter and lactic acid, and negative between pH and firmness,  
(ii) Suggest a potential aggregation of genotypes based on a biophysical parameter analysis 
and comparatively to the reference variety  
(iii)  Identify contrasting varieties that can be used as models to study the physiological bases 
associated with the identified indicators (i.e firmness). 

5.2.10 Implementation of Advisory Committee Recommendations  

1. Spend sufficient time on the development of ‘proof of principle’ studies for imaging, 
hyperspectral and FTIR applications for new traits (e.g. cell walls) as basis for investments 

This question seems mainly for WP3. On WP2 side, we try to develop rapid and efficient SOPs for 
analysing the basic components of RTBs and try to identify new traits and develop new SOPs for a 
rapid determination of these new traits. We must demonstrate that these traits can be used to predict 
quality of RTBs before than calibrations will be developed. 
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2. Speed & low hanging fruit: protocols for appearance, colour, texture traits of raw and 
prepared/cooked products/crops 

During the WP2 satellite workshop (Abuja, March 2019), the low hanging fruits were identified as 
texture of Boiled cassava, Boiled yam, Boiled sweet potato and Matooke, due to the previous 
experience and ongoing work on these product profiles by the relevant WP2 teams. Accordingly, 
priority was given to developing texture protocols for texture traits of these products. WP2 teams are 
expecting information from WP1 on which appearance and colour traits are most important for 
consumers, in order to develop protocols suitable to characterize such traits. 
 

3. Appearance traits of raw product & prepared products: 
    

In Uganda, the NARL team used a colorimeter to measure the color of matooke, however the 
equipment is in need of maintenance or replacement, and the data collected was unreliable. 
In Colombia, the CIAT team used a portable photographic studio to take photographs of boiled 
cassava pieces (36 genotypes) under standardized light conditions. The images collected can be 
used to measure the closing angle of half-cylinder pieces during boiling, and to evaluate the number 
of cracks appearing in the cassava matrix during boiling. Both of these parameters can provide 
indicators of the level of cell disassembly during boiling, i.e. of the cohesiveness of cell walls. Image 
analysis is in progress at time of writing. 
CIRAD conducted preliminary tests of HS cameras and obtained promising results on the distribution 
of water and other components. Consequently, a HS camera was purchased, and is now available 
at CIRAD for characterization of various RTB products. 
 

4. Texture traits of prepared products Option 1: Texture analysis vs FTIR powders 
-  Sensory panel at WP2 level for attributes 
-  Stable Microsystems at WP2 level (no HT) 
-  Quick association to FTIR measurement (HT), however: 

o  Freeze dry capacity required (MT) 
o  Grinding/milling capacity required (MT) 
o  Can be centralized for measurements (HT) 
o  Need to be local for sample preparation  
o  Zooming in on cell walls as advanced possibility (one of next options 

 
During Period 2, WP2 developed texture analysis protocols for four product profiles. In the case of 
boiled cassava, NIRS spectra of fresh cassava roots and of cassava roots after boiling were 
collected, on the same materials that were used for boiling and texture analysis. Correlation analyses 
to predict texture parameters using NIRS are ongoing (the first analyses were not conclusive, most 
likely due to the limited number of pieces of roots available for texture measurements; this was solved 
by increasing samples sizes). 
WP2 investigated the differences between FTIR of fresh roots versus FTIR of lyophilized powders. 
FTIR of powders is slower but gives better correlations with biophysical parameters, with ability to 
predict accurately starch content, and amylose content, among others (at least in the case of sweet 
potato). FTIR of fresh roots is faster (high throughput), however it is not clear yet whether it can 
achieve the same results for biophysical parameters, and for texture and cooking properties. 
Investigations will continue in Period 3. 
For sensory analysis, Period 2 focused on capacity building on sensory analysis, and on recruiting 
and training sensory panels. Collection of sensory data of various product profiles will start in Period 
3 at the same time as the harvests of the various RTB crops by WP2 partners. 
 

5. Texture traits of prepared products Option 2:  Texture vs ‘forces’ 
- Sensory panel at WP2 level for attributes 
- Studying texture traits by shear, rheology and tribology principles 
- Texture traits of pounded products seem to be associated to the degree of cell wall 

disruptions upon mechanical or shear forces (Bruce Hamaker & Hans van Doorn 
discussion) 
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- These traits can be studied by RVA, shear force and tribology instruments 
- These traits may be studied by starch release upon mechanical and/or shear force 
- Damage may be seen by microscopic approaches 
- These traits can be studied by cell wall composition studies (see option 3) 

Preliminary characterizations of rheological parameters of boiled cassava (6 contrasted genotypes 
from CIAT, analysed at CIRAD) indicated that rheology (micro-oscillations) can discriminate between 
good cooking and bad cooking genotypes. Other types of characterizations were not investigated 
this year. 
 

6. Texture traits of prepared products Option 3: texture vs cell wall composition 
-  Sensory panel at WP2 level for attributes 
-  Cell wall isolation from raw and cooked tissues 

o  Freeze dry capacity required (MT) 
o  Grinding capacity required (MT) 
o  Incubators, centrifuge required 
o  Can be centralized for measurements (HT) by FTIR 
o  Need to be local for sample preparation  

 
Four WP2 partners (CIRAD, INRA, JHI, CIAT) adapted and tested methods of extraction of cell walls 
and pectins to cassava, sweet potato and yam. Methods to characterize pectin methyl-esterase 
(PME) activity were also tested. Initial results indicate that different genotypes yield different amounts 
of cell walls (e.g. from 1.9 to 3.3% of peeled fresh roots w/w among 36 cassava genotypes analyzed). 
A correlation (R2 = 0.4) was identified between the yield of cell walls extracts and MIRS spectra of 
the extracts. Further developments of extraction protocols and correlations analyses will be 
conducted in Perdio 3, to assess whether predicting texture and cooking quality parameters from 
MIRS or NIRS spectra of RTB cell walls extracts is possible. 

5.2.11 Section 3. Developing SMART laboratory processing and 
texture analysis  

Development of Processing/cooking patterns at lab level simulating traditional processing/cooking 
techniques and of Textural Analyses of RTB Products related to consumer demand 
Preparation ability and final textural quality are often acceptability attributes of RTBs food products. 
These data will come from WP1 (activities 3, 4 and 5). As these results were not completely available, 
year 2 was focused on products for which sufficient information was available and with partners 
already experienced on textural analyses and/or on sensory evaluation. Sensory analyses indeed 
give reference sensory attributes of the processed products (particularly, their texture attributes) and 
we want to develop simple, fast and cost-effective texture analysis procedures correlated with 
processing/cooking ability. 
To achieve this goal for each product, an integrated approach, imparting 6 steps, is proposed to 
highlight correlations between the instrumental textural properties, the sensory texture attributes and 
the physicochemical and biochemical characteristics of the studied RTB (raw and processed). These 
correlations (if existing), will be used in a first place to understand mechanisms governing the 
processing/cooking ability of the studied RTB and in a second place to validate robust, selective and 
fast instrumental texture tests to predict processing/cooking ability of the studied RTB.  
Developing a cooking & texture test includes 6 steps: 
Step 1. Preparation procedure of the product 
Step 2: A priori choice of texture/rheology tests according to the texture of each processed RTB 
Step 3: Evaluation of the robustness (repeatability and reproducibility) of each test 
Step 4: Evaluation of the discriminating ability of each test in relation with processing/cooking ability 
(the test should allow to discriminate contrasted processed products) 
Step 5: Evaluation of the correlation between sensory texture attributes and instrumental texture 
parameters 
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Step 6: Validation of robust, discriminant and fast instrumental texture test 
 
 All steps are achieved only if the texture (sensory and instrumental) of processed 

products is one of the relevant criteria contributing to consumer acceptability. 
 The preparation procedure, in step 1, should be as close as possible to the one used 

for sensory analysis 
 If the correlations between sensory attributes and instrumental texture are not 

sufficient in step 5, go back to step 2 and choose another texture/rheology test 
 
This choice was based mainly on the availability (already purchased) of the texture analyser and the 
experience of these teams in texture analyses field. 
Boiled Cassava: With ongoing research activities at CIAT on post-harvest processing and quality 
of cassava, conducted within the framework of RTB Flagship 4, cluster CA4.2 (cassava processing), 
protocols for texture analysis of boiled cassava as well as measurement of cooking time were already 
in place. An operational texture analyser was also available. The development of a SOP for texture 
analysis of boiled cassava was prioritized to take advantage of this pre-existing experience.  
Matooke: The NARL team had no previous experience in texture analyses but their texture analyser 
was already purchased. CIRAD team (Julien RICCI) provided two support trainings (i) to set-up their 
texture analyser and train the team to be autonomous while performing texture measurements (July 
2019) and to (ii) investigate step1,2,3 and 4 (September 2019).  
Boiled sweet potato: The CIP Uganda team had few previous experience and skills in texture 
analyses (support provided by JHI team). This team had an operational texture analyser allowing 
them to start step 1 & 2. This team participated also to the support training provided by CIRAD team 
(Julien RICCI, September 2019). . 

 
IITA, NRCRI: A texture analyser is purchased but not yet implemented. 
Bowen University: A texture analyse is operational, but no texture analyses were performed. 
NARL: A texture analyser is operational, texture SOP version 1 was provided for matooke. 
JHI, CIP:  A texture analyse is operational, texture SOP version 1 was provided for boiled sweet 
potato. 
CNRA: No information. 
UAC-FSA: A texture analyser is operational; texture SOP is ongoing for boiled yam. A rheometer was 
purchased and installed. 
NACRRI: A texture analyser is purchased but not yet received. 
CIAT: A texture analyser is operational (TA-XTPlus). A SOP on texture (version 1) was developed in 
2019 for boiled cassava. Texture data of boiled cassava roots from two separate batches of 36 
genotypes each have been collected (3 harvests in total). 
CARBAP: A texture analyser will be purchased by March 2020. 
INRA: A texture analyse is operational, texture measurements are ongoing.  

 
SOP for the cooking procedure and texture analysis of Boiled Cassava & Intermediate Results  
Progress: The SOP for preparation and texture analysis of Boiled Cassava (version 1, 2019) was 
written by CIAT and revised by CIRAD. A diagram of how to cut the roots in pieces for boiling was 
developed, together with a standard system to allocate identification codes to each individual piece. 
The size of the pieces was selected to be like how cassava roots are cooked by consumers (half 
cylinders, 6 cm long), so that the cooking times measured in the laboratory reflect directly the cooking 
times experienced by consumers. To explore variability between different parts of cassava roots (i.e. 
proximal, central, distal), the protocol was designed to boil each piece separately, by wrapping them 
in plastic nets, each carrying the individual identification code. This SOP is suitable for biophysical 
characterizations, texture and NIRS (not for sensory analysis, which requires preparation of larger 
quantities of samples). The protocol was applied to 36 genotypes of the Diversity collection (April-
May harvest, 10-11-month-old) and 36 genotypes of the Cooking collection (November harvest, 9-
month-old). Using three cassava roots, the SOP proved suitable to produce 8 pieces for boiling 20 
minutes + 8 pieces for boiling until optimum cooking time (then used for texture analysis), and 
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additional pieces (disc-shaped) for NIRS and dry matter content. Differences in textural behaviours 
were identified between genotypes along two main traits (WP2-Figure 16): (1) Hardness of the 
sample described by parameters such as Initial gradient, Maximum force, Area under curve, etc.; 
(2) Breaking down (or not) of the sample structure during compression, described by parameters 
Distance at maximum force and End force:Max force ratio. 
 
Among soft samples (30% softest), none breaks down (i.e. Max force is reached at or very near to 
the end of the extrusion test, with distance at max force near the maximum extrusion distance of 20 
mm), which appears logical since a soft structure will undergo compression and deformation without 
breaking. Among hard samples (30% hardest), one group broke down early (at around 60% of the 
maximum extrusion distance (20 mm)), a second group broke at intermediate distance of extrusion, 
and one genotype (COL 337) did not break down. These various behaviours indicate differences in 
the structure of the cassava roots; from which derives the hypothesis that amount and composition 
of fibers in the roots play a key role in determining the texture of boiled cassava. To investigate this 
further, additional characterization methods need to be tested, such as water absorption during 
boiling, conductivity of the boiling water (as a proxy of permeability of cell walls of the pieces of 
roots), yield of CWM extraction, MIRS (providing information on the composition of fibers). A 
discriminant analysis will also be carried out with the groups of samples identified above, to 
investigate potential correlations between these groups and NIRS. 
 

 
WP2-Figure 16. Identification of two key dimensions describing the texture of boiled cassava 
behavior (PCA of texture-extrusion data of 36 genotypes boiled 20 minutes, Diversity collection 
dataset): (1) Hardness of the sample and (2) Breaking down of the sample structure. 
 
Challenges faced & Lessons learnt: 
Cooking procedure: Statistical analysis of the data collected in 2019 indicated that differences 
between the proximal, central and distal parts of a given root are small after boiling (WP2-Figure 17). 
On the other hand, in several cases the variability between individual pieces from different roots of 
the same genotype was high. To reduce standard deviations and improve the reliability of boiling 
measurements (optimum cooking time, water absorption, etc.), it appears preferable to boil and 
characterize several pieces together. Tests are currently ongoing to develop a method to boil several 
pieces together. Depending on the conclusions, the SOP can be revised during Period 3 to take 
these findings into account. 
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WP2-Figure 17. Variability of softness data of cassava variety Namulonge (Uganda) at 15, 30- and 
45-minutes boiling. 
 
Texture-extrusion: Overall the texture data obtained in Period 2 have high standard deviations, due 
to variability within genotypes (different roots from the same genotype can have very different 
textures after boiling), and due to the limited number of pieces that were available for texture-
extrusion tests (3 per genotype, collected from 3 roots, for each cooking time). Hence from Period 3 
onwards texture measurements will include more samples (pieces of roots) per genotype; the texture 
protocol will also be revised to identify options to reduce variations. Latest correlation analysis results 
using the Cooking collection data (November harvest, 36 genotypes) showed an acceptable 
correlation between the texture parameter Area and Optimum cooking time (OCT) (R2 = 0.5, WP2-
figure 18b), confirming the potential of texture measurements to predict OCT. 
 

 
WP2-Figure 18. Identification of two key dimensions describing the texture of boiled cassava 
behavior (PCA of texture-extrusion data of 36 genotypes boiled 20 minutes): (1) Hardness of the 
sample and (2) Breaking down of the sample structure. 
 
 
Step 1 - A sample preparation SOP has been written by CIAT for boiled cassava. 

Step 2 - An extrusion test (Ottawa cell with ad hoc 5 blade grid) was developed (CIAT).  

Step 3 - The texture data obtained in Period 2 on 36 cultivars suffered from high standard deviations, 
due to phenotypic variability and to the limited number of pieces that were available for texture-
extrusion tests (see paragraph Lessons learnt above). 

Step 4 - Only weak correlations (R2 < 0.7) were found between individual texture parameters and 
optimum cooking time (OCT), the best being between Area and OCT (WP2-figure 18b). This can be 
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further improved by modification of the texture-extrusion protocol (see paragraph Lessons learnt 
above) and of the fork test to evaluate OCT. Nevertheless, when looking at texture data (using 
multivariate analysis, i.e. ACP, to integrate different texture parameters), different behaviors were 
identified (WP2-figure 16). Further analyses (discriminant analysis) are underway to check whether 
correlations could be identified between NIRS and texture data taken as a whole. 

Step 5 - Sensory analyses were not planned in period 2. In period 3, in addition to OCT 
measurement, CIAT team will consider sensory analysis to explore the potential of sensory 
descriptors to correlate with biophysical characterizations/texture of quality of boiled cassava. 

The fork test method used to determine OCT depends partly on subjective assessment by the 
operator, which may contribute to the variability observed in the OCT data (step 4). Instrumental 
measurement (Mattson cooker modified for cassava) will be developed with a view to replacing the 
fork test. 

Step 6 - Ongoing. Water absorption tests, in particular with continuous monitoring of the weight of 
the roots in-situ during boiling, may provide a robust, discriminant and fast instrumental test to predict 
optimum cooking time, as an alternative to texture. 

Proof of concept on rheometry 
During period 2, rheometry measurements were performed in CIRAD Montpellier on 6 different 
cassava genotypes with contrasted optimal cooking times (OCT) to measure their viscoelastic 
properties. Preliminary results showed (WP2-Figure 19) that the discriminating ability of the 
rheometry tests was very acceptable (results shared with CIAT). Hence, rheometry measurements 
will be considered and evaluated during period 3 as a tool to predict OCT. 
 

 
WP2-Figure 19. Rheometry values obtained for 6 contrasted cassava cultivars after boiling for 10 
min  
 
 
Next Steps:  
The SOP for cooking and texture measurement will be revised in Period 3, in particular with higher 
number of replications (16 to 20). In parallel, tests on rheometry will be performed and the final 
choice of the procedure for texture and/or rheometry will be finalized. 
Other Laboratories that may use this SOP:  
The version 1 of this SOP was shared with NaCRRI team during the support training provided by 
CIRAD team (Julien RICCI, July 2019) and with UAC/FSA. Laboratories working on boiled RTB 
product profiles (NaCCRI, UAC-FSA, NRCRI, CNRA, CARBAP, CIP, JHI, INRA may test this SOP 
and/or adapted it for their own RTB crop (size of the samples/pieces, extrusion distance, extrusion 
speed, etc.). 
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SOP for preparation procedure and Texture Analysis of Boiled Matooke & Intermediate 
Results (Resp.: M. Matovu) 
 
Progress: SOP version 1 (preparation procedure & compression using a texture analyser), written 
by NARL and revised by CIRAD. 
Challenges faced & Lessons learnt: Generally, for pasty products such as matooke, the texture is 
evaluated by oscillatory tests using a rheometer. Since this equipment is not available at NARL, a 
texture test was developed using a texture analyser to characterize as much as possible the overall 
texture properties of the matooke. 

Step 1 - For this texture SOP, the procedure for the preparation of the product was similar for the 
sensory evaluation. SOP for matooke preparation was written by NARL team and revised by CIRAD 
texture and sensory team. 
Step 2 - The main issue encountered for this product was the minimal options and performance of 
the purchased texture analyser. CIRAD team had to develop many experimental methods to address 
as much as possible this issue (Julien RICCI, training support, September 2019). A double 
compression test was defined which appeared discriminant. However, no information is available 
about the correlation between the texture attributes and the sensory ones. These correlations will be 
evaluated during period 3.   

Step 3 and 4 - Preliminary results obtained during the training support were acceptable. 
 
Step 5 - Preliminary results obtained on 21 samples during the training support by CIRAD showed 
(WP2-Figure 20 and Table 3) that Instrumental hardness measured during the TPA texture tests 
appeared correlated with some of the sensory attributes (firmness M) but that rheology 
measurements (LVE G’ and G”) were more correlated to sensorial attributes. This observation was 
expected since rheometry tests are more reliable to investigate the texture of pasty products. 
 

 
WP2-Figure 20. ACP of sensorial attributes and instrumental texture and rheology values 
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WP2-Table 3. Pearson correlation obtained between sensorial attributes and instrumental 
texture and rheology values 

  
hardness 

Inst Cohesiveness adhesiveness croosover LVE G' LVE G" 
Firmness M 0.62 0.24 -0.27 0.51 0.51 0.53 
Moisture M -0.58 -0.19 0.32 -0.41 -0.48 -0.72 
Smoothness 
M -0.53 -0.35 0.09 -0.56 -0.67 -0.65 
hardness T 0.57 0.35 -0.13 0.65 0.68 0.61 
Moldability T -0.52 -0.37 0.00 -0.57 -0.69 -0.62 
Stickiness T -0.40 -0.15 -0.02 -0.38 -0.31 -0.17 

 
 
Step 6 – the step 6 is ongoing.  
 
Proof of concept on rheometry 
In parallel to the texture methodology development, a test of using rheometry was performed by 
CIRAD using a portable rheometer during training support. The texture of pasty products such as 
matooke is indeed generally evaluated by oscillatory tests using a rheometer. Preliminary results 
obtained during the training support showed that sensory attributes concerning texture are more 
correlated with rheology parameters than instrumental texture parameters. This observation was 
expected since rheometry tests are more reliable to investigate the texture of pasty products. 
Next Steps:  
Apply the developed SOP on several genotypes and compare with texture sensory attributes to 
validate step 5 and step 6. 
The texture focal point recommends considering rheology tests if step 5 and step 6 are not validated.  
 
 Lab of Application: None. 
 
SOP for Texture Analysis of Boiled Sweetpotato & Intermediate Results  
Progress: SOP version 1 (shear using a texture analyser) written by CIP and JHI and revised by 
CIRAD. 
 
Challenges faced & Lessons learnt: 
CIP team have decided to have two product preparation SOP for Sweet Potato, one for sensory and 
one for Texture. Texture and sensory focal points suggest evaluating during period 3 the relevance 
of using 2 different product preparation SOPs. 
The CIP Uganda team had few previous experience and skills in texture analyses (support provided 
by JHI team). This team had an operational texture analyser allowing them to start step 1. This team 
participated also to the support training provided by CIRAD team (Julien RICCI, September 2019). 
 
Step 1 –A cooking procedure, based on JHI experience on potato, has been developed: the 
sampling is restricted to the centre of the sweet potato and cooking is performed at 85°C for the 
texture measurement, while boiling is used for the OCT (fork test) determination. 

Step 2 - Only a shear test was evaluated by the CIP team during period 2. This choice was based 
on the previous experience of the JHI team on potato. The texture focal point recommended CIP 
team to consider other relevant texture tests for period 3. 

Step 3, 4 and 5 Based on the first SOP, 13 genotypes were analyzed for texture attributes. However, 
the texture data did not correlate with the cooking times recorded for those genotypes. During 
October, several root preparation methods and texture analysis methods were assessed, and a new 
protocol was established. Ninety additional clones were analyzed for texture attributes in November 
on the Stable Microsystems TA.XT Texture Analyzer, using a light knife blade probe to cut through 
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the sample and determine firmness (peak force) and total force of shear (area under the graph). 
There seems to be a large variation in texture attributes within genotypes; due to limited availability 
of roots, only three roots per genotype are being analyzed, and correlation between optimum cooking 
time and texture measurement was quite low (WP2-Figure 21). 
 

 
WP2-Figure 21. Correlation between optimum cooking time during boiling and peak force measured 
after cooking at 85°C for 15 minutes 
 
The temperature of the sample was not controlled before performing the texture test which could 
also partly explain the low robustness of the test.  
 
Step 6- not achieved. 
 
Next Steps:  
Realize steps 3 to 5 to test the robustness and reliability of the test; if necessary, the procedure can 
be amended according to the recommendations given above. 
The initial structure of the sample should be preserved, and a defined sample temperature should 
be fulfilled before texture measurement. Sample number should also be increased. The operators 
will include these manners in their experimental strategy during period 3 to improve the reliability 
and the robustness of the texture measurements. 
Other Lab of Application: JHI 
 
Intermediate Results on Texture Analysis of Boiled Yam 
Progress: The UAC-FSA team had operational texture analyser, few previous experience and skills 
in texture analyses. This team was autonomous and tested 3 different texture methods based on 
extrusion, penetrometer and compression.  
Step 1- A sample preparation SOP has been written by UAC-FSA for boiled Yam. 
Step 2- Their experimental strategy fulfilled the recommended strategy to achieve successfully step 
2. Three different texture methods based on extrusion, penetrometer and compression have been 
selected. 
Step 3, 4, 5 and 6 are ongoing. The first results on two cultivars showed that the extrusion test was 
inappropriate; the penetrometry and compression tests gave however quite good results (low 
standard deviation of mean values; by 10%, WP2-Table 4), with high replication numbers of 
measurements (12). 
A draft-SOP for texture analysis for boiled yam is already written.  
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WP2-Table 4: Hardness and energy of boiled yam (coefficient of variation of the mean, 
%) 

    Hardness (N) Energy (g.mm) 

 Variety 

Cooking 
duration 

(mn) 20 OCT (30) OCT (40) 20 OCT (30) OCT (40) 

LABOKO 
Distal 11.0 (15)a 5.3 (9)a  10753 (15)a 5673 (9)a  

Central 17.1 (9)b 10.4 (7)b  16193 (8) ab 10651 (6)b  

Proximal 22.5 (8)b 11.2 (8)b  21328 (8)b 11246 (8)b  

ALA 
Distal 7.3 (12)a   4.5 (17)a 7354 (12)a   4596 (16)a 

Central 13.9 (7)b  8.6 (5)b 14712 (7)b  8747 (5)b 

Proximal 16.8 (14)b   8.8 (8)b 15542 (13)b   8848 (8)b 
 
Challenges faced & Lessons learnt:  
Different roots from the same genotype can have very different textures after cooking. Different 
texture can be encountered within the same root. Limited number of pieces are available for texture 
tests. To address these issues, UAC-FSA team have chosen to study the variability of texture within 
the same root in order to reduce standard deviations due to variability within the same genotype. 
They also increased the sample number (6 samples for each position). 
 
Next Steps: Achieve step 3, 4, 5 (in collaboration with CIRAD sensory team) and 6. Improve/revise 
the SOP for texture analysis for boiled yam with the texture focal point and with CIRAD texture team 
(Montpellier). 
 
 Are there specific lessons learnt from the development of SOPs for texture which can be 

mutualized & shared with WP2 partners? Briefly mention if & how preliminary results generated 
by CIAT, CIP, NARL & JHI research activities are interesting & how they are used to support 
future activities in Period 3. 

Lessons learnt to be shared: 
1- RTB products are heterogeneous food products: the texture within a same product can be 

variable. A good knowledge of the texture variability within the same cooked RTB is 
mandatory to develop a reliable and robust texture test. 

2- The initial structure of cooked RTB should be preserved before texture tests (avoiding fork 
and toothpick tests). 

3- A specific temperature should be fulfilled while performing a texture test. 
4- Several texture tests should be investigated during step 2. 
5- Sample and replication numbers and a good knowledge of texture variability within the same 

RTB are key parameters to ensure the robustness of a texture test. 
6- The discriminating ability of a texture test should be validated on contrasted products.  
7- Texture and Sensory teams should collaborate to set-up a common preparation step, if 

possible, or very close procedures. 
8- Comparison of instrument texture results and sensory texture results are mandatory to 

ensure the reliability of instrumental texture tests.  
9- Setting-up a robust, discriminant and fast instrumental texture test to predict 

cooking/processing ability of RTB products is only possible when the texture (sensory and 
instrumental) of the processed products is one of the relevant criteria contributing to 
consumer acceptability. 
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Summary table of SOP development for Textural Analyses on RTB products (write ‘NA’ if ‘Not Applicable). 
 
   Texture Analyses  
Lab responsible for 
Analyses on 
Cooked/Processed 
RTB Product 
Profiles 

Product 
Profile  

Responsible 
Person 

Method (extrusion, 
penetration, etc.) 

SOP 
available 
(YES/NO) 

Nb of Textural Analyses 
performed in Period 2 (+ Nb 
genotypes analyzed) 

Progress on SOP Dvpt & Proof of 
Concept  

IITA-Nigeria  Eba M. Adesokan & 
B. Maziya- 
Dixon 

- YES A texture analyser is 
purchased but not yet 
implemented. 

- 

NRCRI-Nigeria  Eba M. Ofoeze & U. 
Chijioke 

- NO A texture analyser is 
purchased but not fully 
implemented (software). 
 

- 
Fufu - NO - 
Boiled & 
Pounde
d Yam 

- NO SOP for Boiled pounded yam is being 
developed at UAC-FSA. This SOP will be 
shared with NRCRI after validation during 
period 3. 

Bowen University-
Nigeria 

Pounde
d Yam 

B. Otegbayo & 
O. Oroniran 

- NO A texture analyser is 
available 

- 

NARL-Uganda Matooke K. Nowakunda 
& M. Matovu 

Compression Yes 19 SOP version 1 written by NARL and 
validated. 

NaCRRI-Uganda Boiled 
Cassav
a 

E. Nuwamanya 
& R. Kawuki 

Extrusion Yes 
(CIAT, 
already 
shared) 

A texture analyser is 
purchased but not yet 
received. 

SOP version 1 written by CIAT and 
validated. This SOP will be modified to 
improve the discriminating ability of the 
texture test. 
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   Texture Analyses  
Lab responsible for 
Analyses on 
Cooked/Processed 
RTB Product 
Profiles 

Product 
Profile  

Responsible 
Person 

Method (extrusion, 
penetration, etc.) 

SOP 
available 
(YES/NO) 

Nb of Textural Analyses 
performed in Period 2 (+ Nb 
genotypes analyzed) 

Progress on SOP Dvpt & Proof of 
Concept  

CIAT Boiled 
Cassav
a 

T. Tran  Characterization of 
cooking time and texture 
of boiled cassava: 
Texture-extrusion: 
Individual pieces of boiled 
roots are pushed through 
an ad-hoc 5-blade grid 
(Ottawa-cell), recording 
the force necessary to do 
this (extrusion distance 
20 mm). 

Yes  Diversity collection harvest: 
430 textural analyses using 
36 genotypes (261 analyses 
at 20 minutes + 169 
analyses at Optimum 
cooking time). 
Cooking collection harvest: 
216 textural analyses using 
36 genotypes (108 analyses 
at 18 minutes + 108 
analyses at Optimum 
cooking time). 

The texture-extrusion SOP was 
developed in March 2019 and tested 
with 36 genotypes of the Diversity 
collection (April-May harvest) and 36 
genotypes of the Cooking collection 
(November harvest). The SOP allowed 
identifying differences between the most 
extreme samples. Hence the SOP will 
be revised in Period 3 to recommend 
higher number of repetitions (16 to 20). 
Rheometry tests will complete the 
texture analyses. 

UAC-FSA-Benin Boiled 
yam 

N. Akissoé 
& L. Adinsi 

Three tests: 
- Penetrations, 
- Compression 

(TPA), 
- Extrusion 

NO (draft 
version) 

2 cultivars * 3 positions (up 
to 12 replicates) 

SOP draft version written 
Tests planned on 6 cultivars for 
beginning of 2020. 

Boiled 
Cassav
a 

Planned 2020 NO - SOP for boiled yam will be adapted for 
cassava.  
Rheometry tests will complete the 
texture analyses. 

CIP-Uganda Boiled 
Sweetp
otato 

M. Nakitto & 
L. Banda 

Shearing Yes 90 (triplicates) SOP version 1 written by CIP/JHI and 
validated. This SOP will be adjusted to 
improve the robustness and 
discriminating ability of the texture test 
mainly for CIP. The sample number for 
each texture test will be significantly 
increased during period 3 to ensure the 
reliability of the results. 

Boiled 
Potato 

No information - - - 
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   Texture Analyses  
Lab responsible for 
Analyses on 
Cooked/Processed 
RTB Product 
Profiles 

Product 
Profile  

Responsible 
Person 

Method (extrusion, 
penetration, etc.) 

SOP 
available 
(YES/NO) 

Nb of Textural Analyses 
performed in Period 2 (+ Nb 
genotypes analyzed) 

Progress on SOP Dvpt & Proof of 
Concept  

JHI Boiled 
Sweetp
otato 

M. Taylor  Shearing Yes 15 (triplicates) SOP version 1 written by CIP/JHI and 
validated. This SOP will be adjusted to 
improve the robustness and 
discriminating ability of the texture test 
mainly for CIP. The sample number for 
each texture test will be significantly 
increased during period 3 to ensure the 
reliability of the results. 

Boiled 
Potato 
(?) 

No information - - - 

CIP-Ghana Fried 
Sweetp
otato 

E. Dery-
Kuna & E. 
Carey 

No information - - - 

Boiled 
Plantain 

No information - - - 

CNRA- Côte d’Ivoire  Attiéké C. Ebah  
 

No information - - - 

CARBAP-Cameroon Boiled 
Plantain 

G. Ngoh - NO Texture analyser will be 
purchased by March 2020. 

- 

INRA-Guadeloupe  Boiled 
Yam 

L. 
Desfontaine
s & D. 
Rinaldo 

Cutting test NO 2 cultivars Test on the texture of raw tuber planned 

Pounde
d Yam 

- NO - - 
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5.2.12 Cross Product Profile Scientific Interactions on Textural 
Characterization of RTB products 

UAC-FSA, CIRAD & INRA on Boiled Yam & Cassava:  
 
UAC-FSA and CIRA teams collaborated closely to address texture analyses of boiled yam. This 
collaboration has been strengthened by: 
 

1- The support training provided by Julien RICCI (CIRAD) for UAC-FSA team. 
2- The missions of Laurenda HONFOZO (UAC-FSA, PhD student) at CIRAD Montpellier. 

 
INRA team had many discussions with the texture focal point about boiled Yam texture. It has been 
agreed that the texture focal point will share with INRA team the SOP developed by UAC-FSA after 
validation. 
 
UAC-FSA, NRCRI, Bowen University & IITA in Nigeria on Boiled & Pounded Yam: This activity 
is scheduled for period 3 
 
INRA & CIRAD in Guadeloupe on Boiled Yam:  
 
INRA team had many discussions with the texture focal point about boiled Yam texture. It has been 
agreed that the texture focal point will share with INRA team the SOP developed by   UAC-FSA after 
validation. 
NRCRI & IITA in Nigeria on Eba:  The textural analyses for Eba in NRCRI and IITA were planned 
for Period 3. However, draft SOP for preparation of gari and eba was developed but still under 
drafting. The protocol to be perfected in Period 3.  
 
CIAT, UAC-FSA, NaCRRI & NARL in Uganda on Boiled Cassava:   
Support training provided by Julien RICCI to NARL and UAC-FSA. NaCRRI and CIAT exchanged 
information and experience on the development of protocols for boiling cassava and subsequent 
characterizations. CIAT developed an ad-hoc texture-extrusion grid (5 blades) suitable to measure 
the texture of boiled cassava within the limits of the load cell (50 kg) equipping the model of texture 
analyser (TA-XTPlus) most commonly used by RTBfoods partners; and circulated two of these grids 
to each partner equipped with a TA-XTPlus, including NaCRRI. The SOP for boiled cassava texture 
analysis (developed by CIAT) was shared with NARL and NaCCRI. A method on water absorption 
during boiling to complement texture measurements was developed by CIAT during the harvests of 
the Cooking collection (October-November 2019) and shared with NaCCRI. 
 
CIP, JHI, NARL & CIRAD in Uganda on Boiled Sweetpotato & Potato:  
 
These teams collaborated closely to write and develop the SOP for texture analyses for boiled sweet 
potato. 
This collaboration has been strengthened by: 
 

1- The support training provided by Julien RICCI (CIRAD) for NARL and CIP teams. 
2- The mission of Linly Banda (CIP, PhD student) at JHI 
3- The discussion and interpretation of texture measurements performed by CIP in partnership 

with CIRAD. 
 

CIAT, CIRAD: 
CIAT team had many discussions with CIRAD texture team about boiled cassava texture and the 
faced challenges. CIRAD texture team performed rheometry measurements (using CIRAD 
rheometers) on boiled cassava (4 contrasting genotypes selected by CIAT) to investigate rheometry 
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tests as a potential tool to predict the cooking ability of cassava. Results were shared with CIAT 
team. During period 3, a special focus will be made on rheometry tests.  

5.2.13 Coordination & Support Strategy from WP2 Focal Point for 
Texture Analysis 

 
Layal Dahdouh, the texture focal point of RTB foods project, took office on 2019. Since, 
collaboration between teams working on same RTB products (mentioned above) were 
strengthened: 
 
Several videoconferences took place to exchange with the different texture-teams to: 
- Share information about the challenges encountered/ lessons learnt (i.e CIAT/NARL, JHI/CIP, 
CIAT/CIRAD, INRA/UAC-FSA/CIRAD, …), 
- Share results, 
- Identify the specific needs of each texture team and plan a support mission (when possible) 
accordingly. 
 
Three support missions were provided in collaboration with the texture focal point to provide 
specific support to partners: 
- Installation of texture analyser (NARL), 
- Installation of rheometer (UAC-FSA), 
- Theoretical and practical sessions on texture and rheology (NARL, CIP, UAC-FSA), 
- Development of texture tests (NARL) and rheometry tests (UAC-FSA). 
 
Three SOPs for texture analyses were written by partners and revised by texture focal point. 
3 SOPs for sample preparation were also written by partners, these SOPs were revised by texture 
focal point and by sensory focal point. 
 
Collaboration with sensory teams and discussion with sensory focal point were 
strengthened: 
Many meetings took place (CIRAD texture and sensory teams) 
A joint support mission was provided by CIRAD texture and sensory teams (NARL, September 
2019). 
 

(i) At UAC-FSA Benin on Boiled Cassava 
26/02/2019 to 08/03/2019 – Julien RICCI – FSA-UAC 

 
Objective: Installation/setting-up of a new rheometer at FSA and providing theoretical and practical 
training to FSA-UAC team in the field of rheological and textural analyses applied to food. 
Audience: PhD students and researchers. 
Activities: 
Rheology: 
1- Ensure that the new rheometer is operational  
2-Theoretical session in relation with rheology  
3-Practical training to use the equipment 
4-Training to develop and validate specific rheological methods 
5-Training to recover and process rheological data 
 
Texture: 
1- Theoretical session in relation with rheology 
2- Training to develop and validate specific texture methods 
 
Outputs: 
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Installation/calibration of the rheometer and its associated geometries. 
The trainees are able to use the rheometer safely. 
The trainees can define rheological and textural methods and understand the results obtained. 
This training was successful: the team was autonomous to achieve step 1 for texture analysis 
for boiled yam. 
 

(ii) At NARL Uganda on Boiled Cassava 
17/07/2019 to 25/07/2019 – Julien RICCI – NARL 

 
Objective: Training NARL team to the installation and the handling of their new texture analyser 
TMS Pilot.  
Audience: Moses Matovu, texture Laboratory manager and other researchers. 
Activities: 
1. Installation of a new texture analyser TMS Pilot 
2. Theoretical training in textural analysis of food products 
3. Software use and experimental applications 
4. Sharing the methodology for sample preparation and textural analysis for boiled cassava 
developed by CIAT  
5. Developing Excel spreadsheets for data recovering and sharing 
 
Outputs 
Setting-up and installation of the new TMS pilot texture analyser. 
NARL team is familiarized with texture theory and texture applications using a texture analyser. 
Implementation and sharing of the sample preparation and texture method for boiled cassava 
developed by CIAT. The challenges faced by CIAT in relation with this method were also shared with 
NARL team. 
Excel spreadsheets template for texture Data. 
Method for data processing and results assessment. 
First results for texture characterization of 4 varieties of cassava. 
 
Challenges of this training:  
The main challenge of this mission was to introduce texture analysis as a new characterization tool 
in the laboratory. 

It was important to sensitize the local team to the importance of sample preparation (time, 
temperature, characteristic dimensions). A special focus was made on the strong relationship 
between the texture results and the sample properties depending on the sample preparation. 

(iii) At NARL Uganda on Matooke: 09/09/2019 to 20/09/2019 – Julien RICCI – NARL 
 
Objective: Training NARL team to develop texture test to evaluate the texture of matooke using their 
new texture analyser TMS Pilot. Investigation of correlation between instrumental texture/rheology 
parameters of matooke and sensory texture attributes in collaboration with NARL and CIRAD 
sensory teams. 

Remark: Several discussions took place between CIP team and Julien RICCI and CIRAD sensory 
team to exchange about texture analyses on boiled sweet potato. Texture focal point participated to 
these discussions by videoconferencing. 

Audience: Mainly NARL texture team (Moses Matovu) and CIP texture team (Mariam Nakitto, Linly 
Banda).   

Activities: 
1. Standardization of matooke preparation protocol in collaboration with CIRAD and NARL sensory 
teams 
2. Investigation of steps 1, 2 and 3 to set-up a texture test for Matooke. 
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3. Investigation of step 4 in collaboration with CIRAD and NARL sensory teams. 
4. Developing roadmap for product preparation, texture and sensory analyses. 
Outputs 
Matooke preparation protocol was standardized for both instrumental texture and sensory analyses. 
The trainees are autonomous to perform texture analyses using their texture analyzer. 
A specific texture method was developed and optimized for matooke and shared with the texture 
team. 
It was shown that rheological measurements are the most adapted tool to characterize the texture 
of matooke. 
Correlation between sensory and rheological descriptors were highlighted. 
 
Considering these results, it seems interesting to consider rheology tests for pasty products 
of RTBfoods project. 
 
Challenges of this training: 
Generally, for pasty products such as matooke, texture is evaluated by oscillatory tests using a 
rheometer. Since this equipment is not available at NARL, a texture test was developed using a 
texture analyser to characterize as much as possible the overall texture properties of the matooke. 

This training highlighted the importance of performing texture and sensory analyses at the same 
time and on the same product. The main challenge was to synchronise texture and sensory analyses 
on the same sample to ensure good correlations between sensory texture attributes and instrumental 
texture/rheology parameters. 

It was important to sensitize the local team to the importance of sample preparation (time, 
temperature, characteristic dimensions). A special focus was made on the strong relationship 
between the texture results and the sample properties depending on the sample preparation. 

5.2.14 Progress& Perspectives  

Understanding processing/cooking behaviors of RTB crops through texture analysis of final products 
was a real challenge during period 2 because: 
Few teams were equipped with texture analyser, 
Few teams were familiar with texture/rheology measurements, 
The texture of RTB products is variable within the same RTB, 
The texture of final products depends on the preparation protocol, 
Statistical skills are needed to ensure the robustness and the discriminating ability of a texture test, 
Correlations between instrumental texture parameters and texture sensory attributes are needed to 
develop a reliable texture test. 
Finally, understanding processing/cooking behaviors of RTB crops through texture analysis of final 
products is only possible if the texture (sensory and instrumental) of the processed products is one 
of the relevant criteria contributing to consumer acceptability. 
The main goals for period 2 was to: 

1- Share these challenges with WP2 texture-teams in order to familiarize them with texture and 
rheology measurements in food field (3 support mission provided by CIRAD texture team).  

2- Provide technical support when needed (CIRAD texture team contributed to the installation 
of 2 texture/rheology devices) 

3- Contribute to the development of at least 2 SOPs for texture analyses (3 SOPs were written 
and revised: boiled cassava, matooke, boiled potato).  
 
These goals were successfully reached, several texture-teams are autonomous (NARL, 
CIAT, UAC-FSA, CIT, JHI, …) and 3 SOPs were written by WP2 texture-partners. However, 
SOPs need to be revised during period 3 (expected result) and protocols should be improved 
in collaboration with texture focal point. So far, only few results are available to contribute to 
the understanding of processing/cooking behaviors of RTB crops through texture analysis of 
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final products. This challenge will be easier to address during period 3 for some texture-
teams. 
 

During period 3 a texture/rheology workshop will take place during the annual meeting.  
The aim of this workshop is to:  
1-Familiarize all texture-teams with the strategy to adopt when setting-up a texture test (step 1 to 6) 
2-Familiarize all texture-teams with the impact of sample preparation on the robustness of a texture 
test 
3-Encourage texture-team to collaborate with sensory-teams in order to achieve successfully step 5 
and 6 
4-Identification of the specific needs of the texture-teams who have not yet got any support training 
According to the outputs of this workshop and to the availability of texture analysers (in each 
Laboratory), specific strategies will be proposed to provide support for texture-teams to develop new 
SOPs for cooking and texture analyses during period 3, and the roadmap concerning the texture 
measurement for each product profile will be defined. 

5.2.15 Section 4. Development and implementation of robust and 
relevant biophysical methods –  

4.1 Development of SOPs for the Biochemical Characterization of RTB Crops & Products 
Composition  
During the annual meeting in Abuja, a special session was devoted to SOPs; 4 main SOPs (dry 
matter, starch, sugars and amylose contents), which are fairly standard and shared by most of the 
partners (two procedures will be proposed for 3 of the components) and that are a priori important 
and linked to product quality, were selected for year 2. The distribution for writing and reviewing 
between partners was:  
 

 
 
In addition, a SOP for handling and drying fresh material appeared important. 
 
SOP for Dry matter   
Progress: A SOP has been written and approved by the reviewer partners. 
Other Lab of Application: All partners 
 

SOP Principle Responsible Reviewers

Dry matter AOAC, Oven 105°C, 16h B. Maziya-Dixon (IITA)
B. Otegbayo (Bowen U.)
N. Akissoé (UAC/FSA)
G. Ngoh (CARBAP)

Starch (2) Acid hydrolysis, phenol-colorimetry
B. Otegbayo (Bowen U.)

B. Maziya-Dixon (IITA)
E. Nuwamanya (NaCRRI)
G. Ngoh (CARBAP)

Enzymatic
T. Tran (CIAT)

C. Mestres (CIRAD)
A. Sabate (INRA)

Sugars (2) Phenol-colorimetry B. Otegbayo (Bowen U.)
B. Maziya-Dixon (IITA)
U. Chijioke (NRCRI)
G. Ngoh (CARBAP)

HPLC
C. Mestres (CIRAD)

T. Tran (CIAT)
N. Akissoé (UAC/FSA)

Amylose (2) Iodine-colorimetry
D. Cornet/L. Desfontaines 
(CIRAD/INRA)

M. Matovu (NARL)
G. Ngoh (CARBAP)

DSC C. Mestres (CIRAD)
A. Sabaté (INRA)
T. Tran (CIAT)

Handling of fresh RTB 
materials

Low temperature drying T. Tran (CIAT)
T. Muzhingi (CIP)
C. Ebah-Djedji (CNRA)
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SOP for Sugar and Starch (Acid hydrolysis & phenol-colorimetry)  
Progress: A SOP has been written and approved by IITA, NaCRRI, CARBAP and CIRAD; it gives 
the procedure for sugar and starch content. 
Next Steps: A ring test for confirming results between partners and results obtained with the HPLC 
(sugars) and enzymatic (starch) procedures 
Other Lab of Application: all partners 
SOP for Starch Content Determination (enzymatic method)  
Progress: A SOP has been written by CIAT and approved by INRA and CIRAD, using samples from 
other projects than RTBfoods. 
Challenges faced & Lessons learnt: This SOP was developed for cassava products and tested 
with cassava, banana. Adaptations may be needed for other RTB crops, in particular when 
polyphenols are present in significant quantities, which may inhibit amylase activity and interfere with 
the assay. 
 
Next Steps: A ring test for confirming results between partners and results obtained with acid 
hydrolysis SOP. 
 
Other Lab of Application: All partners. 
 
SOP for Amylose (Iodine-colorimetry) & Intermediate Results  
Progress: A SOP has been drafted.  
Challenges faced & Lessons learnt: This procedure can be used to analyse samples with 
intermediate amylose content 
Next Steps: Validate the procedure by comparison with the DSC procedure 
Other Lab of Application: all partners 
 
SOP for sugars by HPLC & Intermediate Results (Resp.: C. Mestres) 
Progress: A SOP for the extraction and assessment of sugars by HPLC has been finalized and 
approved by UAC/FSA and CIRAD. A first set of 108 yam samples has been analysed; the main 
sugar is sucrose with a mean value by 7% (g/g, dry basis), without any effect of the sampling (part 
of the tuber) and with a standard deviation of error of 6%. 
Challenges faced & Lessons learnt: the extraction and quantification procedure are easy, and a 
large number of samples can be analysed (30-50) each day. 
Lab of Application: This SOP can be used by CIRAD, INRA, CIAT, and UAC/FSA 
 Next Steps: A ring test has to be performed and results obtained by this procedure and the 
colorimetric procedure will be compared. 
 
SOP for Amylose (DSC) & Intermediate Results for starch gelatinization characteristics  
Progress: A SOP for the determination of amylose content by DSC has been finalized and approved 
by CIRAD, CIAT and INRA. A first set of 15 sweet potato samples has been analysed; the amylose 
content varied between 4.5 and 12.7% (dry basis) with a standard deviation of error by 5%.  
Intermediate Results for starch gelatinization characteristics: the temperature and enthalpy of 
gelatinization of starch can be important characteristics that can explain the behaviour during 
cooking. These variables were determined on the same first set of 15 sweet potatoes. The onset of 
gelatinization did not vary a lot (between 76.7 and 81.0°C), but the enthalpy of gelatinization ranged 
between 4.5 and 12.6 J/g (db). The temperature and the enthalpy of gelatinization seem to be linked 
to the firmness of cooked sweet potato. 
Challenges faced & Lessons learnt: These procedures can only be used by CIRAD, INRA & CIAT 
that have a DSC, but it can be used as a reference to compare with the amylose content colorimetric 
procedure (SOP under development). If the gelatinization temperature will be important as a 
biophysical attribute, a routine enzymatic procedure to evaluate it can be developed. 
Lab of Application: only CIRAD, INRA and CIAT  
 
Next Steps:  
 Perform a ring test to compare the amylose content determined by this procedure and the 

colorimetric one.  
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 In addition, three sets of samples (sweet potato, cassava and yam) will be analysed to 
determine if the amylose content and starch characteristics can be used as a biophysical 
attribute to predict the quality of cooked RTB products. 15 samples of each roots and tubers 
with referenced texture analyses and cooking behaviors will be used; sweet potatoes from 
CIP, cassava from CIAT and yam from UAC/FSA. 

SOP for Total Polyphenols & Intermediate Results  
Progress: Based on literature, a method (a SOP has been drafted) for extracting free and bound 
phenolic acids, their total quantification by calorimetric assay has been written and tested on cassava 
and yam. Extraction of free phenolic acids was carried out by cold liquid-liquid extraction while 
alkaline and acid hydrolysis were tested to obtain the bound phenolic acids.  Applied to cassava 
harvested in Cameroon in different GxE contexts, quantification of total phenolic acids showed 
comparable results between repetitions with an optimum coefficient of variation of 10%. In addition, 
acid hydrolysis has proven to be the most effective way to extract bound phenolic acids. Applied to 
yam, it proved the critical effect of sampling on polyphenol content; the proximal part of the tuber 
has a polyphenol content 4 times higher than the other parts. 
Challenges faced & Lessons learnt: For cassava, one of the main challenges encountered was 
the handling of the cassava and its high starch content. For yam, the sampling is a critical point and 
we decided to take three samples (proximal, center and distal sections) for each tuber to obtain a 
good representativeness of each sample. The hazardousness of some compounds including 
hydrochloric acid, required careful handling under a hood. 
Next Steps: Monitor the evolution of total polyphenol content according to genotype, production 
areas and/or processes in parallel with NIRS calibration. Analyze the composition of total 
polyphenolic acid extract to identify the major phenolic compounds present in RTBs and try to identify 
those potentially associated with process ability and product quality. This will be performed by HPLC 
(see below). 
Other Lab of Application:  All Lab partners working on RTB product and which have the facilities 
to implement the protocol. 
 
Intermediate Results on Polyphenols (through HPLC)  
Progress: The laboratory's expertise in HPLC analysis was used to optimize the conditions for total 
phenolic acids analysis. Elution conditions, spectrum acquisition and analysis have thus been 
defined. Applied to the total phenolic extracts obtained from cassava, they made it possible to obtain, 
for all the tested samples, chromatographic profiles consistent with colorimetric assay results. 
Challenges faced & Lessons learnt: We have not faced any challenges. Under our experimental 
conditions, HPLC analyses is time consuming (105 min per sample). This constraint must be 
considered in the organization of work. Therefore, we therefore suggest extracting enough quantity 
of samples, stored them at -80°C and then performing a grouped HPLC analysis.   
Next Steps: The next step will be to analyze the chromatographic profiles and identify for each peak 
the corresponding phenolic compound. This identification will be done by comparing the retention 
time of each peak spectra with that of known standards and/or by mass spectroscopy analysis when 
standard compound is not available. Discussion with other partners (INRA in particular) that will 
analyze polyphenols of other RTBs (yam and banana) will also plan to share experiences and 
polyphenol identification. 
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Summary table of SOP development for Biochemical Analyses of RTBs to inform quality traits (write 
‘NA’ if ‘Not Applicable) 
 
Most of the SOPs were finalized and approved by the reviewer partners as displayed below: 
 

 
 
In addition to the planned SOP, a SOP for total polyphenols has been drafted and two SOPs were 
developed in partnership with WP3 for the sampling, codification and NIRS acquisition 
 
4.2 Ring Tests 
 
In Period 2 (August 2019), WP2 (CIAT) purchased commercial samples of cassava starch and of 
rice flour and distributed them to RTBfoods partners to be used as interlab references. The samples 
were stored in airtight bags at 4°C in each partner laboratories, pending the completion and 
validation of the SOPs for biophysical analyses at end of Period 2. In Period 3, WP2 will organize 
ring tests, during which RTBfoods partners will analyse the reference samples using selected SOPs. 
The results will be centralized and shared with partners to assess the variability and reproducibility 
between labs; and to correct any excessive deviation. 
The analyses targeted in priority for the ring tests are: Dry matter, Starch content (2 protocols: Acid 
hydrolysis and Enzymatic hydrolysis), Sugars (2 protocols: Phenol colorimetry and HPLC), Amylose 
(2 protocols: Iodine colorimetry and DSC), Polyphenols (2 protocols: Total polyphenols and HPLC). 
The RTBfoods partners concerned are Bowen University, CARBAP, CIAT, CIP / NaCCRI (shared 
reference samples in Uganda), CIRAD, CNRA, IITA, INRA, JHI, NARL, NRCRI, UAC-FSA. 
In addition, a set of 20 samples of sweet potato flours was shared between CIP, CIRAD and CIAT 
for biophysical analyses. Some of these analyses will be repeated at both CIRAD and CIAT as a ring 
test to validate the consistency of analyses between these two laboratories. 

SOP Principle Responsible Reviewers Status

Dry matter AOAC, Oven 105°C, 16h B. Maziya-Dixon (IITA)
B. Otegbayo (Bowen U.)
N. Akissoé (UAC/FSA)
G. Ngoh (CARBAP)

Finalized & 
approved

Starch (2)
Acid hydrolysis, phenol-
colorimetry

B. Otegbayo (Bowen U.)
B. Maziya-Dixon (IITA)
E. Nuwamanya (NaCRRI)
G. Ngoh (CARBAP)

Finalized & 
approved

Enzymatic
T. Tran (CIAT)

C. Mestres (CIRAD)
A. Sabate (INRA)

Finalized & 
approved

Sugars (2) Phenol-colorimetry B. Otegbayo (Bowen U.)
B. Maziya-Dixon (IITA)
U. Chijioke (NRCRI)
G. Ngoh (CARBAP)

Finalized & 
approved

HPLC
C. Mestres (CIRAD)

T. Tran (CIAT)
N. Akissoé (UAC/FSA)

Finalized & 
approved

Amylose (2) Iodine-colorimetry
L. Desfontaines (INRA)
D. Cornet (CIRAD)

M. Matovu (NARL)
G. Ngoh (CARBAP)

Drafted

DSC C. Mestres (CIRAD)
A. Sabaté (INRA)
T. Tran (CIAT)

Finalized & 
approved

Handling of fresh RTB 
materials

Low temperature drying T. Tran (CIAT)
T. Muzhingi (CIP)
C. Ebah-Djedji (CNRA)

Drafted

Total Polyphenols
Extraction with organic 
solvant then colorimetry

D. Mbéguié-Mbéguié
N. Akissoé (UAC/FSA)
A. Rolland-Sabaté (INRA)

Drafted

Sampling, Codification 
and NIRS of Fresh 

Cassava

Sampling, codification 
and NIRS acquisition

T. Tran (CIAT)
C. Mestres (CIRAD)
K. Meghar (CIRAD)

T. Tran (CIAT)
C. Mestres (CIRAD)
K. Meghar (CIRAD)

Finalized & 
approved

Sampling, Codification 
and NIRS of Fresh Yam 

Tuber

Sampling, codification 
and NIRS acquisition

K. Meghar (CIRAD)
C. Mestres (CIRAD)
N. Akissoé (UAC/FSA)

K. Meghar (CIRAD)
C. Mestres (CIRAD)
N. Akissoé (UAC/FSA)
L. Adinsi (UAC/FSA)

Finalized & 
approved
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5.2.16 Cross Product Profile Scientific Interactions on Biochemical 
Composition of RTB products 

SOP writing and reviewing: Most partners were voluntary involved in the writing and reviewing of the 
SOPs. The writing of the planned SOPs has been almost completed during this year. 
Dry matter, sugars & polyphenols contents: dry matter, sugar and polyphenols contents were 
determined on 3 yam samples in CIRAD in partnership with UAC/FSA. Several tubers and several 
parts of each tubers were analysed (108 analyses) and the results clearly showed an effect of the 
tuber part and large variability between tubers of the same cultivar. A SOP for the sampling strategy 
was consequently written in partnership with WP3. 
 Amylose content was determined by CIRAD on 15 sweet potatoes in partnership with JHI and CIP. 
Other starch characteristics were also determined (see below) and were correlated with the texture 
properties of cooked sweet potato. This promising approach will be more developed for the next 
year. 
Sampling and codification appear to be critical steps before RTBs analyses. Large discussions have 
been engaged between CIRAD, CIAT and UAC/FSA on this topic (for boiled yam and cassava) and 
two SOPs dealing with these problems have been written. It should be noticed that these SOPs 
concern WP2 and WP3. More generally, this topic should be addressed for each product profile 

5.2.17 Coordination & Support Strategy from WP2 Focal Point for 
Biochemical Analyses 

After the meeting in Abuja, all the communication for coordination were by Email. The drafted were 
exchanged between partners and the approved versions are now posted on the RTBfoods platform. 
The next step is clearly the ring test. 
No support mission was necessary at this stage; the SOP were indeed on already practiced 
procedures. After the meeting in Abuja, all the communication was by Email.  

5.2.18 Implementation of Advisory Committee Recommendations  

1. Develop harmonized/single SOPs for instrumental methods over the different partners per 
trait/crop/profile combination: requirement for harmonized SOP development in WP3 in 
particular for NIR based measurements. 

 
Simple and cheap SOPs have been developed for 4 important biophysical traits that can be analysed 
by every partner. In addition, advanced SOPs (involving enzymes, HPLC or DSC) have also been 
developed that can be used as reference procedures to compare with the simple SOPs. These 
procedures have been chosen by the partners during the discussion at the annual meeting in Abuja; 
each partner will thus be able to practice these procedures. Other SOPs have been drafted (in 
particular, amylose by colorimetry, total polyphenols) and new ones (for example, gelatinization 
characteristics, total pectins, pectin methylesterase and beta-amylase activities…) that will prove 
their relationship with quality (Section 2) will be written for year 3. 
In addition, discussions and first results have been shared with WP3, particularly on the sampling 
and codification of samples (on cassava, sweet potato and yam with CIAT, CIP and UAC/FSA, 
respectively). WP2 & WP3 indeed need to share sampling and codification (before analytical results) 
and/or a procedure to make the correspondence between codification of the two WPs and between 
partners. 

2. Speed & low hanging fruit: SOPs for dry matter, starch, protein & carotenoids 
 
During the WP2 satellite workshop (Abuja, March 2019), the low hanging fruits for biophysical 
analyses were identified as dry matter and starch content, as well as sugars and amylose content, 
because the majority of WP2 partners were already using these methods. Accordingly, priority was 
given to developing SOPs for these four analytical methods. 
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5.2.19 Progress & Perspectives  

SOPs for 4 basic biophysical traits have been written and approved by partners. A ring test will now 
be organized to validate that every partner obtains results than can be shared with other partners 
and with WP3. 
 
In addition, two SOPs for sampling, codification and drying products have been proposed. 
Biophysical analyses must be related to product quality. This will be performed in reference with 
WP1 results and with sensory and texture analytical results obtained in year 3. Experiments are 
already planned for boiled yam (CIRAD, UAC/FSA), sweet potato (CIRAD, CIP, JHI), boiled cassava 
(CIRAD, CIAT). A more general planning for every product profile will be discussed during the next 
annual meeting. 

5.2.20 Section 5. Data Management, Sampling Strategy & Ontologies 

WP2 Databases 
The Data Management Workshop made clear the importance of collecting data in a standardized 
manner by all WP2 partners, so as to facilitate the gathering of datasets into a central database, and 
for easy use by WP3 to carry out correlation analyses with NIRS and other high-throughput methods. 
The importance of collecting and providing meta-data was also underlined. 
Consequently, WP2 took the following decisions: 

1. To develop a standard system to allocate identification codes to samples produced in the 
course of biophysical analyses. 

2. To develop a template (under Excel) to collect data in a standardized way, including meta-
data. 

To ensure correct identification of data and harmonization of WP2 and WP3 databases, CIAT 
developed a SOP based on the preparation of samples for boiled cassava and allocation of 
identification codes. After reviewing by other WP2 partners, it appeared that a single codification 
SOP may not be suitable for all product profiles. Adaptations of the SOP for boiled cassava to other 
product profiles are being considered. 
To collect data in a standardized way, WP2 partners developed a common template (Excel based), 
which is being tested for different biophysical analyses. 
Please see the following documents on the RTBfoods documents library website: 
 
SOP - Sampling, Codification and NIRS of Fresh Yam Tuber 
SOP - Sampling, Codification and NIRS of Fresh Yam Tuber.pdf 
SOP: Sampling and allocation of standardized codes for samples for biophysical, texture and NIRS 
analyses: Cassava (WP2 and WP3) 
WP2_SOP-allocation-codes-cassava-FINALIZED.doc 
 
SOP: Preparation of samples for texture, cooking time and & NIRS analyses: Boiled cassava 
WP2_SOP-boiled-cassava-cookingtime-texture-191215-FINALIZED.doc 
 
Template of the WP2 database to collect results of biophysical and texture analyses 
WP2_database_template_Institute_name_product_name_FINALIZED.xlsx 
 
WP2 Sampling Strategy 
WP2 partners have access to RTB crops fresh materials typically during the yearly harvests 
conducted by WP4. Good coordination between WP2 and WP4 (as well as WP3) at partner level is 
therefore necessary to make sure that the relevant genotypes are available to WP2 in sufficient 
quantities. For WP2 teams, careful planning is also necessary to be able to carry out the sensory 
analyses, texture analyses and biochemical analyses at the same time. This implies the following 
steps: 

(1) Define in advance the set of analyses to carry out. 
(2) Plan how many roots need to be harvested to do the analyses. 
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(3) Plan how many people (workers to prepare samples, laboratory technicians, etc.) are needed 
to carry out the analyses. Assign a role to each member of the team. 

(4) Plan the sequence of actions during the day of harvest, from receiving the roots from the 
field, allocating identification codes, preparing the samples, to conducting the analyses. 

(5) Plan how the data will be collected and gathered in a database, using the Excel template for 
WP2 data collection developed by WP2 during Period 2. 

 
In most cases, it is not possible to carry out everything (sensory analyses, texture analyses and 
biochemical analyses) exactly on the same day. Analyses are then spread over two or three days, 
with the same genotypes being harvested over that period of time. Several roots are pooled together 
for the analyses, to average the variability between roots and plants. With this system, batches of 
roots harvested on two or three consecutive days can be considered as not significantly different. 
 
These recommendations have been discussed between WP2 partners and have been implemented 
by partners who have conducted biophysical analyses and texture analyses during Period 2. Sensory 
analysis tests have not yet been implemented (period 2 was dedicated to capacity building on 
sensory analysis) but shall be included at the same time as other analyses during harvest periods. 
This will be underlined again during the workplan sessions for Period 3 at the RTBfoods annual 
meeting (Entebbe, February 2020). 
 
A SOP on drying (oven at 45°C) flours and starches extracted from cassava has been finalized, but 
not yet disseminated or adapted to generalize to all RTB crops. See file WP2_SOP-drying-fresh-
cassava-flour&starch-FINALIZED.doc. The SOP on freeze-drying is under preparation. In addition, 
a set (30) of yam samples has been freeze-dried and dried and a comparison of the analytical results 
is under progress. This will help for the decision for choosing the proper storage strategy of samples, 
depending of the characteristics look for; for example, it is expected that simple drying is sufficient 
for proximate analysis while freeze-drying could be necessary for polyphenols or enzymatic activities 
determinations. 
The main focus of WP2 during Period 2 was developing, optimizing and validating laboratory 
protocols to conduct sensory, biophysical and functional characterizations of RTB product profiles. 
The generation of complete datasets, for which proper samples storage is important, will start in 
Period 3. Recommendations on storage strategy will be disseminated during the RTBfoods annual 
meeting at beginning of Period 3 (Entebbe, February 2020). 
 
Two SOPs on allocation of codes for samples from cassava and yam have been finalized and are 
available in the RTBfoods document library. See files “SOP - Sampling, Codification and NIRS of 
Fresh Yam Tuber.pdf” and “WP2_SOP-allocation-codes-cassava-FINALIZED.doc” 
Recommendations on codification strategy will be disseminated during the RTBfoods annual 
meeting at beginning of Period 3 (Entebbe, February 2020). 
 
Ontologies on Quality Traits 

WP2 Strategy to develop/enrich crop ontologies with RTBfoods knowledge: narrative on the strategy to 
be implemented by WP2 coordinators to structure & organize the development/enrichment of 
ontologies with new knowledge on quality traits for RTB crops by WP2 partners (15 lines). 

 
This point is partly addressed in the template database and will be developed in year 3.  
 

Any template/guidance developed to capture new knowledge generated on quality traits & methods 
of measurement by product profile? 

 
See above 
 

Next steps in Period 3 for the development of crop ontologies with quality traits. 
 
This will be discussed during the annual meeting and in partnership with WP3 and 4 
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5.2.21 WP2 Coordination 

Support Strategy from WP2 Coordinators 
 Describe how is organised the coordination of the WP and how are shared responsibilities 

between WP coordinators & Focal points – Highlight Strengths, Complementarities & eventual 
Gaps. 

 
The WP has three important coordinators that are from different institutions namely; IITA, Nigeria, 
CIRAD, France and CIAT, Colombia. However, there are thematic Focal Points as listed below 
SOPs Processing & Cooking Patterns: MESTRES Christian & TRAN Thierry 
SOPs Biochemical Composition: MESTRES Christian; Ring Tests: Thierry, 
Proofs of Concept Starch & Parietal Compounds: MESTRES Christian 
Proofs of Concept & SOPs Texture: DAHDOUH Layal 
SOPs Sensory: BUGAUD Christophe. These thematic focal point leaders coordinate the activities 
under their respective section. 
 
Pinpoint gaps & challenges faced in the coordination of the WP – For each challenge/gap listed, 
identify risk mitigation strategy that could help solve this problem. 
 
The challenge faced in the coordination of the WP was the change in leadership of the WP and 
difficulty in getting all members to participate in the virtual meetings. The mitigation strategy will be 
to agree on the frequency of the meetings, date and time so that members can plan to attend ahead 
of time. 
The communication will be improved among partners through virtual meetings and during the training 
that will be conducted in period 3. We plan to have quarterly reports from the partners. 

5.2.22 Interaction Mechanisms between WPs  

Deciphering of WP1 findings for WP2 Biophysical Analyses 
➢ WP2 Strategy to build on WP1 findings: 15-20 lines narrative on the process to be implemented 

with WP1 counterparts to take advantage of information extracted from WP1 surveys on quality 
characteristics. How will information from WP1 feed into the development of Product Profiles at 
WP2 level? Provide details on how the characteristics will be prioritized product profile by product 
profile. How will be decided analyses to be performed & Proof of Concepts to be developed? 
Who will be involved in this exercise?  

 
The information on the preferred end-user food characteristics will be used in Period 3. Proof of 
concept on the selected characteristic will be carried out in Period 3. 

 
Biophysical & Sensory Characterization of WP1 material: What is the strategy of WP2 coordinators 

to ensure that all WP2 labs. will analyze (both instrumental & through-panel analyses) varieties 
processed & tested with consumers during WP1 Activity 4 & 5? 
 

Strong linkages through effective communication will be employed as a strategy to ensure that 
WP2 laboratories conduct instrumental and sensory analyses on varieties processed and tested 
with consumers in WP1 activities 4 and 5.  The Food and Nutrition Sciences Lab at IITA 
backstops activities in Umudike and Bowen providing expertise on sampling and sample 
preparation of cassava and yam. We will have a monthly RTBfoods virtual meeting to learn about 
needs and issues to get the work done between work WP1 and WP2.  
 

 
Projection of WP1 Preferences on WP2 Sensory Profiles: What is the strategy planned by WP2 

coordinators to coordinate the ‘projection’ of end-user preferences (captured during WP1 Activity 
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5) on the sensory profile built with the sensory panel? (i.e. to capture Targets & Thresholds of 
desirability for each descriptor)  

 
The same strategy proposed above will be employed here also. 

 
➢ Fill-in the table below with a brief description or bullet-point lists of interactions with other 

WPs (successful ones & gaps) & propositions for risk mitigation. 
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 Successful Interactions/ Coordination 
with other WPs (specific actions 
concerned, frequency, tool sharing) 

Gaps in Interactions/Coordination with other 
WPs: 
What is needed from other WPs?  

(NR = not relevant) 

Risk Mitigation: How to Improve (specific 
actions to be taken, frequency, tool 
sharing?) 

WP1 ● Working with WP1 on identification of 
preferred end-users’ characteristics 

● Need urgently the list of preferred traits from WP1  

 

 

● None 

 

 

WP3 ● …All reference values of the selected 
traits used for the calibration 
developments and validation were 
generated by WP2 

Feedback from WP3 on quality of the reference 
values generated for the WP.  

 

 

● None 

 

 

WP4 ● The genetic materials were provided by 
WP4 for biophysical and textural analyses  

● Provide enough genetic materials to carry out the 
tasks set for period 3 

 

 

● None 

 

 

WP5 ● …… ● ……. 

 

● ….. 

 

 

WP6/
PMU 

● …… ● ……. 

 

 

● ….. 
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Complementarity with other projects or breeding programs on RTB crops – B. MAZIYA-
DIXON 
➢ Narrative on Activities performed in complementarity with other projects or breeding programs 

from national partners (e.g. NextGen, AfricaYam, SASHA/SweetGAINS, CRP RTB, BBB, 
HarvestPlus). Describe type of complementarity (students, equipment shares, facilities, 
participation of WP coordinators in partner projects, events or initiatives on RTB crops). 

 
Other projects provided most of the genetic materials and processed products used for WP2 
activities. Cassava roots was provided by NextGen, CRP RTB and HarvestPlus. Sweetpotato 
materials were provided by SASHA/SweetGAINS and CRP RTB, while AfricaYam and BBB 
supplied yams and bananas. Most of the WP2 team were funded mostly from CRP RTB and 
bilateral projects. We have also used methodology forom RTBfoods for AfricaYam.  

5.2.23 Conclusion & Perspectives  

WP2 Progress & Key Achievements in Period 2 
Focus of activities in period 2 involved development of SOPs for biochemical traits and textural 
charaterization for the Product profile. Proof of concept were developed for processing/cooking 
ability of RTBfoods crops. SOPs for sensory characterization of Matooke was developed in Uganda 
and shared amongst partners (NARL, NACCRI and CIP) where common panellists were recruited. 
CIRAD and CIP have developed and validated SOP for textural analysis in boiled sweet potato. 
Preliminary results on sensory evaluation of sweet potatoes at CIRAD was generated with 14 defined 
attributes. Also, 40 samples obtained from 33 varieties were assessed in CIP for sensory analysis, 
data obtained were compared with instrumental methods using a Rheometer. Standardized SOPs 
for sample preparations and vocabulary generation was developed by CIP. Results of sensory 
attribute on 35 samples showed that sensory descriptors were well predicted by textural parameters.  
IITA, Bowen and NRCRI has successfully recruited and trained sensory panellists and 2 sessions of 
training was conducted and descriptors were generated in preparations for sensory evaluation of 
eba and fufu (NRCRI), pounded and boiled yam (Bowen) and eba in IITA. 
 
Proof of concepts for identification and dissection of biophysical traits through starch and parietal 
compound analyses was developed by CIRAD. Composition and internal structure of food products 
dictate their textural attributes. RTBfoods targeted crops contains mainly starch, which brings up the 
hypothesis H1 that starch plays a significant role in determination of textural characteristics of 
processed/cooked RTB. This was supported by publications linking starch content or dry matter with 
texture of cassava and potato (Hongbété et al., 2011; Franck et al., 2011; Dijk et al., 2002; Jarvis et 
al., 1992). Other studies underpin the role of cell walls materials (CWM) in determination of textural 
properties of processed RTB (Huang, 2016; Favaro et al., 2008; Poonsrisawat et al., 2016; Legrand 
et al., 2016; Ross et al., 2011). Hypothessis H2 was formulated based on this premise that cell wall 
materials or other component such as pectin play significant role in determining texture of cooked 
RTB.  
 
However, preliminary results on boiled cassava and sweet potato did not show any link between dry 
matter and identified textural traits such as cooking time for cassava or firmness for sweet potato. 
These findings carried out using 36 cassava genotypes of contrasting cooking quality (Cooking 
collection, CIAT) support Hypothesis 2 that CWM is responsible for the textural attributes though are 
present in smaller quantities than starch. INRA is developing another proof of concept for extracting 
CWM (cell wall material) from yam using first an alcohol insoluble solids (AIS) extraction followed by 
an enzymatic destarching. IITA, Bowen and NRCRI are planning in period 3 to get involved in the 
proof of concept on the role of starch and parietal compound in processing cooking ability. 
Development of proof of concept to understand processing/cooking ability of RTB crops through 
other methods of analysis included Water Absorption Capacity at CIAT and CIP, Conductivity at 
CIRAD and CIAT, as well as Image analysis at CIAT. The recommendation of advisory committee 
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to develop proof of concept on imaging, hyperspectral and FTIR application should be develop is 
being considered also in period 3.  
Perspectives for Period 3 
 To generate complete datasets including sensory analysis, biophysical analyses, texture 

analysis on the same RTB materials (+ NIRS by WP3). 

 Work plan to do between partners: 

o Which product profiles can be done in Period 3? By which partners? 

o Which analyses can be done for each product profile? 

 Continue production of SOPs for characterizations of remaining product profiles. 

 Ring tests to organize using the reference samples distributed last year. 

o To check the SOPs (priority Dry matter, Starch, Amylose, Sugars) 

o To verify that different partner laboratories obtain similar results 
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5.3 Annex 3: WP3 Scientific Progress Report for 
Period 2 

Scientific Achievements, Key Research Findings & Perspectives 

Main author(s) (NAME, First Name, Institution, Country): 
 
Davrieux, Fabrice, CIRAD, Réunion  
Alamu, Emmanuel, IITA, Zambia  
zum Felde, Thomas, CIP, Peru  
Meghar, Karima, CIRAD, France  
 
Collaborator(s): 
 
Cornet, Denis, CIRAD, Guadeloupe 
Tran, Thierry, CIAT, Colombia 
Belalcazar, John, CIAT, Colombia 
 
WP coordinators (NAME First name, email, Skype ID, country):   
DAVRIEUX Fabrice, fabrice.davrieux@cirad.fr - fdavrieux - Réunion, France 
ALAMU Emmanuel, o.alamu@cgiar.org - oalamu - Zambia 
ZUM FELDE Thomas, t.zumfelde@cgiar.org --- tfelde93@gmail.com - thomas_zum_felde - Peru 

5.3.1 Product Profiles & WP3 Teams across Countries 

Please review table below using information provided by Partner Focal Points in their Activity 
Report for Period 2 or information collected during trainings and support missions. 

https://rtbfoods.cirad.fr/
mailto:fabrice.davrieux@cirad.fr
mailto:o.alamu@cgiar.org
mailto:t.zumfelde@cgiar.org
mailto:tfelde93@gmail.com
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Crop Product 
Profile 

Product 
Champion 

Partner Institutes 
responsible for WP3 
activities  

Institute Focal Point WP3 Team Composition  

Product Profile WP3 
Correspondent 

Names of Operational Staff for 
WP3 Analyses & Data 
Management 

Cassav
a 

PP1- Boiled 
Cassava 

Robert Kawuki 
(NaCRRi-Uganda) 

NaCRRI-Uganda Robert Kawuki Ephraim Nuwamanya Enoch Wembabazi 
CIAT-Colombia Thierry Tran  John Belalcazar John Belalcazar 
CIRAD-Montpellier Dominique Dufour  Karima Meghar Karima Meghar 

PP2- Gari, 
Eba, Attiéké 

Busie Maziya-Dixon  
(IITA-Nigeria) 

IITA-Nigeria [Gari/Eba]  Busie Maziya-Dixon Emmanuel Alamu Michael Adesokan 
NRCRI-Nigeria 
[Gari/Eba] 

Ugo Chijioke Ugo Chijioke Ogbete Chukwudi 

CNRA-Côte 
d’Ivoire[Attiéké] 

Amani Kouakou  No activity for WP3 
currently  

No activity for WP3 currently 

PP3- Fufu Ugo Chijioke 
(NRCRI-Nigeria) 

NRCRI-Nigeria Ugo Chijioke Ugo Chijioke Ogbete Chukwudi 
 

Cookin
g 
Banana 

PP4- Boiled 
Plantain 

Gérard Ngoh 
(CARBAP-
Cameroon) 

CARBAP-Cameroon Gérard Ngoh No activity for WP3 
currently 

No activity for WP3 currently 

PP5- Matooke Kephas 
Nowakunda 
(NARL-Uganda) 

NaCRRI & NARL-
Uganda 

Robert Kawuki (NaCRRI) 
Kephas Nowakunda 
(NARL) 

Ephraim Nuwamanya Enoch Wembabazi  

PP6- Fried 
Plantain 

Delphine Amah  
(IITA-Nigeria) 

IITA-Nigeria Busie Maziya-Dixon No activity for WP3 
currently 

No activity for WP3 currently 

Sweet 
potato 

PP7- Boiled 
SP 

Robert Mwanga  
(CIP-Uganda) 

CIP-Uganda Jolien Swanckaert  Thomas zum Felde Edwin Serunkuma, Eduardo 
Porras 

PP8- Fried SP Jan Low (CIP-
Kenya) 

CIP-Ghana Jolien Swanckaert 
(Uganda) 

Thomas Tuffour Eric Dery 

Yam PP9- Boiled 
Yam 

Noel Akissoe  
(UAC-FSA-Benin) 

IITA-Nigeria  Busie Maziya-Dixon Emmanuel Alamu Michael Adesokan 
NRCRI-Nigeria  Ugo Chijioke Ugo Chijioke Ogbete Chukwudi 
INRA & CIRAD-
Guadeloupe 

Lucienne 
Desfontaines(INRA) 
Dominique Dufour 
(CIRAD) 

Cornet Denis (CIRAD) 
 

Lucienne Desfontaines,  
Arnau Gemma 

CIRAD-Montpellier Dominique Dufour  Karima Meghar Karima Meghar 
Bolanle Otegbayo Bowen University-

Nigeria 
Bolanle Otegbayo Bolanle Otegbayo Olayinka Tinuke 

https://rtbfoods.cirad.fr/
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Crop Product 
Profile 

Product 
Champion 

Partner Institutes 
responsible for WP3 
activities  

Institute Focal Point WP3 Team Composition  

Product Profile WP3 
Correspondent 

Names of Operational Staff for 
WP3 Analyses & Data 
Management 

PP10- 
Pounded 
Yam 

(Bowen University-
Nigeria) 

NRCRI-Nigeria  Ugo Chijioke Ugo Chijioke Ogbete Chukwudi 

Potato PP11- Boiled 
Potato 

Thiago Mendes 
(CIP-Kenya) 

CIP-Uganda Jolien Swanckaert Thomas zum Felde Edwin Serunkuma, Eduardo 
Porras  

https://rtbfoods.cirad.fr/
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5.3.2 WP3 Summary Narrative 

Tell us the progress of your WP in Period 2 (Dec. 2018 to Dec 2019) focusing on main Activities & 
Achievements for each Output contributed to – Do not forget to systematically refer to product 
profiles concerned. (NB: This section will be copied & pasted as is in the body of the RTBfoods 
Annual Report for Period 2) (1-2 pages). 

Activities performed in Period 2 within RTBfoods WP3 are contributing to 3 project outputs:  

• Output 1.4.1: Screening capacity for users' preferred quality traits developed in key 
countries; 

• Output 1.4.2: Operational HTP (or MTP) protocols platform for screening users' preferred 
quality traits developed; 

• Output 1.5.3: RTB databases developed / enriched for users' preferred quality traits with 
spectral data on 5 RTB crops and 11 RTB food/processed products. 

The WP3 of RTBfoods project consists of eight teams from different institutes (INRA, CIAT, CIP, 
IITA, NACRRI, NARL, NRCRI and CIRAD) over seven countries (Uganda, Nigeria, Colombia, Peru, 
Guadeloupe, Ghana and France). The main activities conducted with these teams during the second 
project year were 1) Two intensive training workshops on NIRS calibration development conducted 
in Uganda and Nigeria 2) SOP’s developed for … 3) Decision on purchasing of new HTP technology. 
The recommendations of the Advisory Committee after period 1 were taken into consideration when 
implementing the activities for period 2. 

WP3 focussed in period 2 on the typical quality traits that could be easily evaluated with the available 
equipment. Examples of such traits are dry matter, starch, protein, sugars, and color, which are all 
relevant for consumer preferences. On the next step, the acquisition of a hyperspectral camera has 
been launched in period 2. The final choice was an FX17 from Specim Company; the system will be 
operational at CIRAD in February 2020. Researchers are using HSI related to fresh and processed 
products. Mainly quality control or process monitoring are achieved through the quantification of 
biochemical compounds: moisture content, nitrogen stress, sugar concentrations, solid soluble and 
volatile compounds, water binding, dry matter, starch, acrylamide, protein, chlorophyll, water stress, 
and amino acids. Other research findings refer to internal and external defects such as black spot, 
scab detection, late blight, bud and green rind and hollow heart but even more interesting for 
RTBfoods is the application on physical proprieties such as specific gravity, cooking time, clods 
detection, weight, shape and firmness. Some other traits can better be measured by mid-infrared 
spectroscopy (MIRS): Cell wall composition, pectin, the monomeric composition of cell walls etc. 
Thus, one MIR Thermo Scientific™ Nicolet™ iS50R Research FTIR Spectrometer already available 
at CIRAD was used for investigations.  

Two pieces of training have been achieved in 2019. One in IITA (Nigeria, Ibadan, 2 weeks) and one 
in NaCRRI (Uganda, Namulonge, 1 week) involving all RTBfoods partners working under WP3 and 
other project partners, such as NextGen. In total 30 participants covering different institutions were 
participating in these 2 training events. The objectives of the training were to transfer theoretical 
knowledge to understand the functioning of NIRS: the principles of the technique, advantages and 
limitations, know-how to develop, validate and maintain a calibration, practice work on data 
acquisition process, variation factors, data processing, knowledge of software (Winisi, Unscrambler) 
and principles of standardization and application.  

SOPs were defined for NIRS measurement of fresh yam, fresh ground cassava and intact fresh 
cassava roots,  gari and fresh raw, fresh raw ground & dried ground Sweetpotato roots. Other SOP’s 
on ‘Calibrated color measurements of RTB foods using image analysis’ and for the ‘transfer of 
spectral data from one hand-held ASD Near Infrared device to tabletop NIRS (FOSS 2500) was 
developed. The SOP’s have been developed considering various experiences of the ongoing work 
in RTBfoods and other related projects.  
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5.3.3 WP3 Achievements & Contribution to Output 1.4.1, Output 
1.4.2 & Output 1.5.3 

Output 1.4.1: Output 1.4.1: Screening capacity for users' preferred quality traits developed in key 
countries; 

Output 1.4.2: Output 1.4.2: Operational HTP (or MTP) protocols platform for screening users' 
preferred quality traits developed; 

Output 1.5.3: Output 1.5.3: RTB databases developed / enriched for users' preferred quality traits 
with spectral data on 5 RTB crops and 11 RTB food/processed products. 

Fill-in the table below to provide an update on the progress made in achieving project in Period 
2 – Information provided in this table will be used to update the RTBfoods Results-
Tracker. 

 
Outpu
t 

Period 2 
Targets/Milestones 
mentioned in RTBfoods 
Project Results-Tracker  

Achieved in Period 2 Variance & Brief Explanation 

1.4.
1 

HTP tools installed in 2 
countries (CIAT + CIRAD) 

NIR Spectrometer FOSS 
DS2500 installed at CIAT in 
replacement of obsolete Foss 
NIRS 6500 system.  
Hyperspectral camera 
selected and purchased for 
CIRAD.  

The acquisition of a hyper 
spectral camera has been 
launched in 2019, the technical 
specifications were defined. The 
CIRAD protocol was applied for 
the competition procedure for 
providers. The final choice was 
a FX17 from Specim Company. 
The purchasing procedure has 
been finalized; the system will 
be operational at CIRAD in 
February 2020. 

4 trainings events to 
partner laboratories 

Two trainings session have 
been achieved in 2019. One 
in IITA (Nigeria, Ibadan, 2 
weeks) and one in NaCRRI 
(Uganda, Namulonge, 1 
week) involving all RTBfoods 
partners working under WP3. 

The 4 scheduled trainings were 
gathered in 2 intensive events. 
The main reason was to reduce 
cost, facilitate the organization 
and enhance the efficiency 
having together all relevant 
partners.  

5 HTP (or MTP) protocols 
adapted and developed 

SOPs were defined for NIRS 
measurement of fresh Yam, 
fresh ground cassava and 
intact fresh cassava roots, for 
gari, for fresh raw, fresh raw 
ground & dried ground 
sweetpotato roots. Other 
SOP’s on ‘Calibrated color 
measurements of RTB foods 
using image analysis’ and for 
the ‘transfer of spectral data 
from one hand-held ASD 
Near Infrared device to 

The SOP’s have been 
developed considering various 
experiences of the ongoing 
work in RTBfoods and other 
related projects. These Sop’s 
need to be finalized and 
validated by the coordination 
team. 
 

https://rtbfoods.cirad.fr/


 

  Page 170 of 554 

Outpu
t 

Period 2 
Targets/Milestones 
mentioned in RTBfoods 
Project Results-Tracker  

Achieved in Period 2 Variance & Brief Explanation 

tabletop NIRS’ was 
developed.  

1.4.
2 

4 calibrations available for 
a group of prioritized 
quality traits. 

More than 4 calibrations 
developed 1) (e.g. Calibration 
models for colour parameters 
(∆L* ∆a*, and ∆b*), 2) 
Calibration models for Water 
absorption capacity (WBC), 
3) Swelling power and 4) 
solubility, 5) bulk density, 6) 
dispersibility and 7) starch 
contents for gari.  

In total, we made 797 
sweetpotato scans in Uganda. 
The material (60 raw dried and 
60 boiled dried genotypes) are 
recently under wet chemistry 
reference analysis which will 
serve for later NIRS calibration 
development. All 120 samples 
were shipped to CIAT-Columbia 
to perform the following 
analysis: viscosity, swelling 
power, solubility evaluation, 
starch, individual sugars and 
amylose. Calibrations will be 
available early 2020.  

New spectra in RTB 
databases (with passport 
data and eventually 
physico-chemical data 
when acquired for 
calibration purposes): 

- 3 000 cassava spectra 
- 100 yam spectra 
- 500 sweetpotato 

spectra 
- 300 potato spectra 
- 200 banana spectra 

• 655 (154 fresh + 261 
dried + 240 intact root) 
cassava spectra. 

• 797 (120 fresh, blended, 
120 dried, 557 intact 
roots) spectra for 
sweetpotato. 

• 249 fresh yam spectra 
• 431 fresh Matooke 
 

For potato, the harvests in 
Uganda are scheduled for 
February and March 2020.  

 

1.5.
3 

RTB databases developed A template for data 
management was developed 
with BTI, same as a template 
for spectral databases. 
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Please complete the list of Deliverables to be submitted in Period 2 & Responsible Persons, in 
the table hereunder. The draft list hereunder has been consolidated by Eglantine based work 
plans for Period 2: Deliverable Titles as well as Responsible Persons may be changed. 

 
Activities performed under 
1.4.1, 1.4.2 & 1.5.3 

Deliverables Expected for Submission in Period 2 (Responsible Pers   
Data Managers) 

Training workshops on NIRS 
routine analysis 

Training reports: 
Report of training on calibration & standardization in Nigeria, July 

2019 (WP3 leaders) 
Report of training on calibration in Uganda, August 2019 (WP3 

leaders) 
 
Training Toolkit/Material (supports, manuals): 

Material presented during satellite workshop in Abuja (.pptx, .docx, 
template .xlsx, etc.) (WP3 leaders) 
Material for Training in Nigeria (F. Davrieux, K. Meghar, P. Dardenne) 
Material for Training in Uganda 
  

Desk literature review State of Knowledge on HTP tools applied to RTB crops and products: 
       State of the art for HIS applied to RTB products + Comparative table 
of HIS devices with HSC specifications (K. Meghar)  

Proof of concepts for NIRS, 
MIRS or hyperspectral 
imaging  
 
Adaptation and improvement 
of standardized operating 
protocols for sampling, 
sample preparation and 
(NIRS, MIRS or HSI) 
measurements on RTB crops 
and products 

Proof of Concept reports and SOPs developed for sampling, sample 
preparation and HTP or MTP measurements on RTB crops & products: 

SOP for NIRS measurements on Fresh Raw & Fresh Raw Ground 
Cassava (J. Belalcazar, T. Tran) – Under improvement 
SOP for NIRS measurements on Fresh Raw & Fresh Raw Ground 
Yam (K.Meghar)  
SOP for NIRS measurements on Fresh Raw & Fresh Raw Ground 
and dried Sweetpotato (T. zum Felde) - Under improvement 
SOP for Calibrated Color measurements of RTB foods using image 
analysis (D. Cornet) 
SOP for Colour Measurement in Fresh Yam using chromameter (E. 
Alamu) 
 

Calibrations for various 
quantitative and qualitative 
traits 

The calibrations  under development are included in the spectral 
databases submitted by each partner (cf hereunder). 
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Activities performed under 
1.4.1, 1.4.2 & 1.5.3 

Deliverables Expected for Submission in Period 2 (Responsible Pers   
Data Managers) 

Spectra acquisitions on RTB 
food products and fresh crops 
 
Development / Enriching of 
large RTB databases with 
spectral data on users' 
preferred quality traits 

Spectral databases [.xlsx]: 
Fresh Cassava at CIAT, Colombia (John Belalcazar) 
Fresh Cassava at NaCRRI, Uganda (Ephraim Nuwamanya, Enoch 

Wembabazi) 
Fresh Cassava (blended) at IITA, Nigeria (Emmanuel Alamu) 
Fresh Cassava at NRCRI, Nigeria (Ugo Chijioke) 
Fresh Yam at NRCRI (Ugo Chijioke) 
Fresh Yam at IITA, Nigeria (Emmanuel Alamu) 
Dried Yam at INRA/CIRAD Guadeloupe (Denis Cornet, Lucienne 

Desfontaines) 
Fresh and dried Sweetpotato at CIP Uganda (Thomas zum Felde) 
Cooking Banana at NaCRRI/NARL/IITA, Uganda (Matovu Moses, 

Ephraim Nuwamanya) 
Dried Milled Cassava at IITA, Nigeria (Emmanuel Alamu) 
Fresh intact cassava root (Proximal, Middle, Distal parts) at IITA, 

Nigeria  

Support Missions Reports of Support Mission: 
- of K. Meghar in Colombia (K. Meghar) 

5.3.4 Satellite workshop in Abuja, March 2019 

Provide a half-page summary of the satellite workshop organized in Abuja including:  
Dates, Workshop Objectives, Agenda, Nb. of participants & Institutes represented, Material 

Provided, Contribution from participants? (NB: you can access all files presented on the 
RTBfoods platform in WP3 > Annual Meeting 1 Abuja 2019 > WP3-Workshop on HTP 
Methods 

 
The WP3 workshop was scheduled before the first annual RTBfoods meeting on 22nd March2019 in 
Abuja. Eighteen participants covering different institutions, CIRAD (3), IITA (4), NACRRI (2), 
CIAT(1), NARL(1), NRCRI (4) and CIP(3) plus guest speakers Pierre Dardenne (consultant, 
Belgium), Hans van Doorn (HZPC, Netherlands) and partially Jim Lorenzen (BMGF) were 
participating in this workshop. Most of the participants presented their ongoing work related to the 
framework of the RTBfoods project. The objectives of the workshop were that all WP3 partners 
expose their scientific advances, ideas, issues encountered during period 1, their needs in training 
and support and their perspectives for period 2. Thierry Tran (CIAT) presented the standardization 
of protocol texture of raw and cooked (boiled) cassava. Denis Cornet (CIRAD) presented advances 
on machine learning and Pierre Dardenne presented on calibration transfers between NIRS 
equipment from different providers and related networking. Fabrice Davrieux (CIRAD) presented 
scientific & methodological advances on HTP methods in Guadeloupe. Karima Meghar from CIRAD 
presented hyperspectral imaging applied to RTB crops and products (literature review). Ephraim 
Nuwamanya from NACRRI presented spectral acquisition for cassava, sweetpotato and banana at 
NaCRRI in cooperation with NARL and IITA. Thomas zum Felde (CIP-Peru) presented CIP’s global 
NIRS activities on sweetpotato and potato. Emmanuel Alamu from IITA presented reports on the 
WP3 activities achieved for period 1 which includes the development of sampling and sample 
preparation protocols, spectral data acquisitions and calibrations development for selected traits like 
dry matter, starch, protein in fresh cassava and yam samples. Hans van Doorn (HZPC) reported on 
limitations of NIRS technology applied for potato.  
 

List of material provided (support, template, methodological guidance) which can be delivered 
as Period Deliverables for WP3 (please provide format): 

https://rtbfoods.cirad.fr/
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 WP3 satellite workshop –RTBfoods Annual meeting 220319.pptx 
 RTBfoods_WP3SatellitesWorkshop_introduction_032019.pptx 
 
Workshop outputs & decisions taken for actions to be implemented during period 2: 

 
Outputs: 
 Some traits can better be measured by mid-FTIR: Cell wall composition, DM composition, 

pectin, monomeric composition of cell walls;  
 Degree of methylation of cell walls could determine the cooking behaviour of potato (and 

other RTB);  
 Cell wall spectra can also be used to predict the maturity (time of harvest) of the crop; 
 Mid-FTIR could be used for raw and cooked products and for predicting their sensory 

attributes; 
 There is no correlation for some traits between raw and cooked products;  
 Some traits could be better predicted in cooked than in the raw material; 
 Partners during the workshop agreed to share an existing database for fresh and dried 

samples across crops; 
 Agreement among the partners to develop a protocol on the cooking time measurement and 

textural  
 properties of boiled cassava and other crops lead by CIAT; Portable hyperspectral camera 

is suitable for the characterization of RTB crops and products.  
 
Decisions: 
Agreement on database (chemical and NIRS) management and sharing: 
 Partners agreed to have a central/common database and there is a need for standardization; 
 Partners agreed on sharing of related databases, and there will be a need to develop 

protocols  
for sharing (CIAT agreed to share DM, BC and TCC database for fresh ground cassava with 
NACRRI); 

 Possibility of INRA/CIRAD and IITA to have one merged database for dried, milled Yam in 
the future. 

 
Improve communication and reporting of activities: 
 One mandatory SKYPE meeting every 2 months for improving communication between WP 

leaders; 
 Partners agreed to submit a quarterly report based on their activities for proper monitoring; 
 Common mailing list for WP3 team; 
 “SLAK” platform agreed to be tested for WP3 team. 

 
Make a decision on investments (HSI, MIR): 
 Decision was made to buy an Hyperspectral camera for characterization of intact roots. 

Regarding MIR, the decision was made to use the MIR Thermo Scientific™ Nicolet™ iS50R 
Research FTIR Spectrometer already available at CIRAD for investigation. 

 
Any feedbacks provided by partner teams that were taken into consideration to improve guidance 

material and/or support strategy from WP3 coordinators? 
 
NRCRI:  
 New team be formed, and re-training is needed.  

NACRRI:  
 There are 3 NIR spectrometers available but how to get 3 equipments communicate 

together;  
 Approval for sharing of CIP NIRS with NACRRI; 
 Personnel cooperation to work as a team; 
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IITA:  
 Communicate between portable and lab NIR spectrometers; 
 Lack of support services from FOSS for their old NIRS;  

 

5.3.5 Capacity Building Training in Ibadan, July 2019 

Provide a half-page summary of the training organized in Ibadan including:  
Dates, Training Objectives, Agenda, Trainers Curricula, Nb. of participants & Institutes 

represented? 
 
This 2 weeks WP3 training was scheduled from 24th June to 05th July 2019 at IITA in Ibadan, Nigeria. 
Seventeen participants covering different institutions and research units, NACCRI-Uganda (2), CIP-
Ghana (1), IITA-Food and Nutrition Sciences Lab (3), NRCRI (3), IITA-Cassava Breeding Unit (3), 
Nextgen project (2), Bowen University (2), CIP-Uganda (1) plus guest speaker Pierre Dardenne 
(consultant, Belgium) and the 4 trainers Karima Meghar (CIRAD), Thomas zum Felde (CIP-Peru), 
Emmanuel Alamu (IITA-Zambia) and Fabrice Davrieux (CIRAD) were participating in this training.  
The objectives of the training were to transfer (1) Theoretical knowledge to understand the 
functioning of NIRS: the principles of the technique, advantages and limitations, (2) Know how to 
develop, validate and maintain a calibration, (3) Practice work on data acquisition process, variation 
factors, data processing, (4) Knowledge of software (Winisi, Unscrambler), (5) Principles of 
standardization and application, (6) Needed facilities. The theoretical part of the training consisted 
of lessons on NIR theory, instrumentation, NIRS limitation/NIRS alternatives, signal and spectra 
chemometrics, software applications ‘from spectra to calibration and validation’, sample preparation 
and NIRS measurement, data handling and management, homogeneity and repeatability of NIRS 
scans, spectral acquisition of samples for standardization and standardization theory. The practical 
part of the training included the measurement of different RTB crops and products for application in 
RTBfoods, including instrument standardization with Winisi, data import and export, calibration tests, 
validation, standardization with Unscrambler and Excel with own data. 
 

List of material provided (support, template, methodological guidance) which can be delivered 
as Period Deliverables for WP3 (please provide format): 

 
The trainers shared all presentations given during the training and data management templates with 
the participants on a USB stick. 
 

Training outputs? 
 
 A diverse group of 17 participants (scientists, operators, technicians) was trained in NIRS 

theory and practice;  
 Team building for NIRS application across RTBfoods community;  
 Knowledge of different software application transmitted; 
 Limitations of NIRS technology discussed und understood; 
 Agreement to share existing knowledge and information across participants.  

 
Any feedbacks provided by partner teams that were taken into consideration to improve guidance 

material and/or support strategy from WP3 coordinators? 
 
 Personnel cooperation to work as a team; 
 Cost and time of analysis to generate reference data; 
 Lack of support services by NIRS suppliers in SSA.   
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5.3.6 Capacity Building Training in Namulonge, August 2019 

Provide a half-page Summary of the training organized in Namulonge including:  
Dates, Training Objectives, Agenda, Trainers Curricula, Nb. of participants & Institutes 

represented? 
 

Considering the experiences from the first training in Ibadan, we decided to offer only a 1-week 
training in Namulonge, focusing more on practical work. This 1-week WP3 training was scheduled 
from 19 – 23 August 2019 at NACCRI facilities in Namulonge, Uganda. Thirteen participants covering 
different institutions and RTB crops, NARL (3), NaCRRI (3), Makerere University (2), CIP Uganda 
(3), IITA Uganda (1) and CIP Kenya (1) and the 4 trainers Karima Meghar (CIRAD), Thomas zum 
Felde (CIP-Peru), Emmanuel Alamu (IITA-Zambia) and Fabrice Davrieux (CIRAD) were participating 
in this training. The adjusted objectives of the training were to (1) Train operators and developers to 
the principles of NIRS, (2) Transfer know-how to develop, validate and maintain a calibration, (3) 
Knowledge of software (Winisi, Unscrambler), (4) Practice on Data Acquisition Process (on different 
instruments), (5) Data Processing, (6) Validation/set up of SoP for the different raw products 
(banana, cassava, yam, potatoes and sweet potatoes) and (7) Establish the work flow and the 
procedure for database monitoring per product. The theoretical part of the training consisted of 
lessons on software presentation (principles, organization, principal functionalities), basic statistics 
applied to NIRS, chemometrics, spectra pretreatments, principal component analysis and calculation 
of distances, calibration development (theory and principle). The practical part of the training 
included the measurement of different RTB crops and products for application in RTBfoods, 
calibration practical exercises, review and configuration of the instruments in the laboratory, sample 
preparation and NIRS measurements, laboratory analyses of raw products according to DOE and 
data management of collected spectra per product.  
 

List of material provided (support, template, methodological guidance) which can be delivered 
as Period Deliverables for WP3 (please provide format): 

 
The trainers shared all presentations given during the training and data management templates with 
the participants on a USB stick. 
 

Training outputs? 
 
 A diverse group of 13 participants (scientists, operators, technicians) was trained in NIRS 

theory and practice;  
 Team building for NIRS application across RTBfoods community in East Africa established;  
 Knowledge of different software application transmitted; 

 
Any feedbacks provided by partner teams that were taken into consideration to improve guidance 

material and/or support strategy from WP3 coordinators? 
 
 Personnel cooperation to work as a team; 
 Cost and time of analysis to generate reference data; 

5.3.7 State of Knowledge on Hyperspectral Imaging & Hyperspectral 
investment 

Key findings from SOKs & comparative study on hyperspectral instruments (15-20 lines) – 
Mention gaps identified & lessons learnt from previous work done on RTB crops if any. 

 
The literature reviewed the potential of  hyperspectral imaging (HSI) as a non-destructive 
technique to qualify, classify and/or characterize crops and products of cassava, yam, banana, 
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potato and sweet potato. To date, most of published articles (85%) were about research and 
application to potato. This technology is known as a spectral imaging acquisition where each pixel 
of the image was employed to collect a set of images within spectral bands in ultraviolet (UV), UV-
visible, visible, NIR or VIS-NIR range. Each pixel is considered as one spectrum which is added as 
a third dimension of values to the two-dimensional spatial image, generating a three-dimensional 
data cube. 
Researchers are using HSI related to fresh and processed products. Most of the time, quality control 
or process monitoring are achieved through the quantification of biochemical compounds: moisture 
content, nitrogen stress, sugar concentrations, solid soluble and volatile compounds, water binding, 
dry matter, starch, acrylamide, protein, chlorophyll, water stress, soluble sugar and amino acids. 
Other research findings refer to internal and external defects such as black spot, scab detection, late 
blight, sugar-end growth defects, bud and green rind, hollow heart, crop hail damage, bruising and 
brown streak disease. Some research focuses also on physical proprieties such as specific gravity, 
cooking time, clods detection, weight, shape and firmness. 

The products were analyzed in different conditions and presentations: intact, peeled, sliced, cooked, 
frying and chips. In most of cases, the measurements were taken in diffuse reflectance mode, 
transmittance mode was used in minority. HSI images are acquired by a static or moving sample 
holding systems. The measurements do not require contact with the sample and light levels are 
relatively high. However, spectral fingerprint is dependent on the skin properties of the tuber/root, in 
the case of intact tubers/roots.  

The chemometrics methods used to achieve calibration are numerous and depend on the product 
and on the trait to be characterized. The approaches cover linear methods (PCA, PCR, MLR, PLSR, 
LDA, PLSDA, SIMCA…) and non-linear methods (ANN, SVM, KNN, CARS...), and are divided into 
two groups: quantification and classification. In some cases, classification (supervised or 
unsupervised) gives the opportunity to perform HTP screening, when quantification is not relevant.  

Describe how the decision to purchase of a hyperspectral camera was made (10-15 lines) - Why 
is the HSI supposed to be suitable to address RTBfoods challenges more than other NIRS 
and MIRS tools?  How useful was the SOK in informing the decision to invest? 

 
Before taking the decision to invest in a hyperspectral camera, we have taken into consideration, the 
knowledge gained through the SOK on hyperspectral imaging applied to RTB crops and products. 
This SOK enabled us to identify some specifications of the device which would be most suitable for 
the future studies such as spectral range, spectral and spatial resolution, robustness, quality traits 
explored, RTB crops and products already studied etc. Furthermore, the comparison done between 
performances and costs of existing devices on the market, allowed us to choose the equipment that 
mostly correspond with our budget and technical specifications. 

The amount of rental corresponds to one third of its amount of purchase. Consequently, we decided 
to purchase the camera to prove the concept of HSI applied to RTB crops and products. The 
procedure of purchasing the HSI camera for CIRAD has taken about 6 months, from September 
2019 to January 2020. The procedure steps were as follows:  

1. Define the specifications based on the knowledge acquired from the SOK and the 
comparison made between the technical performances and costs of existing equipment on 
the market; 

2. Identification of potential suppliers and then publication of the call for tenders for one month; 

3. Scoring of the technical characteristics of the equipment proposed by five suppliers 
(Quantum, Indatech, Headwall, Phot-Innov , Optoprim) who responded to the call for tenders; 
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4. Telephone interview with each supplier to ask for additional information about their 
application and then assignment of a new technical note; 

5. Choose the supplier with the best score (technical and financial) and validate the choice with 
Mr Fabrice Davrieux (WP3 leader), Mr Dominique Pallet (UR Qualisud Director, Cirad), and 
Mr Dominique Dufour (RTBfoods project leader); 

6. Inform suppliers of the decision that has been taken by registered mail with 
acknowledgement of receipt; 

7. Order the camera from the chosen supplier and then wait for delivery.  

The hyperspectral camera model chosen is the Specim FX 17 (Specim, Oulu, Finland) proposed by 
Quantum, delivery is scheduled for the beginning of February 2020. The main features of this device 
are the following:    

 Spectral range: 900-1700 nm; 

 Spectral and spatial resolution: 8 nm and 220 μm; 

 Dimensions and weight: 150x85x75 mm, 1.56 kg; 

 Equipment of camera: Scanner, laptop, software, lamps and white reference; 

 Dimensions of the scanner: 690x330x662 mm; 

 High robustness against external phenomena: IP52; 

 Maximum dimensions of target samples: 400×200 mm. 

5.3.8 Proof of Concepts (PoCs) & Development of Standard 
Operating Protocols (SOPs) for NIRS & MIRS Measurements 
of Qualitative & Quantitative Quality Traits 

Confirm WP3 priority traits of investigation in Period 2 - Explain the reasons prevailing at this 
choice & elicit the scientific and/or technical hypothesis behind this decision. 

 
Priority traits for period 2 were DM, starch, protein, sugars, color, cooking time etc. These traits are 
‘low hanging fruit’ traits as being recommended by the Advisory Committee to focus on such traits. 
Those traits could also be measured on fresh and raw crops and they are surely directly linked with 
most of the consumer preference traits of the products from those crops. We are still waiting for the 
findings of WPs 1 and 2 for advanced traits and they will become more relevant in period 3 when 
confirmed.  

 
WP3 strategy regarding sample preparation (10-15 lines): Briefly explain the complementarity of 

the different product presentations for spectra acquisition (e.g. Screening on fresh raw intact 
VS fresh raw ground, raw fresh VS raw dried ground, on raw fresh VS cooked samples). 

 
In the ideal world, we can measure and calibrate our relevant traits on fresh, raw, intact samples. 
This might work for some macronutrients such as starch or with DM. Unfortunately, we are not living 
in the ideal world and sample homogenization such as grinding is needed to capture the whole 
picture of a sample consisting of different parts of the root/tuber or even merging several roots/tubers 
from the same genotype. Different humidity levels can be an issue for complex traits; usually dried 
samples give better, more robust calibrations. Additionally, dried samples can be easily stored and 
shipped to reference labs inside or even outside the country where the research is performed. During 
cooking, nutritional compositions are changing. For examples in sweetpotato it was observed that 
the sugar concentration in raw material is not at all correlated with the sugar concentration in the 
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boiled product. Transformation of sugars with different sweetness levels take place additional to the 
transformation of starch to sugars. 
 

NIRS SOPs: List of SOPs developed in Period 2 - For each SOP (15-20 lines), explain how 
sample representativeness has been tested & proven & emphasize on scientific findings & 
lessons learnt from challenges faced in the development of these SOPs for NIRS 
measurements - For each SOP also mention: 

- Responsible Institute(s) 
- Crop & Product Presentation (e.g. fresh raw material, fresh raw ground material, raw dried 

material etc.) 
 
SOP for NIRS measurements on Fresh Raw intact roots (Handheld NIRS): 

- Responsible Institute(s): IITA 

- Crop & Product Presentation: Cassava, Fresh Raw intact roots 

 
Three matured, and healthy roots (comprised of big, medium and small roots) were selected for each 
genotype. The fresh roots were washed and dried with a paper towel. A whole root was cut (vertically) 
into proximal, middle and distal sections. Each section was cut smoothly with a stainless-steel knife 
and wrapped in a well labelled Whirl pack bag for analysis. NIRS scan was conducted by placing the 
top and bottom of each section of the roots on the samples compartments and scanning was done 
twice for each position with wavelength range of 400 to 2498 nm, registering the absorbance values 
log (I/R) at 0.5 nm intervals for each sample using a NIRS monochromator (model FOSS XDS, solid 
module). A portion of each section was also taken for laboratory analysis.  
NIRS scanning codification: 
Proximal: Cass Pr Ta; Cass Pr Tb 
Middle: Cass Md Ta; Cass Md Tb; Cass Md Ba; Cass Md Bb 
Axial: Cass Ax Ba; Cass Ax Bb 
Pr Ta - Proximal top a; Md Ta -Middle top a; Md Ba - Middle bottom a; Ax Ba - Axial bottom a 
Total number of scans: 8 scans per clones. 
 
SOP for NIRS measurements on Fresh Yam:  

- Responsible Institute(s): CIRAD, FSA 

- Crop & Product Presentation: Fresh raw yam. 

 
The biophysical and texture properties of yam can vary, for the same cultivar, from tuber to tuber, 
and with the position of the sample in the tuber; i.e. intra-and inter-tuber variability. In order to get 
representative samples and to better known intra-and inter-tuber variability, this SOP describes a 
protocol for the preparation of representative samples of fresh yam tubers. Choose three tubers per 
genotype with a representative size (minimum length 20 cm and 5 cm of diameter, healthy and 
without any defect. These dimensions are important to be able to cut pieces of the suitable size to 
NIRS measurements and biophysical analyses and to study the spatial distribution in the tuber. After 
peeling, washing and paper wiping, the tubers are divided as follows: 

a. Divide each tuber longitudinally into two pieces; 
b. Each half tuber is divided in three zones of same size and one cube is sampled in the centre 

of each zone (C1 (proximal), C2 (central) and C3 (distal)) with the stainless-steel piece cutter; 
c. Three thin slices (1 cm of thickness) are sampled from the inner face to the external face (H1 

to H3). 
After sampling, two NIR spectra are rapidly registered for each slice (S1 for the inner face and S2 
for the external face) using a monochromator ASD Labspec. The order of measurements is from C1 
to C3 and for each cube from H1 to H3. We learned from this SOP that dividing, cutting, sampling 
peeled tubers and NIRS acquisition must be performed rapidly to avoid water losses and/or other 
biochemical modifications (for example, polyphenol modification & colour changes) and tubers must 
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be harvested recently (less than one month), because the composition of raw yam changes during 
the storage. 
 
SOP for NIRS measurements on Fresh Raw & Fresh Raw Ground & dried Sweetpotato: 

- Responsible Institute(s): CIP  

- Crop & Product Presentation: Fresh Raw & Fresh Raw Ground & dried Sweetpotato 

 
Sample preparation of sweet potato roots for NIRS: 
Three to 4 representative roots per genotype are washed with abundant tap water (trying to remove 
all soil residue), rinsed with distilled water and dried with paper towel. Roots are peeled with a high-
grade stainless steel or ceramic peeler, the peeling must be done carefully, with minimum removal 
of the flesh, and washed again with distilled water, dried using paper towel. Each root is divided 
longitudinally in two pieces.  
 
1.) Fresh intact samples:  
One piece of each root is scanned 3 times by NIRS XDS, proximal, middle, axial, with wavelength 
range of 400 to 2498 nm, registering the absorbance values log (I/R) at 2.0 nm intervals without any 
sample cup. 
 
2.) Fresh samples ground: 
Two quarter halves of each root are sliced. Slices from each root is chopped into small pieces, mixed 
and blended before NIRS measurement as described above but with using a ringcup.  
 
3.) Dried samples:  
Two quarter halves of each root are sliced. Slices of each of two opposite sections of each root are 
obtained. Samples are stored in a freezer at -20 °C and then freeze-dried until the residual moisture 
is less than 3%. Dried samples are ground in a stainless-steel mill (40 mesh) and measured by NIRS 
as described above but with using a ringcup. 
 
SOP unmilled and milled Gari: 

- Responsible Institute(s): IITA 

- Crop & Product Presentation: unmilled and milled Gari 

 
The gari samples were prepared using the SOP developed by WP 2. The unmilled samples were 
thoroughly mixed to obtain a homogenous sample with normal granule sizes as produced. A 
representative sample obtained from the homogenous samples and divided into 2 portions. One 
portion was milled to 0.5mm sieve size using Laboratory milling equipment and the other was 
unmilled. The gari samples were scanned twice on the NIRS equipment within a wavelength range 
of 400 to 2498 nm, registering the absorbance values log (I/R) at 0.5 nm intervals for each sample 
using a NIRS monochromator (model FOSS XDS, solid module) and a coarse cell cup. The spectral 
data were used for calibrations development of gari quality traits. Unmilled samples used for physical 
and functional properties, while milled samples were used for chemical properties.   
 
SOP for tuber color, shape & oxidation measurements through imaging on Fresh Raw Yam:  
Fresh yam tuber color characterization using image analysis. SOP include sample preparation, 
image acquisition, image segmentation, color correction, error estimation using CIELAB ΔE2000, 
and color indices calculation (e.g. Brown index, white index, and yellow index). This SOP is under 
writing and will be provided to reviewers by mid-February 2020. In collaboration with IITA.  
Fresh yam tuber oxidation. SOP include sample preparation, images acquisition, image 
segmentation, color correction, error estimation using CIELAB ΔE2000, and oxidation calculation 
(e.g. color indices evolution and color difference indices). This SOP is under writing and will be 
provided to reviewers by end of February 2020. 
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SOP starch grain size, shape & breaking rate measurements through imaging:  
Starch grain size distribution analysis. SOP include sample preparation (i.e. flour preparation, iodine 
solution preparation, and microscope slides preparation), images acquisition, image segmentation, 
and object recognition and starch grain size estimation (e.g. color indices evolution and color 
difference indices). This SOP is under writing and will be provided to reviewers by end of January 
2020. In collaboration with INRA. 
 
SOP for color analysis through LAB 
Natural pigments in plants and their products, many of which change as the plant proceeds through 
maturations. The primary pigments imparting color quality are the fat-soluble chlorophylls (green) 
and carotenoids (yellow, orange, and red) and the water-soluble anthocyanins (red, blue), flavonoids 
(yellow), and betalains (red). In addition, enzymatic and non-enzymatic browning reactions may 
result in the formation of water-soluble brown, grey, and black coloured.  
Equipment:  Minolta CR-400 Chroma Meter manufactured by Minolta Corp., Osaka Japan. 
Procedure for Color Determination:  Color of fresh yam samples was measured using Minolta CR- 
400 Chroma Meter (Minolta Corp., Osaka, Japan) using L*a*b* systems with the values of L*, a*, b* 
taken randomly at three positions across the surface of the blended sample. The parameters 
determine a three-dimensional colour space where L* value indicates lightness of the colour, which 
range from 0 (dark) to 100 (white). The positive value of a* indicates the red colour, while the negative 
value of a* indicates green colour. The positive value of b* indicates the yellow colour, while a 
negative value of b* indicates blue colour. The instrument was calibrated against the white standard 
and the individual differences in L*a* and b* values from the zero-time readings were combined to 
obtain total colour difference (∆E) using the equation below:  
 ∆E2= L2*+a2*+b2*  
 

PoC (Proofs of Concept) for NIRS & MIRS Measurements in interactions with WP2: Summarize 
progress done so far in the different tentative PoC to discriminate varieties based on the 
measurement of major quality traits/components through NIRS & MIRS (e.g. Discrimination 
of varieties based on cooking time measured with NIRS). For each PoC (15-20 lines each), 
explain the choice of MIRS or NIRS, emphasize on scientific findings & lessons learnt from 
challenges faced (e.g. protocol improvement, change in tool &/or methodology applied, 
sampling representativeness, non-discriminant test/method at WP2 level, etc.).  
 
For each PoC, also mention: 

- Responsible Institute(s) 
- Crop & Product Presentation (e.g. fresh raw material, fresh raw ground material, raw dried 

material etc.) 
- Nb of samples  

 
PoC for measurement of cooking time through NIRS on Fresh Raw Cassava   

- Responsible Institute(s): CIAT, CIRAD 

- Crop & Product: fresh raw cassava (NIRS) and Boiled cassava (cooking time) 

- Nb. of samples: 160 (128 for calibration +30 for validation +2 outliers) 

Until now, in CIAT, the measurement of cooking time (CT) of boiled cassava is done with fork 
method. The objective of this work was to investigate the potential of NIRS as an alternative method 
for predicting the cooking time from fresh raw cassava. For this purpose, 36 cassava genotypes 
were collected from the CIAT Cassava program Diversity collection, during the months of April and 
May 2019, from these materials 2 to 3 roots were selected that met the condition of a minimum 
length of 32 cm and a minimum diameter of 5.5 cm. NIRS analysis were performed on disks of 3.8 
cm in diameter and an approximate thickness of 3-4 mm. The NIRS spectra were acquired within 
one hour after preparation in absorbance mode by using a FOSS DS2500 spectrometer (400-2500 
nm). The 128 (out of a total of 409) resulting spectra represent the proximal, central and distal parts, 
in addition to obtaining the discs in such a way that NIRS spectra with both perpendicular fibers 
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(1_Nirs, 4_Nirs) and parallel fibers (2_Nirs, 3_Nirs) were recorded. The optimal cooking times were 
determined by the fork test. Modified PLS was used to develop the model of calibration. The results 
showed no correlation between optimal cooking time and NIR spectra, the best model obtained was 
developed with SNVD and 2nd derivative (2,5,5,2) spectra. The standard error of prediction (SEP) 
and coefficient of determination (R²) were 13.6 min and 0.21 respectively. This study indicated that 
the NIRS protocol used is not be suitable to predict the optimal cooking time in boiled cassava, and 
that modifications need to be tested, in particular: (1) Replace the discs cut in fresh cassava roots 
with ground roots (as was done in previous projects for the dry matter and carotenoids calibrations). 
Reason: With discs, the NIR spectra provide information on the surface of the samples, which may 
differ from the bulk of the samples. At least, the work with discs in Period 2 analysing different parts 
of the root separately (proximal, central distal; and fibers parallel and perpendicular to the infrared 
beam) has indicated that no significant difference is detectable by NIRS between these different 
parts. (2) Improve the protocol for determination of optimum cooking time, as the fork test may not 
be accurate enough (due to operator effect, in spite of training the operators).  

PoC for measurement of texture through NIRS on Fresh Raw Cassava: 
- Responsible Institute(s): CIAT and CIAT 

- Crop & Product: fresh raw cassava (NIRS) and boiled cassava (Texture) 

- Nb of samples: 253 for calibrations + 50 for validations + 33 outliers) (Cooking time 20 mins 
(C20): 36 genotypes, 6 to 8 texture measurements per genotype (using 2 or 3 roots 
depending on size of roots available) including pieces from proximal, central and distal 
positions. Optimum cooking time (OCT): 29 genotypes, 6 to 8 texture measurements per 
genotype (using 2 or 3 roots depending on size of roots available) including pieces from 
proximal, central and distal positions. 

 
Texture properties of boiled cassava are important to characterize the quality of cassava after 
cooking. Texture measurement is destructive and time-consuming (boiling of pieces of cassava roots 
for between 10 and 20 minutes). Therefore the principal aim of this study is to investigate the 
potential of NIRS as non-destructive and rapid method to predict the texture parameter of boiled 
cassava. NIRS analysis were carried out on the same samples as detailed in POC for measurement 
of cooking time (above). Texture analysis was performed with the Ottawa cell with five blades 
(texture-extrusion protocol developed at CIAT). For each genotype, two or three roots were used 
depending on the size of roots available; then for each root 3 parts were taken (proximal, central and 
distal), these were divided longitudinally into 2 equal portions, to obtain 6 pieces per root. Three Half 
of these pieces were cooked for 20 minutes and three the other half until optimal cooking time. For 
the measurement of the texture, half of the pieces were placed on the texture-extrusion grid with 
fibers perpendicular to the blades, and the other half were placed with fibers parallel to the blades. 
PLS was employed to quantify the max force parameter (most correlate with DM parameter). The 
model of prediction of texture parameters by NIRS was poor, with SEP and R² 8209 g and 0.13 
respectively. PLS model is not an adequate method to predict texture parameters by NIRS of boiled 
cassava with this dataset: non-linear chemometrics methods such a deep learning (KNN, ANN…) 
could give a better result; more comprehensive datasets with more replications of texture 
measurements (WP2) and more homogeneous samples for NIRS (ground cassava instead of 
pieces) (WP3) may improve the quality of the correlations between texture and NIRS. 
 
PoC for measurement of dry matter content (DMC) through NIRS on Fresh Raw Cassava  

- Responsible Institute(s): CIAT 

- Crop & Product: fresh raw cassava  

- Nb. of samples: 245 (158 for calibration + 47 for validation + 40 outliers) 

 
CIAT has already an accurate calibration for prediction of DMC in ground fresh cassava. The 
objective of this study was to investigate if DM content of fresh cassava pieces (as opposed to 
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ground) from proximal, central and distal zones of the root could be quantified with a good 
accuracy.The NIRS analyzes were performed within one hour of sample preparation although in 
some cases delays in the spectral readings could exceed 2 hours from the beginning of sample 
preparation due to practical experimental constraints. After NIRS analysis, the dry matter of the four 
samples was measured separately (four pieces per root: 1_Nirs, 2_Nirs, 3_Nirs, 4_Nirs), using the 
method used by the cassava post-harvest laboratory (CIAT), which consisted in chopping each piece 
and drying it at 105 ° C for 18 hours. Modified PLS was applied to develop a model of prediction of 
DM in fresh cassava pieces. The SEP and R² of that model were 3.27 % and 0.74 respectively, lower 
than the DMC prediction on ground cassava roots. The correlation parameters may be improved by 
reducing the time between sample preparation and NIRS measurement; and by measuring the fresh 
weight of the samples for DM analysis as soon as possible during sample preparation, i.e. before 
placing the sample in the NIRS capsules, so that any water losses during NIRS analysis is taken 
into account in the DM measurement. 

PoC for cell wall analysis through MIRS on Raw Dried Cassava:  

- Responsible Institute(s): CIAT and CIRAD 

- Crop & Product: cassava flour (prepared from roots dried at 45°C) 

- Nb. of samples: 86 

 
The purpose of this study was to evaluate the feasibility of using a mid-infrared spectroscopy (MIRS) 
for the classification of cassava flour according to their cooking time, with two groups: good cooking 
time < 30 min and bad cooking time >30 min. To do this, 86 flour samples from 86 different genotypes 
were provided by CIAT (Colombia) to CIRAD (France) in March 2019. Milled flour powder samples 
(~0.1 g) were placed directly on the surface of the surface of the diamond ATR crystal by pressing 
the powder sample onto the crystal. The spectra were collected using a Thermo Scientific™ 
Nicolet™ iS50R Research FTIR Spectrometer in the 4000-400 cm-1 range. Supervised classification 
Linear Discriminant Analysis (LDA) was applied to processing MIR spectra (SNVD) in 1300-800 cm-

1 range. The accuracy of classification obtained for each good and bad cooking time were 60 % and 
59 % respectively. Consequently, MIRS is not a suitable method for classification by type of cooking 
(good or bad) of cassava flours from different genotypes. The low performances of this calibration is 
possibly due to the high starch content in the samples of cassava flour, which may mask the signal 
of fibers present in the flour (cellulose, pectin, etc.), which we think contribute significantly to the 
texture of boiled cassava roots. 

- Responsible Institute(s): CIAT and CIRAD 

- Crop & Product: cassava cell walls materials (CWM from flour prepared from roots dried at 
45°C) 

- Nb of samples: 30 

 
This second study had the same objective as the previous study. The MIR spectra (one per sample) 
of CWM were acquired at CIRAD using a Thermo Scientific™ Nicolet™ iS50R Research FTIR 
Spectrometer in the 4000-400 cm-1 range. Principal components analysis (PCA) was employed to 
investigate if we could to discriminate the genotypes with a good cooking time (CT<25 min) from 
those with a bad cooking time (CT>25 min). No discrimination was observed along the PC1 axis, 
and no clear discrimination along PC2 (26 %). According to the graph of loading, PC2 could explain 
acid components with a characteristic band at 1625 cm-1. According to the preliminary data, MIR 
spectra of cassava CWM are not the right mean for classification samples according to their cooking 
time; which may be due to the protocol of extraction of CWM (possible losses of CWM during 
extraction).  
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WP3 MIRS strategy: Explain the interest / added value of MIRS tools investigated & the 
complementarity of NIRS tools to measure qualitative & quantitative traits.  

 
MIRS method was used as a tool for identification of pure compounds. This technique provides the 
characterization of plant Cell walls constituents such as pectin, proteins, aromatic, phenolic, 
cellulose, and hemicellulose without prior separation. MIRS was used for investigating cellulose 
crystalline structure, cell wall composition, identify agars directly in seaweeds. Highlighted the 
differences between the composition between the inner and the outer of nutshells. Different chemical 
components (pectin, protein, lignin, cellulose) and their location in strawberry achene, vascular 
bundles and cortical cell walls. 
To screen large numbers of mutant plants for a broad range of cell wall phenotypes using FT-IR 
micro spectroscopy of leaves has been developed.  
 
Proof of Concept (PoC) for Hyperspectral Imaging Measurement of Qualitative & 
Quantitative Quality Traits  

One of the major activities of WP3 in Period 2 was to establish the proof of concept for the 
characterization of DMC, sugars & carotenoids spatial distribution using hyperspectral 
imaging. Please provide update and justifications. 

The proof of concept of spatial distribution of DMC, sugars and carotenoids, could not be realized 
in the period 2 in the absence of the necessary equipment (hyperspectral camera) to do 
measurements. Therefore, we decided to postpone the study to the beginning of 2020 after the 
delivery of the camera that we purchased. 
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Summary Table of PoCs & SOPs: Fill-in the table below with information on PoCs & SOPs under-development or developed in Period 2 for NIRS 
& MIRS (& HIS) measurements of Qualitative & Quantitative Quality Traits of RTB crops & products 

Partner 
Laboratory 

 
Country 

PoCs or SOP Title 
(mentioning trait / 
constituent targeted when 
relevant) 
 
 

NIRS or MIRS 
or HIS or other 
(e.g. imaging) Product 

Presentation 

RTB crops concerned 

Cassav
a 

Cookin
g 
banana 

Sweet
potat
o 

Yam Potat
o 

CIRAD-
FSA 

Benin and 
France  

SOP-Sampling codification and 
NIRS of fresh yam 

NIRS Pieces of fresh 
yam    X  

       
CIRAD-
CIAT 

Colombia 
and France  

PoC for cell wall analysis 
through MIRS on Raw Dried 
Cassava 

MIRS Cassava cell wall X     
MIRS Cassava flour X     

CIAT-
CIRAD 

Colombia, 
France  

PoC for prediction of cooking 
time, texture and dry matter 
through NIRS of fresh cassava 

NIRS Pieces of fresh 
cassava 

X     

IITA 

Nigeria 
 

SOP for the sampling and 
collection of spectra data on 
fresh, intact cassava roots  

NIRS Intact fresh 
cassava roots 

 
X     

SOP for the transfer of spectral 
data from hand-held ASD Near 
Infrared device to tabletop 
NIRS 

NIRS 
Intact fresh 
cassava roots X     

SOP for sampling protocol for 
colour measurements  

NIRS Fresh yam    X  

CIP 
Uganda SOP for NIRS measurements 

on Fresh Raw & Fresh Raw 
Ground & dried Sweetpotato 

NIRS Fresh Raw & 
Fresh Raw Ground 
& dried 
Sweetpotato 

  X   

INRA/CIRA
D 

Guadeloupe SOP for color measurements of 
RTB foods using image 
analysis 

Image analysis 
Fresh yam    x  
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5.3.9 NIRS Spectra Acquisition for Calibration Development 

Spectra acquisition in Period 2, disaggregated by crop (cf summary table hereunder) – For each 
crop, please mention:  
o Responsible Institute(s): 
o Product Presentation:  
o Nb of spectra acquired:  
o Nb of samples with lab. qualitative or quantitative data received from WP2 (used for 

correlation):  
 
Yam: Yam tubers origin from Benin were stored for six months before spectra collection of fresh 
yam were acquired at CIRAD (Montpellier) and biochemical analysis were performed also at CIRAD, 
Montpellier. 
 

o Responsible Institute(s): FSA and CIRAD 
o Product Presentation: Pieces of fresh yam  
o Nb of spectra acquired: 249 spectra were acquired  
o Nb of samples with lab. qualitative or quantitative data received from WP2 (used for 

correlation): 54 for each sugars and polyphenols. 249 for dry matter.  
 
Sweetpotato: Sweetpotato roots from the MDP were harvested in Uganda. I total, we collected 797 
spectra (120 fresh, blended, 120 dried, 557 intact roots) for sweet potato.  
 

o Responsible Institute(s): CIP 
o Product Presentation: raw and boiled SP 
o Nb of spectra acquired: 797 
o Nb of samples with lab. qualitative or quantitative data received from WP2 (used for 

correlation): 0 but 120 samples sent for analysis  
 
Potato: NIRS spectra acquisition for calibration development will start in March 2020. 
 
 
Cassava:- A total of 260 spectra data from dried, milled cassava roots was collected. The calibration 
model was developed using 230 data set while 30 genotypes were used for the validation of the 
model. Also, 72 fresh cassava roots, comprising of 18 genotypes from IKENNE and UBIAJA 
locations with two replications per location were used to generate 144 spectra data and calibration 
models were developed for dry matter and starch content using the Win ISI software. Spectra of 129 
Gari samples were also collected on the NIRS and calibration models were developed for swelling 
power, solubility, dispersibility, bulk density, sugar and starch. Prediction models were developed 
separately for milled gari and un-milled gari samples. About 9 genotypes of fresh cassava were also 
used to evaluate the analysis of quality traits in cassava using in intact roots. Two hundred thirty-
three (223) spectra data were used to develop the calibration model and validated with a randomly 
selected data set which was not part of the calibration data set. 

o Responsible Institute(s): IITA 
o Product Presentation: Fresh cassava roots, Dried milled cassava roots, gari  
o Nb of spectra acquired: 867 
o Nb of samples with lab. qualitative or quantitative data received from WP2 (used for 

correlation): 837  
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Brief narrative on progress done on calibrations under development or developed in Period 2 
crop (cf summary table hereunder) focusing on scientific findings or lessons learnt from 
challenges faced, disaggregated by targeted trait/constituent (cf. Yellow cells in the table 
below contain on-going calibrations reported in Period1) - For each on-going calibration, also 
mention:  
o Responsible Institute(s): 
o Crop & Product Presentation: 
o Nb. of spectra used to build the model (correlation between lab. qualitative or quantitative 

& spectral data): 
 
Yam: Polyphenols: PLS was used to predict spatial distribution of polyphenols. The best model 
obtained with processing spectra SNVD in 350-850 nm range. RMSECV and R² were 22.10 mg/100g 
and 0.91 respectively.  
Sugars: PLS was used to predict spatial distribution of sugars. The best model obtained with 
processing spectra SNV in 950-2250 nm range. RMSECV and R² were 0.8% and 0.90 respectively. 
Dry matter: PLS was used to predict spatial distribution of dry matter. The best model obtained with 
processing spectra Savitzky Golay first derivative (1,2,1,1) and SNV in 1000-2330 nm range. 
RMSECV and R² were 1.60% and 0.94 respectively. For the future calibration, samples preparation 
and NIRS acquisition must be performed rapidly to avoid water losses and/or other biochemical 
modifications (for example, polyphenol modification & colour changes) and tubers must be harvested 
recently (less than one month), because the composition of raw  
yam changes during the storage. 
 

o Responsible Institute(s): FSA and CIRAD 
o Crop & Product Presentation: Pieces of fresh yam  
o Nb. of spectra used to build the model (correlation between lab. qualitative or quantitative 

& spectral data): polyphenols and sugars: 52 average spectra, dry matter: 248 spectra 
 
Sweetpotato: In total, we made 797 sweetpotato scans in Uganda. The material (60 raw dried and 
60 boiled dried genotypes) are recently under wet chemistry reference analysis which will serve for 
later NIRS calibration development. All 120 samples were shipped to CIAT-Columbia to perform the 
following analysis: viscosity, swelling power, solubility evaluation, starch, individual sugars and 
amylose. Calibrations will be available early 2020. 
 
Potato: Work will start in 2020. 
 
Cassava: 
More than four calibrations developed (e.g. calibration models were developed for dry matter and 
starch content for fresh cassava roots, Calibration models for colour parameters (∆L* ∆a*, and ∆b*), 
Calibration models for Water absorption capacity (WBC), Swelling power and solubility, bulk density, 
dispersibility and starch contents for gari. Calibration models were developed for the proximate ( Dry 
matter, Starch, protein, fat and sugar) composition of cassava flour. 

o Responsible Institute(s): IITA 
o Crop & Product Presentation: Fresh cassava roots, dried, milled cassava roots and gari 
o Nb. of spectra used to build the model (correlation between lab. qualitative or quantitative 

& spectral data): 837 
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Summary Table of Spectra acquired on RTB crops & products in Period 2: 
 

Partner 
Laborat
ory 

Country 

Type 
of 
Spectr
a 
(NIRS, 
MIRS, 
HSI)  

Nb of 
Samples  
screened 

Nb of 
Sample
s with 
Lab 
Data 
(WP2) 

Product / Sample Presentation 

RTB crops concerned 

Database 
uploaded 
on 
RTBfoods 
platform 

Co-
funding 
Program 

Cassa
va 

Cookin
g 
banan
a 

Sweet 
potato Yam Potato 

(YES / NO)  

CIRAD, 
FSA 

France, 
Benin NIRS 249 249,54 Pieces of fresh yam     X  NO RTBfoods 

CIRAD, 
CIAT 

France, 
Colombi
a 

MIRS 30  Cassava cell wall X     NO RTBfoods 

CIRAD, 
CIAT 

France, 
Colombi
a 

MIRS 86 86 Cassava flour X     NO RTBfoods 

CIAT Colombi
a NIRS 409 409 Discs of fresh cassava (Diversity 

collection) X     NO RTB 

CIAT Colombi
a NIRS 72 72 Fresh cassava, blended (Cooking 

collection) X     NO RTB 

CIAT Colombi
a NIRS 36 36 Boiled cassava, blended (Cooking 

collection) X     NO RTB 

IITA NIGERI
A NIRS 260 230 Cassava flour X     YES NEXTGEN 

IITA NIGERI
A NIRS 144 144 Fresh cassava X     YES NEXTGEN 

IITA NIGERI
A NIRS 223 223 Gari (milled and unmilled) X     YES NEXTGEN 

IITA NIGERI
A NIRS 240 240 Intact fresh cassava X     NO  

CIP Uganda NIRS 

60 
genotype
s, 797 
spectra 

120 (in 
progres
s) 

Fresh raw intact, fresh blended, 
fresh boiled, raw and boiled dried   X   yes Sweetgain

s 
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Summary Table of Calibrations under-development on Quality traits for RTB crops & products in Period 2:  
 

Partne
r 
Labor
atory 

Country 
Type of Calibration (NIRS, 
MIRS, HSI) + Quality 
Trait/Component targeted 

Nb of 
Sample
s  

Product / 
Sample 
Presentation 

RTB crops concerned Database 
uploaded 
on 
RTBfood
s 
platform 
(YES / 
NO) 

Co-funding 
Program 

Cassa
va 

Cookin
g 
banan
a 

Sweet 
potato Yam Potato  

CIRAD
, FSA 

France, 
Benin 

NIRS 248 Pieces of fresh 
yam    X   RTBfoods 

CIRAD
, FSA 

France, 
Benin 

NIRS 52 Pieces of fresh 
yam 

   X   RTBfoods 

CIRAD
, FSA 

France, 
Benin 

NIRS 52 Pieces of fresh 
yam 

   X   RTBfoods 

CIAT Colombia NIRS (dry matter, cooking 
time, texture) 

409 Discs of fresh 
cassava 

X     Partially RTB 

IITA NIGERIA NIRS (MC, Ash, Protein, Fat)  260 Cassava flour X     YES RTBfoods 
IITA NIGERIA NIRS (colour parameters) 90 Fresh yam    X  YES African 

Yam 
project 

IITA NIGERIA NIRS (dry matter, Starch) 125 Fresh ground 
cassava X     YES  

IITA NIGERIA NIRS (dry matter) 233 Fresh intact 
cassava x     yes RTBfoods 

IITA NIGERIA 
NIRS (water absorption, 
density, dispersibility, 
titratable acidity) 

129 
Gari milled x     

yes RTBfoods 

IITA NIGERIA 
NIRS (water absorption, 
density, dispersibility, 
titratable acidity) 

129 
Gari unmilled x     

YES RTBfoods 

CIP Uganda 

NIRS (viscosity, swelling 
power, solubility evaluation, 
starch, individual sugars and 
amylose) 

120 
Fresh and boiled 
SP   X   

yes Sweetgain
s 

NRCR
I Nigeria NIRS (dry matter) 12 Pieces of fresh 

Yam    X  yes RTBfoods 
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Partne
r 
Labor
atory 

Country 
Type of Calibration (NIRS, 
MIRS, HSI) + Quality 
Trait/Component targeted 

Nb of 
Sample
s  

Product / 
Sample 
Presentation 

RTB crops concerned Database 
uploaded 
on 
RTBfood
s 
platform 
(YES / 
NO) 

Co-funding 
Program 

Cassa
va 

Cookin
g 
banan
a 

Sweet 
potato Yam Potato  

NRCR
I Nigeria NIRS (dry matter, starch, 

Amylose) 
24 fresh cassava 

roots x     yes RTBfoods 

NRCR
I Nigeria Nirs (dry matter, starch) 24 Fufu smah x     yes RTBfoods 

NaCR
RI Uganda NIRS (dry matter) 292 Fresh cassava x     yes RTBfoods 

NaCR
RI/NA
RL/IIT
A 

Uganda NIRS 

431 

Fresh Matooke  x    
yes RTBfoods 

INRA 
France, 
Guadelou
pe 

NIRS (DM, Starch, Protein, 
Sugar, Textural traits) 

174 
Dried flour Yam    x  

Yes Africa Yam 
project 
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5.3.10 Implementation of Advisory Committee Recommendations 

Feedbacks on Activities performed in Period 1  
4. Take an active approach in the activities that can already be completed. 
5. Are you not too much oriented at NIRS based solutions? There are more technologies that 

will bring solutions: e.g. Imaging, texture analysis. color, appearance & texture traits and 
create preparation infrastructure/capacity 

6. Optimize remaining Investments for equipment in line with the project requirements for 
prioritized traits (e.g. HS-cameras, cell wall isolation, RGB-imaging).  

Please tell us how these recommendations were taken into consideration for improvement in 
Period2 

 
The recommendations of the Advisory Committee were taken into consideration when implementing 
the activities for period 2. WP3 focussed on the typical quality traits that could be easily evaluated 
with the available equipment. Examples of such traits are dry matter, starch, sugars, color etc. The 
feasibility of using mid-infrared spectroscopy (MIRS) for the classification of cassava flour according 
to their cooking time and cell walls components. Thus, one MIR Thermo Scientific™ Nicolet™ iS50R 
Research FTIR Spectrometer in the 4000-400 cm-1 range was acquired and installed at CIRAD. HSI 
was also purchased but not yet installed. It has a lot of advantages compared to the non-destructive 
and classical methods (NIRS, MIRS…). HSI will allow monitoring in real-time the dispersion of 
principal components (water, fibre, sugars, protein….) in the whole RTB crop. Also, Chromameter 
and Imaging camera types of equipment were employed to evaluate colour properties for yam that 
are related to the oxidation levels.  

 
Recommendations for Period 2 

Hereunder are listed the Advisory Committee recommendations for Period 2 (cf. 
Recommendations for Period 2). Please inform how each one was taken into consideration 
to develop the Period 2 work plan and how activities performed by the WP teams tackle these 
challenges. If NOT or NOT ENOUGH, please provide explanations. 

 
3. Develop harmonized and standardized calibrations and SOPs for the priority traits dry matter, 

starch, carotenoids and protein on wet samples over all NIRS applying partners 
 

UAC-FSA & CIRAD start to develop calibrations to detect spatial distribution of dry matter in fresh 
yam, the first results were good but the spectral database should be enriched with adding spectra 
from different varieties. IITA has developed SOPs to measure priority traits in fresh materials and 
also tried to use intact roots instead of blended/mashed roots. Although, the only DM was evaluated 
for the intact root samples and there is a plan to extend it to other parameters such as starch, protein, 
sugar etc. Also CIP has started to work with intact roots in Uganda, results are not yet available. 

4. Aim for general crop independent calibrations for above traits 
 
UAC-FSA & CIRAD start to develop calibrations to detect spatial distribution of polyphenols and 
sugars in fresh yam, the first results showed that NIRS could be used to predict longitudinal and 
radial distribution of polyphenols and sugars in fresh yam. 
  

https://rtbfoods.cirad.fr/
https://collaboratif.cirad.fr/share/page/site/RTBfoods/document-details?nodeRef=workspace://SpacesStore/a0c0deb4-05a8-4956-88b5-1655d11fa2ca


 

  Page 191 of 554 

5. Don’t hesitate to report NIRS related problems and preliminary results to WP leaders and 
Pierre D to get advices databases developed / enriched for users' preferred quality traits with 
spectral data on 5 RTB crops and 11 RTB food/processed products. 
 

NIRS related problems were presented to and discussed with Pierre Dardenne at the WP3 workshop 
before the annual meeting in Abuja and during the NIRS training in Nigeria where Pierre D. was 
present with the participants for three days. Hans van Dorn gave an excellent insight on limitations 
of NIRS technique regarding potato and showed other solutions applied in his company.  
 

6. Give priority to Speed & Low Hanging Fruits: 
 
 SOPs for dry matter, starch, protein & carotenoids 
 MT protocols for appearance, colour, texture traits of raw and prepared/cooked 

products/crops 
 CIAT has developed a new SOP on texture and NIRS measurements of boiled cassava 

which they shared with partners. 
 UAC-FSA & CIRAD were developed SOP on dry matter and NIRS measurement of fresh 

yam which they shared with partners. 
 IITA developed SOPs for drymatter, starch, protein for fresh and dried cassava roots and 

yam tubers.  
 CIP has developed SOP on fresh and dried sweetpotato samples  

 
7. Zooming on trait/instrument combination: Hyperspectral camera for dry matter distribution 

raw produce: 
- Specim FX17 (or equivalent) for DM 
- Specim FX17 & FX10 for combined visual and DM traits 
- Real HT will come from conveyor belt as sample delivery system 
- Upon proof of principle by WP2 
- In principle applicable for all crops 

 
We decided to purchase a FX17 hyperspectral camera with a NIR spectral range (900-1700 nm) to 
measure the quality traits targeted by RTBfoods (dry matter, carotenoids, protein, sugars….). After 
receiving the equipment in the beginning of 2020, we will make a proof of concept to determine the 
spatial distribution of dry matter in raw product (cassava, yam, sweet potato) by hyperspectral 
imaging. Once we are proving the concept, we could invest in the FX10 camera with a visible 
range (400-1000 nm) to follow the color changes and the appearance of defects. 

5.3.11 Data management & Sampling Strategy 

WP3 Databases 
Narrative on Key Learnings from the Data Management Workshop (Montpellier in June 2019) & 

Decisions taken to improve Data Management at WP3 level. (See Workshop Minutes 
consolidated by Bioversity, Breeding CoP & RTBfoods MEL Project Manager). 

 
We learned from data management workshop that the existing database for fresh cassava, yam and 
sweet-potato (cassava most advanced) and CIAT, IITA have spectral data for fresh, boiled and gari. 
Moreover, we need a common standard for spectral data (existing at the international level), a 
common definition of descriptive in identity data (ontology to ensure speaking the same language 
with WP2). To improve data management, spectral data format will be generated by Bryan (BTI) and 
Karima (CIRAD). Then it must contain sample ID which has connections with WP2 and WP4 (Think 
about the landraces from the market, and countries without a breeding program) and consider data 
from different institute (CIP, CIRAD, NRCRI, IITA). Furthermore, data must be converted from device 
format to CSV format where each file will have metadata. Visit exchange were recommended to 
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identify training needs for data managers by the institute and understand what food scientists are 
doing. Identify a focal person who will handle harmonization of data. Karima Meghar will be a central 
person to manage WP3 database and Lukas Muller will maintain databases.  

 What has been done so far to ensure that WP3 teams will be reporting their data in a 
harmonized manner to facilitate future comparisons of results between labs, especially 
between labs working on the same product profile? 

WP3 data template which contains data base and calibrations was shared with partners, in order to 
get the same format of data. This template could be used by all WP3 partners who already have 
NIRS data base and calibration developed. We also developed with BTI, the NIRS data structure to 
add in RTBfoods database, Lukas Muller will test it with a good RTBfoods NIRS data.  
 

Any specific guidance or templates under development or already shared with WP3 partners to 
guide them toward the completion of WP3 activities or to facilitate data sharing for calibration 
purposes? (please provide format; ex: xlsx, .docx) 

 
WP3 data format (NIRS data base and calibrations): 
WP3_database_template_name_product_name.xlsx 
NIRS database for BTI: Data_format_RTBfoods_WP3_BTI.xlsx 
 
 Describe interactions between WP3 coordinators & BTI to prepare long-term storage of RTB 

NIRS spectra on crop databases managed by BTI? Which next steps? 
 
Bryan (BTI) and Karima (CIRAD) exchanged by emails for one month to agree for developing of the 
NIRS data structure. The data format is now ready to use. Lukas Mueller (BTI) contacted Karima by 
email to inform her that the NIRS data structure is ready in the database. He asked her for a good 
spectral database to test the proper functioning of the database. 

 

WP3 Sampling Strategy 
What is the WP3 strategy deployed to ensure partners are performing NIRS or MIRS 

measurements on the material characterized by WP2 through wet chemistry, texture and 
sensory analyses to develop calibrations? Which recommendations have been clearly 
provided to WP3 partners to ensure this is happening in each lab.? Which Next steps & Paths 
for improvement? 

 
We recommend doing the WP3 activities together with WP2 analysis. We must work on the same 
sample material anyway. It is recommended to do the NIRS scan first and then use exact the same 
sample material, the same roots or tubers for reference analysis by WP2 using of course the same 
sample coding. 
 

WP3 sample codification strategy: Explain what has been designed regarding sample 
codification to ensure that data generated by WP2 & WP3 lab. teams on the same samples 
can be correlated? Which recommendations have been clearly provided to WP3 partners to 
ensure this is happening in each lab.? Who is monitoring this at WP3 level? Which Next steps 
& Paths for improvement? 

 
WP3 leaders have made efforts to identify the responsible person in charge of data handling in all 
the partners' lab and they were well informed of their responsibilities. To ensure the connection 
between the WP3 and WP2 data, both WP leaders have decided to have two columns entitled "WP2 
code" and "WP3 code" in their databases to allow a good traceability of data from the two WPs. We 
provided to WP3 partners a new data format which allows them the connection between their wet 
chemistry and NIRS data. We hope that they will apply this strategy as soon as possible. At present, 
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this is monitoring by the lab responsible for each institute, but we plan to designate one person who 
will check the good connection between the WPs data. However, some partners lab housed both 
WP2 and WP3, the codification is more straightforward in such labs. We also plan to use Barcoding 
tool in the future, especially during Period 3. The challenge identified by the partners in using the 
barcoding system is that they will need the support of the PMU to purchase the barcode reader. 
 

WP3 Sample Storage Strategy: Has a specific recommendation been spread to WP3 partners 
regarding the storage of sub-samples in the perspective of new methods to be developed by 
WP2 based on WP1 findings? 

- If YES what has been recommended in terms of nb of sub-samples to be stored & duration 
of storage? Which labs seems in capacity to do so & which ones seem not? How to 
overcome this issue? 

- If NOT why? Should it be different? 
 
We have no plan to store samples for now and we did not spread to WP3 partners about the storage 
of sub-samples in the perspective of new methods to be developed by WP2 based on WP1 findings 
because we estimate that the storage for a long duration of samples could cause oxidation and the 
modification of biochemical composition. We recommend some short-term storage as backup 
samples. For example, CIP has stored a subsample of each genotype processed in Uganda as dried 
samples in Uganda in case something is happening with the original samples when shipped outside 
to reference labs.  

5.3.12 WP3 Coordination 

Cross Product Profile Scientific Interactions 
Narrative on examples of successful collaborations between WP teams (10-15 lines each) - 

Describe activity(ies) concerned & type of collaboration (methodology development, share of 
equipment & facilities, share of responsibilities on a specific activity). 

 
Bowen with NRCRI &/or IITA in Nigeria on Yam:   
There were collaborations between the three partners in Nigeria. WP 3 leaders with the assistance 
of the PMU organised a 2-week comprehensive NIRS training for these partners and IITA has been 
chosen to give full support to NRCRI and BOWEN as related to WP3 activities. There was sharing 
of protocols on sample preparations for the spectra data collection using Hand-held NIRS between 
IITA and NRCRI.  
 
NaCRRI & IITA in Uganda on Cooking Banana:  
There was sharing of protocols on sample preparations for the spectra data collection using Hand-
held NIRS between IITA and NaCRRI/NARL. 
 
NaCRRI & CIP in Uganda on Sweetpotato:  

NaCRRI houses CIP’s cooking facility including preparation room, kitchen and CIP’s texture analyzer 
in its Biosciences laboratory. These facilities have so far been crucial for preparing samples and 
analyzing for texture attributes. The facilities, however, serve beyond this primal purpose and have 
also been used to prepare samples for WP3 in November 2019 during NIRS scanning of 60 raw and 
60 cooked sweetpotato genotypes of the MDP. NaCRRI & CIP in Uganda organized a 1-week NIRS 
training together in Namulonge sharing their facilities.  

UAC-FSA & CIRAD in Benin & in Montpellier on Yam:  
 
CIRAD collaborated with UAC-FSA from Benin to predict the spatial distribution of some quality traits 
of fresh yam. samples were brought back from Benin and physico-chemical and NIRS analyses were 
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carried out at CIRAD (France). the results obtained are encouraging. Therefore, we decided to 
continue working with the UAC-FSA, to enrich actual database, improve the models of prediction 
developed and characterize new quality traits. 
 
INRA, CIRAD & CNRA in Guadeloupe on Yam:  
There were an important implications of the three partners in order achieve the goal of the 
development of calibration model for primary compounds  and textural parameters on yam tuber 
flour. The objective was to predict quality traits of a panel of  948 samples from 3 biparental 
populations of D. alata, for germplasm breeding upon their pounded ability (CIRAD-Guadeloupe, 
CNRA-Côte d’Ivoire), in the Africayam project, conducted by Gemma Arnau, CIRAD. So, 2626 NIRS 
spectra acquisition were realized at INRA Guadeloupe, in the NIRSystems 6500 spectrophotometer. 
A panel of 174 samples with reference data supplied by CIRAD, from 27 varieties of D.alata selected 
for their genetic diversity, were used by INRA Guadeloupe team to develop a preliminary predictive 
model for primary compounds (DM, starch, proteins, sugars) and textural traits (hardness, 
cohesiveness, adhesiveness, springiness and extensibility) with WinIsi Software. An article is under 
writing. 
 
 Narrative on the contribution of each CIP lab to WP3 (CIP Lima, CIP Uganda, CIP Nairobi & CIP 

Ghana?) & the strategy applied by the WP3 co-leader for CIP to ensure the coordination of 
activities – Please describe share of activities, crop(s) concerned, challenges & interests in using 
several HTP tools, sampling strategy between labs, coordination strategy. 

 
All CIP labs work closely together. The quality and nutrition Lab at CIP Lima backstops WP3 activities 
in Ghana and Uganda providing expertise on sampling and sample preparation of sweetpotato and 
potato. CIP Lima has implemented the sample preparation facilities (lab + freeze drier) and NIRS 
equipments several years ago in Ghana and Uganda and is still helping with capacity strengthening 
and maintenance. CIP Nairobi was managing WP2 activities in close collaboration with WP3 
activities at CIP Uganda.  
We have a monthly RTBfoods SKYPE meeting to learn about needs and issues to get the work done 
across work packages.  
 
Support Strategy from WP3 Coordinators 

Describe briefly how is organized the coordination of the WP and how are shared responsibilities 
between WP coordinators – Highlight Strengths, Complementarities and eventual Gaps. 

 
There were better coordination and interaction within the WP3 team for the current reporting period. 
The communication was improved among partners through virtual meetings and the 2 pieces of 
training we had this period served as a meeting platform.  However, we planned to have quarterly 
reports from the partners but this was not effective. The responsibilities were shared among the WP 
coordinators, especially during the organization of the 2 significant pieces of training held in Nigeria 
and Uganda. Also, they served as facilitators and always available to respond to queries from the 
WP3 team. One significant gap identified is that the WP coordinators were shared with other projects 
making the workload pressure to be high on them. 
 

Describe support missions facilitated by WP coordinators to provide specific support to a partner 
team (15-20 lines each) - For each support mission, please mention: Dates, Country, 
Objective(s), Targeted Audience, Activities & Sessions organized, Material provided if any. 

 
The mission in Colombia was done in RTBfoods framework at CIAT (Cali, Colombia) from 
03/03/2019 to 15/03/2019 in order to knowledge share and transfer on spectral analysis and 
chemometrics between CIRAD and CIAT. Until now, in CIAT, the measurement of cooking time (CT) 
and texture parameters of boiled cassava were done by using standard analytical techniques, which 
requires destruction of samples, and are time consuming and expensive. The objective of this work 
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was to investigate the potential of NIRS as an alternative method for predicting the CT and texture 
parameters from fresh raw cassava.  

The samples used in this study were from 17 varieties of cassava, harvested at 8 am in CIAT 
Germplasm Bank Diversity lot from 05/03/2019 to 14/03/2019. One to two roots per genotype 
provided that they have a representative size (minimum length of 32 cm and a minimum diameter of 
5.5 cm).  A total of 24 roots are used. The selected roots are peeled, washed and dried with paper. 
Then each root divided into three parts: proximal, central and distal part. Then these pieces are 
divided into 8 whole pieces for the NIRS measurements Proximal (1, 2, 3), Central (4, 5, 6, 7), and 
Distal (8) and then the fibers of pieces 1,4,7,8 are parallel to the NIR ray and those of pieces 2, 3, 5, 
6 are perpendicular to the NIR ray. The six pieces surrounded by the black dash line are dedicated 
for the OCT and texture measurements. 

     

NIRS measurement were performed on diks of 3.8 cm in diameter and 3-4 mm of thickness. One 
NIR spectra per sample were acquired after, one hour from the sample preparation (preparation 
time) by using a FOSS DS 2500 spectrometer (400-2500 nm) in absorbance mode. Table 1 below 
contains the number of samples measured by date, plant and root. 188 specta were acquired during 
this mission. 

In November 2019, Thomas zum Felde travelled to Uganda and developed with CIP and NaCCRI 
partners (WP2 and 3) a NIRS workflow to scan raw fresh, raw dried, boiled fresh and boiled dried 
sweetpotato samples using materials of the MDP?. We processed and scanned 60 diverse 
sweetpotato clones at NARO facilities which were harvested in Serere/Uganda. We sorted, labeled, 
and separated 3-4 roots for analysis of raw and cooked samples. Materials for raw roots scanning 
were washed, peeled and cut in the middle to be scanned by NIRS as intact roots. Each root was 
scanned in the middle of the root. After that, one half of each root was sliced. All slices were mixed 
and a subsample was blended and scanned by NIRS again as raw, blended, fresh sample. The 
sliced and blended material was immediately frozen at -20C, then freeze dried, milled and scanned 
by NIRS as raw, dried powder. The other 3-4 half roots were boiled with optimal cooking time. All 
cooked material of each genotypes was mashed together and scanned by NIRS. This material was 
freeze dried as well, milled and scanned as boiled dried material. 
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Sorting, preparing intact roots and blended samples 

In total, we made 797 NIRS scans during the work in Uganda using desktop and handhold NIRS. 
The material (60 raw dried and 60 boiled dried samples) is recently under wet chemistry reference 
analysis which will serve for later NIRS calibration development.  

 
What has been done to ensure that each team has the appropriate software for spectra 

measurements & calibration development (cf table hereunder)? Any remaining roadblocks? 
What is needed to overcome them? 

 
All partner NIRS instruments have spectra measurement software connected to their instruments. 
During our trainings in Uganda and in Nigeria we provided/downloaded Unscrambler and WinISI 
software, the most common calibration development software, and we intensively used them during 
the trainings. All participants of the 2 trainings have a copy of Unscrambler and WinISI stored in their 
laptops. 
 

Please update the table below (extracted from WP3 Work Plan for Period 2) with latest 
information on HTP Equipment & Focal Point for data management in WP3: 

 
 Spectrometer Calibration 

software 
NIRS Responsable / Data 
Manager WP2 correspondent 

Bowen Univ. No No Abiola Tanimola Tomilola 
Bolaji Bolanle Otegbayo 

INRA/CIRAD FOSS 6500 Winisi 
Denis Cornet 
Lucienne 
Desfontaines 

Lucienne 
Desfontaines 

CIAT FOSS 6500, 
FOSS DS2500 Winisi Belalcazar, John Belalcazar, John 

Thierry Tran 

CIP Uganda FOSS XDS Winisi Edwin Serunkuma  Mariam Nakitto, Jolien Swanckaert, 
Tawanda Muzhingi,  

CIP Peru  FOSS XDS, 
FOSS 6500  Winisi Eduardo Porras  Gabriela Burgos 

CIP Ghana FOSS XDS Winisi Thomas Tuffour  TBD in Ghana 

IITA 
Foss XDS, ASD 
qualityspec, 
SCIO 

Winisi Michael Adesokan, Prasad 
Peteti, Emmanuel Alamu 

Busie Maziya-Dixon; Hakeem 
Oyedele, 
Michael Adesokan, Emmanuel Alamu   

NRCRI ASD qualityspec No Ugo Chijioke Ugo Chijioke 

NaCRRI 
Foss DS2500, 
ASD qualityspec, 
SCIO 

Winisi Enoch Wembabazi Ephraim Nuwamanya 

CIRAD 
Montpellier ASD LabSpec Unscrambler 

and Matlab Karima Meghar Christian Mestres  

 
Describe progress achieved in the development of a common & free interface based on R – Who 

is involved (within and outside RTBfoods)? Which expected timelines? Which challenges 
faced? 

  
We, the coordination team, we started contacting experts within the chemhouse community 
(Montpellier, France). The decision was make to use Chemflow software (https://chemproject.org/). 
This software tunning under Galaxy environment offers a full package, free and adapted to 
collaboration, for data treatment and especialy spectral data. The software incudes all the tools for 
spectra pretreatments, exploring data, and calibrations development. Moreover, the software is 
adapble to specific demands and can be adapted and restricted to an identied users group.  The 
deployement of this solution envolves the RTBfoods community and the researchers from the 
Chemehouse and ChemProject. The use of chemflow should be launched early in 2020, and be 
effective end of 2020. The main challenge to face will be to organize a common training with all the 

https://rtbfoods.cirad.fr/
https://collaboratif.cirad.fr/share/page/site/RTBfoods/document-details?nodeRef=workspace://SpacesStore/de5ae45d-2cba-4194-a46a-70dd9308b999
https://chemproject.org/
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identified key researcher in each institute, directly involved in spectral database building and 
calibration development. Then these researchers will spread within their team the use of the software 
with the help of the coordination team. 
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5.3.13 Interaction Mechanisms between WPs  

Fill-in the table below with a brief description or bullet-point lists of interactions with other WPs (successful ones & gaps) and propositions for risk 
mitigation 

 
 Successful Interactions/Coordination 

with other WPs (specific actions 
concerned, frequency, tool sharing) 

Gaps in Interactions/Coordination with other 
WPs: 
What is needed from other WPs?  

(NR = not relevant) 

Risk Mitigation: How to Improve (specific 
actions to be taken, frequency, tool 
sharing?) 

WP1 ● No specific interaction was schedule with 
WP1 

● Identified quality traits relevant for consumer 
preferences 

 

● Interaction needs to include WP2  

 

 

WP2 ● WP2 team with supports from WP3 team 
handled the sampling and sample 
preparations and samples were taken 
from the same sampling point for WP2 
biochemical analysis and WP3 NIRS 
analysis (spectral data collection) in 
cassava, yam and sweetpotato 

● Identified quality traits  

● Cooperation with WP2 and WP4 for appropriate 
codification strategy 

 

● It has improved in period 2, but the main risk 
in interaction is still not enough specific 
meeting dedicated to WP2/WP3 

WP4 ● Materials used for reference data 
generation by WP2 and that were used for 
calibration development by WP3 

● Cooperation with WP2 and WP3 for appropriate 
codification strategy 

● NR 

WP5 ● No specific interaction was schedule with 
WP5 

● NR ● NR 

WP6/
PMU 

●  ●  ●  
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5.3.14 Complementarity with other Projects or Breeding Programs on 
RTB crops 

Narrative on Activities performed in complementarity with other projects or breeding programs 
from national partners (e.g. NextGen, AfricaYam, SASHA/SweetGAINS, CRP RTB, BBB, 
HarvestPlus). Describe type of complementarity (students, equipment share, facilities, 
participation of WP coordinators in partner projects, events or initiatives on RTB crops). 

Other projects provided most of the genetic materials and products used for WP3 activities. Cassava 
roots provided by NextGen, CRP RTB and HarvestPlus. Sweetpotato materials were provided by 
SASHA/SweetGAINS and CRP RTB, while AfricaYam and BBB supplied yams and bananas. Most 
of the WP3 team were funded mostly from CRP RTB and bilateral projects. In the 2 NIRS pieces of 
training in Nigeria and Uganda, students, staff from the aforementioned bilateral projects 
participated.  

5.3.15 Conclusion & Perspectives 

WP3 Progress & Key Achievements in Period 2 
Synthesis Narrative on Key Achievements at WP level in Period 2 & Level of Progress toward 

the completion of WP overall objectives in RTBfoods framework (20-30 lines). 
 
The main objectives of period 2 was to have a clear strategy on training and SOP development. This 
was successfully achieved through 2 intensive training events in Uganda and Nigeria and other 
missions of WP3 leaders. All planned SOP’s were at least drafted and are under development; the 
low hanging fruits starts to be harvested. The decision regarding new instruments was postponed in 
period one to the second period and has now been finalized.  
 
Perspectives for Period 3 

Identify major next Steps to reach at WP level in Period 3 & Priority Activities to be performed to 
do so, all product Profiles concerned – Draft Period 3 WP Roadmap (20-30 lines). 

 
This will be intensively discussed in the upcoming 2nd annual meeting in Kampala, Uganda 
 
        Workplan 2020 -All partners- Period 3 

• Continue standardizing of sample preparation and scanning protocols, data collection and 
analysis across crops and institutions.  

• Development of new calibrations for all crops and products with diverse genotypes grown in 
different locations, include different agronomic practices, different storage practices. 

• Validate existing and new NIRS calibrations. 
 

Workplan 2020 -CIP- Period 3 

• Biophysical and nutritional quality analysis of sweetpotato samples obtained during the joined 
WP2/3 activity for preliminary NIRS calibration development. After that selection of new 
samples to validate and extend the calibrations. Also investigate new traits together with WP 
1 and 2 which are related to consumer preferences and include them. 

 

Workplan 2020-IITA-Nigeria Period 3 

• Spectral data collection for fresh cassava roots and gari 

• Perfect protocol for NIRS analysis for intact fresh cassava roots (DM and Starch) - sampling,  
spectral data collection and calibration development 
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• Calibration developments for DM, Starch, pasting and functional properties (other traits 
identified by WP1) of blended fresh cassava roots and gari   

• Development of Calibration for textural properties of Eba  

 

Workplan CIAT, Colombia, Period 3, 2020 

• Spectral data collection for fresh cassava roots: Diversity collection, Cooking collection, 
Sensory collection 

• Prepare SOP on sample preparation and NIRS spectra acquisition for fresh cassava 
(blended roots) 

• Correlation analyses between biophysical datasets (WP2) and NIRS & MIRS spectra, 
acquired on the same samples. Calibration developments for DM, Cooking time, texture 
parameters, water absorption, closing angle (optional: starch content).   

 
Workplan CIRAD/INRA, Guadeloupe, Period 3, 2020 

• INRA-CIRAD Guadeloupe : Finalizing the SOP of amylose content on yam flour by iodine 
coloration (with CIRAD Montpellier, C-Mestres, and INRA-France, Avignon, A Rolland-
Sabate) 

• Submitting an article on calibration of primary compounds and textural traits prediction using 
NIRS (with CIRAD, CNRA) 

• Continuing the NIRS spectrometry of yam sample flours (with CIRAD for preparation of 
samples at Montpellier) 

• Building a reference database and improvement of calibration model firstly develop for quality 
traits of primary compounds 

• Development of predictive model for amylose content using NIRS and MIRS (with CIRAD-
Montpellier, D Cornet for MIRS spectra) 

 
Workplan CIRAD, Coordination WP3, Period 3, 2020 
• Continue to work in partnership with UAC-FSA to predict the quality traits of fresh and boiled 

yam by NIRS; 
• Deploying hyperspectral imaging at CIRAD Montpllier; 
• Use hyperspectral imaging to predict physical and sensory quality traits such as cooking 

behaviour and texture of boiled cassava and yam; 
• Move to partners with the HSI camera to characterize RTBs crop and product in real 

conditions. 

https://rtbfoods.cirad.fr/


 

  Page 201 of 554 

5.4 Annex 4: WP4 Scientific Progress Report for 
Period 2 

Scientific Achievements, Key Research Findings & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
CHAIR Hana (Cirad, France) 
AMELE Asrat (IITA, Nigeria) 
CORMIER Fabien (Cirad, France) 
CEBALLOS Hernan (CIAT, Colombia) 
KAWUKI Robert (NaCRRI, Uganda) 
MWANGA Robert (NaCRRI, Uganda) 
MENDES Thiago (CIP, Peru) 
UWIMANA Brigitte (IITA, Uganda) 
KOUAKOU Michel Amani (CNRA, Côte d’Ivoire) 
 
WP coordinators (NAME First name, email, Skype ID, Country):   
CHAIR Hana, hana.chair@cirad.fr, hana chair, France 

5.4.1 WP4 Teams across Countries 

 Partner 
Institution(s) 

Country  RTB crop(s) of 
interest for 
RTBfoods 

Names of people involved in the team 
for this WP  

Team 1 CIAT Colombia Cassava Hernan Ceballos, Xiaofei Zhang 
Team 2 NaCRRI Uganda Cassava Robert Kawuki; Esuma Williams; 

Michael Kanaabi; Emphraim 
Nuwamanya; Enock Wembabazi 

Team 3 IITA Nigeria Cassava Peter Kulakow ; Ismail Rabbi 
Team 4 NRCRI Nigeria Cassava Chiedozie Egesi 
Team 5 IITA Nigeria Yam Asrat Amale 
Team 6 NRCRI Nigeria Yam Jude Obidiegwu 
Team 7 CNRA Côte 

d’Ivoire 
Yam Kouakou Amani Michel, Pokou Désiré, 

Bakayoko Lassina 
Team 8 CIRAD France Yam Fabien Cormier ; Gemma Arnau ; 

Denis Cornet ; Hana Chaïr 
Team 9 CIP-SSA  Uganda Sweetpotato Robert Mwanga ; Jolien Swanckaert 
Team 10 CIP Uganda Potato Thiago Mendes ; Jolien Swanckaert 
Team 11 IITA Uganda Matooke Brigitte Uwimana, Violet Akech and 

Jennifer Acayo (IITA), Kephas 
Nowakunda (NARL/NARO), Ephraim 
Nuwamanya (NaCCRI) 
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5.4.2 WP4 Summary Narrative  

Tell us the progress of your WP in Period 2 (Dec. 2018 to Dec 2019) focusing on main Activities & 
Achievements for each Output contributed to – Do not forget to systematically refer to product 
profiles concerned. (NB: This section will be copied & pasted as is in the body of the RTBfoods 
Annual Report for Period 2) (1-2 pages). 

Activities performed in Period 2 within RTBfoods WP4 are contributing to 3 project Outputs:  

• Output 2.1.1 : Genetic architecture of users' preferred quality traits for VUE 
improvement in RTB breeding programs identified; 

• Output 2.2.1: RTBfoods pool developed and available for partner RTB breeding 
programs (VUE: Variety; User; socio-economic Environment); 

• Output 1.5.4: RTB databases enriched with genotypic data for users' preferred quality 
traits. 

For this year, the different breeding programs implemented the trials in at least two environments 
per country to be able to collect data for genotype by environment interactions. Most of the breeding 
populations were developed within BMGF fundings on crop-focus projects (SASHA, Africayam, 
NextGen, BBB, etc.). Beside these populations, CIAT and Cirad developed populations which will 
be dedicated to RTBfoods project. The environments were chosen based on the climatic range of 
crop cultivation and breeders experiences. Thanks to the different partners, within the projects, we 
have a range of kind of populations within the same crops (bi-parental populations (cassava, yam), 
diversity panels (sweetpotato, potato, yam and cassava), advanced populations from genomic 
selection trials (cassava, Matooke). In Uganda, three environments were used for GxE interaction 
for potato, sweetpotato, cassava, except Matooke. This crop is planted only in one of these three 
environments due to the difficulties to ship bunches to the laboratory for analysis. In Nigeria, due to 
the size of the country, the sites are not shared between crops nor between institutes. In Côte 
d’Ivoire, breeding activities are conducted only on yam within RTBfoods project and the trials are 
implemented in two environments. It is the same for Guadeloupe (France) where only yam activities 
are conducted with trials in three environments. We could regret the absence of controls shared 
between the different institutes working on the same crop. To achieve so, it would have been 
important to proceed to seed cleaning before sharing them which would have taken a long time. 
Nevertheless, this multitude of sites and populations will allow us to generate a huge amount of data 
to understand the genetic architecture of quality traits. 

Beside this work, most of the breeding programs planted large panels representing large diversity of 
quality in order to provide them to WP2 and 3. It has been done on cassava (CIAT and NaCRRI), on 
yam (IITA, Cirad and NRCRI), on potato and sweetpotato by CIP. Concerning Matooke, IITA is 
providing its material to NARL for sensory analysis and quality traits measurement. The identification 
of these panels was based mainly on breeders knowledge on the quality acceptance by consumers 
of the varieties obtained from breeding programs and on the most popular and unpopular landraces. 
These panels will have to be refined based on WP1 outputs and the phenotypic methods which will 
be developed. Meanwhile, the breeders are working in tight collaboration with scientists from WP2 
to develop the methods for quality assessment (see below the reports per institute). 

Within the WP3, trainings on the use of NIRS have been conducted in the countries involved in the 
project. Thus, most of the populations are in the process of NIRS screening (cassava (CIAT), 
Matooke (IITA), sweetpotato (CIP)), or have been achieved Yam (Cirad). The diversity panel for 
calibration has been provided by the breeders and the wet chemistry analysis is done in collaboration 
with WP2 and WP3.  
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The data related to the trials and the populations have been uploaded in the RTB databases 
developed and managed by BTI. For this year, the phenotypic data collected will be uploaded when 
all the data will be collected and cleaned. Breeders in collaboration with the different WPs involved 
in the project have set a protocol for samples tracking between WP2, 3 and 4.  

Finally, as we progress in our activities, synergies are developing between partners, such as co-
supervision of PhD student between Cirad and CNRA on boiled yam qualitygenetics, protocol for 
boiling cassava roots developed by CIAT and shared with NaCRRI, in Uganda protocols on sensory 
evaluation and NIRS spectra acquisition between IITA, NaCRRI and NARL. These synergies should 
increase along the project. The next step will be sharing methods to assess the genotypic value and 
the GXE interaction. 

5.4.3 WP4 Achievements & Contribution to Output 2.1.1, Output 
2.2.1 & Output 1.5.4 

Output 2.1.1 : Genetic architecture of users' preferred quality traits for VUE improvement in RTB 
breeding programs identified; 

Output 2.2.1: RTBfoods pool developed and available for partner RTB breeding programs (VUE: 
Variety; User; socio-economic Environment); 

Output 1.5.4: RTB databases enriched with genotypic data for users' preferred quality traits. 

 
Fill-in the table below to provide an update on the progress made in achieving project milestones in 
Period 2 – Information provided in this table will be used to update the RTBfoods Results-Tracker. 

Output Period 2 
Targets/Milestones 
mentioned in RTBfoods 
Project Results-Tracker  

Achieved in Period 2 Variance & 
Explanation 

2.1.1 1 scientific report on 
correlation between traits, 
heritability & genetic gain 
per crop and product 
profile  

Trials were implemented and 
phenotyping for identified traits 
related to quality are on-going. 

 

1.5.4 5% of genotypic data 
uploaded in existing RTB 
databases 

Most of the trials and genotyping 
data were uploaded in existing 
RTB databases 

 

5.4.4 Activities per crop and per Institute 

Cassava at NaCRRI 
 

Implementation of Genotype-by-Environment trials 
In August 2018, the RTBfoods trials were established in Serere (Eastern Uganda) and at NaCRRI 
in Namulonge, Central Uganda.  Namulonge is characterized by tropical weather conditions with two 
rainy seasons (March-June and August- November) and deep loamy soils. Serere on the other hand 
is characterized by semi-arid weather conditions and sandy soils. Field Layouts including data 
generated at the two sites have all been uploaded onto cassavabase. All these materials were 
harvested in September 2019, which coincided with 12 months after planting.  
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Trials implemented in 2019 planting season 

Two major activities are planned under WP4: a) undertake an association study using the NextGen 
C2 population that is currently established at Namulonge 
(https://cassavabase.org/breeders/trial/6492?format=) ; and b) undertaking crossing using 
contrasting clones to generate F1s for studying the genetics of softness 
(https://cassavabase.org/breeders/trial/6708?format=)  
 

 
  
Figure 1: The Association Study field trial established at Namulonge  
 

Phenotyping activities 
 
Table 1: Description of the phenotyping dataset generated in 2019. 

Method Phenotype Data 
NIRS (FOSS DS 
2500) 

Spectrum 228 spectra from 64 Clones in 1 location 
(Namulonge), 3 roots/clone, 1 rep, 3 root parts 
(proximal, middle, distal) 

NIRS (ASD Quality 
Spec) 

Spectrum 1018 spectra from 76 clones in 1 location (Serere), 2 
reps. Two roots per clone per rep, 4 NIRS scans per 
root. In total, 16 scans generated per clone 

Penetrometer Softness_readings (a)  522 average data points from 64 clones: 
              3 time points (15, 30, 45 minutes), 3 
roots/clone,  
              3 root parts (proximal, middle, distal),  
              1 location (Namulonge), 1 rep. 
(b) 304 average points from 76 clones, 2 time points 
(30 minutes, 45 minutes), 1 root part (middle), 2 
roots/clone, 1 location (Serere), 2 reps. 

 
Preliminary results 

The 76 clones evaluated for softness comprised of landraces, elite clones and officially released 
varieties At Serere, data on root softness (collected on 76 clones) and boiled for (30 and 45 minutes) 
were collected from the middle sections of two sampled roots (two biological replicates). For each 
root, three reading were taken at different positions (three technical replicates).  Accordingly, 
softness ranged from 1.03 to 10.2 for samples boiled for 30 minutes, while for samples boiled for 45 
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minutes softness ranged from 0.34 to 9.24. Overall, samples boiled at 45 minutes registered higher 
heritability (H2 = 0.53 and lower softness readings (mean = 3.36) than samples boiled for 30 minutes 
(H2 = 0.41 and mean = 4.44). 
 
At Namulonge softness data were collected on 64 clones; two roots were sampled per clone. For 
each root, three sections (distal, middle and proximal) were sampled and thus three readings taken 
per section. Softness varied significantly cross the root sections and boiling times; distal, middle and 
proximal sections had respective mean softness values of 3.3, 3.4, and 3.9. On the other hand, 
lowest softness was recoded at 45 minutes (2.24) and highest at 15 minutes (5.4).    
 

 
 
Figure 2: Patterns of softness of boiled cassava roots: Left = residual plot of Serere softness 
data measured at 30 minutes; Middle = residual plot of Serere softness data measured at 45 minutes; 
Right = variability of Namulonge softness data. Heritability (H2) for softness at Serere was 0.41 (30 
minutes) and 0.53 (45 minutes), while at Namulonge H2 was 0.41 across all treatments.  
 
Cassava at CIAT  

Implementation of Genotype-by-Environment trials 
During the first year of work, CIAT identified a set of contrasting clones for good and poor cooking 
quality, recovered planting materials from these clones and planted them in a crossing nursery. Up 
to 78 direct crosses were made through controlled pollinations (known father and mother). Whenever 
possible, reciprocal crosses (e.g the same progenitors in a direct cross used as male and female 
progenitors) were made and pooled together as they are members of the same full-sib family. About 
2000 seeds could be produced in a relatively short period of time, aided by the technic of extended 
photoperiod which induces plants to flower earlier. During the first semester of 2019 all seed was 
harvested and counted. The main objective of this activity was to generate few full sib families with 
relatively large number of seed that could be evaluated for segregation studies (to assess heritability) 
and production of roots (for laboratory analysis leading to a better understanding of the biochemical 
foundations of cooking quality in cassava roots). 
 

Trials implemented in 2019 planting season 
1. Production of segregating progenies for inheritance studies 
On June 26, 2019, the germination of botanical seed from nine selected families was initiated. 
Selection of families was based on the requirement that came from crosses of progenitors with 
contrasting cooking quality and a relatively high number of seeds. Six of these families have more 
than 90 seeds. Table 2 summarizes the families selected with their respective progenitors, the 
number of botanical seeds available, the number of seedlings obtained and the percentage of 
germination.  
 
The seedlings produced are growing vigorous and healthy (see photographs in Figure 3). It has been 
planned to transplant them to the field on September 4. Harvest of these segregating families is 
planned for May 2020 when roots are properly developed (age of plants from germination would be 
12 months). Particular efforts will be made to irrigate constantly these materials. There is a dry period 
from January through March or April every year (although this is now becoming unpredictable) and 
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rains would usually arrive in April or May. Irrigation will be provided to overcome the problem of 
drastic changes in root quality traits when plants reinitiate growth after a severe drought period.  
 
Table 2. Seedlings obtained from nine families selected for genetic studies on the inheritance 
of cooking quality and provision of roots for laboratory studies. 
 

Mother Father 
Cooking quality Seeds Seedlings Germination 

Mother Father # # % 
GM 8391-4 VEN 25 Good Poor 94 68 72.34 
SM 3759-36 VEN 25 Good Poor 90 89 98.89 
COL 1910  SM 3759-36 Poor Good 81 68 83.95 
COL 1505 COL 1910 Good Poor 72 67 93.06 
COL 1910 PAN 139 Poor Good 101 89 88.12 
COL 2246 COL 1722 Good Poor 81 81 100.00 
PAR 57 VEN 25 Good Poor 111 101 90.99 
CR 138 VEN 25 Good Poor 251 234 93.23 
VEN 208 VEN 25 Good Poor 98 94 95.92 
TOTAL    979 891 90.72 
       

 
Figure 3. Photographs from the segregating seedlings within each family in the screenhouse 

2. Production of crosses among clones with good cooking quality 
In addition to the segregating progenies for inheritance studies, progenitors with good cooking quality 
were crossed among themselves. The ultimate objective of these crosses was to develop and deliver 
clones with such a trait. Table 3 lists the materials crossed and the number of seeds obtained. 
 

Table 3. List of full-sib families obtained from crossing clones with good cooking quality. 

Mother Father Seed Mother Father Seed 
# # 

GM8391-4 GM3674-41 110 COL2246 VEN208 28 
GM8391-4 SM3759-36 1 CR138 PAN139 12 
SM3759-36 GM3674-41 6 CR138 PER183 20 
COL1505 GM8391-4 1 CR138 VEN208 33 
COL1505 SM3759-36 60 IND135 GM3674-41 6 
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Mother Father Seed Mother Father Seed 
# # 

COL1505 VEN208 30 PAR57 GM3674-41 6 
VEN208 COL1505 3 VEN208 SM3759-36 4 
COL1736 SM3759-36 13 VEN208 PAN139 20 
COL1736 VEN208 12 VEN208 PER183 16 
COL2246 GM3674-41 17 VEN208 VEN208 23 

 

3. Plantation of source of roots for assessing cooking quality along time 
 
A key problem dully described in the report presented in 2018 on the state of the art and available 
information on research and results addressing the issue of cooking quality of cassava roots is the 
high environmental influence. It is clear that this trait has a strong genetic component. However, 
environmental conditions (e.g.) drought, arrival of the rains after a lengthy rainless period, and age 
of the plant have a strong influence on root cooking quality. There are other factors yet to be 
identified. A set of interesting contrasting clones (29 with good cooking quality, seven with poor 
cooking quality and 5 high-carotenoids clones with acceptable cooking quality) is listed in Table 4.  
 
For each of the 36 clones, 40 cuttings were planted on February 21, 2019. These plants will be 
gradually and sequentially harvested starting eight months after planting. The purpose of these 
harvests is to validate their cooking quality performance through different ages and under varying 
environmental conditions at harvest time. This information will also be crucial for the inheritance 
studies that the project aims to complete by 2021. In close collaboration with Thierry Tran’s team 
these roots will also provide very useful material for the dissection of cooking quality into biochemical 
and physical components. 
 

Table 4. List of 29 clones with good coking quality including 5 clones with enhanced levels of 
carotenoids content and 7 clones with poor cooking quality. 

List of clones with good cooking quality 
1 CM2600-2 11 MCUB  74 21 MPER496 
2 CM2766-5 12 MGUA24 22 MVEN77 
3 CM5253-1 13 MIND135 23 MVEN208 
4 CM7436-7 14 MMAL3 24 MVEN 218 
5 SM1127-8 15 MMEX2 25 GM3674-41 
6 MCOL1505 16 MPAN139 26 GM8373-46 
7 MCOL1736 17 MPAN  70 27 GM8391-4 
8 MCOL2215 18 MPAR57 28 GM8413-1 
9 MCOL2246 19 MPAR98 29 SM3759-36 

10 MCR138 20 MPER183   

Poor cooking quality 
Biofortified clones with acceptable cooking 
quality 

1 MBRA  318  1  GM 3674-41 
2 MBRA  325  2  GM 8373-46 
3 MBRA  512  3  GM 8391-4 
4 MCOL 1722  4  GM 8413-1 
5 MCOL 1910  5  SM 3759-36 
6 MCUB   46    
7 MVEN   25    
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4. Rapid multiplication of segregating genotypes 
An important innovation will be implemented with the segregating full-sib families described above 
in Section 1. Leaves (with their respective axillary bud) will be excised from each plant and used for 
multiplication purposes (Figure 3). This approach will allow to obtain 3-5 plants per genotype so that 
larger number of plants can eventually be used for studies involving more locations and/or harvesting 
times which is crucial for a proper estimation of heritability and the effect of genotype-by-environment 
and genotype-by-age of harvest interactions which are important components of the phenotypic 
variation and drastically influence heritability. Collection of leaves will take place later in the year, 
when plants have developed enough for the pruning of these leaves to have little impact in their 
development.  

 
Figure 3. Illustration of the single-leaf rapid multiplication scheme that will be implemented to 
multiply selected families in the inheritance study of the good cooking quality trait in cassava roots.  

 

Phenotyping activities 
The first sequential harvest of the 36 progenitors was performed on Oct. 9-11. Performance of 36 
progenitors in cooking time and water absorption was evaluated following the modified protocol from 
Kouadio et al. 2011. Two roots from each genotypes with the diameter larger than 5cm were 
selected, and the middle section with the length of 6 cm were used for the cooking quality test. The 
middle section was cut into two pieces longitudinally. In total, four pieces from each genotypes were 
cooked in boiled water. The weight of each root piece was measured every 10 min till they were well 
cooked based on the fork test and appearance evaluation. The optimal cooking time was recorded 
for each piece. The second harvest was done on Nov. 12-26. Besides the water absorption and 
optimal cooking time, using the same roots, the texture of cooked samples at 18min were measured 
using TEXT-PLUS (Stable Microsystems).  

 
Preliminary results 

Correlation between water absorption and optimal cooking time (harvested in Oct 9-11) 

Since for all the root samples, we collected the water absorption data from 0 to 20 min, the 
relationship between water absorption at 10 min and 20 min was calculated and visualized (Figure 
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4). After 20 min of boiling, the water absorption showed higher correlation with the optimal cooking 
time than 10 min (r2 = 0.38 vs. 0.23). The water absorption between 10 min and 20 min showed high 
correlation (r2 = 0.76). These results are encouraging. Based on the water absorption at 20 min (e.g., 
5%), we can separate the genotypes with long cooking time and short cooking time, in general.  

 

Figure 4. Correlation between water absorption and optimal cooking time in 36 cassava 
genotypes harvested in October. a) Correlation between optimal cooking time and water 
absorption at 10 min; and b) 20 min. c) Correlation of water absorption between 10 min and 20 min.  

Similar correlation were observed between water absorption and optimal cooking time for the 
samples harvested in November (r2 = 0.26). Root texture after 18-min cooking showed high 
correlation with optimal cooking time (r2 = 0.5). Multiple regression was performed between optimal 
cooking time and water absorption and texture. After including the texture, water absorption did not 
show significant correlation with optimal cooking time (p > 0.1). Thus, comparing with the water 
absorption, the root texture after 18-min cooking give high prediction ability on optimal cooking time. 

 

Figure 5. Correlation between water absorption, texture and cooking time in 36 cassava 
genotypes harvested in November. a) Correlation between optimal cooking time and water 
absorption at 10min; b) correlation between optimal cooking time and texture of samples cooked 
after 18min.  

 
Cassava at IITA and NRCRI: 

IITA phenotyping and GxE analysis for Garri and Fufu 
Background 

The recently concluded Cassava Monitoring Study (CMS) in Nigeria project data involving 2500 
farming households and DNA fingerprinting for variety identification provided important insights into 
the key drivers of adoption. In terms of preference traits, more than 70% of the farmers considered 
quality of garri and fufu (processed cassava food products) as very important, in addition to other 
traditionally considered traits such as high yield, pest and disease resistance, and early maturity. 
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This is not surprising because garri and fufu are the most important food products derived from 
cassava in Nigeria. 

Activities 

Given the importance of these traits, the Cassava Breeding Programs in Nigeria carried out 
experiments to estimate productivity of different advanced breeding lines for garri and fufu traits. We 
used genotypes that came through the NextGen Cassava Breeding pipeline selections that were at 
late stages of multi-locational field evaluations (Table 5). The first set of clones represent materials 
from genomic selection cycle 1 (GS.C1.UYT34, n = 34 clones, 3 replicated per trial) while the second 
set represent clones derived from GS cycle 2 (GS.C2.setA and GS.C2.setB, 72 clones, 3 replicates 
per trial). A total of 106 unique clones were included in these trials. 

Table 5.Overview of field trials conducted in the 2017-2018 season. Numbers represent plots per 
trial per location. 
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2017-2018 season             
17.GS.C1.UYT34 102     102 102 102 102 102  102     714 
17.GS.C2.setA.UYT36 108 108 108   108             432 
17.GS.C2.setB.UYT36 108 108 108   108             432 
2018-2019 season             
18.GS.C2.setA.UYT36 108 108 108 108 108 108   108 108     864 
18.GS.C2.setb.UYT36 108 108 108 108 108 108   108 108     864 

 

 

Figure 6. Locations of concluded trials. IBA, Ibadan; AGO, Ago-Owu; IKN, Ikenne; MOK, Mokwa; 
UBJ, Ubiaja; OTB, Otobi; UMU, Umudike; ONN. Onne. 

 

Processing garri and fufu 

To gain better understanding on the genetic variation in productivity and quality of garri and fufu, we 
processed storage roots from two locations and replications within each location. In total, we 
produced about 400 samples for garri and fufu each. 
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Both products were produced by either commercial processors or in Ibadan at the Cassava 
Processing Center. For garri, 20 kg roots were selected from harvested plots, washed, peeled and 
grated. The grated mash was transferred into woven polypropylene sacks and allowed to ferment 
for 48 hours and thereafter and dehydrated using hydraulic presses overnight. The semi-dried cakes 
were then sifted and roasted in a hot frying tray to form the dry and crispy garri product. Finally, the 
products were sieved to separate coarse particles from the fine granules and stored in nylon bags. 
The weight of peels, sieved garri and granules were recorded.  

For fufu, 20 kg roots were selected from harvested plots, washed, peeled and soaked in water for 
48 hours to ret. After softening, the starchy pulp was separated from insoluble fiber using a sieve 
(Figure 10). The mash was washed using clean water and allowed to sediment for several hours 
after which the water was poured off. The fine, clean sediment (mainly starch) is dewatered using a 
hydraulic press and the cake was sifted before drying in an oven at 80 C for 24 hours. The resulting 
odorless fufu was then weighed and packaged into nylon bags. Fibre from each sample was 
separately dried and weighed. 

 

Processing cassava roots into dry odorless fufu product 

Analysis of garri and fufu yield data 

All the UYTs were established using a randomized complete block design with three replicates. Since 
we processed garri and fufu samples from two replicates in each trial, we fitted the following linear 
mixed model using lme4 R package (Bates et al. 2015) to obtain variance components and genotype 
fixed effects.  

trait = genotype + rep + rep:subBlock + ε  

In the model above, random effects are indicated in bold. Genotype was fitted as random. 

We obtained calculated broad-sense heritability (h2) for garri and fufu traits using the following as: 
ℎ2 = 𝑉𝑉𝑉𝑉

𝑉𝑉𝑉𝑉+𝑉𝑉𝑉𝑉𝑘𝑘
 , where Vg is genotypic variance, Ve is the residual, k is the number of complete blocks 

(i.e. replicates).  
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Heritability and phenotypic correlation of garri, fufu and associated traits 
Most traits had high heritability values across trials (Table 6), indicating that strong genetic control. 
Dry matter content heritability ranged from 0.67 to 0.88, except for trial UYT36setB.AGO which had 
a value of 0.50. Garri yield (h2 0.61 to 0.86) had slightly higher heritability compared to fufu yield 
(0.31 to 0.77). The difference in heritabilities between these traits could be explained by removal of 
fiber from fufu. The heritability for fibre was between 0.5 and 0.76 except for trial UYT36setA.AGO 
which has very low value. We observed that the roots from this particular trial took a long time to 
soak and fiber content was larger than in the other trials. 

Table 6. Broad sense heritability for garri and fufu yield and related traits 

Trial Dry matter Garri yield Fufu yield Fufu fiber 

UYT.34.IKN 0.881 0.813 0.725 0.496 

UYT.34.UBJ 0.888 0.855 0.724 
 

UYT36setA.AGO 0.671 0.758 0.695 0.099 

UYT36setA.IKN 0.777 0.805 0.774 0.528 

UYT36setB.AGO 0.505 0.616 0.308 
 

UYT36setB.IKN 0.873 0.866 0.775 0.763 

 

Garri, fufu and dry matter content were correlated (Figure 11) with Pearson’s r value of between 0.46 
to 0.72 indicating that dry matter content is a good proxy for indirectly selecting these traits. As 
expected, fufu fibre content and fufu products were found to have a large negative correlation of -
0.64. Weight of peels were also negatively correlated with yield of garri and fufu. Additionally, we 
found little or no relationship between root weight (RTWT) and the processed products which 
indicates selection for product yield will not have a negative impact on overall fresh root yield. 

 

Figure 7. Pairwise phenotypic correlation between root yield traits components and 
processed products. 
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Yield of garri and fufu product (kg product/20 kg whole roots) 
Table 7 presents summary of garri and fufu productivity from 20 kg roots as well as weights of peels, 
fufu fibre and dry matter percentage. Average garri yield across the six trials was 24 % (w/w) and 
ranged from 20.4 to 29.4 % while that of fufu was 19.44% (range from 16.2 to 20.9 %). The garri 
yield was in agreement with that reported in literature. For example, Amoah et al. (2010) reported 
garri yield 23% in a study that involved 6 clones harvested at 12 months after planting. 

There was considerable variation within each trial. For example, lowest recorded garri and fufu yield 
was 14.4% and 6.2%, respectively. Both cases occurred in trial UYT.34.IKN which also had low 
average product yields. Highest yield of garri and fufu were 37.0% and 26.6%, respectively. The 
relatively lower fufu yield is attributable mainly to removal of fibre during processing.  Material losses, 
particularly root peels account for about 23% of fresh root weight on average across all trials. 
Between genotype variation is rather large and ranges from 16 to 41%. Similar values were reported 
in Amoah et al. (2010).  

Table7. Average dry matter, garri and fufu productivity in six uniform yield trials estimated Best 
Linear Unbiased Estimates of gen. Within trial range in parentheses. 

Trial Dry matter (%) Garri Yield (%) Fufu Yield (%) Garri peel (%) Fufu peel (%) 

UYT.34.IKN 32.9 (26.8-41.1) 20.40 (14.4-26.3) 16.4 (6.2-25.6) 26.11 (20.6-33.6) 23.46 (17.1-29.9) 

UYT.34.UBJ 37.3 (30.6-46.9) 29.47 (22.7-37.0) 18.7 (13.9-24.2)   27.87 (20.2-41.4) 

UYT36setA.AGO 33.0 (28.8-38.5) 24.17 (19.6-29.6) 19.8 (16.1-24.8) 19.85 (14.1-24) 20.12 (16.1-26.9) 

UYT36setA.IKN 32.4 (27.9-38.2) 22.14 (15.3-26.9) 19.0 (10.4-26.3) 25.01 (18-41.2) 22.57 (16.7-29.4) 

UYT36setB.AGO 33.0 (27.3-38.2) 22.49 (18.6-27.1) 21.5 (16.4-26.6) 23.15 (16.2-37.2) 19.37 (12.1-23.3) 

UYT36setB.IKN 37.6 (30.5-43.5) 25.11 (17.4-29.1) 20.9 (15.8-26.5) 22.37 (17.9-27.2) 21.63 (15.3-29.6) 

Average 34.37 (26.8-46.9) 23.95 (14.4-37.0) 19.44 (6.2-26.6) 23.27 (14.1-41.2) 22.44 (12.1-41.4) 

 

Multiple linear regression of garri and fufu yield and associated traits 
To determine factors that contribute to garri and fufu yield, we implemented a multiple linear 
regression where garri and fufu yields were used as dependent variables while dry matter content 
(DM) and root processing by products (garri peel weight, fufu peel weight, fufu fibre weight) were 
considered as predictor variable. Trial was included as a factor. When garri was predicted, it was 
found that main effect of trial, peel weight and dry matter were highly significant. For trial and dry 
matter main effects, the F-values were 38.6 and 169.5 (p <  2.2e-16), respectively (Table 8). In the 
case of fufu, trial, dry matter, peels main effects were significant in the same proportions with the 
results from garri linear model. In addition, fiber was also significant (F value 91.493, p < 2.2e-16) 
(Table 9). Multiple R-squared for garri and fufu was 0.674 and 0.767, respectively. 

Table 8. Analysis of Variance Table for Garri 
 

Df SumSq Mean Sq Fvalue Pr(>F) 

Trial 4 0.047421 0.011855 38.689 <2.2e-16*** 

Dry matter 1 0.051946 0.051946 169.525 <2.2e-16*** 

garri peel 1 0.008768 0.008768 28.615 2.819e-07*** 

Residuals 170 0.052092 0.000306 
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Table 9. Analysis of Variance Table for fufu 

 Df SumSq Mean Sq Fvalue Pr(>F) 

Trial 3 0.0377 0.012567 44.342 <2.2e-16*** 

Dry matter 1 0.050782 0.050782 179.191 <2.2e-16*** 

Fufu peel 1 0.011219 0.011219 39.586 4.139e-09*** 

Fufu fiber 1 0.025929 0.025929 91.493 <2.2e-16*** 

Residuals 134 0.037975 0.000283 
  

Signif. codes:     0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Next steps are to assess the processed products for quality related traits in conjunction with the WP2 
and 3 teams of RTB Foods. Additionally, we will capture NIRS spectra on the fresh roots and 
processed samples in order to predict quality traits for high throughput phenotyping at the early 
stages of breeding trials.  
 
Yam at IITA 

Implementation of Genotype-by-Environment trials 
Different populations were developed at IITA. To implement the high throughput phenotyping, we 
decided to use i- one diversity panel including 100 water yam accessions representing genebank 
collections and advanced breeding lines and ii- two bi-parental populations TDr1402 constituting 145 
progenies plus 3 check varieties of white yam and TDa1401 constituting 148 progenies plus 3 check 
varieties of water yam.  

 

Trials implemented in 2019 planting season  
The trial for D. alata diversity panel was laid out in a triple lattice experimental design in the field. 
The quality phenotyping was conducted on tubers harvested from 2018 planting from two 
replications. Two tubers per plot were randomly selected and used for test material for food quality 
analysis. The same set of material is being phenotyped for food quality and agronomic traits in 
Ikenne, Ubiaja and Ibadan in 2019.  

Table 10. Agro-ecological characteristics of the trial sites  

 Location 
Attribute Ibadan Ubiaja Ikenne 
Coordinates     
Longitude  07º29.294''N 06º39.975''N 06º52.480''N 
Latitude  003º53.129''E 006º20.638''E 003º46.120''E 
Elevation (m) 227 330 71 
Agro-ecological zone Forest-savannah 

transition 
Rainforest Rainforest 

Weather and climate attributes 
Rainfall (mm) 1410.5 1741.17 1583.63 
Temperature (min-max) (ºC) 22.8–30.7 22.5–29.1 23.9–28.7 
Relative humidity (min-max) (%) 54.3–91.8 64.7-84.5 64-88 
Soil attributes     
pH(H2O) (1:1) 6.30 5.49 4.72 
OC (%) 0.51 0.52 0.79 
N (%) 0.005 0.004 0.008 
Bray P (ppm) 36.19 2.91 27.92 
K (Cmol/kg) 0.605 0.111 0.485 
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Information System (GIS) and soil analytical lab, IITA, Ibadan station, Nigeria.  

The same set of material planted in 2019 at three locations and sampling for quality analysis is due 
for harvesting that to be done at end of the year 2019 and early 2020. D. rotundata and D. alata 
biparental mapping populations were planted at Ibadan, IITA research field using replicated trial 
in 2019. The phenotypic data record is in progress and quality analysis will be commenced after 
harvest in January 2020. 

Beside these populations, D. alata and D .rotundata on-farm variety verification trials were 
implemented (proposed for WP5) 

Phenotyping activities  
 
The harvest of D. alata diversity panel from 2018 was processed for tuber quality traits (dry matter, 
tuber flesh oxidation or browning and starch properties using RVA). Starch extraction completed for 
three locations. RVA analysis on process to be completed in June 2020 due to big size of sample 
number. Dry matter content and starch extraction of 100 genotypes were completed using the 
methodology developed by JIRCAS as shown in Annex.  Browning characterization. The browning 
severity was classified into 3 groups (non-browning, browning and highly-browning) based on visual 
evaluation after 30-minutes slicing tuber and colour reading using chroma meter CR-400 at different 
time intervals. The colour reader was used to record the colour data of all one hundred genotypes 
replicated two times per location. Details on the methods developed are described in Annex. 
 
Table 11: Description of the phenotyping dataset generated in 2019. 

Method Phenotype Data 

Visual score Tuber flesh oxidation 100 D.alata accessions x 3 sites x 2 rep 

Chromameter  Tuber flesh colour reading 100 D.alata accessions x 3 sites x 2 rep 

RVA Starch properties  100 D.alata accessions x 3 sites x 2 rep 

Preliminary results  
 

After browning characterisation, thirty-three genotypes were evaluated as highly-browning, while 
8 genotypes were non-browning and remaining were slightly browning from the 100 genotypes at 
Ibadan site assessed on visual scale (Figure 8 right).  Dry matter content of tubers from different 
genotypes ranged from 20.1% in TDa09/00376 to 36.5% in TDa01/00004 with a mean and standard 
deviation of 28.8 and 3.2, respectively (Figure 8 left).  The comparison of tuber browning with visual 
score and colour meter reading presented in Figure 9.  The visual score corresponds very well with 
colour reading indicating visual browning score as a simple and fast technique for screening tuber 
flesh browning in yam breeding. 

 

Figure 8. Frequency distribution of average dry matter content (left) per plant and browning 
severity (right) 
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Figure 9. Tuber flesh oxidation in D. alata diversity panel visual score comparison with colour 
reading where x-axis values refers to visual score of 1= non-browning, 3 = browning and 5 highly 
browning after 30 minutes and y-axis value refers to total colour difference of sample from purely 
white reference colour. The highest values total colour difference indicates degree of oxidation. 

 

Yam at Cirad 
Implementation of Genotype-by-Environment trials 
 
Bi-parental populations 

Two Dioscorea alata biparental populations (74F x Kabusa ; 74F x 14M) were generated  and 
genotyped  (by  next generation sequencing technology, GBS) within AfricaYam project (details in 
Cormier et al. 2019). These populations are used to implement the phenotyping by NIRS and to 
investigate the traits related to quality in order to identify QTLs. 

GWAS panel choice 
An initial diversity panel of 32 accessions was well-characterized and available from a previous 
project (Cavalbio project, 2014-2017, European Union and Guadeloupe grant).  
In RTB-Foods project, it has been decided to capitalize on this panel and to increase its size by 
introducing new accessions from the CRB-PT (Tropical Biological Resources Center, Guadeloupe, 
France) which was assessed as encompassing most of the D. alata worldwide diversity (Arnau et 
al., 2017). 

First, during the planting season 2018-2019, 16 new accessions were introduced leading to a panel 
of 48 accessions that were established in three different research stations: two at INRA (Godet and 
Duclos) and one at Cirad (Roujol). Then, for the planting season 2019-2020, seven new accessions 
were also introduced in this panel leading to a final panel of 55 accessions also installed in three 
same sites. 

The accessions that were introduced into the panel were chosen to priority: 

• be diploids, indeed polyploid diversity is narrow and surely arise from the diploids genepools; 
• maintain a low genetic structuration of the panel as structure and kinship may increase 

false positive rate in quantitative genetic studies; 
• increase the number of polymorphic and usable SNPs within the panel, as rare alleles 

cannot be tested the number of SNPs should be balanced regarding allele frequency. 
The genotyping dataset used to perform this calculation was generated by Cirad using Genotyping-
by-Sequencing (CRP-RTB NextGen and Agropolis foundation grants) and consisting of around 280 
accessions available in Guadeloupe x 30K SNPs.  
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Ploidy levels were mainly determined by flow cytometry (Arnau et al., 2017) or assessed by GBS 
(Sharif et al., 2019). Following Patterson et al. (2006) method based on a principal component 
analysis (PCA) of a modified genotyping incidence matrices, panel structure was investigated and 
tested using a Tracy-Widow test on the largest eigen-values.  

The number of polymorphic SNP within the panel was computed once SNP with minor allele 
frequencies < 10% were eliminated. 

From the initial panel, a recursive approach was made. During each round, the introduction of each 
CRB-PT available accessions was tested and the one that maximized the number of polymorphic 
SNPs and generated a non-significant panel structure (Patterson et al. (2006); Tracy-Widow test; 
P<0.05) was retained. This process was repeated until the desired panel size. 

 

Final panel and statistical power 

To confirm the panel choice (e.g. absence of clones, poor genetic structure) and obtain high quality 
genotyping data on all used accessions (the final 55 accessions panel), GBS was done on plants 
effectively planted in the GxE trials, using paired-reads (2x150pb, Illumina Hiseq) and three 
replicates per accessions (Cavalbio project, 2018-2020, European Union and Guadeloupe grant). 
The final raw sequencing data were available in fall 2019 and preliminary analysis are on-going. 
Using a very stringent approach, SNP detection and filtering leaded to a genotyping matrix of more 
than 15K SNPs with less than 5% of missing data. SNP filtering will be consolidated and this dataset 
will be the support of quantitative genetic studies conducted in RTB-Foods.  

 

 
Figure 10: Dendrogram of the final diversity panel used in the GxE trials. Distance are based 
on genetic distances (R cran, hclust, ward.D2). In black, the initial panel; red, accessions added from 
the previous planting season (2018-2019); green, accessions added this planting season (2019-
2020). Lacbleu3 is a D. trifida used as an outgroup.  
Some families of genetically close accessions (e.g. accession grouping around KabusaL) are 
present in our panel. Indeed, the algorithm designed to perform the panel choice did not included an 
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explicit threshold on clonality. However, it tried to minimize rare alleles. Thus, “clones” have been 
added to increase some allele’s frequencies within the panel if it did not affect panel structure.  

Finally, with a reduced number of accession, the final panel gives a good representation of the 
diversity available in the CRB-PT, INRA and Cirad collections. It contains hybrids developed by 
the Cirad and INRA breeding program in Guadeloupe as landraces from the worldwide collection of 
the CRB-PT.   

Regarding structure, the panel was designed to keep it as non-significant. Nevertheless, this 
assessment was based on an incomplete dataset. Indeed, few accessions of the initial panel were 
not genotyped at that time. Now that we have complete GBS information for all accession, genetic 
structure seems significant. Nevertheless, it remained weak as only the first PCA axis (Patterson et 
al. (2006); Tracy-Widow test) was significant (P=0.005) using this preliminary genotyping dataset. 

Greater yam (D. alata) worldwide diversity is characterized by a narrow genetic diversity and few 
non-clonally related accessions (around 90 accessions; Sharif et al., 2019). A proper statistical 
analysis of the power offered by this panel in GWAS will be conducted within the RTB-Foods project. 
However, in the framework of the Cavalbio project, some insights were revealed concerning 
influence of clonality and ploidy on the power of GWAS approach in Greater yam. Indeed, using a 
dataset including most of the worldwide diversity, GWAS power was tested for four panels: two 
panels consisting of accessions with different ploidy levels, one of 442 accessions including clones 
(i.e. genetically very close) and its corresponding panel of 105 accessions once clones were 
removed; and two panels consisting of only diploids with 256 or 67 accessions regarding the 
presence/absence of clones.  

 
Table 12: Variance analysis of power in GWAS. Power was assessed as the frequency of 
detection of true SNP-trait association using simulation of 500 causal loci, three different trait 
heritabilities (0.3, 0.6 or 0.9) and a variance explained by the locus of 0.05, 0.10, 0.20, 0.30, 0.50, 
0.75 or 0.99 (procedure details in Cormier et al., 2014). 
 

Effect Pvalue 
h² 0.018 * 
r²_locus 0.0001 *** 
n° accessions 0.0005 *** 
Ploidy 0.69 n.s. 
Clonality 0.33 n.s. 

 

Results of simulation showed that the percentage of success to detect a significant SNP-trait 
association was affected by the percentage of variance explained by the locus (r²_locus), the number 
of accessions within the panel and trait heritability (h²). Mixing ploidy and the presence/absence 
of clones seemed to have no effects. Moreover, when the variance explained by the locus 
was superior to 10%, all panels equally performed.  

Thus, with a small panel, the only risk seems to do not detect true SNP-traits association for small 
effect loci, which is not really an issue as loci with small effect detected in GWAS may not be usable 
in marker assisted selection. Moreover, with a smaller panel, statistical power could be 
optimized by putting more effort on accurate phenotyping. Indeed, at a constant budget, more 
replicates can be done and/or complex traits can be more decomposed, increasing heritability and 
the part of variance explained by causal loci, thus increasing power detection. 

Added to that, increasing the panel size would have force us to introduce more clonally-related 
accessions which could lead to increase structure significance and would have surely biased 
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estimation of allelic effects and linkage disequilibrium (LD) on which will be based the research of 
candidate genes during post-GWAS analysis.   

Trials implemented in 2019-2020 planting season 
 
In May-June 2019, the diversity panel (55 accessions) was planted in the three same sites in 
Guadeloupe already used in 2018-2019 (Roujol, Duclos and Godet, Figure 11), with the same 
protocol (20 replicates per plot, no stick, no fertilizer) (Figure 12): 

 

 

Figure 11: Multisite trials in Guadeloupe 

• Roujol Cirad experimental station is located latitude 16°10N, longitude 61°35W, and 60 m 
above sea level. The soil is classified as an Oxisol moderately desaturated with colluvial and 
alluvial sediments. Mean annual rainfall is about 2250 mm. 

• Duclos INRA experimental station is located at latitude 16°12N, longitude 61°39W, and 250 
m above sea level. The soil is classified as an acid, halloysitic, dark red Oxisol. Mean daily 
temperature and mean annual rainfall are 24.8 °C and 2700 mm. 

• Godet INRA experimental station is located at latitude 16°24N, longitude 61°29W, and 10 m 
above sea level. At this site, the climate is warm and subhumid. The mean annual air 
temperature is 26.6 °C and the mean annual rainfall is 1200 mm with a marked dry season 
from January to May. The soil is a Vertisol (Chromic Hapludert) with clay rich in smectite and 
which has developed over an old coral reef. Planting date per accession was set regarding 
its tuber dormancy (from 50% of germinating tubers) using tuber seeds of around 100gr.   

At the same time, the two bi-parental populations were also planted at Roujol research station, 
corresponding to 317 genotypes (314 hybrids, 3 genitors) x 18 replicates (2 blocs x 9 plants).  

Paper mulch was used to control weeds and irrigation was set to ensure germination. Moreover, no 
major climatic event happened during hurricane season as no particular biotic attack, the plant thus 
particularly well-developed this year. Harvest is planned to start in January 2020.   
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Figure 12: Field trial implemented in Roujol Cirad research station (Petit-Bourg, Guadeloupe, 
France) 
 

Phenotyping activities 
As a reminder, last planting season 48 accessions were planted on three sites with 20 replicates 
in each sites. These accessions were harvested in the beginning of 2019 and samples were 
prepared during the first semester of 2019. From the harvested tubers various phenotypes were thus 
generated.  

 
Table 13: Description of the phenotyping dataset generated in 2019. 
 

Method Phenotype Data 
NIRS Spectrum 

48 accessions x 3 sites x 3 rep 
Pictures analysis 

Tuber flesh colour 
Tuber flesh oxidation 
Tuber size and shape 

Manual pealing Pealing losses (%) 

Physico-chemical analysis 

Dry matter (%) 
Starch (%) 

23 accessions x 3 sites x 3 rep Sugars (%) 
Proteins (%) 

Microscopy and pictures analysis Starch grain size and shape 40 accessions x 1 sites x 3 rep 
 
Per site and accessions, three tubers (small, medium and large) were chosen as replicates to be 
representative of tuber size variation among plot. Tubers were longitudinally divided in two parts: 
one for tuber flesh colour and oxidation size and shape assessment, the other part was pealed, 
washed and dried (70°C) then milled into flour for physico-chemical analysis, NIRS and starch 
grain phenotyping. Samples preparation were jointly made with INRA (UMR Astro, Duclos, 
Guadeloupe, France) 

The generated NIRS spectra were added to the database used in WP3. They are actually used to 
train predictions models when the corresponding physico-chemical analysis were also made (models 
staking approach, D. Cornet, WP3). During the coming periods of RTB-Foods, the remaining spectra 
will be used to (1) predict phenotypes identified in WP2 and thus (2) enrich the phenotyping datasets 
available for quantitative studies to be conducted in WP4. 
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Preliminary analysis 
Preliminary phenotypic analysis is actually on going on the bi-parental populations and the 
GWAS panel. Complete GxE analysis will be conducted once the datasets will be completed. Thus, 
the following conclusions arose from the analysis of a subset of the generated dataset.  

 

Table 14: Preliminary analysis of variance decomposition (%) and broad-sense heritability. Percentage 
of variance were assessed using a mix-model (lme4, R cran) and significance were tested using a linear model. 
In both cases, an environmental (Env), a genotypic (Geno), an interaction between both (GxE) and a residual 
(e) effects were introduced in the model.  

Traits Env Geno GxE e H² 
Pealing losses (%) 0.0 n.s. 25.6*** 9.3 * 65.1 0.71 

Dry Matter (%) 0.0 n.s. 24.1 *** 17.9 *** 58.0 0.66 

Proteins (%) 3.8 ** 11.8 *** 36.6 *** 47.8 0.40 

Sugar (%) 4.5 *** 63.4 *** 11.2 *** 20.9 0.91 

Starch (%) 2.6 ** 44.8 *** 17.5 *** 35.1 0.82 

 
First insights revealed that in our GxE trial in 2018-2019, they were a low environmental effect on 
the analysed traits. Residuals were in agreement with the high variability already observed within 
plot. However, GxE interactions, especially on proteins content and dry matter as starch 
content were significant. Moreover, these interactions were often coupled with highly significant 
genotypic effects. Such results confirm that the panel used contains enough diversity to study both 
genetic and genetic x environment determinism for the analysed traits.  

On both bi-parental populations, the content of four major constituents (starches, sugars, 
proteins, dry matter) was estimated by NIRS technology developed in RTBFoods project within 
WP3. Data obtained (164 progenies from both populations x 4-8 replicates) are being analysed: 
analysis of variance, estimation of broad-sense heritability and QTL detection will be conducted by 
the end of the year. 

 
Communication 

E. Ehounou, F. Cormier, D. Cornet, E. Maledon L. Desfontaines, C. Marie-Magdeleine, E. Nudol, 
M.C. Gravillon, A. Kouakou, H. Chaïr, G. Arnau. Development of NIRS and molecular marker to 
improve breeding efficiency in Greater Yam (Dioscorea alata L.) for key quality traits. International 
Conference on Applied Biochemistry and Biotechnology (ABB), 21-24 July 2019 Macau, China. 

 
Training 

Emmanuel A. Ehounou was received in our institute for training on QTL analysis as part of his PhD 
at University of Félix Houphouet Boigny, Côte d’Ivoire. February 1st to July 31th, 2019.   

 
Yam at CNRA 

Implementation of Genotype-by-Environment trials 
 
221 genotypes from the diversity panel of D. alata are planted in 2 locations: Bouaké area in the 
savanna – forest transition zone and Gagnoa in the forest region in a randomized complete bloc 
design with 2 replications and 5 stands per plot. This panel contains landraces, introduced clones 
and hybrids. The trial will be harvested in January 2020 
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Figure 13: 
Yam field 

trial implemented in Côte d’Ivoire 

 

Phenotyping activities 
At the harvest time, oxidation, dry matter content, polyphenol content will be assessed. The 
poundability of the tubers will also be determined.  

Table 15: Description of the phenotyping dataset generated in 2019. 
 

Method Phenotype Data 

Field phenotyping 
(scoring) 

Genotype 
scores 221 accessions, RCBD design, x 2 sites  

  1 common check  
  2 common checks 
Spectrum Polyphenol HPLC For 8 contrasted varieties for YAD 
Visual observation Oxidation 221 accessions 
 

Preliminary results 
The results on the 188 genotypes of D. alata diversity panel the genotyping using DarT are available.  
The missing values were generated with the KDcompute software using the EM method. For each 
marker, the trimmed sequence, the SNP position on the chromosome of the DarT map reference, 
the frequencies of the homozygotes and the herozygotes, the polymorphism information have been 
determined. A total of 22 506 markers having complete data are developed. 

 
Training 

2 PhD students are trained jointly by AfricaYam and RTBfoods projects. Mr Ehounou Adou 
Emmanuel stayed at CIRAD Guadeloupe to work on QTL analysis of CIRAD samples. Mr Bakayoko 
Lassana who was working on the genotyping and phenotyping of D. alata for yam anthracnose 
disease added the quality trait to his topic. 
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Yam at NRCRI  
 

The Disocorea rotundata mapping population (TDr 1620) was established in the field in Umudike 
with a backup in the screen house. Agronomic and disease response profile was taken, our focus 
and priority traits remain post-harvest. The field harvest commenced in the second week December 
2019. Table 11 shows the list of focal traits which will be measured. In addition to the phenotyping, 
DNA has been extracted from 90 individuals of the population. The population size decline was due 
to loss of some Indi duals after planting. 

Table 16: List of traits and corresponding tools to be used in on-going post-harvest 
evaluation 

1. Traits  2. Tools for evaluation 
3.  General appearance 
4. Color 
5. Taste 
6. Aroma 
7. Texture 
8. After cooking darkness 
9. Mouth feel 
10. Dry matter 

11. Sensory 
12. Visual/ color reader 
13. Sensory 
14. Sensory 
15. Texture analyser 
16. Visual observation with 
soft pins 
17. Sensory 
18. Oven 

   

Our team successfully established on farm trials in 5 states including AkwaIbom, Imo, Benue, 
Anambra and Ebonyi. Each of the state had 3 farmers with a total number of seven (7) genotypes 
including a local and national check. Vegetative participatory varietal selection was successfully 
executed. Harvesting of these materials and PVS on post-harvest will commence by first week of 
December 2019.  

In recognition of the needs of genetic material by WP2 and 3. We established and multiplied some 
diversity panels. This panel represents a wide spectrum of traits and we have had discussions with 
lead personnel of WP2 and 3. Harvesting of these materials and analysis/ phenotyping is on-going 
December 2019. 

 

Potato at CIP 
 

Implementation of Genotype-by-Environment trials 
A panel of 180 entries comprised of CIP’s advanced tetraploid clones and local varieties were 
planted in two locations in the southern of Uganda by November/19. Data will be collected at 
vegetative and harvesting period.  The sampling quality assessment will be done in February and 
samples ship to Kampala for WP2 and WP3. Some of the quality traits to be assessed will be: sugar 
profiles, texture profile (dry after, cooking time, cell wall, cooking time), nutritional and antinutritional 
(glycoalkaloid) and sensory analysis. 

 

Trials implemented in 2019 planting season 
Evaluation of local varieties was conducted at the Kachwekano research station, located in South-
western Uganda, 01º 16’S 29º 57’E at 2200 meters above sea level.  A set of sixteen genotypes 
which included three farmer varieties (Kimuri, Rwashaki and Kinigi), five advanced clones 
(393077.54, 393220.54, 395112.32, 395011.2 and 395017.14), and eight commercial varieties 

https://rtbfoods.cirad.fr/


 

  Page 225 of 554 

(Rutuku, Victoria, NAROPOT1, NAROPOT4, NAKPOT1, Cruza, NAROPOT3 and KACHPOT1) were 
assessed for agronomics traits. The experiment was established during the main planting season of 
2019 (March-June). Genotypes were planted in a completely randomized block design with three 
replications. Each entry was represented by an experimental unit consisting of a single row plot of 
10 plants each at a spacing of 0.75 m x 0.3 m. Planting was done by hand on the 20th April 2019. 
At harvest, yield data was collected. Farmer participation selection was done through visual 
evaluation based on their perceptions on the different attributes. Participatory assessment involved 
5 men and 7 women. Five genotypes were visually selected by farmers; these included one farmer 
variety (Kinigi), three commercially released varieties (NAROPOT4, NAROPOT1 and Rutuku) and 
one new clone (395017.14). In general, the local varieties had an inferior performance than the 
advanced breeding clones.  It’s important to highlight that actual main variety in Uganda is 
NAROPOT4 (CIP advanced clone) covering approximately 60% of the planting potato area and it 
was released few year ago. NAROPOT4 and Kinigi (introduced from Rwanda, but not released in 
Uganda) were the farmers preferred clones. All genotypes were shared with WP2 for quality 
assessment.  

A multiplication field of 182 clones (diversity panel) was harvested by July and the tubers seeds will 
be used to implement trials in two locations in south-western. These will be the sample source for 
WP2 and WP3 in 2020. 

 

 

 

19.  
20. Figure 14: Performance of sixteen genotypes including   advanced clones and local 
varieties at the Kachwekano Research Station, located in South-western Uganda. TTYA 
= Total tuber yield t/ha. 

21.  
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22.  23.  
24.  

25. Figure 15: Farmer participation selection - Taste scoring (1-poor, 5-very good) of 
the top five clones selected by farmers (5 men  and 7 women) 

 

Sweetpotato at CIP 
 

Implementation of Genotype-by-Environment trials 
The Mwanga diversity panel (MDP) population consists of 64 families of over 1,800 genotypes, 
including the 16 parents.  The MDP population was developed under the Genomic Tools for 
Sweetpotato Improvement (GT4SP) project. After it was established in vitro at CIP-Nairobi, Kenya, 
it was shipped back to CIP–Uganda as in vitro propagules for multiplication and phenotyping. Due 
to heavy SPVD disease pressure at Namulonge in Uganda, the population was multiplied in net 
tunnels to exclude aphid and whitefly virus vectors. Phenotyping experiments (1,868 progenies, 
16 parents, and 2 check clones in 2018 and 942 progenies (genotypes) in 2019 trials on-going) 
of the MDP were planted at three sites: Namulonge, Kachwekano and Serere.  

 

Trials implemented in 2019 planting season 
Phenotyping trials (942 progenies (genotypes) of the MDP were planted in September/October 
2019 at the three sites, Namulonge, Kachwekano and Serere (Figure 16) : 

1) Namulonge (1,150 meters above sea level (masl), rainfall is bimodal (1,270 mm/year), 
mean maximum temperature 28.40C, mean minimum 15.90C, annual mean 22.20C, soils 
are ferralitic (red sandy clay loams) with pH of 4.9 to 5.0, and tall grassland vegetation with 
high SPVD pressure),  

2) Kachwekano (2,220 masl, bimodal rainfall, 950 mm/year, sandy clay loam (latosolic), soil 
pH 5.8 to 6.2 with short grassland with Alternaria blight as the main disease constraint,  

3) Serere (1,140 masl, bimodal rainfall, 800-1,150 mm/year, annual temperature 26.00C, 
soils are sandy loam, pH 5.2 to 6.0, Savanah grassland with high weevil populations during 
the dry season. 
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Figure 16. Uganda Research Sites (       Namulonge;       Serere;         Kachwekano; numbers are 
districts) 

 

The genotypes were planted in single rows of 10 plants/genotype using a Westcott design. This is 
also the design normally used in sweetpotato breeding at support platforms for early-generation 
genotype evaluations through the accelerated breeding strategy for sweetpotato, developed under 
SASHA. The design uses blocking for un-replicated genotypes with checks at predefined positions. 
Two check clones were selected based on their resistance to SPVD, the major production constraint 
in East and Central Africa. ‘Ejumula’ is susceptible to SPVD and ‘NASPOT 11’ is moderately resistant 
to SPVD (Figure 17). 

 

 

Figure 17. MDP trial at Namulonge 
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Phenotyping activities 
Data collected included, dry matter content, quality traits related to boiled and mashed 
sweetpotato, beta-carotene and sugars. SPVD resistance, Alternaria blight and weevil damage are 
major traits in sweetpotato breeding. The traits related to yield are also of importance (storage root 
yield, foliage yield, biomass yield, commercial root yield, percentage of marketable roots, harvest 
index, number of roots per plant, yield per plant, establishment index, and number of commercial 
roots per plant are computed). 

Table 17: Description of the phenotyping dataset generated in 2019. 
 
Method Phenotype Data 
Field phenotyping 
(scoring) 

Genotype 
scores 960 accessions, Westcott design, x 3 sites  

  
(2 common checks repeated after every 10 
clones) 

  
Total of 942 genotypes (progenies), 16 
parents  

  2 common checks 
NIRS  Spectrum About 960 accessions x 3 sites x 3 reps 
NIRS Spectrum 70 diverse (white, yellow, orange) 
Physico-chemical 
analysis 
  
 

Dry matter (%) 
Starch (%) 
Sugars (%) 
Proteins (%) 

70 diverse (white, yellow, orange) 
 
 

 
Preliminary results 

In November 2019, samples (70 genotypes) from the MDP population from Serere provided storage 
roots. They correspond to 70 diverse (white, yellow, orange) genotypes for NIRS analysis (raw, fresh, 
raw dry) for WP2 (raw) and WP3 (boiled fresh, boiled dry) for protein, starch, minerals and sugars. 
These traits are the ones targeted with reference to boiling for calibration/prediction – see details 
under WP2 and WP3. The phenotypic data and genotypic data is currently being curated and the 
plan is to use it in development of genomic selection methods for polyploids, working together with 
NCSU under the SweetGAINS project. Data for genome (raw 10x genomics) resequencing and 
RNA-Seq reads for the 16 parents are available in the National Center for Biotechnology Information 
Sequence Read Archive. DNA was extracted from the MDP population at BecA/Nairobi. It is currently 
being quantified and normalized for shipping to NCSU to support genomic selection method 
development under the SweetGAINS project.  

 

Training  
Linly Banda is doing her PhD thesis research on the biochemical and genetic determinants of texture 
in sweetpotato (Ipomoea batatas) at the Pan African University Institute of Science, Technology and 
innovation, Nairobi, Kenya. Her work cuts across WP2, WP3 and WP4. 
 
Matooke at IITA 
 
At the beginning of the year, IITA banana breeding committed to work within the RTBFoods allocated 
budget and deliver on three activities:  

26. Recruitment of a field technician 
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27. Collaboration with NARL to analysis the Training Population (TP) genotypes that have pulp 
for sensory and physical traits: colour, aroma, taste, texture, DM 

28. Preliminary analysis of the available data 
IITA works in tight collaboration with NARL and NaCCRI. Below is a detailed report on these activities 

 

Implementation of Genotype-by-Environment trials 
The population to be used for WP4 has not changed: clones with pulp from the GS training 
population, made of 228 clones, which comprise the matooke-derived hybrids, their direct parents 
(4x and 2x) and their grandparents (3x and 2x). Because bananas don’t mature at the same time in 
the field, but are harvested one by one over the year, and because mats were dying in the existing 
field due to banana pests, this population was replanted in Sendusu to make sure that at least 3 
bunches per clone are available for evaluation over the course of the project.  

 

Phenotyping activities 
One hundred fifty-three of these clones where evaluated in Kawanda by NARL for acceptability 
sensory traits (colour, aroma, taste, mouthfeel, texture and overall acceptability), on a hedonic 
scale of 1 to 5, and physico-chemical traits (dry matter content – DMC, titratable acidity, pH). The 
number of bunches per clones varied between 1 and 5. However, due to the protocol optimization 
process that was going on in the food science laboratory at Kawanda, coupled by the acquisition of 
new equipment (textometer) and recruitment of panel for tasting, many of genotypes will have to be 
repeated. At NaCCRI, a NIRS protocol for spectral acquisition was developed for matooke and 
spectra were generated for 129 of the genotypes. The spectra will be trained once reliable 
laboratory data are available on the material. IITA and NARL collaborated to map the process of 
sampling and sample tracking and data recording.  

 

Preliminary results 
Pearson correlations calculated based on the available data show that the sensory traits were highly 
correlated with overall acceptability of the hybrids (r>0.79, P<0.001), with the highest correlation 
observed between taste/flavour and overall acceptability (r=.0.92, P<0.001, Figure 18).  There was 
a negative correlation between DMC and the sensory traits (-0.36≤r≤-0.43, P<0.05). Titratable acidity 
and pH were poorly correlated with the acceptability sensory traits. Boxplots of the available data 
indicate phenotypic variation for the sensory data and DMC data (Figure 19). However, there was 
not enough statistical power to statistically analyse the data due to the low number of samples per 
genotype. 
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Figure 18. Heatmap image for the Pearson’s correlations among the traits based on the 
means of the available data (n=45) 

  

Figure 19. Boxplots for the acceptability sensory data (n=88; A) and dry matter content 
(n=123; B) based on the means for the available data  

Conclusion and tentative plan for Period 3 

The results should be confirmed with more reliable data from the new protocols, using proper 
inferential statistical analysis. Other traits, such as texture, as measured by the Texturometer, should 
be included in the analysis. The traits associated with “matookeness” will then be trained on the 
NIRS spectra for high throughput phenotyping (WP3), which will allow fast evaluation of the TP and 
QTL analysis for “matookeness”. 

In Period 3, we propose to continue analysing the training population, if possible, using a high 
throughput phenotyping method (to be developed by WP3). For this purpose, the TP will be 
maintained in the field in Sendusu and IITA will continue to supply bunches to NARL (WP2) and 
NaCCRI (WP3). To ensure the quality of the data generated, sampling, data collection and handling 
will be carried out electronically with samples tracked using barcodes. 

 

Recruitment of a field technician 
The IITA banana breeding program in Uganda recruited a technician, Ms. Jennifer Acayo, to work 
on RTBFoods under WP4 working on Matooke.  
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5.4.5 Data Management & Ontologies 

 
The breeders use the RTB databases developed by the BTI for their crop data management. They 
develop crop ontologies related to breeding activities with the assistance of Bioversity. Within 
RTBfoods, they are working in tight collaboration with WP2, since they are providing them with the 
plant material and using the protocols they gave them to test. These protocols are used for the 
identification of new traits related to the product profile targeted. For the traits retained, new 
ontologies will be developed with data curators for each crop and with the assistance of Bioversity 
who is managing and maintaining the crop ontology website. Meantime, they also work with WP3 in 
collecting NIRS spectra for calibration and prediction. The NIRS spectra database is under the 
responsibility of WP3 (cf. WP3 report).  To resume: 
 

Crop Institute Activities Collaborators/data 
managers 

Cassava NaCRII Field Layouts including data generated at the two sites notably 
Namulonge 
(https://www.cassavabase.org/breeders/trial/4588?format=) and 
Serere (https://www.cassavabase.org/breeders/trial/4586?format=), 
have all been uploaded onto cassavabase. 
 
For DMC: dry matter content by table-top NIRS in 
percentage|CO_334:0002057 
For boiled roots the following 4 ontologies have been defined 
basing on time when softness is assessed.  
1. Softness of boiled cassava roots in newtons|minute 
15|COMP:0000076 
2. Softness of boiled cassava roots in newtons|minute 
30|COMP:0000077 
3. Softness of boiled cassava roots in newtons|minute 
45|COMP:0000078 
4. Softness of boiled cassava roots in newtons|minute 
60|COMP:0000079 

NaCRRI works with 
BTI to define 
ontologies for DMC 
and softness 
estimation.   

  CIAT The team started using CassavaBase late 2019 to manage the 
agronomic data from the field and the quality data from the lab. The 
trial design of 36 progenitors is on the queue to be uploaded to 
CassavaBase. The ontology for water absorption, texture of cooked 
root, and optimal cooking time is being defined with BTI at Cornell. 
The NIRS spectra data of the 36 progenitors are also on the queue 
to be uploaded to CassavaBase. 

 BTI  

Yam IITA Traits related with boiled and pounded quality attributes were added 
to yam ontology. Work in progress to curate additional traits from 
survey and participatory assessment with farmers and consumers on 
2019 harvest.   
CO_343:0000486 Boiled yam appearance estimation. 
CO_343:0000487 Boiled yam texture estimation 
CO_343:0000488 Boiled yam aroma  estimation 
CO_343:0000489 Boiled yam colour estimation 
CO_343:0000490 Boiled yam taste estimation 
CO_343:0000491 Pounded yam appearance estimation  
CO_343:0000492 Pounded  yam texture estimation  
CO_343:0000493 pounded  yam aroma  estimation  

 BTI and Cirad 
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Crop Institute Activities Collaborators/data 
managers 

  Cirad Participation to the Data management workshop held in Montpellier 
on 19-20 June 2019 and to the RTB ontology working meeting on 5 
November allowed us to initiate data management plan for data 
generated on yam. Raw data are currently shared on a 
collaborative platform (Alfresco Share) and efforts are made to 
collect necessary metadata and to link data with yam trait 
dictionary.  
Denis Cornet joined the curator team of the yam ontology curation 
tool. Ongoing work includes the revision and completion of the yam 
traits dictionary.  

 BTI and IITA 

 CNRA Field trails were uploaded in yamdatabase within Africayam project. IITA, BTI 

Sweetpotato CIP Revisions and consultations by the sweetpotato breeding team and 
the SweetpotatoBase team are on-going. The breeding data is in 
SweetpotatoBase and work to harmonize SweetpotatoBase, HIDAP 
and crop ontology is underway 

At CIP, Lima, Dr. 
Genoveva Rossel is 
the lead person for 
crop ontology 
(sweetpotato) 

Potato CIP For potato ontology: for agronomic traits is quite complete, but quality 
traits need to be reviewed as activities advance to WP2 and WP3. 
Data management, using HIDAP and Potato Base (BIOMART).  
However not much field data point was generated in potato so far. 

Prossy Namugga 
(NARO; Uganda). 

Matooke IITA The ontology for matooke sensory traits was defined and uploaded 
in Musabase, the trial for matooke quality was set up in Musabase, 
and the roadmap for the use of barcodes was set up and tested. 
Barcodes will be used in the food science lab at NARL after the staff 
has been trained on using FieldBook for data recording. 

BTI and NARL 

5.4.6 Implementation of Advisory Committee Recommendations  

 Recommendations for Period 2 
7. Phenotypes should be calculated using MET (multi environment trials) and BLUP/blues 

principles to obtain netto phenotypes for RTB project purposes (eliminate error & GxE) 
 
This work is in progress. Multi-location trials have been implemented for each crop at each institute, 
except for Matooke, for which it may not be possible to establish another trial and to ship on time the 
bunches to the laboratory for phenotyping. Nevertheless, for Matooke as for the other crops, an 
environment can be defined as combination of sites and years. Thus, genotypic value and GxE 
interaction will be possible for all crops. 
  
This year, the different breeding programs just started collecting the common phenotypic data for 
quality traits. Meanwhile, they are still waiting for the traits related to the different product profiles to 
measure from WP2. They started collecting NIRS spectra but still waiting to correlate the spectra 
with phenotypes. They will proceed to the analysis of genotypic value and GxE interaction when all 
data will be collected and analysed. 
 

8. Deliver the right varieties/clones to WP1, WP2 & WP3 in terms of range of traits reported as 
BLUP/blues values corrected for ‘experimental and GxE noise/bias 

Varieties/clones have been delivered as much as possible to WP2 and WP3 mostly based on 
previous knowledge on the variability. CIP, NRCRI, Cirad, CIAT have implemented trials using range 
of varieties (improved and landraces) to provide WP2 and WP3 with plant material. Once traits will 
be identified and phenotypic methods will be developed, a proper analysis of trials will be made and 
this first choice will be checked and/or complemented.  
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5.4.7 WP4 Coordination 

 Cross Product Profile Scientific Interactions 
 Narrative on examples of successful collaborations between WP teams - Describe 

activity(ies) concerned & type of collaboration (methodology development, share of 
equipment & facilities, share of responsibilities on a specific activity). 

This year was mainly dedicated to the implementation of the trials, to ensure the interactions with 
WP2 and WP3 are straightforward.  Collaborations between teams are in progress. For boiled 
cassava, CIAT and NaCRRI discussed having a common phenotyping strategy by looking at the 
same traits. Cirad and CNRA are co-supervising a PhD student on boiled yam quality genetics. In 
Uganda, there is a tight collaboration between IITA, NARL and NaCRRI. Same approach should be 
implemented on yam (boiled and pounded) between IITA, Cirad, CNRA and NRCRI and on cassava 
(Gari and Fufu) between IITA and NRCRI. The next annual meeting will give us the opportunity to 
review the activities by institute and to work on better collaboration between the teams. 
 
 Support Strategy from WP4 Coordinators 
WP4 has one leader and 6 co-leaders (one per crop except cassava which has 2 co-leaders). 
Meetings are organised almost every 3 months between co-leaders to discuss about the work 
progress and strategies to implement. In 2019, two meetings were organised with all WP4 scientists. 
One about activities planning for 2019. The aim was to be sure that the deliverables are well 
understood in order to conduct the appropriate activities for 2019. The second one was held in mid-
term to review the activities planned at the beginning (trials, traits to measure, data management, 
etc.), to ensure that the work is going well and to give instructions on the preparation of the writing 
of deliverables needed for the WP4 annual report. 
 
Within WP4, there is one institute per crop for potato, sweetpotato and Matooke. So the co-leaders 
report the activities on their own crops and own institute within RTBfoods. While 4 institutes are 
conducting breeding activities on yam and the same for cassava. So the co-leaders have to follow 
up the activities on these two crops in the four institutes concerned and report during our WP4 leader 
and co-leaders meetings. Due to their agenda, some partners did not participate at the meetings 
and/or delayed sending the contributions we asked for. For better coordination and communication 
between teams, it is important that these breeders try to find time to be more involved in the 
interaction with WP4 participants. 
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 Interaction Mechanisms between WPs 
➢ Fill-in the table below with a brief description or bullet-point lists of interactions with other WPs (at country level & WP coordination level) & 
propositions for risk mitigation 
 
 Successful Interactions/ Coordination 

with other WPs (specific actions 
concerned, frequency, tool sharing) 

Gaps in Interactions/Coordination with other WPs: 
What is needed from other WPs ?  
(NR = not relevant) 

Risk Mitigation: How to Improve (specific 
actions to be taken, frequency, tool 
sharing?) 

WP1 ● …..  
 

● ….. 
 

 
WP2 Each breeding team is interacting with the 

WP2 team in its own country: providing plant 
material, testing together the protocols and 
working together in their improvement to 
meet the PP attributes. 

Needs of more cross-crop interactions which should 
be implemented.  

● ….. 
 

WP3 The WP3 leader has visited most of the 
countries where the NIRS is available. Some 
breeders took part at the training workshops. 
Breeders provided the plant material for 
calibration. They are collecting spectra on 
their populations. 

Needs of more cross-crop interactions which should 
be implemented.  

● ….. 
 

WP5 Breeders are also involved in WP5 activities 
since the varieties are provided by them from 
their own breeding program. Trials are 
implemented in farmers ‘fields to assess the 
varieties quality in comparison with the 
landraces.  

Needs of more cross-crop interactions which should 
be implemented.  

● ….. 
 

WP6/ 
PMU 

A lot of interaction with Eglantine!! This year 
Dominique Dufour visited Côte d’Ivoire and 
the trials at Cirad (Guadeloupe, France). 
Permanent interaction with WP4 leader and 
co-leaders.  

● ….. 
 

● ….. 
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5.4.8 Complementarity with other Projects or Breeding Programs on 
RTB crops  

➢ Narrative on Activities performed in complementarity with other projects or breeding 
programs from national partners (e.g. NextGen, AfricaYam, SASHA/SweetGAINS, CRP RTB, BBB, 
HarvestPlus). Describe type of complementarity (students, equipment share, facilities, participation 
of WP coordinators in partner projects, events or initiatives on RTB crops). 
 
The breeders are involved in the crop focus projects funded by BMG Foundation or CRP-RTB. The 
populations which are used to implement the phenotyping activities were developed within these 
projects. Genotyping was also done in their framework. In some of them, the identification of QTLs 
related to quality was already included as one of the deliverables. The co-leaders participate to these 
projects meetings as partners. The WP leader participated in the Africayam annual meeting. 

5.4.9 Perspectives for Period 3 

 Identify major Next Steps to reach at WP level in Period 3 & Priority Activities to be performed to 
do so, all product Profiles concerned – Draft Period 3 WP Roadmap (20-30 lines). 
 

- Phenotyping of the roots, tubers and bananas harvested in 2019 using the available phenotyping 
methods, and when ready-to use include the new methods developed by WP2 and WP3. 

- Continue acquiring NIRS spectra on the studied genotypes based on the protocols provided by 
WP3. 

- Cleaning the phenotypic data collected and uploading them in the appropriate databases (RTB 
databases and NIRS database) with the corresponding metadata. 

- Conduct a first analysis of correlation between traits and traits' heritability. 
- Provide a clear genotypic description of the genotypes used (composition of panels, 

populations/crosses - genotyped or not - which technology, number of markers, kinship). 
- Based on the deliverables of WP1, review the panels provided to WP2 and WP3 and report if 

complementation or not is required to cover the diversity managed and used by the users for each 
product profile. 

- Beside the WP4 meetings, organise two WP4 meetings (after 3 and 6 months) per crop when it 
concerns yam and cassava to share protocols and discuss the strategy implemented in each 
institute. 
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5.4.10 Annex 

Methods developed for phenotyping activities at CIAT 
 
After discussing the results and the protocol with the project leader Dr. Dominique Dufour, we 
realized that four pieces of roots per genotype might be too small, and measuring the water 
absorption of individual piece might introduce large variation among samples. We did a test with four 
genotypes, using three roots from each genotype, and dividing 18 pieces from the three roots into 
three samples. The correlation between water absorption and optimal cooking time was dramatically 
improved (r2 = 0.99 at 20 min). Therefore, we modified our protocol with three samples per genotype 
including 24 root pieces, in total. The water absorption at 0, 10, 20, 30, 40, 50, and 60 min, optimal 
cooking time, and the angle of root section will be recorded. This protocol will be tested using the 
root samples of 36 progenitors harvested on Dec 11-19.  

In summary, using 36 cassava progenitors with good and poor cooking quality, moderate correlation 
between water absorption and optimal cooking quality was observed. Water absorption at 20 min 
might be useful to be the easy-measure indicator for optimal cooking time. However, we expected 
that the correlation between water absorption and optimal cooking time could be improved if we use 
large number of root pieces to minimize the sample variation. The new protocol was proposed and 
will be tested using the samples of 36 progenitors harvested on Dec 11-19. The results will be 
discussed among groups in January 2020.  

 
Methods developed for phenotyping activities at IITA 
 
Dry matter content and starch extraction:  Washed and unpeeled yam tubers were prepared by 
cutting tubers from middle part of tuber. Approximately 250 g sliced tuber was obtained as sample 
for starch extraction and dry matter content measurement. A sub-sample of approximately 100 g 
were dried in a forced air oven at 105°C for 16 h (i.e., until constant weight) for dry matter 
determination. Starch was extracted from 100 genotypes per two replications grown at three 
locations using a sub-sample of approximately 100 g macerated in the blender (Iwatani IFM-800) 
with 200 ml tap water for 90s and passed through a 125 µm sieve and adjusted to 3 L with tap water. 
Starch was allowed to settle for 3 h at room temperature (20 - 24°C) and the supernatant was 
discarded. The obtained starch was dried in a room temperature for overnight and in a forced air 
oven at 35 - 40 °C for 24 h, ground with blender for 60 seconds. The starch samples were stored at 
room temperature in sealed polyethylene bags with silica gel. The pasting properties of yam starch 
extracted from fresh tubers will be determined using a Rapid Visco-Analyser (RVA-TecMaster, 
Perten Instruments, Australia).   
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 Scheme for dry matter content and simplified starch extraction method used. 

 
Browning characterization. In addition to visual score on tuber oxidation or browning after cut or 
peel, well matured and developed yam tuber of each accession was peeled, cut and chipped by 
using hand chipper to get small thickness size of yam pieces that was put into petri dish. The degree 
of tuber fresh oxidation was assessed at different time intervals (0, 5, 10, 20 and 30 minutes after 
tuber cut). The oxidation was estimated through the colour change which was measured using a 
Chroma meter CR-400, Konica Minolta, Japan. The tuber flesh colour after cut or peeling was 
measured using chroma meter reading and expressed in numerical term as described by 
(Schanda et al.,2007) to complement the visual oxidation assay.  L* (lightness), a* (red/green 
coordinate), b* (yellow/blue coordinate) values was recorded. A reference absolute white (L=100) 
and true neutral gray value (a = o and b=0) was used to calculate the total color difference of sample 
with respect to absolute white color. The total color difference (ΔE*) between all the three 
coordinates of the sample and reference absolute white was determined using Hoffmann, (2003) 
formula: 

ΔE ∗=     �ΔL ∗2+ Δa ∗2+ Δb ∗2  
Where: ΔE*= total color difference, ΔL*= difference in lightness and darkness (+ = lighter, - = 
darker, Δa*= difference in red and green (+ = redder, - = greener) and Δb* = difference in yellow 
and blue (+ = yellower, - = bluer).  
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5.5 Annex 5: WP5 Scientific Progress Report for 
Period 2 

Scientific Achievements, Key Research Findings & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
BOUNIOL, Alexandre, CIRAD-Benin 
NGOH NEWILAH, Gérard, CARBAP-Cameroon 
CAREY, Edward, CIP consultant  

5.5.1 Product Profiles & WP1 Teams across Countries 

 Partner 
Institution(s) 

Country  RTB crop(s) of 
interest for 
RTBfoods 

Processed/Food 
Product(s) of 
interest for 
RTBfoods 

Names of 
people 
involved in the 
team for this 
WP  

Team 1 CNRA Cote 
d’Ivoire 

Sweetpotato Fried 
sweetpotato 

DIBI Konan 
Evrard Brice 
 

Team 2 CNRA Cote 
d’Ivoire 

Cassava  Attieke N'ZUE Boni, 
KOUAKOU 
Amani Michel 

Team 3 CNRA Cote 
d’Ivoire 

Yam Boiled or 
pounded 

KOUAKOU 
Amani Michel 

Team 4 CNRA Cote 
d’Ivoire 

Plantain Fried  

Team 5 IITA Nigeria Cassava Gari/eba Bela Teeken 
Team 6 IITA Nigeria  Yam Boiled+pounded Amele 
Team 7 CARBAP Cameroun Plantain Boiled Plantain NGOH 

NEWILAH 
Gérard  
 

5.5.2 WP5 Summary Narrative  

Tell us the progress of your WP in Period 2 (Dec. 2018 to Dec 2019) focusing on main Activities & 
Achievements for each Output contributed to – Do not forget to systematically refer to product 
profiles concerned. (NB: This section will be copied & pasted as is in the body of the RTBfoods 
Annual Report for Period 2). 

The objective of WP5 is to ensure that user perspectives related to quality attributes (product profiles) 
and other key attributes of importance to users are adequately considered in the final stages of 
variety evaluation in order to improve adoption rates of newly-released RTB varieties. WP5 draws 
on information and approaches from WP1 to ensure that users perspectives with respect to product 
quality are appropriately considered in pre-release trials in addition to agronomic traits.   

In line with project timelines, relatively little was done under WP5 in year 2. Trials were conducted 
as follows:  

- Fried sweetpotato product: CNRA, Cote d’Ivoire - Preliminary results received from one trial 
- Boiled plantain: CARBAP, Cameroun – plant multiplication – two trials installed in two 

contrasted locations (Njombé and Bansoa) – Trials follow-up ongoing.  
- Cassava gari/eba: IITA, Nigeria – A second year trials has been conducted. Data will be 

processed in the beginning of 2020.  
- Multi-locational on-farm yam trials were conducted in Nigeria by IITA and partners in 2019.  
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WP5 trials to evaluate fried sweetpotato conducted by CNRA in Cote d’Ivoire included selected 
landrace and introduced varieties from other breeding programs, including orange-, yellow- and 
white-fleshed varieties. The preliminary report from CNRA provides results of consumer sensory 
evaluations which included assessment of both fried and boiled product at one location is presented 
as Annex 2. A hedonic scale was used to rank preference, and was complemented by a “just about 
right” test for 3 attributes: appearance, texture and taste. Expert processors prepared the samples 
at the village level and 35 consumers, including male and female conducted the evaluations. The 
top five genotypes for frying and for boiling were ranked by consumers.  Interestingly, consumer 
preference for fried and boiled sweetpotato were quite different, with orange- and yellow-fleshed 
types ranking among the top five for frying and white and yellow types ranking among the top five 
for boiling. There was some overlap, however. The top-ranked entry for frying, Irene, an orange-
fleshed SASHA-bred variety from Mozambique, also ranked third for boiling. Appearance, texture 
and taste all played a role in preference for fried sweetpotato product. There were orange-fleshed 
varieties that were not considered to make good fries, as they did not rank among the top five. 
Laboratory and trained sensory panel results (WP2 and WP3) will help to provide insights into the 
basis of consumer preferences for boiled and fried sweetpotato.  

Multilocational on-farm trials of D. rotundata and D. alata were conducted by IITA and partners in 
Nigeria in 2019  Gender disaggregated participatory methods were used to rank selection criteria 
and performance results within species. Agronomically, newly-bred varieties ranked well across sites 
relative to checks. Results of processing/culinary assessment remain to be reported. .  

Banana plantain. CARBAP. Regarding boiled plantain with CARBAP, during period 2 planting 
materials from three (03) landraces and eight (08) plantain-like-hybrids from CARBAP and IITA were 
multiplied using PIF techniques. Two multi-location trials were established in September 2019 in 
Njombé (80 masl) and Bansoa (1300 masl) with more than 1900 plants. They are being monitored.  
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5.5.3 WP1 Achievements & Contribution to Output 3.1.1, Output 
1.3.1 & Output 3.1.2 

Output 3.1.1: Methodology for participatory assessment of VUEs acceptance developed 

Activities conducted Deliverables  

1- Participatory evaluation of new hybrids 
(from partner RTB breeding programs) with 
adapted WP1 Guidance 

No methodological report to date - A 
summary of existing participatory methods is 
provided in the WP5 Annual Scientific 
Progress Report 

 

CNRA – Sweetpotato (Fried) 
A report of preliminary results of on-farm trial at Korhogo of 10 sweetpotato varieties for fry quality 
was received from DIBI Konan, CNRA Cote d’Ivoire. A second on-farm trial was also conducted at 
Bouake, and an on-station trial was conducted at Bouake. Trials were planted in replicated 
randomized complete block design. Data on yield and disease and pest reactions was collected but 
had not yet been analyzed at the time of reporting. A preliminary report of the consumer sensory trial 
results from Korhogo is presented in Annex 2.  
 

• In 2018, a participatory sweetpotato variety selection trial was conducted in Korhogo 
(Kounontonvogo) and Bouaké (Broukro) to identify producers' preferences. For this purpose, 
nine (09) varieties of CNRA sweet potatoes and one (01) local variety were used. Eight 
(08) varieties were yellow and orange flesh. The test was conducted according to a RCBD 
design. 300 cuttings per variety were required for the 3 replicates due to 100 cuttings per plot 
for the ridge site and 315 cuttings per variety for the mound site. Maintenance of the plots 
was carried out by the producers. Health monitoring and observation were carried out by 
producers and researchers. Kounontonvogo trial was better conducted by the producers. At 
harvest, the yield varied from 8 to 30 t/ha and 6 varieties obtained the best yields. For the 
shape, the users' choice was mainly based on the round shape followed by the Elliptic and 
Oblong shapes. In terms of skin color, it was the red and orange varieties that were 
appreciated. Regarding the color of the flesh of tuberous roots, the yellow and orange flesh 
varieties were also appreciated. 

 
• For the second year of the participatory farmer trial, two trials were established in Dyélokaha 

and Kongondékro (Korhogo region) in July, using the same 2018 protocol. Sensory 
evaluation tests are ongoing. For the station trial, 16 sweet potato genotypes including 08 
from CNRA and 08 and farmers are implicated. In total, 6 improved varieties and 10 local 
varieties. Morphological data were collected. Agronomic and sensory data collections are 
ongoing.  

 
CNRA – Yam (Boiled and Pounded) 
Four (4) contrasted clones of D. alata (Cnraigr15/00028 ; Cnraigr15/00020 ; TDa01/00012 ; 
TDa01/00002) and 3 of D. rotundata among which 2 introduced from IITA, (TDr10/00360 ; 
TDr01/00406 ; TDr10/00006 ) are planted in two multilocational trials in Bouaké and Gagnoa in a 
RCBD with 2 replications. The controls are Florido for D. alata and Krenglè for D. rotundata which 
have a very good pounded yam. Farmers and end-users are involved in the implementation of the 
trials. Three villages are concerned for the region of Gagnoa. They will appreciate the quality of the 
pounded yam at the harvest in January 2020 during sensory tests. 
 
CNRA – Cassava (Attieke) 

• For the first on-farm participatory assessment trial implemented since last year:  A total of 
nine (09) cassava varieties including 4 proven improved varieties, 4 advanced clones and 
1 local control is assessed in two locations in the Center (Wooded savanna zone), 
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Molonoublé and N’Gattadolikro. Five genotypes are yellow to orange flesh with a range of 
provitamin A from 6 to 14 mg/100g. Two replicates and 150 plants per variety per plot are set 
up by producers. Weeding is done by farmers till harvest, 14 months after planting. Two field 
days were organized at harvest and a sensory test were conducted. Producers, processors, 
extension agents, policymaker and traders participated in the events.  Yield varied from 12.54 
t.ha-1 to 32.33 t.ha-1. Six improved varieties performed well for the yields. Data are being 
analyzed for farmer preferences for attiéké production. For station trial, morphological traits 
are collected. 
 

• For the second on-farm participatory assessment trial planted in May at Sakiaré (pre-forest 
zone) and July at Okpoyou (Forest zone), a total of 12 cassava varieties among which 5 
proven improved varieties, 4 advanced clones (yellow to orange flesh) and 3 local controls 
was implicated. For controls, Yacé is a reference for attiéké, another for high quality attiéké 
and the third is for bad quality attiéké. The same experimental design is applied. The harvests 
will take place in April 2020 for Sakiaré and May 2020 for Okpoyou. Users’ preferences will 
be evaluated for attiéké. 

 
CNRA – Plantain (Fried) 

• Establishment of new plots 
Plantations were carried out to produce banana for the tests of the year 2020. This year the set-ups 
have been staggered. In addition to the 4 varieties (Horne 1, Orishele, PITA 3 and FHIA 21) on 
farms, 7 new varieties have been planted, these are: French dark, 3 Vert, Big Ebanga, Saci, 
Banadyshie, BITA 3 and SH 3640. The first implementation took place in May 2019 and the second 
in October 2019. A total of 1020 banana plants were planted: Horne 1 (100), Orishele (120), PITA 3 
(100), FHIA 21 (100), French sombre (100), 3 Vert (80), Big Ebanga (80), Saci (90), Banadyshie 
(80), BITA 3 (100) and SH 3640 (70). 
 

• Plantain collection conservation at Anguédédou 
The seed field has been maintained, and 3 new varieties (Corne bout Rond, N'gletia and French) 
have been added. The number of varieties updated is 35. 
The allocos made of ripe banana having green ends is well appreciated for Pita 3 and Fhia 21, 
though variety Pita 3 is the most appreciated. Slices with 1 cm thickness is preferred to those of 0.5 
and 1.5cm. Conical slices were adopted. The cooking time was 15 minutes for both varieties for a 
temperature of 150°C. 
 
CARBAP – Plantain (Boiled) 
Within the framework of WP5, planting materials from 03 landraces (Batard, Kelong mekintu & 
Essong) and 08 plantain-like-hybrids from CARBAP and IITA namely CARBAP 838, CARBAP 969, 
CARBAP F568, CARBAP K74, PITA 14, PITA 21, PITA 23 and PITA 27, have been multiplied using 
PIF techniques in CARBAP. More than 1 900 suckers were produced. After land preparations, two 
multi-location trials were established in September 2019 in Njombé (80 masl) and Bansoa (1300 
masl) where they are being monitored. In Njombé, the plot has a randomized complete block design 
with 5 plants per genotype and 5 replications, Batard landrace being used as local check and border 
plants along with Essong. In Bansoa, the plot has a randomized complete block design with 5 plants 
per genotype and 5 replications, Kelong Mekintu landrace being used as local check.  
 
NaCRRI – Cassava (Boiled) 
NaCRRI does not have WP5 activities. Nonetheless, under NextGen project, members notably (Ms. 
AnnRita Nanyonjo, Paula Iragaba, Esuma Williams and Robert Kawuki), are involved in Triadic 
Comparison of Technologies (TRICOT) trials that involve evaluation of 12 elite clones by 240 
farmers. Farmers were selected to represent two major cassava typologies, boiled and processed 
cassava products 
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NARL – Bioversity - Matooke 
No WP5 field activities were implemented in 2019. A preliminary assessment of methodologies for 
possible use in RTBfoods building on the protocols that NARL is currently using for on farm 
participatory evaluations and Bioversity work on evaluation of NARITA hybrids as part of BBB phase 
1 was done. There is no budget to cover WP5 activities. 
A protocol for field evaluation of banana hybrids is being drafted. It will be shared by end of 
December, 2019 
 
IITA – Gari-Eba  
Mother trials in Osun and Imo state with contrasting varieties that where evaluated in 2018 (with 
protocols reported under WP5 last year) were replanted last year and again evaluated in 2019 with 
3 champion processors in each location using the same protocol of pairwise comparison to elicit 
descriptors as well as to evaluate promising clones alongside popular clones grown by farmers. This 
dataset is fully organized now: we have two-year data on these trails and will analyse the data in 
January 2020. No WP5 funds could be used for this work as the WP5 money will only be available 
as of next year (2020). 
 
IITA – Boiled/pounded yam.  
On-farm trials of improved and local check clones of D. rotundata and D. alata, were conducted at 
10 yam-producting locations in Nigeria, and gender-disaggregated participatory methods (maize and 
bean seed counts) were used for ranking user preference criteria and varieties based on agronomic  
performance and culinary quality. Improved varieties generally ranked well for agronomic 
performance (Annex 3). Results of culinary performance remain to be reported, but yam breeding 
takes into account key criteria related to discoloration before and after cooking and poundability, in  
addition to standard agronomic criteria related to yield, disease resistance, etc.   
 
Output 1.3.1 
Indicator 

Target / Milestone 
Planned for 
Period 2 

Achieved Variance & Brief 
Explanation 

Nb of new hybrids 
from partner 
breeding programs 
assessed against 
users' quality 
preferences 

10 new hybrids 
from partner 
breeding programs  

-CNRA sweetpotato 
trial included hybrids 
from breeding 
programs introduced 
before RTBfoods 
inception : Irene 
from SASHA 
Mozambique,  
BF52/CIP4 from 
Burkina Faso. Other 
genotypes were 
either older hybrids, 
such as CIP 
199062.1 or local 
germplasm 
accessions. 
 
Not a complete list 

We suspect that with 
the list of IITA cassava 
varieties, the list will 
easily exceed 10.  
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5.5.4 Methodology development 

 Relevance: For which reasons is a « new » methodology being developed within RTBfoods 
project? What for? Which Originality as compared to existing methodologies for participatory 
assessment of new RTB hybrids?  
 
WP5 trials take care to involve producers, expert processors and consumers in order to get 
a full range of user perspectives. Input and approaches from WP1 help to ensure that gender, 
expert processor and consumer perspectives are featured strongly in the evaluations. 
 
Comprehensive on-farm and advanced testing is demanding with respect to the time and 
resources needed to generate the data required to justify variety releases. However, the total 
number of sites and seasons at which genotypes can be evaluated and the number of trials 
where consumer can be involved in the evaluations is still quite limited at the time of release. 
With support from the CGIAR Research Program on Roots, Tubers and Bananas, we are 
exploring the potential to use citizen science methods to get input on genotype performance 
from much larger numbers of producers, processors and consumers.  The tricot approach 
developed by Bioversity was evaluated in cassava trials in Nigeria in 2019 and in sweetpotato 
trials in Uganda and Ghana and appears to be promising. The approach was found to be 
particularly convenient for large scale consumer sensory testing in market settings in Ghana.  
 

 Lessons Learnt from participatory assessments of new hybrids conducted by WP5 in Period 
2: Which major methodological learnings from activities conducted in Period 2 by WP5 
partners on the different RTB crops (reported in Del. O.1.1)? 
 
The results of sweetpotato trials in Cote d’Ivoire were complementary to WP1 product profile 
development work undertaken in Nigeria, Ghana and Uganda, and provided the insight that 
preferred characteristics for the fried and boiled sweetpotato products differed in Cote 
d’Ivoire, but that it was possible for genotypes to be good for both products. Results from the 
preliminary report of one trial will need to be confirmed by analysis and reporting of the results 
of the remaining Cote d’Ivoire sweetpotato trials, and followed up through the upcoming 
period.  

 
 How first learnings from WP5 could benefit partner breeding programs (learning dimension)?  

 
Results and insights from WP5 trials can be be shared with RTBfoods and other programs. 
All RTBfoods and partner programs conducting WP5-type trials can be encouraged within 
breeding networks to share field trials designs, results and findings in order to encourage and 
strengthen feedback loops to breeding efforts and the sensory and instrumental analyses 
required to improve targeting and efficiency of selection of user-preferred genotypes.  

 
 Gaps/Risks identified & Next steps in methodology development: what is missing to have an 

exhaustive methodology shareable within the RTB breeding community & likely to attract 
their attention? What need to be done in the next coming years within WP5 to reduce these 
gaps / limit these risks? 
 
There is not really a need for an absolutely standard approach to WP5 evaluations, but there 
should probably be clearer approaches and guidelines developed by product and crop 
through sharing of results among partners. Furthermore, cross crop sharing of approaches 
and results would be valuable, and could be achieved through sharing and discussion of 
SOPs at the RTBfoods annual meeting.  
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The inventory of field trials carried out this year turned out to be very heavy, which can be 
explained in particular by the fact that the partners were not focused on WP5. However, it is 
difficult for the WP5 coordination team to acquire a detailed vision of the experimental field 
trials put in place by the different partners within their different projects. This difficulty should 
be underlined because the same inventories of experimental trials put in place will have to 
be redone every year in order to have a clearer vision on the trials that could be supported 
for the activities of WP5 in period n + 1. 
 
It will be interesting and necessary to be able to link part of the data collected within WP5 
with the data collected within WP1. In line with the overall approach of the project, this link 
will allow a better interpretation of the results or even better exploitation of them. 
 
In this sense and wherever possible, the methods for evaluating varieties and genotypes in 
agronomic trials may include elements from the methodology implemented within WP1 
(activity, 3, 4 and 5): questionnaires elaboration, data collection within processing product 
acceptability etc. This will allow to compare the WP5 data versus the data obtained in WP1. 
 
This could in particular be an opportunity to integrate the latest elements from the product 
profile of WP1. These will be updated during period 3 following the integration of the latest 
results from the data collected, possibly with new characteristics to be taken into account for 
the evaluation of varieties within WP5. 

 
Output 3.1.2 : Acceptability of VUEs validated by RTB users (farmers, processors, retailers and 
consumers) 

Activities conducted Deliverables 
3- Inventory of ongoing or planned on-station or 
on-farm assessments of advanced selection prior 
to release 

Report/Synthesis Table of on-ongoing or planned 
on-station or on-farm assessments included in the 
WP5 Annual Scientific Progress Report (see 
hereunder)  

 

 Short Narrative on the Synthesis table with the ongoing or planned on-station or on-farm 
assessments to be conducted within RTBfoods (Del. P.1.1):  crops & partner breeding 
programs concerned, food/processed products concerned, teams (& product champion(s)) 
concerned. 
 
Trials are planned for most of the product profiles year 3 (cf Tables in annex).   
 

 Gaps identified & Gap Mitigation: which crops and food product not or not sufficiently covered 
and why (cf table in Annex for an exhaustive list of the 5 crops and 11 food products targeted 
in RTBfoods and countries respectively concerned), strategies & teams to be involved to 
reduce this gap. 
 
The annual meeting will provide the opportunity for consolidating and finalizing lists of trials 
to be conducted.   
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5.5.5 Team coordination  

 Successful collaborations on some activities and/or for some food products among WP5 
partners? 
 
With the major focus of the project on WP1 through 4, WP5 has not yet become a key focus 
of efforts. It is expected that WP5 will receive more attention as time goes on.  In the case of 
sweetpotato in West Africa, and perhaps in Uganda, it is logical to evaluate both fried and 
boiled product as was done in Cote d’Ivoire, since these products are relevant to consumers 
and hence to the breeding program. Failing to evaluate both would be a missed opportunity 
and ultimately, a waste of resources.  
 

 Challenges faced in coordination of WP5 team work? 
The decision to divide the burden of WP5 monitoring/coordination across crops - Bouniol 
responsible for cassava and yam, NGOH NEWILAH responsible for banana and plantain and 
Carey responsible for potato and sweetpotato – effectively engaged crop experts to ensure 
better coordination.  

 
 Strategies to be reinforced/developed by WP5 coordination team for Risk mitigation & Partner 

mobilization in WP5 activities? If possible, refer to the teams (Institution+Country+RTB crop 
or food product concerned) you would like to see more involved in WP5 activities in the future. 
As time goes on, it would seem to be reasonable to attempt to engage with each of the partner 
programs that is conducting pre-release trials, even if they have not allocated specific budget 
and reporting responsibilities for WP5 to their work plans.  Presumably breeding programs 
engaged in other activities, particularly WP4, will be conducting WP5-type trials and it will be 
most helpful for them to be providing feedback on the performance of their selections, and 
the methods used to evaluate them.  

 
 

 

 

 
Not sure if the cassava participatory evaluation from Nigeria would be a success story.  2 years 
completed. Need to see the report.  

Success Story Box : If relevant, WP Success Stories you want to make appear in the Annual Report: 
Narrative on WP framework, or set of activities that illustrate well the dynamism and the innovative 
framework of RTBfoods research project. List the teams involved (Institution+Country+RTB crop or 
food product concerned), the type of Activity and the Point(s) of Interest you want to put the lights on 
(300 words max per Success Story). 
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5.5.6 Cross-WP Coordination & Collaboration 

 Fill-in the table below with a brief description or bullet-point lists of interactions with other WPs (successful ones & gaps) and propositions for 
risk mitigation 

 Successful Interactions/ Coordination with other 
WPs (specific actions concerned, frequency, tool 
sharing) 

Gaps in Interactions/Coordination with other 
WPs: 
What is needed form other WPs ?  
(NR = not relevant) 

Risk mitigation: How to Improve 
(specific actions to be taken, frequency, 
tool sharing?) 

WP1 • WP1 methods help to inform WP5 trial approaches, 
particularly with respect to expert processor and 
consumer sensory methods.  
 

 

• Integration of  the final product profile 
characteristics delivered by WP1 
 
 

• Continue to monitor 
 

WP2 • Samples from WP5 trials are being evaluated by 
WP2 sensory panels in order to help provide 
feedback and validation to breeding programs.  

 
 

• Integration of characteristics delivered by 
WP2 

 
 

• Continue to monitor 
 
 

WP3 • Samples from WP5 trials can be evaluated by WP3 
scanning methods in order to help provide feedback 
and validation to breeding programs. 

• … 
 
 

• Continue to monitor 
 

WP4 • WP5 results will always be critical to WP4 breeding 
efforts.  

 

• … 
 

• Continue to monitor 
 
 

WP6 • Thanks to WP6 for helping to ensure continuous 
monitoring and coordination. 

 

• … 
 
 
 
 
 

• Continue to monitor 
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5.5.7 Conclusion on Progress & Key Achievements   

 Synthesis on what worked well in Period 2 - Successful achievements – Strengths & 
Complementarities of scientists involved in WP5. 
 
While it has not really taken off, the engagement of a crop specialist team in the WP5 
management has been helpful and should be continued.   

5.5.8 Perspectives for Period 3: 

Draft of workplan for WP5 (new hybrids from partner breeding programs to be assessed, food 
products concerned, teams (& product champion(s)) to be involved, etc). . 

NB: You can use the online WP5 Results-Tracker with the revised list of Activities & Deliverables for 
the 5 Periods of the project in Tab2.   

Trials are planned in Uganda for boiled sweetpotato and potato.  

In Nigeria, fried and boiled sweetpotato product quality will be assessed in on-farm trials.  

In Cameroon, two Musa trials in two contrasted locations will be monitored. Plantain cultivars and 
plantain-like hybrids will be harvested and their fruits will be submitted to sensory evaluation. Based 
on these trials, sampling for WP2 will be undertaken.   

5.5.9 Annex 1: Targeted RTB crops, food products by countries 
within RTBfoods project. 

RTB Crops Food/Processe
d Products 

Primary 
countries 

Spillover 
countries 

National 
partners 

Internationa
l partners 

Product 
Champion

s 

Cassava 

Boiled & 
Pounded 
cassava 

Uganda,  
(Colombia

) 
Benin NaCCRI, NARL, 

Benin-UAC, 

CIAT, 
CIRAD, 

INRA, NRI 

Robert 
Kawuki & 

Thierry tran 

Granulated 
cassava: Gari, 
Eba, Attieke 

Nigeria 
Cameroo
n, Côte 
d’Ivoire, 

Benin (?) 

IRAD, CNRA, 
UAC/FSA/NRC

RI 

IITA, CIRAD, 
NRI 

Bussie 
Maziya D. / 
Ugochukw
u Ikeogu 

Fufu Nigeria Cameroo
n 

NRCRI, 
NaCRRI 

IITA, CIRAD, 
NRI 

Ugo 
Chijioke / 

Apollin 
Fosto 

Cooking 
banana 

Boiled plantain Cameroo
n 

Nigeria 
(might be 

done 
together 

with Fried 
Plantain), 

Côte 
d'Ivoire 

CARBAP, 
CNRA 

CIRAD, 
INRA, 

Bioversity, 
IITA 

Gérard 
Ngoh 

Newilah 

Matoke Uganda  NARL 
BIOVERSIT
Y, CIRAD, 

IITA 

Kephas 
Nowakund

a 
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RTB Crops Food/Processe
d Products 

Primary 
countries 

Spillover 
countries 

National 
partners 

Internationa
l partners 

Product 
Champion

s 

Fried plantain, 
Alloco 

Nigeria 
(can be 
done 

together 
with boiled 
plantain) 

Cameroo
n CARBAP IITA/CIRAD 

Josephine 
Agogbua / 
Delphine 

Amah 

Sweetpotat
o 

Boiled 
Sweetpotato (& 
purée?) 

Uganda  NARO 
(NaCCRI) 

CIP, JHI, 
North 

Carolina 
State 

University, 
NRI 

Robert 
Mwanga 

Fried Sweet 
potato Nigeria 

Cote 
d'Ivoire, 
Uganda 

NARO 
(NaCCRI), 

CNRA 

CIP, CIRAD, 
NRI Jan Low 

Yam 

Boiled Yam Benin 
Nigeria, 

Cote 
d'Ivoire 

Bowen U., 
UAC/FSA, 

CNRA, NRCRI 

CIRAD, IITA, 
INRA, NRI 

Noël 
Akissoé 

Pounded Yam Nigeria 
Cote 

d'Ivoire, 
Benin 

Bowen U., 
UAC/FSA, 

CNRA, NRCRI 

CIRAD, IITA, 
INRA, NRI 

Jude 
Obidiegwe 
/ Bolanle 
Otegbayo 

Potato 
Boiled potato 
& Potato fries 
(?) 

Uganda  Kazardi CIP, JHI 

Thiago 
Mende / 
Elmar 
Shulte  

5.5.10 Annex 2: Site report of assessment of sweetpotato varieties, 
Korhogo, Cote d’Ivoire 

Report of RTBfoods trial of sweetpotato genotypes for fried and boiled quality at Korhogo, 
Cote d’Ivoire, 2019  
The trial to identify end-user preferences for sweet potatoes was conducted in the Poro region 
(Korhogo). The experimental device used is a RCBD with three repetitions. Nine (9) CNRA 
sweetpotato varieties and one local variety were used. To identify user preferences, two dishes, 
namely fried potato and boiled potato, were prepared and offered to participants for tasting. During 
the tasting, the overall assessment of the two products by each consumer was evaluated using a 
hedonic scale. Subsequently, another test on 2-4 important descriptors was carried out to 
understand whether or not the consumer likes the product on a 3-point scale. 1: not enough, 2: 
enough; 3: very much. 
It emerged from these tests that the orange-fleshed varieties that were appreciated for the product 
‶fried″, are the ones that did not make good porridges according to consumers. In the case of the 
product ‶ boiled potato ″ it was the white and yellow varieties that did not make good fries that 
presented the good sweet potato boiled always according to consumers.  
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Consumers choice according to product 

Variety Flesh 
Color  

Consumers choice 
ranking 

  Boiled 
sweetpotato 

Fried 
sweetpotato 

Sanfo white 1st  
BF52/CIP4 orange  4th 
TIB-440060 orange   
Covington orange  2nd 
Aledamanda yellow 5th 3th 
Dyélo 

(farmer 

check) 

white 2nd  

Fatôni2 yellow 4th 5th 
Irene orange 3th 1st 
CIP199062.1 orange   

 

Just about right tests for fried sweetpotato at Korhogo. 

Couleur (frite) 

variété code Aime pas Aime Un peu Aime énormément 

fatoni2 538 14 1 17 

bela bela 606 
   

irene 32 0 3 32 

covington 301 3 2 30 

dyelo 622 8 14 14 

aledamanda 665 0 14 21 

cip1990 26 11 7 17 

Tib 373 3 4 28 

bf52/cip4 893 0 3 32 

sanfo figui 603 7 7 21 
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texture (frite) 

variété code Aime pas Aime Un peu Aime énormément 

fatoni2 538 11 6 18 

bela bela 606 
   

irene 32 0 14 21 

covington 301 3 14 18 

dyelo 622 6 11 18 

aledamanda 665 0 7 28 

cip1990 26 6 11 18 

Tib 373 6 11 18 

bf52/cip4 893 3 11 21 

sanfo figui 603 11 6 18 

 

goût (frite) 

variété code Aime pas Aime Un peu Aime énormément 

fatoni2 538 14 7 14 

bela bela 606 
   

irene 32 0 3 32 

covington 301 0 7 28 

dyelo 622 7 7 21 

aledamanda 665 3 7 25 

cip1990 26 14 7 14 

Tib 373 14 3 18 

bf52/cip4 893 11 6 18 

sanfo figui 603 7 7 21 
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5.5.11 Annex 3: Yam on-farm trial results, Nigeria 

Harvest and sensory assessment of yam on-farm trial in 2019.  
Introduction 
Seven clones of each D.rotundata and D.alata ( five candidates and two checks, one local and one 
standard check variety) were established at on-farm locations in Kisi, Igboho, Lanlate (Oyo north) 
and two locations in Lafia, Nassarawa state, one in Abejukolo Kogi state, two in Minna Niger state, 
one each in Gwagwalada and Kwali, Federal capital territory (FCT), Nigeria. In Edo state we had 3 
on-farm locations. Harvest and participatory assessment of the varieties for harvest traits and food 
quality attributes were conducted in field trip to the location by IITA staff from 3RD  to 9th December 
2019 (Oyo North), 10th to 23rd December 2019 (North central, Nassarawa/Minna/Kogi/FCT) and 
13th to 21st December 2019 (Edo). The on-farm assessment include ranking of selection criteria at 
harvest, ranking of clones based on identified criteria for harvest and food quality traits. Sensory 
evaluation was carried out using updated yam participatory evaluation protocol with selected 
processors at each location, those of which are conversant with various yam processing method 
(boiling and pounding). 
METHODOLOGY: At each location, twenty experienced or knowledgeable farmers/panelist on yam 
production and consumption from the surrounding communities were registered for criteria ranking 
and tuber assessment/ranking, precisely 10 men and 10 females.  
Identification of selection criteria and ranking: Group discussion was conveyed with the selected 
farmers to list the best criteria farmer uses to assess or describe yam genotype at harvest (visible 
tuber) and post-harvest (boiled and pounded). The names of each trait/criterion were written boldly 
on a paper bag spread out openly. Each panelist/farmer were given six grains of maize for men while 
six grain of beans for women for voting. The instruction was to drop 3 grains in bag bearing their 
best criteria, 2 grain in the 2nd best and 1 grain in the 3rd best for describing yam varieties or product. 
The panelist/farmer are to do this independently without been influenced by any other member of 
the panelist. Counting was done at the end of the voting of maize and beans to announce which 
trait/criteria take the lead, this was done openly, and the rank is announced. 
Ranking clones/genotypes: Each harvested genotype was labelled with code number plot 1 to 7 
boldly, paper bag placed openly in front of arranged tubers. Panelist were provided with 6 maize 
seed for men and 6 beans seeds for women, after which voting done in order of 3 seeds for 1st 
chosen genotype, 2 seeds for 2nd best and 1 seed for 3rd best genotype (independently for respective 
D.rotundata or D.alata variety verification trials). This was done independently without been 
influenced from other panelist, counting was done, and the winner clones were announced.
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Table: Participatory ranking of the yam clones for tuber harvest attributes at different on-farm locations 

 
On-farm locations 

 Nasarawa Niger Kogi Abuja Oyo North Edo 

Clones Akabba Garatu Abejukolo Gwagwalada Igboho Kisi Lanlate Ilushi Ayogwuri Idato 

D.rotundata 

TDr1000048 2nd 1st 2nd 
     

1st 
 

TDr0900067 
 

2nd 
   

3rd 
  

3rd 
 

TDr1000344 
  

3rd 
  

1st 3rd 3rd 
  

TDr0002405 1st 
  

3rd 2nd 2nd 2nd 1st 
 

2nd 

TDr1000021 3rd 
 

1st 2nd 1st 
 

1st 2nd 
 

1st 

TDr8902665 
   

1st 
     

3rd 

Aloshi 
          

Kwase 
 

3rd 
        

Ameh 
          

Meccakusa 
          

Nduu 
    

3rd 
     

Kagan 
          

Larboko 
          

Alumaco 
        

2nd 
 

 

D.alata 

TDa1100432 
 

2nd 1st 1st 
 

2nd 
   

1st 

https://rtbfoods.cirad.fr/


 

  Page 258 of 554 

TDa020061 
 

3rd 
  

2nd 
     

TDa1100245 
  

2nd 2nd 3rd 3rd 
  

1st 3rd 

TDa1100317 1st 
     

1st 3rd 3rd 
 

TDa1000365 2nd 
     

3rd 
 

2nd 
 

TDa9801174 3rd 
    

1st 2nd 2nd 
  

 Gara 
          

Shammar 
 

1st 
        

Shammar 
  

3rd 
       

Oweigbo 
   

3rd 
      

Boki 
    

1st 
     

Agbon 
          

Ewura Togo 
          

Boki 
       

1st 
  

Obina 
         

2nd 

Notes: Farmers checks across locations were:-Akabba (Nasarawa)- (TDr), Aloshi, (TDa), Gara, Minna- (TDr), Kwase, (TDa) Shammar, Kogi- (TDr), 
Ameh, (TDa) Shammar, Abuja (Gwagwalada)- (TDr), Meccakusa, (TDa), Oweigbo, Igboho-(TDr), Nduu, (TDa) Boki, Kisi- (TDr), Kagan, (TDa), Agbon, 
Lanlate- (TDr), Larboko (TDa), Ewura Togo, Edo- Ilushin (TDr),  Alumaco, (TDa) Boki, Ayogiri- TDr, Alumaco, (TDa), Boki, Idato- (TDr), Alumaco, (TDa), 
Obina. 
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SENSORY ASSESSMENT: BOILED AND POUNDED YAM QUALITY 

This was carried out at six on-farm locations: Akabba (Nasarawa), Garatu (Minna), Gwagwalada 
(Abuja), Igboho (Oyo North), Lanlate (Oyo North) and Idato (Edo state). Seven processors were 
engaged for the boiled and pounded yam preparations. Oxidation level was taken at peeling for each 
clone. Twenty farmers (male and female) screened each clone for boiled and pounded yam quality 
using yam PVS protocol for sensory evaluation.  The detail result report pending the on-going data 
entry and analysis. 
PICTS: 

 

 

A: Farmer harvesting the tuber                                               B: Farmer ranking genotype 

 

C: Processors peeling fresh tuber 
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D: Processors boiling fresh tuber 

 

 

E: Pounding by the processors 
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5.5.12 WP5 Synthesis for Period 2 - Annex 

• CNRA – Ivory Coast – Cassava, yam  and sweetpotato on-going trials 
WHAT Material in the Advanced Trial?       

RTB Crop Cassava Yam Yam Sweetpotato 

Product Profile Attiéké Boiled yam Pounded yam Fried sweetpotato 

Breeding Program Root and Tuber Crops CNRA CNRA CNRA 

Material/Germplasm 
information 

Planting material is provided 
from CNRA, IITA and from 
farm. More than 600 
accesssions available 

Germplasm of 188 accessions 
of D. alata, breeding 
population of D. alata and D. 
rotundata. 

Germplasm of 188 accessions 
of D. alata, breeding 
population of D. alata and D. 
rotundata. 

16 sweetpotato genotypes 
are used. 8 provided by 
CNRA and 8 provided by 
farmers. In total, 6 improved 
varieties (Irene; TIB440060; 
Bela bela; BF59/CIP4; 
Covington; CIP199062-1) 
and 10 local varieties (Sanfo 
figui1; Wessé tin1; Dyelo1; 
Kongondékro; Sanfo figui2; 
Wessé pou; Wessé tin2; 
Dyélo2; Fatôni2; Aleda 
manda). 

Advanced Trial pattern Trial is conducted in a single 
common field for each 
location. It is set up into two 
blocks. 8 improved varieties 
are tested with 2 or 3 
landraces as checks. Nb of 
farmers: 20 to 100 

188 accessions of D. alata in 2 
location, 4 varieties of D. alata 
in 2 locations and 3 farmers 
field in 1 location 

188 accessions of D. alata in 2 
location, 4 varieties of D. alata 
in 2 locations and 3 farmers 
field in 1 location 

16 genotypes on station 

10 genotypes X 2 locations X 
1 farmers field 
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WHO is in charge of the Advanced Trial & responsible for pre-released Material Evaluation?   

Institute(s) + Partners CNRA, IITA, ANADER CNRA+IITA+ANADER CNRA+IITA+ANADER CNRA + ANADER 

Responsible person(s) N'ZUE Boni, KOUAKOU 
Amani Michel 

Kouakou Amani Michel Kouakou Amani Michel Dr Dibi Konan 

WHERE is the Advanced material planted?     

Country Côte d'Ivoire Côte d'Ivoire Côte d'Ivoire Côte d'Ivoire 

Name of Trial Location(s) + 
 Type(s) of ecosystem 

4 trials in 3 ecosystems 
(Wooded savanna, Preforest, 
Humid forest) 

3 locations: Bouaké (Humid 
savannah), Gagnoa (Humid 
Forest), Ferkessédougou 
(Humid Savannah) 

3 locations: Bouaké (Humid 
savannah), Gagnoa (Humid 
Forest), Ferkessédougou 
(Humid Savannah) 

Bouake (Center Region, ) 
and Korhogo (Nothern 
Region, Savannah) 

HOW are users engaged in Variety Evaluation at pre-release stage? 

Brief Description of Method 
used for varietal selection 

taking into account user 
perspective 

According to the 3 qualities of 
Attiéké (Garba (bad), Attiéké 
(moderate), Abodjaman 
(good)) and the colour of fresh 
matter, three colours (white, 
yellow, orange) and two 
control varieties (for bad 
attiéké and for good attiéké) 
are used to identiy varieties for 
trials. 

Variéties are pre selected on 
station for their resistance to 
anthracnose disease for D. 
alata and yam mosaic for D. 
rotundata. These varieties are 
tested on 2 or 3 ecological 
diffrent sites. In these 
ecologies a participative 
variety Selection is conducted 
with the involvment of users. 
Then the varieties are tested 
on the farmers fields. 

Variéties are pre selected on 
station for their resistance to 
anthracnose disease for D. 
alata and yam mosaic for D. 
rotundata. These varieties are 
tested on 2 or 3 ecological 
diffrent sites. In these 
ecologies a participative 
variety Selection is conducted 
with the involvment of users. 
Then the varieties are tested 
on the farmers fields. 

 -Awareness of producers, -
surveys on their cultural 
habits (types of varieties, 
methods, etc.) and food 
habits, -Conduct of 
participatory tests, - Sensory 
test conduct, - Technological 
characterization of the 
varieties used 

Reference(s) to the Method / 
Tools used 

CNRA protocol modified by 
integrating WP1 survey and 
WP2 activities 

    Participative Varietal 
Selection (PVS) 
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WHEN is this Advanced 
trial… 

        

Planted? July 2018 (Didiévi and 
Tiébissou) and May 2019 
(Yamoussoukro), July 2019 
(Dabou) 

May 2018, May 2019 May 2018, May 2019 

July 2019 

Harvested? September 2019 for Didiévi 
and Yamoussoukro, June 
2020 for Yamoussokro and 
October 2020 for Dabou 

January 2019, January 2020 January 2019, January 2020 

September 2019 

WHY is this Advanced Trial 
an intereting study-case to 
be captured by RTBfoods 
WP? 
  

To establish prediction of 
varieties for quality of Attiéké, 
to identify the potential of pre-
released material for good 
attiéké, to facilitate the 
adoption of pre-released 
material by farmers and 
processors 

This advanced trial will 
generate informations at users 
level to be used to explain the 
laboratory analysis and 
construct a model. 

This advanced trial will 
generate informations at users 
level to be used to explain the 
laboratory analysis. 

Prior identification of farmers 
preferences is essential, 
especially in an environment 
where the adoption of 
improved varieties from plant 
breeding programs is limited. 
In order to identify producers' 
preferences and increase the 
adoption of improved 
varieties, on-farm 
demonstration tests were 
carried out with farmers 
groups in the localities. 

WHAT Methodological 
adaptations should be 
brought in to engage RTB 
users more? 

Strenghten the participatory 
approach during the 
implentation of the trials, 
monotoring, weedings, 
harvest, processing and 
sensorial test 

Strenghten the PVS method Strenghten the PVS method 
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• IITA– Nigeria – Cassava trials –  Part 1/2 
WHAT Material in the Advanced Trial? 

RTB Crop Cassava 

Product Profile Fufu & Gari-Eba 

Breeding Program NextGen 

Material/Germplasm 
information 

72 NextGen clones (UYT trials) 

Advanced Trial pattern 5 localities x 72 x (6x4 plants) x 3 replications in each site  

WHO is in charge of the Advanced Trial & responsible for pre-released Material Evaluation? 

Institute(s) + Partners IITA and NRCRI 

Responsible person(s) P. Kulakow & I. Rabbi 

WHERE is the Advanced material planted? 

Country Nigeria 

Name of Trial Location(s) + 
 Type(s) of ecosystem 

Ikenne(Ogun), Ubiaja (Edo), Mokwa (Niger), Agu Owu(Osun), Ibadan(Oyo), Zaria (Kaduna) 
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HOW are users engaged in Variety Evaluation at pre-release stage? 

Brief Description of Method 
used for varietal selection 

taking into account user 
perspective 

Fufu and gari yield are systematically evaluated. Gari and Fufu quality are assessed by comparing random batches of 10 
varieties: they are ranked by IITA cassava processors (mixed etnic origins) from best to worst, furthermore scoring of the gari 
and fufu quality on a scale of 1 to 5 (5 is best) on several parameters and overal, is systematically performed with the 
processors. This method needs cost effective connection to methods officially recongnized by food scientists. Currently each 
sample is evaluated by 3 processors (3 reps). The following parameters are determined for each sample: WEIGHT OF GARRI 
GRANULES(fixed at 5g for expansion in cold water in 50ml tube), READING AFTER 30 mins, I hr 30 mins, 4 hrs,  24 HOURS, 

WEIGHT OF BULK GRANULE(used for food preperation, around 200 grams), 

GARI_EBA_PROCESSOR EVALUTION: Gari_Score (1-5), Gari_why (comment on the score)?, Gari_rank (out of random 
batches of 10 var), Gari_colour(scale 1-5), Granule size(1-5), Appearance(1-5), Crunchiness(1-5), Gari_Taste (1-5), Sourness(1-
5), Gari_Texture (1-5), Gari Comment (general comment on the gari), Eba Score (1-5), Eba why(comment on general score)?, 
Eba_rank(out of random batches of 10), Eba_Texture (1-5), Eba_Colour(1-5), Drawness(1-5), Cohesiveness(1-5), Eba_Taste(1-
5), Mouldability (1-5), Aroma (1-5), Eba_Comment(general comment on the eba, SPECTROMETER: L*1, a*1, b*1, L*2, a*2, b*2, 
Ebawt(weight eba), 

FUFU_PROCESSOR EVALUTION: Intial water wt(g), fufu powder wt(g), fufu dough wt(g), burnt fufu dough wt(g), Final water 
after making of fufu dough wt(g),FuFu dough_Score (1-5), reason for fufu dough_score(general comment on fufu?, fufu 
dough_rank(from random batch of 10), fufu dough_colour, 1-5), Appearance (1-5), Taste(1-5), Texture(1-5, Smell(1-5), Fibre(1-
5), adhesiveness (1-5), Smoothness (1-5), Softness(1-5), Mouldability(1-5),SPECTORMETER: L*1 fufu dough, a*1 fufu dough, 
b*1 fufu dough, L*2 fufu dough, a*2 fufu dough, b*2 fufu dough, Comment(general comment on fufu by processor), Time Of 
Moulding, Time done cooking.  

ALL THESE PARAMETERS ARE IN NEED OF OF PROPER ANALYSIS protocols. 

Reference(s) to the Method / 
Tools used 

  

WHEN is this Advanced trial…   

Planted? July 2019 

Harvested? July 2020 

WHY is this Advanced Trial an 
intereting study-case to be 
captured by RTBfoods WP?   

Integration of food science evaluation protocals are in an advances stage. Already three years of evaluation of gari and fufu yield 
and two years of evaluation of fufu and gari quality (although performed by IITA staff (Nigerian) from different etnic backgrounds 
but all live in Ibadan). Three  locations of evalution however: Ibadan, Ubiaja and Ikenne. 
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• IITA – Nigeria – Cassava trials – Part 2/2 
WHAT Material in the Advanced Trial? 

 
    

RTB Crop Cassava Cassava Cassava Cassava  

Product Profile Gari-Eba and 2 types of fufu 
(Osun only) 

Gari-Eba/Fufu Cassava food products (gari-fufu), 
Smallholders and larger factories 

Carotenoid rich Cassava, against 
vit A deficiency 

Breeding Program Mother Trials NextGen  Tricot (Baby Trials 
NextGen) 

Demand Creation Trials Harvest plus 

Material/Germplasm 
information 

15 NextGen Clones 30 clones NextGen 
varieties + 4/5 clones from 
Mother Trials 

10 12 carotenoid rich clones 

Advanced Trial pattern - 15 clones +8 local landraces 
in Imo State 
- 15+5 in Osun 

320 farmers x 3 clones x 32 
replications. Each farmer 
has three varieties in 3 
plots, Plot size 30 stands (5 
by 6) 

10 clones x 8 localities x 2 
replications, plotsize  20 m X 20 
m, (400 stands/plot) 

12 clones, 4 locations, 3 
replications. Plotsize 30 plants (5 
by 6) 

WHO is in charge of the Advanced Trial & responsible for pre-released Material 
Evaluation? 

    

Institute(s) + Partners IITA + NRCRI IITA + NRCRI IITA+NRCRI IITA 

Responsible person(s) B.Teeken, P. Kulakow & I. 
Rabbi 

P. Kulakow & I. Rabbi   E. Parkes 

WHERE is the Advanced material planted?       

Country Nigeria Nigeria Nigeria Nigeria 

Name of Trial 
Location(s) + 

 Type(s) of ecosystem 

Station Village near Iwo, Osun 
State & Obibiezena, Anambra 
River Basin Development 
Authority 

Osun, Benue, Akwa Ibom, 
Imo 

Agu Owu (Osun), Ikenne(Ogun), 
Ilorin(Kwara), Psaltry(Oyo), Crest 
Agro (Kogi), FUNAAB farms 
(Ogun), Leventis farms 
Agenebode (Edo), Saro farms 
(Edo) 

Ikenne(Ogun), Ubiaja (Edo), 
Mokwa(Niger), Agu Owu(Osun) 
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HOW are users engaged in Variety Evaluation at pre-release 
stage? 

      

Brief Description of Method 
used for varietal selection 

taking into account user 
perspective 

  TRICOT. Agromomic 
evlauation at  1, 3, 6, 9 and 12 
months after planting and after 
food processing. This is done 
in general and on 5 to 6 
characteristics determined 
based on Mother Baby trial 
participants evalaution and 
results of the RTB foods act 
3(survey). 

Survey evaluation form Breeder evaluation esp for 
increased dry matter content 

Reference(s) to the Method / 
Tools used 

  TRICOT     

WHEN is this Advanced trial…       

Planted? July 2018 (Imo), August(Osun) June 2019 Second week of July 2019 July 2019 

Harvested? 7/1/2018 (Imo), September 
2019(Osun) 

June-July 2020 July 2020 
July 2020 

WHY is this Advanced Trial an 
intereting study-case to be 
captured by RTBfoods WP?   

Already evaluated and 
developped methods have 
been reported under WP5 and 
part of it has been used to 
modify procedures on the UYT 
trials, See column on the left of 
this one. 

Food product evaluation on 
large scale will take place, 
discussion is needed to 
connect TRICOT to 
professional food scienc 
approaches  

These are promising 
clones for evaluation with 
farmers and larger food 
processers 

Acceptance of Carotenoid 
improved varieties is low but is 
largely pushed, in need for proper 
evaluation 

WHAT Methodological 
adaptations should be 
brought in to engage RTB 
users more? 

  See above More participatory and 
systematic  approach to 
the evaluation with farmers 
and processors, currently 
a very general 
questionaire 

Farmer participatory methods, 
especially promotion of boil and 
eat/pound is recommended for home 
consumption as through processing 
into gari and fufu much of the 
carotenoids are lost, especially for gari. 
So varieties should be evaluated as 
such, with smallholder households. 
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• IITA – Nigeria – Yam trials 
WHAT Material in the Advanced Trial? 

RTB Crop Yam 

Product Profile Boiled and pounded yam 

Breeding Program IITA 

Material/Germplasm information Five candidate and two check varieties each for D.rotundata and D. alata under on-farm 

Advanced Trial pattern NRCRI, over 15 on-farm trials 

WHO is in charge of the Advanced Trial & responsible for pre-released Material Evaluation? 

Institute(s) + Partners IITA and NRCRI 

Responsible person(s) Asrat Amele and Jude Obidiegwu 

WHERE is the Advanced material planted? 

Country Nigeria 

Name of Trial Location(s) + Type(s) of 
ecosystem 

Oyo, Edo, assarawa, Abuja, Kogi, Anambra, Benue, Abiya in Nigeria forest, transition and southern Guinea 
Savannah 

HOW are users engaged in Variety Evaluation at pre-release stage? 

Brief Description of Method used for 
varietal selection taking into account user 

perspective 

Agronomic performance and food quality in multi-location advanced field trials 

Reference(s) to the Method / Tools used   
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WHEN is this Advanced trial…   

Planted? 2019 

Harvested? janv-20 

WHY is this Advanced Trial an intereting 
study-case to be captured by RTBfoods 
WP?  

The materials selected based on field agronomic performance and good quality assessment at on-station 

 
• NRCRI – Nigeria – Yam trials 

WHAT Material in the Advanced Trial? 

RTB Crop Yam 

Product Profile Boiled yam and Pounded yam 

Breeding Program NRCRI Umudike, Nigeria 

Material/Germplasm information   

Advanced Trial pattern 7 cultivars; 4 locations; 12 farmers 

WHO is in charge of the Advanced Trial & responsible for pre-released Material Evaluation? 

Institute(s) + Partners NRCRI Umudike, Nigeria 

Responsible person(s) Jude Obidiegwu 

WHERE is the Advanced material planted? 

Country Nigeria 

Name of Trial Location(s) + Type(s) of 
ecosystem 

Benue state (Savanah); Imo State(Rainforest); Akwaibom (Rainforest); Anambra (Rainforest) 
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HOW are users engaged in Variety Evaluation at pre-release stage? 

Brief Description of Method used for 
varietal selection taking into account user 
perspective 

Participatory varietal selection is adopted 

Reference(s) to the Method / Tools used   

WHEN is this Advanced trial…   

Planted? April/May 2019 

Harvested? November/December 2019 

WHY is this Advanced Trial an intereting 
study-case to be captured by RTBfoods 
WP? 

These materials are in the final stage of evaluation (on-farm) 

 
• UAC- FSA – Yam & Cassava trials 

WHAT Material in the Advanced Trial?   

RTB Crop Yam Cassava 

Product Profile Boiled yam Boiled cassava 

Breeding Program Africayam   

Material/Germplasm information 
Laboko, Kodjèwé (Ala), Gnidou, Dèba, 
Kpagninan, Kpètè 

Dossi, Attinwéwé, Agric,  Alanmandou, Koléahonmè 

Advanced Trial pattern 6 cultivars × 1 location × 1 field 6 cultivars × 2 locations × 1 field 

WHO is in charge of the Advanced Trial & responsible for pre-released Material 
Evaluation? 

  

Institute(s) + Partners CIRAD CIRAD 

Responsible person(s) Noël AKISSOE Noël AKISSOE 
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WHERE is the Advanced material planted?   

Country Benin Benin 

Name of Trial Location(s) + 
 Type(s) of ecosystem 

Massi Dangbo & Bohicon 

HOW are users engaged in Variety Evaluation at pre-release stage?   

Brief Description of Method used for 
varietal selection taking into account user 
perspective 

Varieties are selected from a survey 
done with farmers which indicates 
good and bad varieties for product. 

  

Reference(s) to the Method / Tools used     

WHEN is this Advanced trial…   

Planted? April 2019 July 2019 

Harvested?     

 
• CARBAP – Cameroon - Plantain 

WHAT Material in the Advanced Trial? 

RTB Crop Plantain 

Product Profile Boiled plantain 

Breeding Program CARBAP Breeding Program 

Material/Germplasm information 
CARBAP Plantain-like hybrids : CARBAP K74, CARBAP F568, CARBAP 838 & CARBAP 969 
IITA Plantain-like hybrids: PITA 14, PITA 21, PITA 23 & PITA 27 
Landraces: Batard, Essong & Kelong mekintu 

Advanced Trial pattern 10 cultivars × 2 locations  
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WHO is in charge of the Advanced Trial & responsible for pre-released Material Evaluation? 

Institute(s) + Partners CARBAP + IITA 

Responsible person(s) Gérard NGOH NEWILAH 

WHERE is the Advanced material planted? 

Country CAMEROON 

Name of Trial Location(s) + Type(s) of 
ecosystem 

- Njombé (Littoral region, 80 m above sea level) 
- Bansoa (West region, 1300 m above sea level) 

HOW are users engaged in Variety Evaluation at pre-release stage? 

Brief Description of Method used for 
varietal selection taking into account user 
perspective 

Plantain-like hybrids were selected based on information made available by CARBAP and IITA breeding 
programs. They include hybrids with good and bad derived boiling products according to preliminary tests. The 
landraces are plantain cultivars mostly consumed and cultivated in each locality and region. 

Reference(s) to the Method / Tools used   

WHEN is this Advanced trial… 

Planted? - Njombé: 20 August 2019;  - Bansoa: 11 September 2019.  
Harvested? - Njombé: August 2020; - Bansoa: October 2020 
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5.6 Annex 6: Bioversity Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
MARIMO Pricilla, Bioversity International, Uganda 
 

Focal Point (NAME First name, email, Skype, Country):   
MARIMO Pricilla, p.marimo@cgiar.org, Uganda  

5.6.1 Product Profile (x Country) Involvement  

Partner Institute Product (Country) – Main PP in bold 
Bioversity 1-Matooke (Uganda) with NARL, IITA & NaCRRI 

5.6.2 Bioversity Summary Narrative  

Bioversity was involved in work packages (WP) 1, 2 and 5 and focused on the matooke product 
profile. In Period 2, activities related to WPs 1 and 2 were conducted. All activities were jointly 
coordinated with NARL. These included: data analysis and writing the Activity 3 report; protocol 
modification and data collection for Activities 4 and 5 in Mbarara and Luwero districts; supervision of 
the two MS students-Moreen Asasira (Makerere University) and Nelson Kisenyi (Kyambogo 
University). Product profile tables from Activity 3 were prepared and shared with WPs 2 and 4 and 
an iterative process was used to understand and interpret results particularly related to the 
characteristics and indicators of poor and good quality: raw materials, processing characteristics and 
cooked product (steamed-mashed matooke). The MS students whose research costs and 
supervision are shared by Bioversity and NARL are progressing well – Moreen finished data 
collection on urban consumer preferences using a choice experiment and household survey and is 
currently conducting data analysis; Nelson finished textural analysis and sensory evaluations of 
select local and hybrid varieties with a trained panelist and is currently conducting chemical analyses. 
WP5 work focused more on preliminary review of current methodologies.  
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5.6.3 Bioversity Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First Name Country of 
Residence 

Permanent, 
Student OR 
Contractual  

WP1 WP2 WP3 WP4 WP5 Matooke 
(Uganda) 

MARIMO Pricilla Uganda  Permanent  ☒ ☒ ☐ ☐ ☒ ☒ 

EKESA Beatrice Uganda Permanent ☐ ☒ ☐ ☐ ☐ ☒ 

VAN DEN BERGH Inge  Belgium Permanent ☒ ☐ ☐ ☐ ☒ ☒ 

KISENYI Nelson Uganda Student ☐ ☒ ☐ ☐ ☒ ☒ 

List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First 
Name  
(+ Institute 
if not from 
Bioversity) 

Master 
Student 
or PhD 
or Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting 
Date 

Fellowship 
Ending date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in RTBfoods project  

KISENYI 
Nelson 

MS Biophysical and 
Physicochemical 
characterization of 
cooking bananas 
and consumer 
preferences 

2 Kyambogo 
University, 
Uganda 

Sept 2018 Jan 2020  Pricilla Marimo (Bioversity), Moses 
Matovu (NARL)  
Kephas Nowakunda (NARL), 
Beatrice Ekesa (Bioversity) 

ASASIRA 
Moreen 

MS Urban consumer’s 
preferences for 
cooking banana 

1 Makerere 
University, 
Uganda 

Sept 2018 Sept 2019  Kenneth Akankwasa (NARL); 
Pricilla Marimo (Bioversity), Kephas 
Nowakunda (NARL) 

https://rtbfoods.cirad.fr/


 

  Page 276 of 554 

5.6.4 Bioversity Activities & Achievements on Matooke (Uganda) 

WP1 – Matooke (Uganda)  
Bioversity Key Contact for WP1 on Matooke in Uganda (NAME First name): MARIMO Pricilla 
 
15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 
Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: In Period 2, the main 
activities were data cleaning, analysis and report writing. The main results are highlighted in the 
Activity 3 report. Market interviews (MIs)to gain insights into the traders’ preferred attributes were 
partly done in Period 2. Interviews were conducted with men and women traders (wholesalers, 
bicycle, motorcycle, retailers) in Mbarara city and data entry is currently ongoing. Due to logistical 
issues and time constraints, the activity could not be conducted in Luwero. The plan is to do complete 
this work in early 2020.  
 
Activity 4 achievements – Processing Diagnosis: Activity 4 - Participatory processing demonstrations 
were conducted with commercial processors in Mbarara and Luwero. Steamed-mashed matooke 
was prepared using 4 different banana varieties per site (Luwero: Nakitembe, Mpologoma, M30, 
NARITA 12; Mbarara: Nakitembe, Kibuzi, NARITA 12 and M30). Several parameters were measured 
at each stage of processing to understand preferred characteristics. Data entry, cleaning, analysis 
and report writing will be done in Period 3.  
 
Activity 5 achievements – Consumer Testing: Activity was done with consumers in Luwero and 
Mbarara in order to understand the quality attributes that consumers prefer in steamed mashed 
matooke. Samples from 4 varieties (same varieties used in Activity 4) were prepared and presented 
to consumers who rated on different attributes. Due to unavailability of mature bunches for some of 
the varieties, Activity 5 with Kampala consumers was postponed to period 3. Data entry, cleaning, 
analysis and report writing will be done in Period 3. 
 
MS students whose research costs and supervision are being shared by Bioversity and NARL are 
progressing well. Moreen Asasira (MS Agric Econ) whose focus is on urban consumer preferences 
finished data collection in Kampala city using a choice experiment and individual household surveys. 
Nelson Kisenyi (MS Food Sci) has done textural analysis and sensory evaluation of select local and 
hybrid banana varieties.  
 
XLSTAT software was purchased for Nelson Kisenyi and the 2nd license for Pricilla is in the process 
of being procured. All the product profiles for men, women, Mbarara and Luwero have been 
consolidated and shared in the Activity 3 report. Main constraints were related to time and budget 
constraints and unavailability of mature banana bunches.  
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WP1 Synthesis Table for Activity 3, 4 & 5 on Matooke (Uganda): 
Activities reported in Period 1 on Matooke in Uganda Dates of Field 

Surveys 
Regions 
surveye
d 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

Start end M F start end 
ACTIVITY 3 Primary 

Country 
Uganda   Mbarara 

 
Nyindo 10 3 2 Y  
Kacuucu 11 7 2 Y  
Mutuumo 9 7 2 Y  
Keiba 9 6 2 Y  

Luwero Kabala 6 10 2 Y  
Kabila 7 8 2 Y  
Kalagala 8 8 2 Y  
Nakaseeta 5 10 1 Y  

Activities performed in Period 2 on Matooke in 
Uganda  

Dates of Field 
Surveys 

Regions 
surveye
d 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

Start end M F Yes No 
ACTIVITY 3 
(Mkt 
interviews) 

Primary 
Country  

Uganda  22.9.19 29.9.19 Mbarara Mbarara city  11 6   N 

            
ACTIVITY 4 Primary 

Country 
 

Uganda 
 

10.9.19 
 
22.9.19 

14.9.19 
 
29.9.19 

Luwero  Wobulenzi (Luwero city) 0 4   N 
       
Mbarara  Rwebikona (Mbarara 

city) 
0 4   N 

ACTIVITY 5 Primary 
Country 
 

Uganda 
 

10.9.19 
 
 
 
22.9.19 
 
 

14.9.19  
 
 
 
29.9.19 

Luwero  Wobulenzi (pretesting) 0 7   N 
Nakaseke  13 5   N 
Kiwoko  18 24   N 
Kasana (Luwero city) 9 46   N 

Mbarara  Kashaka 21 16   N 
Nyihanga  16 14   N 
Mugarutsya  19 11   N 
Kiswahili (Mbarara city) 13 22   N 

ACTIVITY 3  Primary 
country  

Uganda     Kampala city  39 201   N 
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WP2 – Matooke (Uganda) 
Bioversity Key Contact for WP2 on Matooke in Uganda (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: 

Proof of Concept / Method Development: Bioversity participated in the sensory panel training 
sessions for banana which contributed to development of descriptors for the tool used by the trained 
panelist. Both MS students participated in the sessions, in addition Nelson’s supervisors from 
Kyambogo university also participated and got the chance to interact with other project participants 
and get more acquainted with the project.  

Sensory Analyses: As part of his MS thesis, Nelson conducted sensory analyses with the trained 
panelist with a select number of local varieties and hybrids. He is currently conducting chemical 
analyses on the same varieties.  

Texture Analyses: 

Biophysical Routine Analyses & WP2 Database Mngt: 

Others (equipment purchase): 
 
WP5 – Matooke (Uganda) 
Bioversity Key Contact for WP5 on Matooke in Uganda (NAME First name): MARIMO Pricilla 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     
No WP5 field activities were implemented. A preliminary assessment of methodologies for possible 
use in RTBfoods building on the protocols that NARL is currently using for on farm participatory 
evaluations and Bioversity work on evaluation of NARITA hybrids as part of BBB phase 1 was done. 
There is no budget to cover WP5 activities. 
 
Interactions with other Institutes working on Matooke (Results & Protocols Shared, Staff, 
Equipment) 
NARL (Uganda) : All WP1 activities were conducted in collaboration with NARL. This includes 
protocol development, data collection, analysis and interpretation. Research costs were shared 
between the 2 institutes for example: NARL covered Moreen’s stipend, Bioversity covered Nelson’s 
stipend, field research costs for all WP1 work were shared , all reagants for Nelson Kisenyi’s lab 
work were covered by Bioversity 
 
NaCRRI (Uganda) : Participated in the development of sensory profiles for cassava 
 
IITA (Uganda) : Interactions with Brigitte and preliminary profile tables from Activity 3 were shared 
 
Others: CIP – Bioversity has been working closely with CIP on methodology development for WP1 
and 2. In period 2, Bioversity attended the panel and training recruitment sessions held at NARL for 
developing the sensory profiles for potato and sweet potato. CIRAD- support mission for Activities 4 
and 5 visited Uganda during implementation of Activities in Luwero. 
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Bioversity cross-WP interactions 
Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

WP1 with WP2: Several formal and informal meetings were held throughout Period 2. Meetings 
between WP1 and WP2 included discussions on Activity 3 results particularity the first iteration of 
the product profiles, feedback from food scientists on the characteristics and indicators mentioned 
by farmers in Activity 3, discussion of the MS students research work and financial obligations 
between NARL and Bioversity. Collaboration was successful and there were no major roadblocks. 
 
WP5 with WP1 and WP4: Initial product profile tables from Activity 3 shared with the WP 4. 
 
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested with 
consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists and 
biophysical analyses to be able to establish correlations?  
Yes, the varieties used in Activity 4 and 5 are also part of the subset of varieties for WP2 activities. 

5.6.5 Data Management at Bioversity 

Bioversity RTBfoods Data Manager (NAME First name): MARIMO Pricilla 
WP1/WP5 data correspondent (NAME First name): MARIMO Pricilla  
WP2 data correspondent (NAME First name): MARIMO Pricilla 

5.6.6 Ethical Clearance  

Describe Process implemented in your country(ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 

Uganda: Ethical clearance application was submitted to the Uganda National Institute of Science 
and Technology by NARL as the national partner on behalf of all the other organizations involved in 
RTBfoods (i.e. Bioversity, CIP, IITA and NaCRRI). The application preparation process was a joint 
effort between the above-mentioned institutes. Manuals, consent forms and tools were shared. We 
are awaiting approval.  

5.6.7 Bioversity Travels: Participation to RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 

 Title /Training 
Objective 

WP City, Country NAME(S) of Participants 

RTBfoods 
Meetings 

Annual Meeting 
2019  

WP1,2, 5 Abuja, Nigeria Moreen Asasira  

RTBfoods 
Trainings 

Sensory panel 
training – banana 
Sensory panel 
training –potato 

WP2 Uganda Nelson Kisenyi 
Pricilla Marimo 
Ediriisa Mugampoza 
(Nelson’s supervisor at 
Kyambogo University) 
Samuel Gafuma (Nelson’s 
supervisor at Kyambogo 
University) 

International 
/ Regional 
Conferences  
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 Title /Training 
Objective 

WP City, Country NAME(S) of Participants 

Scientist 
Exchanges 

Formal and 
informal meetings 
with NARL, IITA 
and CIP teams 
throughout Period 
2 

WP1,2,3,4,5 Uganda All scientists and students  

5.6.8 Bioversity Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

No equipment was purchased. 

5.6.9 Bioversity Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

Bioversity co-funded 2% CSP. CSP is a fee Bioversity is obliged to pay the CGIAR System 
Management Office on all research grants.   

5.6.10 Bioversity Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 
Pricilla will be a co-author in the journal article that will be submitted to the IJFST Special Issue.  
Kenneth Akankwasa (NARL) will lead the publication. The article will focus on preferred quality traits 
of cooking banana and implications for breeding and trait evaluations. Roles will include data 
analysis, manuscript writing and critical revisions of sections of the paper. 

5.6.11 Gaps & Challenges faced at Bioversity 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

WP1 had a large number of activities which made it challenging to implement due to time and budget 
costs constraints. The proposed activities were time and labour intensive coupled with budget 
constraints. Bioversity had to dip into Period 3 funds to complete some activities. Other activities 
were postponed e.g. Activity 3: Market Interviews in Luwero and Activity 4: Due to time limitations, 
other activities (consumer testing with urban consumers) could not be completed in Period 2 and 
were instead postponed to Period 3. Staff ended up working way beyond the stipulated staff time 
allocation. Lack of mature banana bunches also made it challenging to do some activities at the 
planned time. In the future there is need to streamline and ensure activities align to the budget, 
available time and available staff to ensure quality work. 
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5.6.12 Bioversity Perspective Work Plan & Internal organization for 
Period 3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Matooke (Uganda): Bioversity. Only Pricilla’s has staff time (5days) will be covered in Period 3 and 
this is the final year that Bioversity will have a budget. Due to the limited budget, some Period 3 
funds were used to complete activities in Period 2 hence more likely that Bioversity will not be able 
to contribute to WP5 due to lack of funds. 
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5.7 Annex 7: Bowen University Activities & 
Achievements in Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country):  
Bolanle Otegbayo, Bowen University, Nigeria 
 
Collaborator(s): 
Oluyinka Oroniran, 
Fawehinmi Olabisi,  
Oluwatomilola Bolaji,  
Abiola Tanimola, 
Tolulope Alamu 
 
Focal Point (NAME First name, email, Skype ID, Country):   
OTEGBAYO Bolanle, botegbayo@yahoo.co.uk, Skype ID: (botegbayo) Nigeria 

5.7.1 Product Profile (x Country) Involvement  

Partner Institute Product (Country) – Main PP in bold 
Bowen 
University 

1-Pounded Yam (Nigeria) with IITA & NRCRI  
(2-Boiled Yam (Nigeria) with IITA & NRCRI) 

5.7.2 Bowen University Summary Narrative 

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is in 
the body of the RTBfoods Annual Report for Period 2) 

Pounded Yam (Nigeria): 
Bowen University team participated in the RTBfoods First Annual Meeting, Ibeto hotel, Abuja, Nigeria 
(March 21-27, 2019). We also participated actively in the pre-meeting workshops of WP1 and WP2. 
The team also attended the NIRS training which took place at IITA, Ibadan (June24-July 5, 2019) 
Achievements: 
 WP1 

• In Period 2 we submitted report for activity 3 in WPI. 
• The team participated in processing demonstration in activity 4 of WP1. 

 In WP2: 
• We wrote the SOP for Starch and Sugar analysis and SOP for preparation of Pounded yam 

by Mechanical Yam Pounder 

•  Conducted training for Bowen Sensory panelists 

•  Participated in all Skype meetings (WP2, sensory and texture) scheduled for this period 

•  Developed standard protocol for preparation of pounded yam. The SOP for pounded yam 
texture analysis will be submitted later.  

• The Bowen team also attended the NIRS Training at IITA from 24th of June-5th of July 2019. 

• We were also involved in backstopping activities for other partner institutions:  

o  Training of sensory evaluation panelists from partner institutions: IITA, Ibadan and 
NRCRI, Umudike  for products such as Eba, Pounded yam, boiled yam, Fufu. 
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• Bowen University team were also  resource persons for the “RTB Cluster 4.1 Gendered 
Product Mapping, User Profiles and Consumer Testing in Urban Segments on descriptive 
sensory evaluation at the workshop which was done to harmonize, review and adapt 
RTBfoods methodology for Gendered Food Mapping (Gender Dimensions of the food product 
chain and alternative uses of the crops to be used by all partners in RTB Cluster 4.1. 

 
Pounded Yam (Nigeria): 
The following activities were carried out on Pounded yam 

• Completed and submitted report for activity 3 (Gendered product profiling mapping) in WPI  
• Did  Participatory processing demonstration   Activity 4 (with pounded yam processors in six locationsi) 
• Developed standard protocol for preparation of Pounded yam 
• Submit SOP for Pounded yam preparation with a mechanical Yam Pounder 
• Sensory Texture Profiling: 

• Recruitment of panelists 
• Basic training 
• Standardization of processing 
• Vocabulary generation 
• Training on products 
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5.7.3 Bowen University Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First Name Country of 
Residenc
e 

Permanent, 
Student OR 
Contractual  

W
P1 

W
P2 

W
P3 

W
P4 

W
P5 

Pounded 
Yam 
(Nigeria) 

Bolanle Otegbayo Nigeria Permanent ☒ ☒ ☐ ☐ ☐ ☒ 
Oluyinka Oroniran Nigeria Permanent  ☒ ☒ ☐ ☐ ☐ ☒ 
Fawehinmi Olabisi Nigeria Permanent ☒ ☒ ☐ ☐ ☐ ☒ 
Opeyemi Lala Nigeria Permanent ☒ ☒ ☐ ☐ ☐ ☒ 
Abiola Tanimola Nigeria Permanent ☒ ☒ ☐ ☐ ☐ ☒ 
Oluwatomilola Bolaji Nigeria Permanent ☒ ☒ ☐ ☐ ☐ ☒ 
Tolulope Alamu Nigeria Student ☒ ☒ ☐ ☐ ☐ ☒ 

 

List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First Name  
(+ Institute if not 
from Bowen 
University) 

Master 
Student 
or PhD 
or Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting Date 

Fellowship 
Ending 
date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in 
RTBfoods project  

Ayomide Alamu Master 
Student 

Determinants of Food 
quality  in  pounded 
yam made from 
D.alata   

WP2 Bowen 
University 

July, 2019   Bolanle Otegbayo 
Oluyinka Oroniran 
Tomilola Bolaji 
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5.7.4 Bowen University Activities & Achievements on Pounded Yam 
(Nigeria) 

WP1 – Pounded Yam (Nigeria)  
Bioversity Key Contact for WP1 on Pounded Yam in Nigeria (NAME First name):  
Lora Forsyth and Genevieve Fliedel 
 
15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: 
• Bowen team was able to carry out gendered food mapping preference survey in 4 small 

locations, (Ife-odan, Gbongan, Iwo, and Ilesha) in Osun State, Nigeria.  
• Majority of the ethnic groups are Yorubas with few being either Ebira or Edo who are farmers 

of yam, maize, tomatoes etc.  
• Out of the 40IIs and 8 FGD (4 females, 4 males) in the proposed sampling frame for the 

team, 32IIs and 5 FGD [3 male (farmers), 2 female (trader and farmer, processors)] were 
conducted respectively based on availability and willingness to participate.  

•  14 MIs and 5 KIs (2 males, 3 females) were done. 
•  Data were analysed and the list of yam varieties planted and used for the product profile 

was generated.  
• Most of the varieties are local and they include: Lasinrin, Gbongi, Odo, Awana, Efuru, 

Marodojo, Amula etc. with preference and quality characteristics depending on season or 
period of harvest.  

•  Food Quality characteristics, indicators and descriptors by the farmers for Pounded yam 
were ranked.  

• Amongst the food quality attributes, textural quality of the pounded yam was given the 
highest rank followed by appearance and then taste. 

• In terms of the indicators for a good yam that can be used in making a high-quality pounded 
yam  

o Water content of the yam ranked first, this is known when the yam is pricked with 
fingers; If it produces little quantity of water when the yam is pricked with fingernails. 

o Colour change ( If it remains white when the yam is pricked with fingernails), flesh 
colour  (Not Skin colour) is  based on the variety e.g. gbongi has white flesh colour 
and lasinrin has yellow flesh colour. 

o by looking at it if there is no insect or mechanical injury. 
• Good yam for high quality pounded yam is not known by smelling or by tasting the raw tubers.  
• Consumers purchase  them mostly when the name of the variety is known with few 

morphological qualities like hairy or bright, not wrinkled peel and sometimes its size.  
• The Food quality of a good pounded yam as gathered include: 

o Textural quality: stretchability, mouldablity, smoothness (not lumpy deformable (not 
too hard nor not too soft) 

o  Colour 
o  Taste.  

• Thus  Product profile for pounded yam was generated for WP2 from the data collected 
 
Activity 4 achievements – Processing Diagnosis:  

• Six processors in two purposively selected  (they were selected based on the fact that the 
people are involved in a lot of yam activity ( farming and preparation and consumption of 
pounded yam) small towns (Oluponna, Ile-ogbo), for processing demonstration of yam into 
pounded yam have been visited and were interviewed.  

• Processing demonstration activities were also carried in their shops.  
• All the processors who agreed to participate at these centers were mostly Yorubas 

comprising of two males and four females. 
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•  4-5 yam varieties spanning from good food quality to bad were purchased by each processor 
ahead of the fixed visit day. Dioscorea rotunda and Dioscorea alata yam species were used.  

• All yam varieties used were local varieties: Olodo, Lasinrin, Awana, Jibo, Gbongi, Gbongi-
kamilu, elentu and ewura.  

• The ease of peeling varied among the yam varieties. 
• The key processing stage is the boiling of yam. It is key because if the yam is over cooked 

the pounded yam will not turn out well and might look soggy, if it is not properly cooked, the 
pounded yam will have lumps.  

• The absorption of water during cooking and the volume of water for pounding varied among 
the yam varieties as some varieties consumed more water while some varieties had little or 
no water added to them during pounding. Quality characteristics of pounded yam from the 
different varieties, during the processing process, were identified by processors. Data 
obtained is yet to be submitted. 
 

Activity 5 achievements – Consumer Testing:  
Activity yet to be carried out 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Pounded Yam (Nigeria): 

Activities reported in Period 1 
on Pounded Yam in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Primary 
Country 

Nigeria 31/10/18 
30/11/18 
5/12/18 
Mid.Dec./18 

31/10/18 
30/11/18 
5/12/18 
Mid.Dec./18 

Osun 
 

Ife-Odan 4 7  Y  
Iwo 4 5  Y  
Gbongan 2 6  Y  
Ilesa 0 4  Y  

         
      
      

Activities performed in Period 2 
on Pounded Yam in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Primary 
Country 
 

Nigeria 
 

Data 
analysis 

        
      
      
      

ACTIVITY 
4 

Primary 
Country 
 

Nigeria 
 

15/10/16 Mid.Nov.19 Osun 
State 

Oluponna 2 2   Not yet 
Ile-ogbo 0 2   Not yet 
Ogbagba - -   Not yet 

       
      
      

ACTIVITY 
5 

Primary 
Country 
 

Nigeria 
 

January, 
2020 
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WP2 – Pounded Yam (Nigeria) 
Bioversity Key Contact for WP2 on Pounded Yam in Nigeria (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs:  

(1) We have submitted revised SOP on Starch & Sugar analysis 

(2) We are also submitting the SOP for preparation of Pounded yam with Mechanical Yam pounder 

Proof of Concept / Method Development: 

Sensory Analyses: The following activities were carried out:  
• Developed standard protocol for preparation of Pounded yam 
• Submit SOP for Pounded yam preparation with a mechanical Yam Pounder 
• Sensory Texture Profiling: 

• Recruitment of panelists: Twenty  panelists were recruited amongst the staff of Bowen 
University (The panelists were asked for their consent by giving them consent forms)  

• Basic training (Sensory acuity tests; ability to distinguish between different tastes and 
taste intensities, ability to know differences in odour, texture and attitudinal survey were 
done. The purpose of this particular sensory evaluation was explained and were told the 
difference between this methodology (Descriptive sensory evaluation and Hedonic scale 
etc) 

• Standardization of processing: We developed a standard processing/preparation 
procedure for pounded yam which will not introduce variation in terms of the processing 
variables such as cooking time of boiled yam, amount of water to be used, pounding time, 
temperature maintenance and time interval between the serving  and panelist evaluation. 
The procedure to be used with the Mechanical yam pounder was also developed.  

• Vocabulary generation: Vocabularies were generated to exemplify each food quality 
attribute in Pounded yam.  Food descriptors were used practically to describe each of the 
attributes e.g Milk was used to describe cream colour in pounded yam, white paper for 
white colour, egg yolk for yellow, the greyish part of the egg yolk as grey colour e.t.c. 
These food products (descriptors) were actually brought to class for the panelists to see. 
This activity was repeated for the various food quality attribute demonstrated e.g 
Stickiness; the way the pounded yam stick to fingers was demonstrated using ‘agidi’ a 
local food which sticks to the fingers) 

• Training on products:  Pounded yam made from different yam varieties with variable food 
quality attributes were then used to train and later given to the panelists to evaluate 

The focal point was involved in training of Sensory Panelists at 
1) Bowen University (Pounded yam) 
2) IITA, Ibadan (Eba) 
3) NRCRI, Umudike (Pounded yam, Fufu and boiled yam) 

Texture Analyses: The team was involved in developing protocol/procedure /SOP for Texture 
analysis on pounded yam 

Biophysical Routine Analyses & WP2 Database Mngt: Yet to commence biophysical routine analysis 

Others (equipment purchase): We are in the process of purchasing Fibertec, the only capital 
equipment that we budgeted for. 
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5.7.5 Interactions with other Institutes working on Pounded Yam 
(Results & Protocols Shared, Staff, Equipment) 

IITA (Nigeria): We were involved in training of the sensory panellists for Eba 
NRCRI (Nigeria): We were involved in training of their sensory panellists for three products (Fufu, 
Pounded yam and boiled yam) and also exchanged protocols on preparation of pounded yam  
UAC-FSA (Benin):  
INRA/CIRAD (Guadeloupe):  

CNRA (Côte d’Ivoire): They are not starting activities on Pounded yam until Period 3. 

CIRAD (Montpellier) on Boiled Yam:  

INRA (France) on Boiled Yam:  

Others:  

5.7.6 Bowen University cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

WP1 with WP2: The interaction is very efficient and effective. We are in the same Faculty so we hold 
physical meetings every week. There is no barrier to communication.  
 
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested with 
consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists and 
biophysical analyses to be able to establish correlations?  
No, this is because the varieties of yam to be used for WP2 activities will not be ready until 
December-January, 2019. 
The implication of this is that we will not be able to carry out activity 4 & 5 in WP1 respectively. So 
we used other yam varieties (5) of variable pounding qualities which the pounded yam processors 
purchased for us from their suppliers. 
This is the reason why we cannot carry out activity 5 in WPI until harvest period where we will use 
same varieties that we will use for WP2 activity also for activity 5 
 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 texture 
analysis, WP2 biochemical analysis and WP2 sensory profiling? 
 Sampling Strategy: 
We are collecting 10 varieties of yam from the yam breeder (IITA): 5 D.rotundata, 5, D.alata varieties 
respectively. In each of the varieties of yam to be collected from the yam species (D.rotundata and 
D. alata) will be of variable pounding quality (from good to bad). 
 
Sampling Strategy 
Four tubers each will be selected from each variety, the tubers will be divided vertically from the top 
to down (proximal to distal section) into four parts. Each quart from each tuber will be pooled together 
(making four different Portions/group). The first group will be used for biochemical analysis, the 
second for texture analysis and the third. 
And fourth for sensory profiling (we are using two portions for sensory profiling because we may 
need more for the panelists. Thus the same samples will be used for the three analyses. 
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Do you freeze dry or lyophilize sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? 
NO 

5.7.7 Data Management at Bowen University 

Bowen University RTBfoods Data Manager (NAME First name): Oroniran Oluyinka 
WP1/WP5 data correspondent (NAME First name): Oroniran Oluyinka 
WP2 data correspondent (NAME First name): Oroniran Oluyinka 

5.7.8 Ethical Clearance  

Describe Process implemented in your country (ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 

Nigeria: The Responsible Institute is National Root Crop Research Institute (NRCRI) Umudike.  

5.7.9 Bowen University Travels: Participation to RTBfoods meetings 
& International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 

 Title /Training Objective WP City, 
Country 

NAME(S) of Participants 

RTBfoods 
Meetings 

RTBfoods Annual meeting All 
WPs 

Abuja, 
Nigeria 

Bolanle Otegbayo 
Oluyinka Oroniran 

RTBfoods 
Trainings 

Gendered Food Mapping 
Workshop, Benin 
 

WP1  Bolanle Otegbayo, Oluyinka 
Oroniran, Olabisi Fawehinmi 

Sensory Analysis Training, 
Uganda 
 

Bolanle Otegbayo, Oluyinka 
Oroniran, 

NIRS training at IITA, Ibadan Tanimola Abiola, Bolaji 
Tomilola 

International 
/ Regional 
Conferences  

Annual progress/ review 
meeting of RTBfoods Partner 
Institutes in Nigeria 

All 
Wps 

Lagos, 
Nigeria 

Bolanle Otegbayo 
Oluyinka Oroniran 

Scientist 
Exchanges 

Resource person at the “RTB 
Cluster 4.1 Gendered 
Product Mapping, User 
Profiles and Consumer 
Testing in Urban Segments 
Trainer of Sensory panellists 

WP2 Lagos, 
Nigeria 
 
IITA, 
Ibadan and 
NRCRI, 
Umudike 

Bolanle Otegbayo 
Oluyinka Oroniran 
 
Bolanle Otegbayo 
 

5.7.10 Bowen University Capital Equipment or Investment (co-
investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

FiberTec 
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5.7.11 Bowen University Other Sources of Support for RTBfoods 
activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

• Bowen University granted research time 
• PEARLs II project is expected to  contribute money to the purchase of FiberTec machine 

.The PI of PEARLs 
•  project (Bolanle Otegbayo)  is awaiting approval from the Programme officer to  add part of 

the money from PEARLs  Project to purchase the equipment 

5.7.12 Bowen University Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 
Bowen University’s Focal point is the lead author in the proposed publication in IJFST Titled: 
Pounded yam end-user preferences and implications for trait evaluation. The outline of the paper 
has been submitted and work is going on, on the full paper 

5.7.13 Gaps & Challenges faced at Bowen University 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

1) Challenge: challenge is funding because the work keeps expanding and also because of 
instabilization of foreign exchange rate: 

Risk Mitigation: We are managing the funds as much as we can, we have avoided any unnecessary 
spending 

2) Time: We had issues with time because Bowen University migrated to a Collegiate System 
from  
a “Faculty based system”. This conferred a lot of responsibilities on two members of the team 
(Bolanle Otegbayo and Oroniran Oluyinka) 

Risk Mitigation: We decided to have research days which we adhere strictly to it and increased the 
number of members of the team, we also trained more of our colleagues to join the field activities. 
We also consulted as much as possible with other Partner institutions, hence we are overcoming 
this challenge.  

5.7.14 Bowen University Perspective Work Plan & Internal 
organization for Period 3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Pounded Yam (Nigeria): WPI: Activity 5: Consumer testing 
WP2:  
          Sensory Texture profiling/Sensory evaluation of pounded yam: .............. January – April 2020 
          Texture analysis of Pounded yam:  January – April 2020 
          Commencement of Biochemical analyses:  May 2020
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5.8 Annex 8: CARBAP Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
NGOH NEWILAH Gérard, CARBAP, Cameroon   
KENDINE VEPOWO Cédric, CARBAP, Cameroon 
MELI MELI Vivien, University of Dschang, Cameroon 
NOUPADJA Pascal 
 
Collaborator(s): 
NGOMBI NGOMBI Eric, CARBAP, Cameroon 
Annie TAKAM NGOUNO, University of Dschang, Cameroon 
Judéon Socrates YONG LEMOUMOU, University of Dschang, Cameroon 
NKOUANDOU Mama, CARBAP, Cameroon 
TEMBE TEMBE Jonas, CARBAP, Cameroon 
GUIDJOI Michel, CARBAP, Cameroon 
PIEPLIE Adrien, CARBAP, Cameroon 
 
Focal Point (NAME First name, email, Skype ID, Country):   
NGOH NEWILAH Gérard, gbngoh@gmail.com, gerardngohnewilah, Cameroon  

5.8.1 Product Profile (x CAMEROON) Involvement  

Partner Institute Product (Country) – Main PP in bold 
CARBAP 1-Boiled Plantain (Cameroon)  

 

5.8.2 CARBAP Summary Narrative 

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is in 
the body of the RTBfoods Annual Report for Period 2). 

During Period 2 of RTB-Foods Project, CARBAP focused on activities related to WP1, WP2 and 
WP5. For WP1, data obtained from Activity 3 (i.e. surveys carried out in 08 localities of West and 
Littoral Regions of Cameroon) were analyzed under the supervision of a hired biostatistician. A 
complete report of activity 3 was elaborated and boiled plantain product profile sheets were made 
available for WP2 team. A request for ethical clearance was submitted to the Cameroon National 
Committee for Ethics of Research for Human Health, and received a favorable opinion. Concerning 
Activity 4 of WP1, surveys related to processing demonstrations on boiled plantain were carried out 
in 02 towns (Bafoussam and Douala) in Cameroon. Key processing unit operations were identified. 
Seventeen participants were selected to be trained later for boiled plantain sensory analysis and 
evaluation within the framework of WP2. For WP5, planting materials from 03 landraces and 08 
plantain-like-hybrids from CARBAP and IITA have been multiplied using PIF techniques and two 
multilocation trials were established in September 2019 in Njombé (80 masl) and Bansoa (1300 
masl) where they are being monitored.  
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5.8.3 CARBAP Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First Name Country of 
Residenc
e 

Permanent, 
Student OR 
Contractual  

WP
1 

WP
2 

WP
3 

WP
4 

WP
5 

Boiled 
Plantain 
(Cameroo
n) 

Gérard NGOH NEWILAH  Cameroo
n  

 ☒ ☒ ☐ ☐ ☒ ☒ 

Anliette Aimée KONZEM 
FOMBASSO 

Cameroo
n 

 ☐ ☐ ☐ ☐ ☐ ☒ 

Pascal NOUPADJA Cameroo
n 

 ☐ ☐ ☐ ☐ ☒ ☒ 

Michel GUIDJOI Cameroo
n 

 ☐ ☐ ☐ ☐ ☒ ☒ 

Adrien PIEPLIE Cameroo
n 

 ☐ ☐ ☐ ☐ ☒ ☒ 

 

List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First Name  
(+ Institute if not 
from CARBAP) 

Master 
Student 
or PhD 
or 
Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting 
Date 

Fellowship 
Ending 
date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in 
RTBfoods 
project  

Cédric KENDINE 
VEPOWO 

PhD To be define  WP1  2018 2021  Gérard NGOH 
NEWILAH 
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5.8.4 CARBAP Activities & Achievements on Boiled Plantain 
(Cameroon) 

WP1 – Boiled Plantain (Cameroon)  
CARBAP Key Contact for WP1 on Boiled Plantain in Cameroon (NAME First name): Gérard 
Ngoh Newilah 
 
15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys:  
CARBAP participated in the RTB-Foods annual meeting held in Abuja from the 21-27 March 2019 
where data analysis and reporting related to activity 3 were discussed. Based on this exchange, data 
obtained during surveys carried out in 08 localities namely Bafounda, Bamendjing, Penka Michle, 
Balessing, Sokelle, Song-Mayo, Kombe and Bouba in West and Littoral Regions of Cameroon were 
analyzed under the supervision of a hired biostatistician using Excel Software from Microsoft Office 
2016. A complete report of activity 3 was written and boiled plantain product profile sheets were 
elaborated and made available for WP2 team breeders. These product profile sheets, designed with 
respect to genders and regions where interviewed were conducted  are related to the following 
parameters: - High quality characteristics of raw material, - Poor quality characteristics of raw 
material, - Processing characteristics of raw material, - High quality characteristics of cooked final 
product – and Poor quality characteristics of ready to eat final product.  
 
Activity 4 achievements – Processing Diagnosis:  
Prior to this activity, a preliminary visit was carried out in Bafoussam and Douala. The rationale 
behind this visit was three-fold: - Identify the types or classes of restaurants in these towns, - Identify 
the common meals/dishes consumed in these restaurants – and Get in touch with the 
restaurateur/operator for the upcoming demonstrations. This visit also permitted us to identify three 
classes of restaurants categorized as follow: - High-class, - Middle-class– and Low-class. Three 
restaurateurs were interviewed in each town. Each operator completed the demonstration in one 
day. Three categories of varieties were put at their disposal: 1 good variety, 2 medium varieties, and 
1 bad variety. During these demonstrations, various parameters on the raw material and the boiling 
processing were collected. Samples of raw plantain fruits and cooked plantain pulps were also 
collected for further laboratory analyses. A full report on activity 4 was written and made available.  
This report, alongside that of Activity 3 will supply descriptors that will be used during Activity 5. 
 
Activity 5 achievements – Consumer Testing:  
Before launching this activity, obtaining an Ethical Clearance from the Cameroon National 
Committee for Ethics of Research for Human Health was of utmost importance. A favorable opinion 
was obtained. Also, prior to activity 5, the reports of activities 3 and 4 supplied ultimate descriptors 
based on raw material and boiled plantain characteristics both for high and poor qualities. Due to the 
absence of necessary raw material at their optimal physiological maturity, activity 5 has been 
postponed and scheduled for period 3 of the RTB-Foods project.  
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WP1 Synthesis Table for Activity 3, 4 & 5 on Boiled Plantain (Cameroon): 

Activities reported in Period 1 on 
Boiled Plantain in Cameroon  

 Regions 
surveyed 

List of 
Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
 Field Surveys        
Boiled 
Plantain 

Primary 
Country 

Cameroon 13 
September 

2018 

20 
September 

2018 

West 
region 

Balessing 8 2 2 Y  
Bafounda 4 5 2 Y  
Penka Michel 5 5 2 Y  
Bamendjing 5 5 2 Y  

05 
September 

2018 

12 
September 

2018 

Littoral 
region 

Bouba 4 5 2 Y  
Kombe 5 5 2 Y  
Sokelle 3 7 2 Y  
Song-mayo 4 6 2 Y  

   Data analysis        
   1 May 

2019 
1 July 2019        

   Reporting        
   02 July 

2019 
31st July 
2019 

       

Activities performed in Period 2 
on Boiled Plantain in Cameroon  

Dates of Field Surveys Regions 
surveyed 

List of 
Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
4 

Primary 
Country 
 

Cameroon 
 

09 August 
2019 

27 
September 
2019 

West 
Region 

Bafoussam 0 3  Yes  

Littoral 
Region 

Douala 1 2  Yes  

ACTIVITY 
5 

Primary 
Country 

Cameroon 
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WP2 – Boiled Plantain (Cameroon) 
CARBAP Key Contact for WP2 on Boiled Plantain in Cameroon (NAME First name): Gérard 
Ngoh Newilah 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs:  

CARBAP participated to the elaborate of the following SOP:  
- Determination of Dry Matter Content 
- Determination of  Total Sugar and Starch content using Acid Hydrolysis (Phenol-Sulphuric 

acid method) 
Proof of Concept / Method Development: Not done  

Sensory Analyses:  

Three preselecting tests were carried out in order to select participants to be trained in sensory 
analyses and developing a sensory lexicon for boiled plantain. Each test concerned - Identification 
of basic taste/impression - Threshold of perception of fundamental tastes/impression - Test of 
identification of odors – and Ranking test. Twenty-six persons were contacted and twenty-one 
participated. Finally, seventeen participants were selected to be trained later for boiled plantain 
sensory analysis and evaluation 
 

Texture Analyses: Not done  

Biophysical Routine Analyses & WP2 Database Mngt: Not done  

Others (equipment purchase): 

CARBAP is in the process of acquiring a texturometer, a chromameter, a pH-meter and other lab 
equipment.   
 
WP5 – Boiled Plantain (Cameroon) 
CARBAP Key Contact for WP5 on Boiled Plantain in Cameroon (NAME First name): Gérard 
Ngoh Newilah 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     
Within the framework of WP5, planting materials from 03 landraces (Batard, Kelong mekintu & 
Essong) and 08 plantain-like-hybrids from CARBAP and IITA namely CARBAP 838, CARBAP 969, 
CARBAP F568, CARBAP K74, PITA 14, PITA 21, PITA 23 and PITA 27, have been multiplied using 
PIF techniques in CARBAP. More than 1 900 suckers were produced. After land preparations, two 
multilocation trials were established in September 2019 in Njombé (80 masl) and Bansoa (1300 
masl) where they are being monitored.  

5.8.5 Interactions with other Institutes working on Boiled Plantain 
(Results & Protocols Shared, Staff, Equipment) 

CNRA (Côte d’Ivoire): Protocols shared, analyzing data experience shared 
 
INRA (France): Boiled plantain methodology discussed  
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CIRAD (Montpellier): Equipment purchase discussed, Protocols and results shared, analyzing data 
experience shared 
Others (IITA (Nigeria) on Fried Plantain?): Protocols shared, analyzing data experience shared 
 

5.8.6 CARBAP cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

WP1 with WP2:  
 
WP5 with WP1 and WP4:  
 
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested with 
consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists and other 
WP2 biophysical analyses to be able to establish correlations? 
  
All the varieties used for processing demonstrations will also be part of consumer testing in WP1 
Activity 5.  
They will also be used for WP2 sensory profiling with the 17 trained panelists   
 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 texture 
analysis, WP2 biochemical analysis and WP2 sensory profiling? 
 
To be developed  
 
Do you freeze dry or lyophilize sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? 
 
CARBAP Postharvest Technology Laboratory has a freeze dryer, therefore all the samples will be 
freeze dried for further quality traits analysis   

5.8.7 Data Management at CARBAP 

CARBAP RTBfoods Data Manager (NAME First name): Gérard Ngoh Newilah 
WP1/WP5 data correspondent (NAME First name): Gérard Ngoh Newilah 
WP2 data correspondent (NAME First name): Gérard Ngoh Newilah 

5.8.8 Ethical Clearance  

Describe Process implemented in your country(ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 

Cameroon:  
 
In Cameroon, Ethical Clearance is delivered by the Cameroon National Committee for Ethics of 
Research for Human Health. The request file is made of at least 11 documents including submission 
fees of about 400 $US. Within the framework of RTB-Foods Project, a request for ethical clearance 
was submitted to the above mentioned Committee and received a favorable opinion. Some 
responses for the Regions where the project activities will be implemented are awaited for the 
deliverance of the Ethical clearance.   
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5.8.9 CARBAP Travels: Participation in RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 

 Title /Training Objective WP City, 
Country 

NAME(S) of Participants 

RTBfoods 
Meetings 

RTB annual meeting   Abuja, 
Nigeria 

Gérard Ngoh Newilah and 
KENDINE VEPOWO Cédric 

RTBfoods 
Trainings 

    

International 
/ Regional 
Conferences  

    

Scientist 
Exchanges 

    

5.8.10 CARBAP Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

In process 

5.8.11 CARBAP Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned. 

5.8.12 CARBAP Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 
In process 

5.8.13 Gaps & Challenges faced at CARBAP 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

The social climate of CARBAP was not the best during period 2 of the RTB-Foods project. 
Intermittent shutdown of the centre, intimidation and threats from other workers negatively affected 
the implementation of some activities.  
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5.8.14 CARBAP Perspective Work Plan & Internal organization for 
Period 3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Boiled Plantain (Cameroon):  
- implement WP1 Activity 5 
- train the 17 selected panelists 
- develop boiled plantain lexicon 
- quality trait biophysical analysis 
- textural analysis  
- boiled plantain sensory analysis and evaluation 
- multilocation trial follow up and monitoring 
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5.9 Annex 9: CIAT Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
TRAN Thierry, CIAT, Colombia 
ZHANG Xiaofei, CIAT, Colombia 
CEBALLOS Hernan, CIAT, Colombia 
 
Collaborator(s): 
BELALCAZAR John,  
MORENO Jhon Larry,  
ESCOBAR Andrés,  
BANOL Nelson 
 
Focal Point (NAME First name, email, Skype ID, Country):   
TRAN Thierry, Thierry.Tran@CGIAR.ORG, skype: thierrytran, Colombia 

5.9.1 Product Profile (x Country) Involvement  

Partner Institute Product (Country) – Main PP in bold 
CIAT 1-Boiled Cassava (Colombia) with CIRAD 

5.9.2 CIAT Summary Narrative 

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is in 
the body of the RTBfoods Annual Report for Period 2). 

The main objective of Period 2 for WP2 and WP3 was to develop biophysical tests (e.g. texture), 
and if possible NIRS calibration, to predict cooking quality of boiled cassava. Cooking quality was 
measured as optimum cooking time, i.e. the boiling time when pieces of cassava roots (half-cylinders 
6 cm long and 2.5 cm radius) become soft and ready to consume. In Period 3, WP1 may provide 
further criteria for determining cooking quality of boiled cassava. To predict optimum cooking time, 
a texture extrusion test was developed, whereby the force necessary to push a piece of boiled root 
through a five-blade grid is measured (together with other texture parameters). 
 
For WP4, 979 seeds from nine families with parents from 36 progenitors were germinated and 
planted in the field to produce F1 generation. In January 2020 the stems of young seedling plants 
(e.g. 6-7 months old) will be harvested and a rapid multiplication scheme (based on 2-nodes micro-
cuttings) will be implemented. The idea is to have 10-20 plants per genotype ready for harvest at the 
proper age (10-12 months after planting) by the end of 2020. The cooking quality of 36 progenitors 
were determined using samples harvested in October and November 2019 (8 and 9 month after 
planting). The optimum cooking time in the second harvest was much smaller than the first harvest, 
with the median of 19 min vs. 37 min, but the optimum cooking time showed significant correlation 
between two harvests with R2 = 0.37. 
 
In April-May 2019, optimum cooking time and texture-extrusion tests were conducted on 36 
genotypes from the “Diversity” collection harvested at 10-11 months after planting. NIRS spectra 
were recorded at the same time, using discs cut from the same fresh roots as were used for the 
boiling tests, in order to investigate potential correlations between biophysical data and NIRS. 
Significant differences in optimum cooking time and in texture parameters were found between 
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genotypes1, which led to classifying the genotypes into groups with different textural behaviors, 
possibly related to the composition and structure of the roots cell walls. However, no correlation 
between cooking time, texture and NIRS could be identified so far (R2 < 0.11), possibly due to high 
standard deviations of some of the measured parameters. 
Consequently, the experimental protocol was modified to explore other tests beyond texture, in 
particular kinetics of water absorption during boiling. In October, optimum cooking time and water 
absorption tests were conducted on 36 genotypes from the “Cooking quality” collection harvested at 
8 months after planting. Six groups of genotypes were identified based on cooking time and water 
absorption behaviors, from short cooking time and high water absorption to long cooking time and 
low water absorption2. 
These tests were repeated in November and December (36 genotypes, respectively 9 and 10 
months after planting). In November, the texture-extrusion test was also included. A correlation was 
identified (R2 = 0.5) between texture area and cooking time3, thus demonstrating the possibility of 
predicting cooking time with texture tests. This correlation needs to be confirmed and R2 improved 
to at least 0.7. In December, the water absorption test was modified to measure absorption on 
cassava pieces pooled together rather than individual pieces, in order to reduce standard deviations. 
Preliminary results indicate a potential correlation between optimum cooking time and water 
absorption at 30 minutes boiling (R2 = 0.6). 
  

 
1 See results presented in Annex 1 
2 See results presented in Annex 2 
3 See results presented in Annex 3 
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5.9.3 CIAT Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 
NAME First Name Country of 

Residence 
Permanent, 
Student OR 
Contractual  

WP1 WP2 WP3 WP4 WP5 Boiled 
Cassava 
(Colombia) 

TRAN Thierry Colombia Permanent ☐ ☒ ☒ ☐ ☐ ☒ 
CEBALLOS Hernan Colombia Permanent ☐ ☒ ☒ ☒ ☐ ☒ 
ZHANG Xiaofei Colombia Permanent ☐ ☒ ☒ ☒ ☐ ☒ 
BELALCAZAR John Colombia Permanent ☐ ☒ ☒ ☐ ☐ ☒ 
MORENO Jhon Larry Colombia Permanent ☐ ☒ ☐ ☐ ☐ ☒ 
ESCOBAR Andrés Colombia Permanent ☐ ☒ ☐ ☐ ☐ ☒ 
TRIVINO William Colombia Permanent ☐ ☒ ☐ ☐ ☐ ☒ 
BANOL Nelson Colombia Permanent ☐ ☐ ☐ ☒ ☐ ☒ 

 

List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First Name  
(+ Institute if not 
from CIAT) 

Master 
Student 
or PhD 
or 
Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting 
Date 

Fellowship 
Ending 
date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in 
RTBfoods 
project  

BELALCAZAR 
John 

PhD Rapid evaluation of 
processing ability of cassava 
roots by near-infrared 
spectrophotometry (NIRS) 

2 & 
3 

Universidad 
Nacional de 
Colombia (UNAL) 

August 2018 August 
2021 

CRP RTB Thierry Tran 
Fabrice 
Davrieux 

TAMAYO Daniela BSc Extraction of CWM; Starch 
content protocol by enzymatic 
hydrolysis 

2 ICESI August 2019 February 
2020 

CRP RTB Jhon Larry 
Moreno 
Thierry Tran 
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5.9.4 CIAT Activities & Achievements on Boiled Cassava (Colombia) 

WP2 – Boiled Cassava (Colombia) 
CIAT Key Contact for WP2 on Boiled Cassava in Colombia (NAME First name): TRAN Thierry 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

In Period 2, CIAT conducted the following WP2 activities: (1) Development of a texture analysis SOP 
(texture extrusion) to characterize the texture of boiled cassava during cooking and at optimum 
cooking time. (2) The SOP was applied on two harvests: 40 genotypes (from the Diversity collection) 
in March-April 2019, and 36 genotypes (from the Cooking quality collection) in November 2019. 
Other biophysical analyses were conducted at the same time on the same genotypes: dry matter, 
optimum cooking time (fork test), with the objective of characterizing cooking quality of boiled 
cassava and finding an instrumental method to predict cooking quality. So far cooking quality is 
evaluated as optimum cooking time, pending detailed information from WP1. (3) The texture-
extrusion protocol did not yield discriminant enough results between bad cooking and good cooking 
genotypes; hence additional methods were tested on the Cooking quality collection (two harvests in 
October and November 2019), including water absorption, closing angle of the half-roots after 
boiling, conductivity of the cooking water (as proxy for permeability of cell walls). The texture-
extrusion protocol will need to be revised during Period 3. (4) Cell wall materials (CWM) were 
extracted from the 40 genotypes from the Diversity collection to investigate potential correlations 
between CWM composition and cooking quality. (5) In addition to the SOP on texture of boiled 
cassava, CIAT contributed the following WP2 SOPs: (i) Sampling and allocation of standardized 
codes for samples for biophysical, texture and NIRS analyses: Cassava (WP2 and WP3); (ii) 
Production and drying of cassava flour and starch from fresh roots for storage and subsequent 
biophysical analyses; (ii) Determination of Starch by enzymatic hydrolysis method. 

 

Contribution to SOPs: 

CIAT has written 4 SOPs that have been validated by partners and are now available on the 
RTBfoods platform: 

1. SOP Sampling and allocation of standardized codes for samples for biophysical, texture and 
NIRS analyses: Cassava (WP2 and WP3) 

The codification system was developed with the purpose of unifying the samples labeling from field 
to the RTB quality laboratory. In this SOP the field’s code, genotype code, piece of root code, and 
other parameters, were taken into account. 

2. SOP Production and drying of cassava flour and starch from fresh roots for storage and 
subsequent biophysical analyses 
 

3. SOP Protocol for characterization of cooking time and texture of boiled cassava: Texture-
extrusion (version 2019) 

After peeling, washing and cutting, each cassava root is cut in 6 pieces (half-cylinders 6 cm long x 
at least 5.5 cm diameter) for boiling. At least three cassava roots from the same genotype should be 
used for texture measurements, so as to have 18 pieces of boiled cassava. The texture-extrusion 
protocol is based on an Ottawa cell with an ad-hoc 5-blade grid. NB: This SOP may need to be 
updated in Period 3 to make the texture test more discriminant. 

4. SOP Determination of Starch by enzymatic hydrolysis method 
This protocol is based on Holm (1986) and allows determining the amount of total starch in a sample, 
by determination of the glucose released after complete enzymatic hydrolysis of starch (using two 
enzymes, alpha-amylase followed by amyloglucosidase). This protocol can be applied to different 
starchy matrices such as: cassava, bananas, plantains, yams, potatoes, among other tubers.  
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5. A fifth SOP on extraction of cell wall materials (CWM) from cassava roots flours is under 
preparation, to be delivered in Period 3. 

 

Texture Analyses:  

A texture-extrusion protocol was developed (Ottawa cell with ad hoc 5 blade grid) to characterize 
texture of boiled cassava. The protocol was applied to 36 genotypes of the Diversity collection (April-
May harvest, 10-11 month old) and 36 genotypes of the Cooking collection (November harvest, 9 
month old). Differences in textural behaviours were identified between genotypes (Diversity 
collection dataset, cooking time 20 mins4), according to two modalities (Figure 1): (1) Hardness of 
the sample described by parameters such as Initial gradient, Maximum force, Area under curve, 
etc.; (2) Breaking down (or not) of the sample structure during compression, described by 
parameters Distance at maximum force and End force: Max force ratio. 
 

 
Figure 1. Identification of two key dimensions describing the texture of boiled cassava behavior (PCA 
of texture-extrusion data of 36 genotypes boiled 20 minutes): (1) Hardness of the sample and (2) 
Breaking down of the sample structure. 
 
Among soft samples (30% softest), none breaks down (i.e. Max force is reached at or very near to 
the end of the extrusion test, with distance at max force near the maximum extrusion distance of 20 
mm), which appears logical since a soft structure will undergo compression and deformation without 
breaking. Among hard samples (30% hardest), one group broke down early (at around 60% of the 
maximum extrusion distance (20 mm)), a second group broke at intermediate distance of extrusion, 
and one genotype (COL 337) did not break down. These various behaviours indicate differences in 
the structure of the cassava roots; from which derives the hypothesis that amount and composition 
of fibers in the roots play a key role in determining the texture of boiled cassava. To investigate this 
further, additional characterization methods need to be tested, such as water absorption during 
boiling, conductivity of the boiling water (as a proxy of permeability of cell walls of the pieces of 
roots), yield of CWM extraction, MIRS (providing information on the composition of fibers). A 
discriminant analysis will also be carried out with the groups of samples identified above, to 
investigate potential correlations between these groups and NIRS. 
 

 
4 Statistical analyses indicate that texture data of pieces of cassava roots boiled for 20 minutes (C20) are more 
discriminant than roots boiled until optimum cooking time (OCT). 
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Limitations of the texture data collected in 2019 (Diversity collection, April-May harvest): 
(i) Overall the texture data obtained in Period 2 suffer from high standard deviations, due to 

variability within genotypes (different roots from the same genotype can have very different 
textures after boiling), and due to the limited number of pieces that were available for texture-
extrusion tests (3 per genotype, collected from 3 roots, for each cooking time). Hence from 
Period 3 onwards texture measurements will include more samples (pieces of roots) per 
genotype; the texture protocol will also be revised to identify options to reduce variations. 
Latest correlation analysis results using the Cooking collection data (November harvest, 36 
genotypes) showed an acceptable correlation between the texture parameter Area and 
Optimum cooking time (OCT) (R2 = 0.5, figure 2b), confirming the potential of texture 
measurements to predict OCT, pending improvements of the texture-extrusion protocol. 

 

 
Figure 2. Identification of two key dimensions describing the texture of boiled cassava behavior (PCA 
of texture-extrusion data of 36 genotypes boiled 20 minutes): (1) Hardness of the sample and (2) 
Breaking down of the sample structure. 
 

(ii) Limited correlations were found between individual texture parameters, optimum cooking 
time (OCT) and NIRS spectra (the best being between Area and OCT, figure 2b). 
Nevertheless, when looking at texture data as a whole (using multivariate analysis, i.e. ACP, 
to integrate different texture parameters), different behaviors were identified (figure 1). 
Further analyses (discriminant analysis) are underway to check whether correlations could 
be identified between NIRS and texture data taken as a whole.  

(iii) The fork test method to determine OCT depends partly on subjective assessment by the 
operator, which may contribute to the variability observed in the OCT data. Instrumental 
measurement (Mattson cooker modified for cassava) will be developed with a view to 
replacing the fork test. In addition to OCT measurement, we are considering sensory analysis 
to explore the potential of sensory descriptors to correlate with biophysical characterizations 
of quality of boiled cassava. 

 
Sensory Analyses: No sensory analysis was conducted during Period 2. 
 
Proof of Concept / Method Development: Cell walls play an important role in the texture 
characteristics of cassava. Developing an effective method to extract cassava cell walls is crucial to 
study of this structure and its relation with texture during cooking. The major problem for the 
extraction is the presence of a great amount of starch in contrast with the fraction of cell wall. 
Therefore, an optimum protocol for the isolation of cell walls from cassava that guarantees its 
structural integrity and the absence of starch and glucose is necessary. The method for cell wall 
extraction developed in Period 1 was updated as follows: The samples are incubated with the 
enzyme Termamyl α-amylase 120 L for 17 hours at 70± 1°C, giving branched and unbranched 
maltodextrins as the product of partial hydrolysis of the starch. Once the incubation is over, the pH 
is adjusted and the sample is incubated with amyloglucosidase solution for 3 hours at 60 ± 0.5 °C, 
thus achieving total hydrolysis. The sample is then centrifuged and the supernatant is discarded. 
Consecutive washes of the pellet with ethanol are performed. A final wash with water is conducted 
and the supernatant eliminated. The sample is freeze dried for 72 hours and then ground to obtain 
a fine powder.  
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The cell wall materials (CWM) extracts (36 genotypes in Period 2 from Diversity collection) were then 
stored for MIRS and NIRs analyses (done at CIRAD). A slight correlation (R2 = 0.4) between CWM 
extraction yield and MIRS of the CWM extracts was identified (Figure 3). So far, no other relation 
was found, between quantity of CWM recovered and texture after cooking, and between texture 
parameters and MIRS or NIRS of CWM extracts. 

 
 

 
Figure 3. Quality of the prediction of CWM extraction yield by MIRS spectra of the CWM extracts. 
CWM extraction yield is an indicator of CWM content in fresh cassava roots. 
 
Biophysical Routine Analyses & WP2 Database Mngt: 

When cassava genotypes are harvested for cooking quality assessments (Diversity collection and 
Cooking collection), the following routine analyses are conducted on the fresh roots: Dry matter 
content, Cyanide content (HCN). 
 
Others (equipment purchase): A rapid visco-analyzer (RVA) was purchased at beginning of Period 
2 (December 2018). 
 
WP3 – Boiled Cassava (Colombia) 
CIAT Key Contact for WP3 on Boiled Cassava in Colombia (NAME First name): BELALCAZAR 
John 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened. 

WP2 and WP3 activities were conducted in close relation at CIAT, with all fresh root samples used 
for WP2 biophysical analyses also used at the same time to collect NIR spectra. As a result we have 
obtained the following databases during period 2: 

- Dry matter (DM) and NIRS using individual pieces of fresh cassava roots: 35 genotypes 
(Diversity collection) and 245 datapoints. 

- Optimum cooking time (OCT) and NIRS using individual pieces of fresh cassava roots: 36 
genotypes (Diversity collection) and 160 datapoints. 

- Texture-extrusion of cassava pieces boiled for 20 minutes (C20) and NIRS using individual 
pieces of fresh cassava roots: 36 genotypes (Diversity collection) and 261 datapoints. 
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- Texture-extrusion of cassava pieces boiled until optimum cooking time (OCT) and NIRS 
using individual pieces of fresh cassava roots: 29 genotypes (Diversity collection) and 169 
datapoints. 

Contribution to SOPs: SOP Sampling and allocation of standardized codes for samples for 
biophysical, texture and NIRS analyses: Cassava (WP2 and WP3) was developed for joint use by 
WP2 and WP3. 
A template of database (Excel file) was developed with CIRAD for collecting biophysical data, NIRS 
data, and the results of correlation analysis and model prediction. 
 
Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): 

1. Population “Diversity collection”. 36 genotypes, NIRS acquired on pieces of fresh cassava 
roots (April-May 2019). The number of spectra acquired depends on the trait concerned: 
- For DM, 245 NIR spectra associated with DM contents determined on the same pieces of 
roots that were used for NIRS acquisition. 
- For OCT, 160 NIR spectra associated with OCT of pieces of roots cut from the same roots 
that were used for NIRS acquisition. 
- For texture of cassava pieces boiled for 20 minutes (C20), 261 NIR spectra associated with 
texture parameters (using the texture-extrusion protocol of boiled cassava version 2019) 
measured on pieces of roots cut from the same roots that were used for NIRS acquisition. 
- For texture of cassava pieces boiled until OCT, 169 NIR spectra associated with texture 
parameters (using the texture-extrusion protocol of boiled cassava version 2019) measured 
on pieces of roots cut from the same roots that were used for NIRS acquisition. 

2. Population “Cooking quality collection”. 36 genotypes, NIRs acquired on ground cassava 
roots (fresh; boiled 18 minutes; and boiled until optimum cooking time) (November 2019). 
Data still under analysis at time of writing. 

Calibration under Development: 
1. Prediction of cooking time with NIRS 
2. Prediction of texture with NIRS 
3. Prediction of dry matter with NIRS 

An acceptable correlation was found between dry matter and NIRS of pieces of cassava roots (R2 = 
0.74, Figure 4), although the R2 is not as good as the existing calibration in use at CIAT (R2 = 0.89), 
which was developed between 2009 and 2019 using NIRS spectra of ground cassava roots. Other 
correlations between NIRS and cooking time or texture parameters have not yielded significant 
results so far, possibly due to the following: (i) high standard deviations in some biophysical analyses 
(e.g. texture); (ii) collection of NIRS data on pieces of fresh roots instead of ground roots (decision 
by WP3 at beginning of Period 2), which may increase the variability of NIRS data. Accordingly, in 
the second half of Period 2 and in Period 3, we have started revising and upgrading experimental 
protocols, and exploring additional biophysical methods that may yield better information for 
correlations with NIRS data (e.g. water absorption, conductivity; see WP2 section above). 
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Figure 4. Quality of the prediction of dry matter of cassava roots by NIRS spectra of pieces of fresh 
cassava roots. 
Others: n/a 
 
WP4 – Cassava for Boiled Cassava (Colombia) 
CIAT Key Contact for WP4 on Cassava for Boiled Cassava in Colombia (NAME First name): 
CEBALLOS Hernan, ZHANG Xiaofei 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
In total, 36 progenitors (Cooking collection), 29 with good cooking quality and 7 with poor cooking 
quality, were used in the project. During Period 1, up to 78 direct crosses were made through 
controlled pollinations (known father and mother). During Period 2, 979 botanical seeds from nine 
selected families were germinated (started June 26, 2019). Selection of families was based on the 
requirement that came from crosses of progenitors with contrasting cooking quality and a relatively 
high number of seeds. Six of these families have more than 90 seeds. The two-month old seedlings 
were transplanted to the field in September 2019. In January 2020 the stems of young seedling 
plants (e.g. 6-7 months old) will be harvested and a rapid multiplication scheme (based on 2-nodes 
micro-cuttings) will be implemented. The idea is to have 10-20 plants per genotype ready for harvest 
at the proper age (10-12 months after planting) by the end of 2020. Additional trials with 10-plant 
plots at two locations (early Period 4), and characterizing inheritability of cooking quality traits will 
then be carried out. 
 
At the same time, cooking quality of the 36 progenitors is being verified with development of cooking 
quality protocols using these progenitors during sequential harvests in WP2. The first sequential 
harvest was performed on Oct. 9-11, 2019. Performance of 36 progenitors in terms of cooking time 
and water absorption was evaluated following the modified protocol from Kouadio et al., 2011. Two 
roots from each genotype, with diameter larger than 5 cm, were selected and the middle sections 
with the length of 6 cm were used for the cooking quality test. The middle section was cut into two 
pieces longitudinally. In total, four pieces from each genotype were cooked in boiling water. The 
weight of each root piece was measured every 10 min until they reached optimum cooking based 
on the fork test and appearance evaluation. The kinetics of weight gain and the optimal cooking time 
was recorded for each piece. The second harvest was done on Nov. 12-26. Besides the water 
absorption and optimum cooking time, using the same roots, the texture of cooked samples at 18 
min were measured using TAXT-PLUS (Stable Microsystems). The relationship between optimum 
cooking time and water absorption and texture is under analysis by WP2. Here, we only reported the 
verification of cooking quality of these 36 progenitors based on the first two harvests.  
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The optimum cooking time of samples in the first harvest (October) ranged from 20 to 60 min with 
the median as 37 min. The optimum cooking time in the second harvest (November) is much smaller 
than the first harvest, with the range of 10-45 min and median of 19 min. However, the optimum 
cooking time showed a correlation between the two harvests with R2 = 0.37 (Figure 5). Four 
progenitors, MBRA318, MBRA325, MBRA512 and MVEN25 showed long cooking time in the two 
harvests, > 55 min in the first harvest and >30 min in the second harvest. Three more harvests will 
be done for these 36 progenitors in December, January and February.  The cooking quality of the 
progenitors and the effect of harvest time on cooking quality will be determined.  
 

 
Figure 5. Correlation of optimum cooking time between the first harvest in October and second 
harvest in November (R2 = 0.37). 
 
A preliminary protocol was tested on roots from 10 of the 36 progenitors. The progenitors in this 
study were contrasting for cooking quality. A sample of 2-3 roots per genotypes were peeled and, 
together, were weighed “in air” with a hanging scale. The same sample of root was then placed in 
boiling water. The weight “in water” at the starting point would be equivalent to the information used 
for DMC estimation based on the gravimetric method. Weight “in water” was then monitored real 
time for 20 minutes. Results indicate a gradual reduction of the weight “in water” which indicates a 
reduction in DMC which would be related to the absorption of water during the boiling process. 

5.9.5 Interactions with other Institutes working on Boiled Cassava 
(Results & Protocols Shared, Staff, Equipment) 

CIRAD (Montpellier): CIRAD and CIAT collaborated on WP3 and WP2 activities, with CIRAD (K. 
Meghar, F. Davrieux) providing training and support for statistical analyses. Karima Meghar (CIRAD) 
stayed two weeks at CIAT (3-15 March 2019) to participate to planning the harvest of the Diversity 
collection and the protocols for texture and NIRS analyses. John Belalcazar (CIAT) stayed five 
weeks at CIRAD (September 2019) to analyse the data produced during the harvest (Diversity 
collection, 36 genotypes). 
CIRAD and CIAT exchanged information and experience on various experimental protocols 
including texture-extrusion, extraction of cell wall materials, etc. 
 
INRA (France): INRA and CIAT exchanged information and experience on the development of 
extraction protocols for cell wall materials (CWM) from various RTB crops (cassava, yam); including 
the preliminary CWM extraction protocol developed during Period 1 at CIAT (MSc project report by 
N. Dhaouadi). 
 
UAC-FSA (Benin): CIAT provided support (by whatsapp, skype and e-mail) to develop a texture 
protocol for boiled RTB and to develop a macro for automating the analyses of texture data. 
 
NaCRRI (& NARL) (Uganda): CIAT provided support and a protocol to characterize water absorption 
during boiling of cassava roots. 
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Others: CIAT built texture-extrusion grids (5 blades) suitable for texture analysis of boiled RTBs, and 
sent them to RTBfoods partners equipped with texture analyzers (Stable Microsystems TAXT-Plus 
model). 

5.9.6 CIAT cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

WP2 with WP3: The same team plans and carries out WP2 and WP3 activities, on the same samples 
and at the same time. 
 
WP2, WP3 with WP4: team WP2/WP3 and team WP4 hold regular meetings to plan which 
genotypes to plant, crossings to make in the field, biophysical and NIRs analyses to do, and types 
of analysis to perform. WP4 provided materials to WP2 and WP3 to test the protocols, and was 
involved in the protocol development. 
 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 texture 
analysis, WP2 biochemical analysis and WP3 NIRS analysis? 
Roots are harvested and delivered to the RTB post-harvest quality lab. Samples for both WP2 and 
WP3 are prepared at the same time, using the same roots and following a pre-defined cutting plan 
(see SOP sampling and codification). 
 
Are WP2 and WP3 using the same standard for sample codification? YES / NO 
If YES, which one?  
Yes, see SOP sampling and codification. 
NB: NIRs requires another code (for quality control purpose), which is allocated at the same time as 
the WP2 lab code. 
 
Do you freeze dry or lyophilize sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? 
Yes 

5.9.7 Data Management at CIAT 

CIAT RTBfoods Data Manager (NAME First name): BELALCAZAR John 
WP2 data correspondent (NAME First name): ESCOBAR Andrés 
WP3 data correspondent (NAME First name): BELALCAZAR John 
WP4 data correspondent (NAME First name): ZHANG Xiaofei 

5.9.8 Ethical Clearance  

Describe Process implemented in your country of implementation: Responsible Institute, Institutions 
contacted & Material provided (ex: Methodological Manuals), Next Steps 

CIAT has in place a Policy for the protection of human subjects of research (uploaded to RTBfoods 
website, folder Library, file name ”CIAT Policy Protection of Human Subjects in Research”), that 
covers Ethical standards, Respect to individuals, Prior informed consent, Protection of privacy of the 
individual and of personal data. Researchers planning to work with human subjects are required to 
submit in advance their research plan and data collection questionnaires to CIAT’s Internal Review 
Board (IRB), a committee tasked with checking and validating that the proposed research complies 
with the policy, through a comments-and-response review process. 
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Next steps: Research activities of RTBfoods at CIAT in Period 1 and Period 2 were laboratory based 
and have not involved human subjects. If and when research with human subjects becomes 
necessary (e.g. for sensory analyses), we will follow the procedures set out by the CIAT Policy for 
protection of human subjects of research and by the IRB. 

5.9.9 CIAT Travels: Participation to RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 
 Title /Training Objective WP City, Country NAME(S) of 

Participants 
RTBfoods 
Meetings 

Annual meeting All Abuja, 
Nigeria 

Thierry Tran 

RTBfoods 
Trainings 

    

International 
/ Regional 
Conferences  

Meeting between Nextgen and 
RTBfoods teams 

WP4  Hernan Ceballos 

Scientist 
Exchanges 

Analysis of correlations between 
biophysical (WP2) and NIRS 
(WP3) data  

WP2, 
WP3 

Montpellier, 
France 

John Belalcazar 

5.9.10 CIAT Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

In Period 1 we purchased a benchtop NIRS (FOSS DS2500), as co-investment with HarvestPlus 
and CIAT own funds. In Period 2 (December 2018) we purchased a RVA (Perten 4500). Additional 
capital equipment planned for Period 3 include a microscope with polarized light. 

5.9.11 CIAT Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

The RTBfoods activities (WP2, WP3 and WP4) at CIAT are organized in synergy with other projects 
of the Cassava Program, in particular the CGIAR RTB (Roots, Tubers and Bananas) as well as 
Harvest+. Key contributions from RTB funding include (i) production of the cassava roots from 270 
genotypes representative of the genetic diversity of cassava in Latin America; (ii) personnel time not 
covered by RTBfoods; (iii) co-funding for capital equipment (RVA 4500)  
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5.9.12 CIAT Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 
SOPs: 

1. SOP Sampling and allocation of standardized codes for samples for biophysical, texture and 
NIRS analyses: Cassava (WP2 and WP3). 

2. SOP Production and drying of cassava flour and starch from fresh roots for storage and 
subsequent biophysical analyses 

3. SOP Protocol for characterization of cooking time and texture of boiled cassava: Texture-
extrusion (version 2019) 

4. SOP Determination of Starch by enzymatic hydrolysis method 

5.9.13 Gaps & Challenges faced at CIAT 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

Identifying correlations between cooking quality (characterized as optimum cooking time so far), 
biophysical measurements such as texture, and NIRS, has proved challenging during Period 2. The 
texture-extrusion protocol (version 2019) in particular has proven less discriminant than required, 
due to the limited number of root pieces available (3 pieces/genotype/cooking time). Improvements 
to existing protocols and new protocols are needed, such as water absorption, to describe and 
understand the phenomena taking place during boiling more comprehensively, and to continue 
investigating potential correlations and predictions of cooking quality. Four new protocols (details in 
next section) have been identified and will be tested in Period 3 to address this challenge. 

5.9.14 CIAT Perspective Work Plan & Internal organization for 
Period  3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Boiled Cassava (Colombia): 
WP2 will continue developing and testing protocols to characterize the quality of boiled cassava: 

- Review the texture-extrusion protocol and upgrade it if needed to make it more 
discriminant and able to predict cooking quality (measured as cooking time). 

- Further testing and validation of the following protocols: Water absorption, angle after 
boiling. 

- Testing of new protocols: Conductivity of cooking water after boiling cassava, as an 
indicator of permeability of cell walls, and hence of the resistance of the root matrix (cell 
walls, starch) to absorb water and to soften during boiling. 

- Develop an instrument-based cooking test to measure optimum cooking time (Mattson 
apparatus adapted from bean cooking test and from Embrapa cassava boiling test), in 
order to replace the fork test and reduce the subjectivity in the evaluation of cooking time. 

To do so WP2 will use the “Cooking quality” collection provided by WP4, of 36 genotypes with 
contrasted cooking qualities (from good to bad cooking); and the “Diversity” collection. 
 
WP3 will collect NIRS spectra using the same fresh roots samples as WP2 (collected and analyzed 
on the same day). WP3 may also collect NIRS spectra of boiled roots to investigate potential 
correlations between fresh roots NIRS and boiled roots NIRS. Samples of dried flour prepared from 
the same fresh roots samples as WP2 will be collected for cell walls materials (CWM) extraction and 
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MIRS analyses; however this activity needs to be reviewed early 2020 in light of the poor correlations 
found so far with cooking quality. 
 
WP4 harvest the F1 genotypes from the crossings of the 36 genotypes of the Cooking quality 
collection and replant them to generate F1C1 in Feburary 2020, which will then be made available 
to WP2 for phenotyping in late 2020 and early 2021, followed by analysis of the inheritability of the 
cooking quality trait(s). WP4 will replant the 36 genotypes of the Cooking quality collection to produce 
materials for WP2 and WP3 by end 2020/early 2021 to continue the activities on characterization 
and prediction of cooking quality.  
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5.10 Annex 10: CIP Activities & Achievements in 
Period 2 

Staff commitment, activit ies performed & perspectives 

Main Author(s) (NAME, first Name, Institution, Country): 
SWANCKAERT Jolien, CIP, Uganda 
MAYANJA Sarah, CIP, Uganda 
MUDEGE Netsayi, CIP, Kenya 
CAREY Edward, CIP, Ghana 
NAKITTO Mariam, CIP, Uganda 
BANDA Linly, CIP, Kenya 
ZUM FELDE Thomas, CIP, Peru 
MWANGA Robert, CIP, Uganda 
MENDES Thiago, CIP, Kenya 
MOYO Mukani, CIP, Kenya 
 
Collaborator(s): 
NOWAKUNDA Kephas, NARL, Uganda  
NUWAMANYA Ephraim, NaCRRI, Uganda 
TAYLOR Mark, JHI, UK 
JOHANNINGSMEIER Suzanne, NCSU, USA 
 
Focal Point (NAME, first Name, email, Skype ID, Country):   
SWANCKAERT Jolien, J.Swanckaert@cgiar.org, Jolien704, Uganda  

5.10.1 Product Profile (x Country) Involvement 

Partner Institute Product (Country) – Main PP in bold 
CIP 1 - Boiled Sweetpotato (Uganda + Kenya + Peru) with NARL, NaCRRI & 

JHI 
2 - Fried Sweetpotato (Nigeria + Ghana)  
3 - Boiled Potato (Uganda + Kenya + Peru) with NARL, NaCRRI & JHI 

5.10.2 CIP Summary Narrative  

CIP activities in RTBfoods are advancing. WP1 found that for a good quality boiled sweetpotato, the 
raw roots should ideally be big in size, smooth and firm/hard. When peeling/processing, the roots 
should be sweet to taste, with a good appearance, firm to touch with a nice smell. The final product 
should be sweet to taste, mealy and with a nice smell. The use of the word sweet needs however 
further refinement as it is often a combination of texture and sugariness. 

An RTB sensory panel was established and trained at the research center in Kawanda, Uganda.   

CIP conducted a combined WP2/3 activity in Uganda during November 2019. Briefly, the WP2 
activity was focusing on cooking time and texture attributes analysis while the WP3 team scanned 
the same roots with different NIRS equipment as raw samples and after cooking. The collected 
material is recently under reference analysis at CIAT and CIRAD. NIRS trainings with CIP as co-
organizer and with participants from various institutions related to RTBfoods were conducted in 
Nigeria and Uganda.  

Perishability of sweetpotato roots was another challenge. Storability of sweetpotato roots is very 
limited especially in diverse genotypes which are not varieties. They often degrade very fast and 
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show high levels of oxidation after cutting. Roots therefore must be processed for analysis within 5 
days after harvest. We might face similar problems with potato next year but will be better prepared 
to manage those potential issues.  

Communication and coordination are key in this complex project. After changing CIP’s focal point, 
we have established a monthly SKYPE coordination call which helps a lot in resolving issues and 
plan the work properly across work packages and countries. 
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5.10.3 CIP Staff  

Should be aligned with Financial Reporting (Excel Spreadsheet 3a) PERSONNEL COST. 

NAME First Name Countr
y 

Permanent, 
Student OR 
Contractual 

W
P1 

W
P2 

W
P3 

W
P4 

W
P5 

Boiled 
Sweetpotato 
(Uganda) 

Fried 
Sweetpotato 
(Nigeria) 

Boiled 
Potato 

MAYANJA Sarah Ugand
a Permanent ☒ ☐ ☐ ☐ ☒ ☒ ☐ ☒ 

MUZHINGI Tawand  Kenya Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☐ 

NAKITTO Mariam Ugand
a Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☒ 

ZUM FELDE Thom  Peru Permanent ☐ ☐ ☒ ☐ ☐ ☒ ☐ ☒ 
PORRAS Eduardo Peru Permanent ☐ ☐ ☒ ☐ ☐ ☒ ☐ ☒ 
BURGOS Gabriela Peru Permanent ☐ ☒ ☐ ☐ ☐ ☐ ☐ ☒ 
CAREY Edward Ghana Permanent ☒ ☐ ☐ ☐ ☒ ☐ ☒ ☐ 

List of students involved in RTBfoods activities in Period 2 (including student exchange): 

NAME, first 
Name  
(+ Institute if 
not from 
CIP) 

Master 
student 
or PhD 
or Post-
Doc 

Subject Title WP University of affiliation  Fellowshi
p Starting 
Date 

Fellowsh
ip Ending 
date 

Involvement in 
complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) 
in 
RTBfoo
ds 
project  

BANDA 
Linly 

PhD Biochemical and genetic 
determinants of texture in 
sweetpotato (Ipomoea 
batatas) 

This work 
cuts across 
WP2, WP3 
and WP4. 

Pan African University 
Institute of Basic Science, 
Technology and Innovation 
(PAUISTI), Nairobi, Kenya 

11/11/201
8 

10/11/20
20 

SweetGAINS Tawand
a 
Muzhin
gi 
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5.10.4 CIP Activities & Achievements on Boiled Sweetpotato (Uganda 
+ Kenya + Peru) – Product Champion: MWANGA, Robert 

WP1 – Boiled Sweetpotato (Uganda) – MAYANJA S. 
CIP Key Contact for WP1 on Boiled Sweetpotato in Uganda (NAME First name): MAYANJA, 
Sarah 

(15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced.) 

Activity 3: Achievements – Gendered Food Mapping/ Preference Surveys: 
For this reporting period, we achieved the following:  

• Cleaned quantitative data collected in 2018. A clean data set is now available.  
• We coded and analyzed qualitative data following guidance received in a three-days training 

workshop in Abuja/Nigeria.  
• We submitted the first iteration of the boiled sweetpotato product profiles (disaggregated by 

sex and region).  
Preliminary results show that to make good quality boiled sweetpotato, the raw roots should ideally 
be big in size, smooth and firm/hard. When peeling/processing, the roots should have sweet taste, 
with a good appearance, firm to touch and smell nice. The final product should be sweet to taste, 
mealy and with a nice smell. Some minor differences were observed between regions and between 
men and women.  
 
PREFERRED SWEETPOTATO VARIETIES  
We found variations among preferences for men and women, as well as across regions in Uganda 
(Figure 1). Women mostly preferred local varieties and those took the first and third position 
(Okonynedo and Araka araka, respectively).  Both varieties were mainly grown in Lira. For men, the 
best two varieties were improved material i.e. Naspot 8 (pale orange flesh) and Kakamega (pale 
orange flesh), respectively. Naspot 8 was also ranked to be the second-best variety by women, while 
Okonynedo was ranked to be the third most preferred variety by men. These varieties were preferred 
because they were high yielding, early maturing and had a good taste. Orange-fleshed sweetpotato 
(OFSP) varieties were also preferred because they were nutritious. 
 

 
Figure 5: Preferred sweetpotato varieties by sex and region 

The least preferred varieties included OFSP varieties like Vita and Kabode (both intermediate 
orange-flesh) in both regions, and local varieties like Rushema mahamba and Rwamityana in 
Kamwenge. In Lira, Anamoit Dwe Acel and Agoba were mentioned. Reasons cited included 
fibrousness, softness, not sweet and rotting quickly.  
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RAW SWEETPOTATO CHARACTERISTICS 
Figure 2 shows the preferred characteristics for raw sweetpotato roots by sex and by the two study 
regions. There were no significant differences in the top three preferred raw material characteristics 
amongst men and women. 
 
The difference lay in the order of preference: for example, men’s top three characteristics were (i) 
big sized roots (ii) smooth skin (iii) hard, while for women the order was (i) big sized roots (ii) hard 
and (iii) smooth skin. A similar pattern was observed amongst the two regions i.e. Kamwenge and 
Lira.  
 

 
Figure 6: Preferred characteristics for raw sweetpotato roots 

The least preferred characteristics mirrored the preferred ones and included small size roots, fibrous, 
bad appearance and not sweet; among others. 
 
PROCESSING CHARACTERISTICS 
Good processing characteristics for women included sweet taste, good smell and firmness and good 
appearance. For men the prioritized characteristics were good smell, sappy and easy to peel. From 
Kamwenge, the characteristics of choice included sweet taste, firmness and good smell, while in Lira 
ease of peeling, good smell and taste were prioritized. The least preferred characteristics were small 
root size, bad appearance, rough outer surface and softness. 
 

 
Figure 7: Preferred sweetpotato primary processing characteristics 

BOILED SWEETPOTATO CHARACTERISTICS 

The most highly ranked characteristic for good boiled sweetpotato was sweet taste, as cited by men, 
women and respondents from Kamwenge. This was followed by mealiness and nice/good smell 
(Figure 4).  The least preferred characteristics included watery followed by tasteless and soft. 
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Figure 8: Good boiled sweetpotato characteristics 

In summary, to make good quality boiled sweetpotato, the raw roots should ideally be big in size, 
smooth and firm/hard.  When peeling/processing, the roots should be sweet to taste, with a good 
appearance, firm to touch and smell nice. The final product should be sweet to taste, mealy and with 
a nice smell. 
 
Activity 4 Achievements – Processing Diagnosis: 
This activity was conducted with four women processors in Lira and four women processors in 
Kamwenge using local clones and one reference improved clone (Naspot 8). Data have been 
cleaned and analysis is on-going. Results from Kamwenge indicate that Naspot 8 was the most 
preferred with three out of the four processors ranking it first. Ndererabaana was clearly the least 
preferred with three out of four processors ranking it last.  
 
NASPOT 8 (raw) was described as having big size roots, bright red skin color, smooth skin, enough 
sap which did not dry quickly and orange flesh color. During peeling, the variety was noted to have 
a firm peel and was easy to peel, it had sap and the second layer of skin was firm. During cooking, 
a nice smell of sweetpotato was observed. After cooking, the final product was noted to be mealy 
(powdery) with an attractive yellow color, no fibers, dry and starchy. On tasting (eating), Naspot 8 
was noted to have a sweet taste; while the texture was powdery, not too soft (firm); smooth when 
swallowing, soft and dry. Attributes that were associated with Ndererabaana (the least preferred 
variety) included: not mealy, has fibers, dull and pale color, not sweet like sweetpotato, soft, watery, 
no yellow color, skin peels off or cracks after its cooked, and generally not appealing to the eyes. 
 
Activity 5 Achievements – Consumer Testing: 
This activity has partially been done – 180 out of the expected 240 (50% women) consumer taste 
tests have been conducted in Lira, Kamwenge and in one big town (Masaka). The remaining tests 
are scheduled to be conducted in Kampala with clones like those used in Lira before the end of 2019. 
Data will be analyzed and reports prepared in the first quarter of 2020. 
 
Challenges: Delays in the ethical clearance process resulted in delays in data collection. We 
submitted documents for ethical clearance in May 2019. We are still waiting for ethical clearance 
(Nov. 2019). 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Boiled Sweetpotato (Uganda): 

Activities reported in Period 1 
on Boiled (& Fried) Sweetpotato 
in Uganda  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

No of 
Individual 
Interviews  

No. of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Primary 
Country 

Uganda 15/10/2018 
 
 
 
12/11/2018 

19/10/2018 
 
 
 
16/10/2018 

Lira Barkwoyo 12 12 2 Y  
Obato 2 2 2 Y  
Abalalai 12 12 2 Y  
Aweo 2 2 2 Y  

Kamwenge Byabasambu  14 14 4 Y  
Kyakanyemera  10 9 4 Y  

Activities performed in Period 2 
on Boiled Sweetpotato in 
Uganda  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

No of 
Individual 
Interviews  

No of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
4 

Primary 
Country 
 

Uganda 
 

13/9/2019 
 
 
28/10/2019 

18/9/2019 
 
 
11/11/2019 

Lira Adekwekok - 4 -  N 
Kamwenge Rwamasinde - 4 -  N 

ACTIVITY 
5 

Primary 
Country 

Uganda 13/9/2019 
 
 
 
28/10/2019 

18/9/2019 
 
 
 
11/11/2019 

Lira 
 
 
 
Kamwenge 

Adekwekok 15 15 -  N 
Lira 15 15 -  N 
Kamwenge 15 15 -  N 
Masaka 15 15 -   

https://rtbfoods.cirad.fr/


 

  Page 325 of 554 

WP2 – Boiled Sweetpotato (Uganda) – M. NAKITTO/M. MOYO 
CIP Key Contact for WP2 on Boiled Sweetpotato in Uganda (NAME First name): MOYO, 
Mukani 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis. 

Contribution to SOPs: 

The following SOPs have been drafted and are being finalized: 1) preparation and presentation of 
samples for sensory analysis; 2) the sensory analysis workflow to guide panelists as they make their 
assessments and scoresheets; 3) sample preparation for texture analysis; 4) texture analysis on 
boiled sweetpotato samples; 5) determination of cooking time.  
Proof of Concept / Method Development: 

The SOP for determining cooking time and texture was developed using sweetpotato clones from 
the Mwanga Diversity Panel (MDP) trial in Uganda. The major challenges faced were variability in 
the root shape and size amongst genotypes - this necessitated the standardization of the sample 
size and dimensions for both, cooking time and texture analysis. Roots with a weight of >100g were 
selected, and a cube of 2.5 cm3 was excised from the middle section and cooked in boiling water for 
determination of cooking time. The time taken for 2 cubes out of the 3 biological replicates to be soft 
enough to pass a toothpick through was taken as the optimal cooking time.  
For texture analysis, boiling resulted in poor discrimination of texture amongst clones and we did not 
find any correlation with cooking time. A cooking temperature – time profiling was carried out and 
incubation for 15 minutes at 85°C in a water bath had the best correlation between texture and 
cooking time and discriminated the different clones under study. This is now accepted as the ideal 
treatment of sweetpotato roots for texture analysis. Several texture methods were assessed 
including spread ability test, puncture test, texture profile analysis (TPA) and shearing/cutting test. 
The cutting test was adopted as the method of choice based on correlation with cooking time and 
the ease of operation. It is important to have many roots for analysis, as there seems to be very high 
variability within genotypes.  
We need to confirm the texture procedure at the next sensory evaluation. A good correlation between 
panel results and the texture measurements is necessary, even though different sampling methods 
are used for both tests. 
Sensory Analyses: 

We have had two sensory evaluation trainings on boiled sweetpotato. During the first training from 
26th to 29th August 2019, Dr. Suzanne Johanningmeier from North Carolina State University (NCSU) 
was guiding the training event. We established the first draft lexicon with 36 descriptors for boiled 
sweetpotato, the score sheet, and the sensory analysis workflow. In the second training which took 
place from 28th to 30th October 2019, the lexicon was modified resulting in a reduced number of 26 
descriptors and the score sheet and workflow were modified. In addition, clarifications on confusing 
terms such as rate of breakdown, fracturability, crumbliness and scales were given, which led to 
improving the group- and individual performance of the panel. 
Texture Analyses: 

Based on the first SOP developed in September, 13 genotypes from the MDP (details under WP4) 
trial in Uganda were analyzed for texture attributes. However, the texture data did not correlate with 
the cooking times recorded for those genotypes. During October, several root preparation methods 
and texture analysis methods were assessed, and a new protocol was established. Ninety additional 
clones were analyzed for texture attributes in November on the Stable Microsystems TA.XT Texture 
Analyzer, using a light knife blade probe to cut through the sample and determine firmness (peak 
positive force) and total force of shear (area under the graph). There seems to be a significant 
variation in texture attributes within genotypes, thus if available, many roots per genotype needs to 
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be analyzed, to be able to identify and remove outliers. Currently, due to limited availability of roots, 
a minimum of only three roots per genotype are being analyzed. 

Biophysical Routine Analyses & WP2 Database Management: 

The activities so far have focused on classifying sweetpotato genotypes based on firmness and 
cooking time. The genotypes exhibiting extreme differences will be further analyzed for biophysical 
properties; dry matter, starch content, starch composition, cell wall composition, activity of pectin 
methyl esterase and beta amylase enzymes in 2020 by traditional wet chemistry. Once NIRS 
calibrations or other fast screening methods are available, they can be applied to larger sample sets.   

Others (equipment purchase): 

Four sensory booths and a texture analyzer have been transferred from the Food and Nutritional 
Analysis Laboratory in Kenya to Uganda to increase capacity for both sensory analysis and texture 
analysis. This equipment was bought for RTBfoods but based in Kenya until the laboratory conditions 
in Uganda were ready to receive them.   
 
WP2 – Boiled Sweetpotato (Kenya) – M. MOYO / T. MUZHINGI 
CIP Key Contact for WP2 on Boiled Sweetpotato in Kenya (NAME First name): MOYO, Mukani 
and MUZHINGI, Tawanda 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: An SOP for cell wall extraction is under development.  

Proof of Concept / Method Development: 

Sensory Analyses: N/A for Kenya. 

Texture Analyses: N/A for Kenya. 

Biophysical Routine Analyses & WP2 Database Management: Role of facilities in Kenya needs TBD 
for 2020. 

Others (equipment purchase): Purchase of a texture analysis probe (A/LKB – light knife blade), as 
an accessory for the Stable Microsystems (TA.XT) Texture Analyzer which has been transferred to 
CIP-Uganda. 

 
WP2 – Boiled Sweetpotato (Peru) – G. BURGOS 
CIP Key Contact for WP2 on Boiled Sweetpotato in Peru (NAME First name): BURGOS, 
Gabriela 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

No work on boiled sweetpotato was performed in Peru in 2019. Backstopping from Peru will be done 
in year 3 after discussions with all partners and evaluation of availability of facilities and plant 
material.  

WP3 – Boiled Sweetpotato (Uganda) – T. ZUM FELDE / E. PORRAS / E. SERUNKUMA 
CIP Key Contact for WP3 on Boiled Sweetpotato in Uganda (NAME First name): ZUM FELDE, 
Thomas 
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15-20 lines Narrative on Activities performed & Progress including SOPs developed, Number of 
Spectra acquired, Product presentations (raw, cooked product), Reference analysis done, 
Population screened.   
Contribution to SOPs: 

In November 2019, we developed a Near-Infrared Spectrometer (NIRS) workflow in Uganda to scan 
raw fresh, raw dried, boiled fresh and boiled dried sweetpotato samples using materials of the MDP. 
We processed and scanned 60 diverse sweetpotato clones at NARO facilities which were harvested 
in Serere/Uganda. Harvest and field sampling in Serere were done 3 days before the processing 
and scanning at NARO started. We sorted, labeled, and separated 3-4 roots for analysis of raw and 
cooked samples (Figure 5). Materials for raw roots scanning were washed, peeled and cut in the 
middle to be scanned by NIRS as intact roots (Scan 1, raw, intact, fresh, Figure 5). Each root was 
scanned in the middle of the root. After that, one half of each root was sliced. All slices were mixed 
and then weighed for DM evaluation (Porras 2014, https://cgspace.cgiar.org/handle/10568/65228). 
A subsample was blended and scanned by NIRS again as raw, blended, fresh sample, Scan 2, 
Figure 5. The sliced and blended material was immediately frozen at -20C, then freeze dried, milled 
and scanned by NIRS as raw, dried powder, Scan 3. The other 3-4 half roots were boiled with optimal 
cooking time. All cooked material of each genotypes was mashed together and scanned by NIRS, 
Scan 4. This material was freeze dried as well, milled and scanned as boiled dried material, Scan 5.  
 

Figure 5: Sorting, preparing 
intact roots and blended samples 

Spectra Acquisition: Number of Spectra acquired, Traits concerned & WP3 Database Management 

In total, we made 872 NIRS scans during the work in Uganda using desktop and handhold NIRS. 
The material (60 raw dried and 60 boiled dried samples) are recently under wet chemistry reference 
analysis which will serve for later NIRS calibration development. All 120 samples were shipped to 
CIAT-Columbia to perform the following analysis: viscosity (raw samples), swelling power and 
solubility evaluation (raw samples), starch (raw samples), individual sugars (raw and cooked 
samples), amylose (raw samples). An additional 16 samples were selected based on their cooking 
& texture behavior, dry matter (DM) content and NIRS predictions to be analyzed at CIRAD for starch 
characteristics and pectin content and at the James Hutton Institution (JHI) for pectin methylesterase 
(PME) and b-amylase activity.   
 
WP3 – Boiled Sweetpotato (Peru) – T. ZUM FELDE 
CIP Key Contact for WP3 on Boiled Sweetpotato in Peru (NAME First name): ZUM FELDE, 
Thomas 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Number of 
Spectra acquired, Product presentations (raw, cooked product), Reference analysis done, 
Population screened.   

The 120 dried samples from Uganda were scanned by NIRS (FOSS 6500 and FOSS XDS) at CIP 
in Peru for future calibration development. No additional work on boiled sweetpotato was performed 
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in Peru in 2019. Backstopping from Peru will be done in year 3 after discussions with all partners 
and evaluation of availability of facilities and plant material.  
 
WP4 – Boiled Sweetpotato (Uganda) – J. SWANCKAERT 
CIP Key Contact for WP4 on Boiled Sweetpotato in Uganda (NAME First name): 
SWANCKAERT, Jolien 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
Target Sweetpotato Populations: Overall, CIP-Uganda has the following sweetpotato specific 
breeding objectives: (1) to improve sweetpotato population development in sub-Saharan Africa 
(SSA), linked with participatory varietal selection at the national level; (2) breed for key biotic 
constraints in Africa; in East Africa the focus is on sweetpotato virus disease (SPVD) resistance and 
weevil resistance; and (3) breed quality types of sweetpotato rural and urban markets. The 
populations used for the three specific objectives at the East and Central Africa Sweetpotato Support 
Platform are: 1) 80 Population Uganda B x 50 Population Uganda A (130 genotypes/parents); 2) 80 
x 50 diallel population for SPVD resistance (diallel progeny, over 6,000 genotypes); 3) 5 SPVD 
resistant x 3 SPVD resistant population (diallel progeny, over 2,000 genotypes); 4) Beauregard x 
Tanzania (BxT) bi-parental population (317 genotypes) and 5) MDP of 1,886 genotypes (from 8 
population Uganda B x 8 population Uganda A parents). Under WP4, the focus is on the MDP 
population. 
Implementation of Genotype x Environment trials: The MDP population consists of 64 families 
of over 1,800 genotypes, including the 16 parents. The MDP population was developed under the 
Genomic Tools for Sweetpotato Improvement (GT4SP) project. After it was established in vitro at 
CIP-Nairobi, Kenya, it was shipped back to CIP–Uganda as in vitro propagules for multiplication and 
phenotyping. Due to heavy SPVD disease pressure at Namulonge in Uganda, the population was 
multiplied in net tunnels to exclude aphid and whitefly virus vectors. Phenotyping experiments (1,868 
progenies, 16 parents, and 2 check clones in 2018 and 942 progenies (genotypes) in 2019 trials on-
going) of the MDP were planted at three sites: Namulonge, Kachwekano and Serere. 
Trials implemented in 2019 planting season: Phenotyping trials (942 progenies (genotypes) of 
the MDP were planted again in September/October 2019 at the three sites, Namulonge, 
Kachwekano and Serere (Figure 6): 
1) Namulonge (1,150 meters above sea level (masl), rainfall is bimodal (1,270 mm/year), mean 
maximum temperature 28.40C, mean minimum 15.90C, annual mean 22.20C, soils are ferralitic (red 
sandy clay loams) with pH of 4.9 to 5.0, and tall grassland vegetation with high SPVD pressure). 
2) Kachwekano (2,220 masl, bimodal rainfall, 950 mm/year, sandy clay loam (latosolic), soil pH 5.8 
to 6.2 with short grassland with Alternaria blight as the main disease constraint). 
3) Serere (1,140 masl, bimodal rainfall, 800-1,150 mm/year, annual temperature 26.00C, soils are 
sandy loam, pH 5.2 to 6.0, savanah grassland with high weevil populations during the dry season). 
The genotypes were planted in single rows of 10 plants/genotype using a Westcott design. This is 
also the design normally used in sweetpotato breeding at support platforms for early-generation 
genotype evaluations through the accelerated breeding strategy for sweetpotato, developed under 
SASHA. The design uses blocking for un-replicated genotypes with checks at predefined positions. 
Two check clones were selected based on their resistance to SPVD, the major production constraint 
in East and Central Africa. ‘Ejumula’ is susceptible to SPVD and ‘NASPOT 11’ is moderately resistant 
to SPVD (Figure 6, MDP trial at Namulonge). 
 

https://rtbfoods.cirad.fr/


 

  Page 329 of 554 

      
Figure 6: Uganda Research Sites:      Namulonge;        Serere;       Kachwekano, MDP trial at 
Namulonge 
 
Phenotyping activities: Data collected including dry matter content, flesh color, and quality traits 
related to raw sweetpotato (shape, size, beta-carotene and sugars). SPVD resistance, Alternaria 
blight and weevil damage are major traits in sweetpotato breeding. The traits related to yield are also 
of importance (storage root yield, foliage yield, biomass yield, commercial root yield, percentage of 
marketable roots, harvest index, number of roots per plant, yield per plant, establishment index, and 
number of commercial roots per plant are computed).   
In November 2019, samples from the MDP population from Serere provided storage roots, 60 
diverse (white, yellow, orange) genotypes – see details under WP2 and WP3. The phenotypic data 
and genotypic data are currently being curated and the plan is to use it in development of genomic 
selection methods for polyploids, working together with NCSU under the SweetGAINS project.  
 

WP5 – Boiled Sweetpotato (Uganda) – E. CAREY 
CIP Key Contact for WP5 on Boiled Sweetpotato in Uganda (NAME First name): CAREY, 
Edward 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used. 
No activities were conducted in 2019. The WP5 report will include the standard methods currently 
used for user engagement in on-farm trials for both sweetpotato and potato. Trials for both potato 
and sweetpotato are planned for 2020. 
CIP Activities & Achievements on Fried Sweetpotato (Nigeria + Ghana) – Product Champion: J. 
LOW 

WP1 – Fried Sweetpotato (Nigeria) – E. CAREY 
CIP Key Contact for WP1 on Fried Sweetpotato in Nigeria (NAME First name): CAREY, Edward 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

SOK: SOK for fried products in West Africa still needs updating. It will be completed and submitted 
to the RTBfoods platform by mid-January 2020. 
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Activity 3 Achievements – Gendered Food Mapping/ Preference Surveys:  
Standard surveys using RTBfoods methods were conducted in 2 states in Nigeria and one region of 
Ghana. Different teams were used at each state or region. Teams consisted of gender specialist, 
economist and food scientist at each location. CIP regional sweetpotato breeders, Ted Carey and 
Reuben Ssali, also participated, as did Simon Imoro, the data manager at the CIP sweetpotato 
support platform in Ghana. Prior to carrying out the study, team members met in Abuja and were 
trained by Tessy Madu, a researcher with extensive experience using the WP1 tools. At the training 
we examined methods and adapted instruments and used them during a practice field exercise. 
Survey work was conducted shortly following training in each region, and following completion of 
data collection, the teams once again convened for a data synthesis meeting during which we 
interacted with Hale Tufan to make sure we understood what was expected.  Data synthesis has 
continued since then, and all data are on the RTBfoods platform. Synthesis is still underway to 
determine product profiles. These and the full report on activity 3 will be concluded by mid-January 
2020. Market interviews were also conducted as prescribe in Activity 3 guidelines and confirmed the 
current and growing importance of sweetpotato fried products in the areas surveyed. It should be 
noted that funds to cover product profile development activities largely came from SASHA and the 
RTB Breeding CoP. 
 
Activity 4 Achievements – Processing Diagnosis:  
As part of our activity 3 training exercise, we also conducted expert fryer interviews in the field. 
Interviews with expert fryers were thus contributed to product profile development and to the 
identification of key attributes for the consumer sensory analysis which followed the processing 
diagnosis. 
 
Activity 5 Achievements – Consumer Testing:  
Consumer testing was conducted in each region, according the prescribed RTBfoods WP1 protocols 
using genotypes identified in Activity 3 in each community. To provide contrast, if not already known 
or available in the communities, we provided samples of orange fleshed sweetpotato for the test. 
This was the case in Nigeria where relatively low dry matter Mother’s Delight variety was included in 
Activity 4 and 5 evaluations. Handheld tables and ODK forms were used to take data in some cases, 
greatly speeding the process of preparation for data analysis. The food science team in charge of 
sensory evaluations and data analysis interacted with Genevieve Fliedel for guidance with synthesis 
of results.
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WP1 Synthesis Table for Activity 3, 4 & 5 on Fried Sweetpotato (Nigeria + Ghana): 
Activities performed in Period 2 
on Boiled Sweetpotato in 
Uganda  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Number of 
Individual 
Interviews  

Number 
of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Primary 
Country 

Nigeria
+ 
Ghana 

September September Kano, Nigeria 
 

Gogori+Liringo, Bagwai LGA 14 6 4 Yes  
Kafin Chiri+Garin Ali, Garko LGA 14 6 4 Yes  
KII, Market surveys 6 1 6 Yes  

Kwara, 
Nigeria 

Araromi-Ipo+Omido, Iredopun 
LGA 

10 10 4 Yes  

Igosun+Onila, Oyun LGA 10 10 4 Yes  
KII, Market Interviews      

Bawku, 
Ghana 

Tampezua, Abisiga, Barebare 12 6 6 Yes  
KII, Market interviews 4 7  Yes  

ACTIVITY 
4 

Primary 
Country 

Nigeria
+ 
Ghana 

September September Kano, Nigeria 
 

Bagwai  3  Yes  
Garko  4  Yes  
Kano  3  Yes  

Kwara, 
Nigeria 

Offa  3  Yes  
Agbamu, Iredopun LGA  4  Yes  
Ijagbo, Oyun LGA  3  Yes  

Bawku, 
Ghana 

Manga Market  4  Yes  
Bawku Central market  4  Yes  

ACTIVITY 
5 

Primary 
Country 

Nigeria
+ 
Ghana 

September September Kano, Nigeria 
 

Bagwai LGA 12 8  Yes  
Garko LGA 16 4  Yes  
Kano 12 8  Yes  

Kwara, 
Nigeria 

Offa 14 7  Yes  
Agbamu, Iredopun LGA 10 18  Yes  
Ijagbo, Oyun LGA 10 11  Yes  

Bawku, 
Ghana 

Manga Market 7 25  Yes  
Bawku Central market 11 18  Yes  
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WP2 – Fried Sweetpotato (Ghana) – E. DERY 
CIP Key Contact for WP2 on Fried Sweetpotato in Ghana (NAME First name): Eric DERY, 
Reuben SSALI 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

A trained sensory panel in Ghana has developed sensory lexicon for fried sweetpotato and was  
used for evaluation of samples taken from the WP1 consumer sensory study.  A manuscript is in 
preparation on lexicon development.  
 
WP3 – Fried Sweetpotato (Ghana) – T. TUFFOUR 
CIP Key Contact for WP3 on Sweetpotato in Ghana (NAME First name): Thomas TUFFOUR 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Number of 
Spectra acquired, Product presentations (raw, cooked product), Reference analysis done, 
Population screened.   

Boiled and raw samples were taken from the same samples obtained from the WP1 Activity 5 
consumer sensory exercise were prepare and scanned for determination of sugars and starch. 

5.10.5 CIP Activities & Achievements on Boiled Potato (Uganda + 
Kenya + Peru) – Product Champion: T. MENDES 

WP1 – Boiled Potato (Uganda) – S. MAYANJA 
CIP Key Contact for WP1 on Boiled Potato in Uganda (NAME First name): MAYANJA, Sarah 
and MUDEGE, Netsayi 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 Achievements – Gendered Food Mapping/ Preference Surveys:  
This activity was conducted with funds from USAID potato breeding. We achieved the following: 

• Reviewed RTB Food tools to align with RTB work on testing G+ breeding tools. We 
developed new data collection approaches and analysis plans for the qualitative and 
quantitative data that we collected. 

• For data collection we conducted 
o 136 Surveys, with farmers, 37 with traders and 19 with food vendors 
o 8 key informant interviews  
o 32 FGDs 

• Data have been cleaned.  
• Data analysis is ongoing. We have preliminary results that we have shared with funders and 

team members 
o We submitted an abstract to the RTBFoods special issue  
o We submitted a report to USAID based on preliminary data analysis  

 
Next steps: Data cleaning and analysis is an ongoing activity. We target to finish the first 
comprehensive analysis by December of 2019.  

Activity 4 Achievements – Processing Diagnosis:  
Sensorial panel trained and lexicon developed. Activity 4 will be conducted in December 2019 (in 
line with the harvesting period) and the report will be submitted in the first quarter of 2020. 
 
Activity 5 Achievements – Consumer Testing:  
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This activity will be conducted in December 2019 (in line with the harvesting period) and the report 
will be submitted in the first quarter of 2020. 
Challenges: Delayed ethical approval meant that activity 4 and 5 could not be done on time.  Since 
data analysis is ongoing and we are yet to conduct activity 4 and 5 we do not have a consolidated 
product profile
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WP1 Synthesis Table for Activity 3, 4 & 5 on Boiled Potato (Uganda): 

Activities performed in Period 2 
on Boiled Potato in Uganda 

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

No of 
Individual 
Interviews  

No of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Primary 
Country 

Uganda 03/7/2019 
 
 
 
23/7/2019 
 

20/7/2019 
 
 
 
27/7/2019 

Rakai Kamukalo   4  N 
Byakabanda   4  N 
Buterere   4  N 
Kamukalo   4  N 

Kabale Kanyegenyege   4  N 
   4  N 
   4  N 
   4  N 

TOTAL 104 96    
ACTIVITY 
4 

Primary 
Country 

Uganda          
      
      

       
      
      

Activity 5 Primary 
Country  

Uganda           
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WP2 – Boiled Potato (Uganda) – M. NAKITTO / M. MOYO 
CIP Key Contact for WP2 on Boiled Potato in Uganda (NAME First name): MOYO, Mukani 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: 
Standardize procedures for sample preparation and sensory analysis of potato are written in a first 
draft SOP. The sensory panel at NARL had a first training from 11th to 14th November 2019, resulting 
in a first potato lexicon and sensory workflow. 

Proof of Concept / Method Development: To be done in 2020. 

Sensory Analyses: 
A RTB sensory panel for Uganda was established in Kawanda. Panel members were recruited and 
screened. Efforts to train this panel in assessment of potato have been ongoing, and currently, the 
panel performs relatively well in assessing boiled potato.  

Texture Analyses: 
Texture analysis was done on 15 potato genotypes in September 2019, following the boiling protocol. 
The texture analysis work will continue early next year. The experiences gained with sweetpotato 
will guide us in improving this sample preparation method for potato.  
 
WP2 – Boiled Potato (Kenya) – M. MOYO 
CIP Key Contact for WP2 on Boiled Potato in Kenya (NAME First name): MOYO, Mukani 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Work was done in Uganda 

 
WP2 – Boiled Potato (Peru) – G. BURGOS? 
CIP Key Contact for WP2 on Boiled Potato in Peru (NAME First name): BURGOS, Gabriela 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis. 

No work on boiled potato was performed in Peru in 2019. Backstopping from Peru will be done in 
year 3 after discussions with all partners and evaluation of availability of facilities and plant material 
 

WP3 – Boiled Potato (Uganda) – E. SERUNKUMA / T. ZUM FELDE / E. PORRAS 
CIP Key Contact for WP3 on Boiled Potato in Uganda (NAME First name): zum FELDE, 
Thomas 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Number of 
Spectra acquired, Product presentations (raw, cooked product), Reference analysis done, 
Population screened. 
No work on boiled potato regarding WP3 activities was performed in Uganda in 2019. Materials will 
become available in 2020, see WP4. 
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WP3 – Boiled Potato (Peru) - T. ZUM FELDE 
CIP Key Contact for WP3 on Boiled Potato in Peru (NAME First name): ZUM FELDE, Thomas 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Number of 
Spectra acquired, Product presentations (raw, cooked product), Reference analysis done, 
Population screened.   
No work on boiled potato was performed for WP3 in Peru in 2019. Backstopping from Peru will be 
done in year 3 after discussions with all partners and evaluation of availability of facilities and plant 
material. 
 
WP4 – Boiled Potato (Uganda + Kenya) – T. MENDES 
CIP Key Contact for WP4 on Potato for Boiled Potato in Uganda + Kenya (NAME First name): 
MENDES, Thiago 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.  
Evaluation of local varieties was conducted at the Kachwekano research station, located in South-
western Uganda, 01º 16’S 29º 57’E at 2200 masl.  A panel of sixteen genetically diverse genotypes 
which included three farmer varieties (Kimuri, Rwashaki and Kinigi), five advanced clones 
(CIP393077.54, CIP393220.54, CIP395112.32, CIP395011.2 and CIP395017.14), and eight 
commercial varieties (Rutuku, Victoria, NAROPOT1, NAROPOT4, NAKPOT1, Cruza, NAROPOT3 
and KACHPOT1). The experiment was established during the main planting season of 2019A 
(March-June). Genotypes were planted in a completely randomized block design with three 
replications. Each entry was represented by an experimental unit consisting of a single row plot of 
10 plants each at a spacing of 0.75 m x 0.3 m. Planting was done by hand on the 20th April 2019. At 
harvest, yield data were collected. Farmer participation selection was done through visual evaluation 
based on their perceptions of the different attributes. Participatory assessment involved 5 men and 
7 women. Five genotypes were visually selected by farmers; these included one farmer variety 
(Kinigi), three commercially released varieties (NAROPOT4, NAROPOT1 and Rutuku) and one new 
clone (CIP395017.14). It is important to highlight that currently, the dominant variety in Uganda is 
NAROPOT4 covering approximately 60% of the planting potato area. All genotypes were shared 
with WP2 for starting quality assessment. 
A multiplication field of 182 clones (diversity panel) was harvested in July and the seed tubers 
will be used to implement trials in two locations in south-western Uganda. These will be the 
sample sources for WP2 and WP3 in 2020. 
 
WP5 – Boiled Potato (Uganda) – E. CAREY / S. MAYANJA 
CIP Key Contact for WP5 on Boiled Potato in Uganda (NAME First name): CAREY, Edward 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used. 

No work on boiled potato was performed for WP5. 

5.10.6 Interactions with other Institutes working on Boiled & Fried 
Sweetpotato and on Boiled Potato (Results & Protocols 
Shared, Staff, Equipment) 

NARL (Uganda): CIP-Uganda collaborates with NARL Kawanda. NARL Kawanda offers their 
facilities for several activities related to sensory analysis. They also have a texture analyzer equipped 
with several probes and adapters in their laboratories, making it easy to backstop sensory analysis 
with texture analysis. We have continued to work very closely with the food scientists from NARL in 
2019, and they have been instrumental in implementation of WP1 Activities 4 and 5. We have also 
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been supported by NARO scientists from Zonal Agricultural Research Institutes from Kachwekano 
(KAZARDI) and Mukono (MUZARDI) in the execution of WP 1 Activity 3 for potato. 
NaCRRI (Uganda): NaCRRI houses CIP’s main cooking facility including preparation room, kitchen 
and CIP’s texture analyzer in its Biosciences laboratory. These facilities have so far been crucial for 
preparing samples and analyzing for texture attributes. The facilities however serve beyond this 
primal purpose and have also been used to prepare samples for WP3 in November 2019 during 
NIRS scanning of 60 raw and 60 cooked samples of the MDP.  
JHI (UK): Fresh sweetpotato root samples from a set of advanced clones with varied attributes were 
sent to JHI from Ghana for proof-of-concept work.  Also, starch samples have been isolated from 
the same panel of advanced genotypes for evaluation of the relationship between starch and sensory 
properties. A PhD student, Linly Banda, was hosted at JHI for 5 weeks. She received training on the 
analysis of sweetpotato for texture, enzyme activity and cell wall materials. The training was part of 
the SOP development process for sweetpotato.  
CNRA (Côte d’Ivoire) on Fried Sweetpotato: Interaction with DIBI Konan, the sweetpotato 
breeder, regarding conduct of his activities under WP5.  has harvested his WP5 trial in November 
2019 and a report is under preparation. 
CIRAD – France: 16 SP samples were selected based on their cooking & texture behavior, DM 
content and NIRS predictions during the recent WP2/3 activity in Uganda to be analyzed at CIRAD 
for starch characteristics and pectin content. 
CIAT-Columbia: 60 raw dried and 60 boiled dried sweetpotato samples are recently under wet 
chemistry reference analysis at CIAT which will serve for later NIRS calibration development. CIAT-
Columbia will perform the following analysis: viscosity (raw samples), swelling power and solubility 
evaluation (raw samples), starch (raw samples), individual sugars (raw and cooked samples), 
amylose (raw samples). 

5.10.7 CIP cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

We have established a CIP internal monthly SKYPE coordination call for RTBfoods covering 
all work packages. Every WP gives an update on activities performed in the last month and 
what is planned soon. During these meetings we discuss issues and do planning across all 
WPs.  
WP1 with WP2 on Boiled Sweetpotato: 
WP1 worked closely with WP2 to develop the first iteration of the boiled sweetpotato product profile (data  
analysis and reporting) 
 
WP1 with WP2 on Boiled Potato:  
WP2 spearheaded development of the boiled potato lexicon. 
 
WP2 with WP3 on Boiled Sweetpotato:  
CIP conducted a combined WP2/3 activity in Uganda during November 2019; see separate report for details.  
Briefly, the WP2 activity was focusing on cooking time and texture attributes analysis while the WP3 
team scanned the same roots with different NIRS equipment as raw samples and after cooking.  
 
WP2 with WP3 on Boiled Potato:  
Enough potato tubers will be available early next year in Uganda. We plan a similar joint WP2/3 activity as  
described above for sweetpotato in 2019.   
 
WP4 Sweetpotato (breeders) with WP1 & WP2 & WP3 
WP4 Potato (breeders) with WP1 & WP2 & WP3:  
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CIP breeders (P and SP) work closely together with WP1, 2 and 3 to ensure availability of proper 
germplasm on time. We are coordinating closely timelines and plan related activities together. More 
details can be found under WP4 reports in this document.  
 
WP5 with WP1 and WP4:  
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested with 
consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists and 
biophysical analyses to be able to establish correlations? 
Yes, the varieties used were obtained from the preliminary findings of WP 1 activity 3 study. 
 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 texture 
analysis, WP2 biochemical analysis, WP2 sensory profiling and WP3 NIRS analysis? 
As described above, we have conducted a combined WP2/3 activity in Uganda for sweetpotato during 
November 2019 working on the same clones for cooking time and texture attributes while the same 
roots were scanned with NIRS as raw samples and after cooking. We use barcoding systems to track 
the samples from the field to the lab and for further chemical reference analysis.  
 
Are WP2 and WP3 using the same standard for sample codification? YES / NO 
If YES, which one? If NO, why?  
Yes, we use the same barcoding system consisting of crop, year, location, season, genotype number  
(connected to database), treatment (raw, cooked, fresh, dried, texture, nutritional quality etc.) 
 
Do you freeze dry or lyophilize sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? 
Yes, we have freeze drying capacities in Uganda, Ghana and in Peru. We are freeze drying the 
samples to ship them to other partners for reference analysis. In the case of the joint WP2/3 effort 
on sweetpotato in Ghana, we keep freeze dried samples (stored at -20C) of all genotypes as backup 
in the country for further analysis based on WP1 future finding. We will handle that in a similar way 
with future harvests on potato and sweetpotato. 

5.10.8 Data Management at CIP 

CIP RTBfoods Data Manager (NAME First name): Swanckaert, Jolien 
WP1/WP5 data correspondent (NAME First name): Mayanja, Sarah 
WP2 data correspondent (NAME First name): Moyo, Mukani 
WP3 data correspondent (NAME First name): zum Felde, Thomas 
WP4 data correspondent (NAME First name): Swanckaert, Jolien 

5.10.9 Ethical Clearance  

Describe Process implemented in your country(ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps. 

Documents for ethical clearance were submitted in May 2019. We are still waiting for ethical 
clearance (Nov. 2019).  
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5.10.10 CIP Travels: Participation to RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 
 Title /Training 

Objective 
WP City, Country NAME(S) of Participants 

RTBfoods 
Meetings 

First annual RTBfoods 
meeting + WP side 
meetings.  

All Abuja, Nigeria Thiago Mendes, Jolien 
Swanckaert, Sarah Mayanja, 
Robert Mwanga, Edward 
Carey, Hugo Campos, Jan 
Low, Tawanda Muzhingi, 
Thomas zum Felde 

RTBfoods 
Trainings 

NIRS trainings with 
participants from 
various institutions 
related to RTBfoods. 
 

Mainly WP3 
but also 
WP2 

1.) Ibadan, 
Nigeria (2 
weeks) 
2.) Namulonge, 
Uganda (1 
week) 

Around 20 participants:  
 
From CIP: Thomas zum Felde 
(organizer), Jolien Swanckaert, 
Edwin Serunkuma, Thomas 
Tuffour, Mariam Nakitto.  
 

International 
/ Regional 
Conferences  

    

Scientist 
Exchanges 

Protocols for textural 
and cell wall analysis 
for sweetpotato 

WP2 Dundee, 
Scotland 

Linly Banda 

5.10.11 CIP Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

• Stable Microsystems TA.XT Texture Analyzer 
• 4 Sensory booths 

5.10.12 CIP Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

• SASHA 2 / GT4SP / SweetGAINS on providing germplasm for WP2 and 3 activities.  
• SASHA 2 and RTB Breeding Community of Practice D1.1 financed the fried sweetpotato 

product profile study in Ghana and Nigeria.  
• RTB CC4.1 on financing travel to Uganda and related activities in WP3. Contribution to 

reference analysis for NIRS calibration development. 
• USAID and RTB Cluster 5.3 (Gender and Youth) on gendered Food Mapping/ Preference 

Surveys on boiled potato, WP1.  
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5.10.13 CIP Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 
Outline of publication for IJFST Special Issue drafted.  

5.10.14 Gaps & Challenges faced at CIP 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

Communication and coordination are key in this complex project. After changing CIP’s focal point, 
we have established a monthly SKYPE coordination call which helps a lot in resolving issues and 
plan the work properly across work packages and countries.  

Perishability of sweetpotato roots was another challenge. Storability of sweetpotato roots is very 
limited especially in diverse genotypes which are not varieties. They often degrade very fast and 
show high levels of oxidation after cutting. Roots therefore must be processed for analysis within 5 
days after harvest. We might face similar problems with potato next year but will be better prepared 
to manage those potential issues.  

5.10.15 CIP Perspective Work Plan & Internal organization for Period 
3 

Main Activities planned for Period 3 by Product profile, for all WPs. 
Boiled Sweetpotato (Uganda):  
Biophysical and nutritional quality analysis of sweetpotato samples obtained during the joined WP2/3 
activity for preliminary NIRS calibration development. After that selection of new samples to validate 
and extend the calibrations. Also investigate new traits together with WP 1 and 2 which are related 
to consumer preferences and include them.  

We plan to finalize all WP1 activities in period 3. This will entail finalizing reports for activities 4 and 
5 and developing the second iteration of the boiled sweetpotato product profile. 

Fried Sweetpotato (Nigeria and Ghana):  

Limited activities are on-going on fried sweetpotato in Ghana because the CIP presence in Ghana 
is unsure as SweetGAINS only supports the West African sweetpotato platform until September 
2020.Write-up of WP1 activities. 

activities and chapter for special issue will be completed.  In Nigeria, advanced trials to be conducted 
with NRCRI partners (WP5) will include expert fryer and consumer assessment of frying quality.   

Boiled Potato (Uganda):  

In coordination with WP4, a similar WP2/3 activity is planned for potato as it has been done for 
sweetpotato in 2019. Optimal cooking time, texture analysis and nutritional quality evaluation will be 
performed to develop preliminary NIRS calibrations related to consumer preferences.  

For potato in WP1, there is a possibility that some research activities for activities 4 and 5 may spill 
over to period 3. This will be since potato harvest in the study areas is expected in December 2019. 
In addition, data processing for activity 3 is envisaged to be finalized in the first quarter of 2020. 

Boiled Sweetpotato (Peru):   Boiled Potato (Peru):  
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Backstopping from Peru could be done in year 3 after discussions with all partners and evaluation 
of availability of facilities and plant material. To date, this is unclear.  
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5.10.16 Annex 1  

Temperature – Time profiling for preparation of sweetpotato roots for texture analysis.  

Cooking sweetpotato roots for 10minutes in boiling water resulted in a poor discrimination of 
genotypes and poor correlation with cooking time, thus various combinations of temperature vs time 
treatments were assessed.  The best correlation between cooking time and texture readings was 
obtained from roots heated for 15 minutes at 85°C.  

 

Table A1.1: Optimal cooking time for 5 sweetpotato varieties 

Genotype  Cooking time (min)  

Narospot 1  12  

Kyambogo  18  

Naspot 8  30  

Naspot 11  39  

Ejumula  54  

 

 

Table A1.2: Correlation of OCT vs texture for the different heat treatments 

Temp (°C)  Time (min)  Cooking time vs 
firmness  (R2)  

Cooking time vs 
toughness (R2)  

85  10  0.337  0.498  

85  15  0.796  0.784  

95  5  0.505  0.548  

95  10  0.560  0.619  
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5.10.17 Annex 2 

Cooking time and texture data obtained from the November exercise at Namulonge, Uganda 

Using the heating treatment of 85°C for 15 minutes as determined during the optimization study, 85 
varieties were analysed for texture, as well as OCT. 

There was high variation of texture (firmness) within varieties, as shown by the high coefficients of 
variance in table A2.1. The correlation between OCT and texture was low (R2 = 0.274).  

 

Table A2.1: Cooking time and texture results (45 out of 85 varieties shown) 

MDP Lab ID Cooking 
time 
(mins) 

Root 1 
Root 2 Root 3 Average S.D Co.of 

Var 

B3030_653 
SP19ASE57
CT 12 

1527.8
2 

1613.8
0 

1867.1
1 

1669.57 176.39 10.56 

B5430_2 
SP19ASE55
CT 12 

1845.6
7 824.32 1317.0

8 
1329.02 510.78 38.43 

MDP328a 
SP19ASE23
CT 12 898.75 1501.6

0 
2281.3
2 

1560.56 693.17 44.42 

B54(Naspot1
1) 

SP19ASE63
CT 12 

1811.6
8 927.48 725.94 1155.03 577.53 50.00 

MDP1213 
SP19ASE32
CT 12 

2448.8
3 914.74 1310.9

1 
1558.16 796.37 51.11 

MDP320 SP19ASE52
CT1 12 1413.5

7 
1315.7
2 

1420.7
9 

1383.36 58.69 4.24 

MDP1442 SP19ASE27
CT 12 2172.3

1 
2350.3
0 

2033.7
3 

2185.45 158.70 7.26 

MDP1231 SP19ASE38
CT 12 2345.0

0 
2125.8
7 

1908.3
1 

2126.39 218.34 10.27 

NASPOT11  
SP19ASE52
CT2 

12 1347.8
4 

1136.7
4 

1396.3
4 

1293.64 138.03 10.67 

MDP367 SEP473 12 1428.1
3 

1559.2
8 

1173.0
7 

1386.83 196.39 14.16 

Naspot 11 SE39 12 1096.8
5 

1669.4
4 

1754.5
1 

1506.93 357.68 23.74 

MDP1034 SE35 12 2749.2
0 

1747.2
2 

4026.9
1 

2841.11 1142.6
2 

40.22 

B3030_126 
SP19ASE53
CT 15 

2552.6
1 

1426.0
2 

2108.9
7 

2029.20 567.51 27.97 

MDP1396 SE47CT1 15 1628.1
6 

2835.3
2 

2973.7
3 

2479.07 740.15 29.86 

MDP249 
SP19ASE21
CT 18 

1643.7
7 

1595.5
4 

1642.8
8 

1627.40 27.60 1.70 

MDP1546 
SP19ASE25
CT 18 

1226.5
2 

1183.5
9 

1184.8
3 

1198.31 24.43 2.04 

MDP515 
SP19ASE30
CT 18 

1826.1
9 

1910.7
0 

1845.2
8 

1860.72 44.32 2.38 

MDP1400 
SP19ASE20
CT 18 

1957.4
5 

1831.8
0 

2054.2
6 

1947.84 111.54 5.73 

A30 (Naspot 
7) 

SP19ASE49
CT 18 

1354.2
2 

1459.0
8 

1249.4
1 

1354.24 104.83 7.74 

https://rtbfoods.cirad.fr/


 

  Page 344 of 554 

MDP Lab ID Cooking 
time 
(mins) 

Root 1 
Root 2 Root 3 Average S.D Co.of 

Var 

Naspot8 
SP19ASE64
CT 18 

1799.6
8 

1713.5
6 

2169.5
3 

1894.26 242.25 12.79 

MDP1727 
SP19ASE31
CT 18 

2247.7
4 

1735.9
8 

1907.5
5 

1963.76 260.47 13.26 

MDP 
SP19ASE37
CT 18 

2131.2
0 

2507.4
1 

1855.7
1 

2164.77 327.15 15.11 

NASPOT 7 
SP19ASE28
CT 18 

3246.9
8 

2366.7
7 

2750.3
9 

2788.05 441.31 15.83 

MDP1072 
SP19ASE40
CT 18 

1669.3
0 

1924.4
5 

2303.0
7 

1965.61 318.89 16.22 

A1930_1 
SP19ASE59
CT 18 

1756.7
5 

2412.7
6 

1939.7
4 

2036.42 338.52 16.62 

Ejumula 
SP19ASE45
CT 18 

1374.7
3 

1422.7
5 986.42 1261.30 239.26 18.97 

MDP1168 
SP19ASE34
CT 18 

2562.3
6 

1690.5
9 

2081.6
7 

2111.54 436.65 20.68 

MDP101 
SP19ASE26
CT 18 

3604.7
1 

2504.8
3 

2440.1
7 

2849.91 654.48 22.97 

MDP1488 
SP19ASE36
CT 18 

1395.3
6 

2150.0
3 

2172.5
2 

1905.97 442.35 23.21 

MDP1584c 
SP19ASE33
CT 18 

2648.9
3 

1509.5
8 

1746.2
8 

1968.27 601.24 30.55 

B5630_22 
SP19ASE50
CT 18 

1085.6
2 

2398.9
7 

1464.6
0 

1649.73 675.96 40.97 

B5420_52 
SP19ASE46
CT 18 

3477.2
9 

2338.4
2 

1446.4
6 

2420.73 1017.9
2 

42.05 

MDP141 SE53CT1 18 1735.5
0 

1761.8
2 

1782.6
4 

1759.99 23.62 1.34 

MDP827 SE54CT2 18 1472.3
5 

1422.4
6 

1469.9
6 

1454.92 28.14 1.93 

MDP1393B  SE53CT2 18 1332.9
3 

1393.3
3 

1441.5
8 

1389.28 54.44 3.92 

MDP1571 SE45CT2 18 1918.3
5 

1769.1
8 

1765.7
4 

1817.76 87.13 4.79 

MDP413 SE42CT1 18 2946.1
5 

2602.5
6 

2983.6
0 

2844.11 210.02 7.38 

MDP1076 SE40RF 18 1896.8
6 

1902.4
8 

1630.8
6 

1810.07 155.22 8.58 

MDP276 SE37RT 18 1837.3
0 

2204.3
4 

1895.2
1 

1978.95 197.33 9.97 

MDP1508C  SE45CT1 18 1881.5
4 

2304.9
6 

1771.7
9 

1986.10 281.55 14.18 

MDP1037 SE38RT 18 3069.0
3 

3090.9
9 

2215.2
8 

2791.77 499.37 17.89 

MDP1171 SE44CT2 18 1589.4
2 

1165.8
1 

1722.2
9 

1492.50 290.62 19.47 

MDP81  SE54CT1 18 2422.6
1 

1025.9
3 

1400.4
3 

1616.32 722.93 44.73 

MDP1756 SE41 18 1524.1
6 

1013.8
9 

2637.0
0 

1725.02 829.99 48.11 

MDP162 SE28 18 2821.3
1 764.85 2676.5

1 
2087.56 1147.7

8 
54.98 
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MDP Lab ID Cooking 
time 
(mins) 

Root 1 
Root 2 Root 3 Average S.D Co.of 

Var 

B5420_63 
SP19ASE61
CT 21 

2068.7
7 

1292.5
1 

 
1680.64 548.90 32.66 

B3030_725 
SP19ASE60
CT 21 

1586.4
3 

2064.3
9 

3095.2
2 

2248.68 771.10 34.29 

UNKNOWN 
SP19ASE65
CT 21 

1252.7
6 896.84 1820.4

3 
1323.34 465.82 35.20 

B4820_105 
SP19ASE54
CT 21 

2588.1
7 

2279.0
3 

1220.4
2 

2029.21 717.28 35.35 

MDP1510 SE59CT1 21 2415.6
5 

2027.0
6 

2232.0
6 

2224.92 194.40 8.74 

MDP1218 SE48CT2 21 2035.1
4 

2390.4
6 

2601.0
3 

2342.21 286.02 12.21 

MDP1096 SE46CT1 21 2504.9
7 

2104.4
3 

2686.3
4 

2431.91 297.76 12.24 

MDP735  SE42CT2 21 4351.5
9 

3206.9
9 

4078.7
8 

3879.12 597.85 15.41 

MDP1051 SE56CT1 21 1826.3
5 

1333.0
2 

1288.0
4 

1482.47 298.66 20.15 

MDP1583 SE46CT2 21 1706.4
4 

3095.1
0 

2801.6
6 

2534.40 731.89 28.88 

MDP1342 SE40RT 21 1564.7
3 

2929.2
0 

1639.9
0 

2044.61 767.00 37.51 

MDP855 
SP19ASE44
CT 24 

1661.1
9 

1673.8
1 

1722.3
6 

1685.79 32.29 1.92 

MDP324b 
SP19ASE27
CT 24 

2454.5
2 

2137.9
1 

2396.2
9 

2329.57 168.52 7.23 

MDP1508e 
SP19ASE19
CT 24 

1694.4
4 

1959.1
5 

1472.3
2 

1708.64 243.73 14.26 

MDP1519 
SP19ASE38
CT 24 

2642.4
3 

2127.7
3 

1673.7
2 

2147.96 484.67 22.56 

MDP1336 
SP19ASE39
CT 24 

1665.9
7 

2147.5
5 

3666.2
6 

2493.26 1044.0
0 

41.87 

MDP181 
SP19ASE41
CT 24 973.68 2224.8

0 
2747.2
2 

1981.90 911.37 45.98 

MDP499 SE50CT2 24 3233.5
0 

3482.3
4 

3413.5
7 

3376.47 128.50 3.81 

MDP1151 SE29 24 2357.3
1 

3054.6
4 

2164.6
6 

2525.54 468.23 18.54 

MDP73 SE25 24 3138.5
6 

2615.5
9 

4053.0
9 

3269.08 727.58 22.26 

EJUMULA Seejumula 24 2008.3
4 

1235.3
4 

1620.2
7 

1621.32 386.50 23.84 

Ejumula  
SP19ASE42
CT 27 3010.9

0 
2271.7
6 

2677.7
1 

2653.46 370.16 13.95 

MDP1410 
SP19ASE18
CT 27 

2064.3
9 

1840.2
6 

1489.6
7 

1798.11 289.67 16.11 

MDP1065 
SP19ASE22
CT 27 

1890.9
1 

1839.8
8 

1378.4
4 

1703.08 282.30 16.58 

MDP692m 
SP19ASE29
CT 27 

2070.5
6 

2701.7
5 

1946.7
9 

2239.70 404.91 18.08 

B3030_584 
SP19ASE47
CT 27 

1077.6
1 

2634.3
0 

2723.8
9 

2145.27 925.70 43.15 
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MDP Lab ID Cooking 
time 
(mins) 

Root 1 
Root 2 Root 3 Average S.D Co.of 

Var 

B5420_87 
SP19ASE48
CT 27 

2852.0
2 

2803.2
6 

1129.3
1 

2261.53 980.84 43.37 

MDP1112C SE44CT1 27 2833.7
2 

3791.7
4 

3571.9
9 

3399.15 501.86 14.76 

MDP1077 SE47CT2 27 2688.3
0 

4447.7
7 

3504.3
0 

3546.79 880.51 24.83 

MDP219 SE35(2) 27 2954.9
9 

1669.5
3 

1964.0
5 

2196.19 673.44 30.66 

MDP1443 SE57CT1 27 1451.8
1 

1695.2
8 

2898.2
3 

2015.11 774.43 38.43 

MDP634 
SP19ASE24
CT 30 

1162.5
1 

1013.8
2 

1210.1
7 

1128.83 102.42 9.07 

Naspot8 
SP19ASE52
CT 30 

1279.6
3 966.13 1026.0

8 
1090.61 166.41 15.26 

BA3030 
SP19ASE51
CT 30 

4252.4
0 

2724.3
7 

2896.4
3 

3291.07 836.97 25.43 

MDP303 SE36 30 1969.8
6 

3473.7
8 

2687.5
3 

2710.39 752.22 27.75 

MDP1426 SE48CT1 33 3286.0
8 

4262.9
2 

3506.6
4 

3685.21 512.32 13.90 

MDP1695 SE59CT2 36 3449.1
1 

3928.1
3 

3203.4
0 

3526.88 368.57 10.45 

MDP1507  SE50CT1 40 3289.2
1 

3268.0
8 

3890.6
0 

3482.63 353.47 10.15 

MDP1375 
SP19ASE35
CT 42 

3304.0
5 

2897.9
6 

2201.2
0 

2801.07 557.77 19.91 

A2041_51 
SP19ASE58
CT 45 

4179.6
5 

2662.1
7 

3759.7
2 

3533.84 783.55 22.17 
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Figure A2 

Correlation between OCT and texture for 85 varieties 
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5.11 Annex 11: CIRAD Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

 
Collaborator(s): 
FLIEDEL Geneviève, CIRAD, France 
BOUNIOL Alexandre, CIRAD, Benin 
MESTRES Christian, CIRAD, France 
DAHDOUH Layal, CIRAD, France 
BUGAUD Christophe, CIRAD, France 
FORESTEIRR-CHIRON Nelly, CIRAD, France 
MBEGUIE A MBEGUIE Didier, CIRAD, France 
FAUVELLE Eglantine, CIRAD, France 
DUFOUR Dominique, CIRAD, France 
MILLE Marion, CIRAD, France 
PERIGNON Anne-Laure, CIRAD, France 
MARCIANO Delphine, CIRAD, France 
 
Focal Point (NAME First name, email, Skype ID, Country):   
DUFOUR Dominique, dominique.dufour@cirad.fr, dominique.dufour_5, France 

5.11.1 CIRAD Summary Narrative  

In Period 2, CIRAD staff played a very important role in the coordination of the 5 scientific work 
packages, for activity implementation by partners as well as for the identification of capacity 
strengthening needs. CIRAD scientists actively participated in technical backstopping, trainings and 
scientific programming of cross-cutting actions between project partners. In each WP, regular WP 
coordination meetings have been organized with WP partners as well as monthly meetings between 
the PMU and the different WP coordinators to share intermediate results, scientific progress 
performed and challenges faced by WP partners. 

The general coordination of the project is ensured by CIRAD and the Project Management Unit 
(PMU) which role is to ensure the smooth running of research activities, in partnership with 
international and national partners in the 6 countries of implementation (i.e. Benin, Nigeria, Côte 
d’Ivoire, Cameroon, Uganda, Colombia). Numerous coordination missions have been carried out by 
the PMU in period 2 (Guadeloupe, Nigeria (2), Uganda (2), Ivory Coast, Kenya, Rwanda, Colombia). 
Eglantine Fauvelle, as project manager for Monitoring, Evaluation & Learning, has ensured that all 
WP partners are moving toward the completion of Period 2 milestones to meet the output 
commitment at project level. The production of deliverables (i.e. manuals, training material, SOPs, 
scientific & activity reports) has been discussed all year long and agreed upon with WP coordinators 
and activity focal points. A special effort was made to publish results in open access; all project 
products finalized and submitted in Period 2 are now available on MEL platform. CIRAD's financial 
and commercial development team was responsible of the good financial execution and cash flow 
management at partner level. 

In Period 2, the PMU has obtained the agreement of the editor of the International Journal of Food 
Science and Technology journal to publish intermediate results in a special issue dedicated to the 
RTB valuation: Consumers have their say: assessing preferred quality traits of roots, tubers and 
cooking bananas, and implications for breeding. (click here) This special issue is expected to be 
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published at mid-Period 3; it will allow all scientists involved in RTBfoods to value their research 
activities performed in the framework of this project. 

The work reported in this activity report reflects CIRAD's involvement and participation in the various 
food product profiles targeted in RTBfoods in collaboration with international and national partner 
teams 
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5.11.2 CIRAD Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First 
Name 

Country of 
Residence 

Permanent, 
Student OR 
Contractual  

WP
1 

WP
2 

WP
3 

WP
4 

WP
5 

WP 
6 

Product Profile(s) studied 

FLIEDEL 
Geneviève 

France Permanent ☒ ☐ ☐ ☐ ☐ ☐ All for Coordination purposes 

BOUNIOL 
Alexandre 

BENIN Permanent ☒ ☐ ☐ ☐ ☒ ☐ Boiled cassava-Boiled Yam - Boiled 
sweet potatoe – Matooke - Attieke 
(field experimentations postponed 
to 2020) 

DAVRIEUX 
fabrice 

Réunion Permanent ☒ ☐ ☒ ☐ ☐ ☐ All 

MEGHAR 
Karima 

France Permanent  ☒ ☐ ☒ ☐ ☐ ☐ Boiled Cassava, Fresh Yam 

MESTRES 
Christian 

France Permanent ☐ ☒ ☐ ☐ ☐ ☐ All for Coordination purposes - 
More specific scientific activities on 
Boiled & Pounded Yam 

BUGAUD 
Christophe 

France Permanent ☐ ☒ ☐ ☐ ☐ ☐ All for Coordination purposes – 
More specific scientific activities on 
Cooking banana 

FORESTIE
R-CHIRON 
Nelly 

France Permanent ☐ ☒ ☐ ☐ ☐ ☐ All for Coordination purposes  

MARAVAL 
Isabelle 

France Permanent ☐ ☒ ☐ ☐ ☐ ☐ All for Coordination purposes  

MBEGUIE 
A 
MBEGUIE 
Didier 

France Permanent ☐ ☒ ☐ ☐ ☐ ☐ Fufu – Boiled Plantain - Matooke 

DAHDOUH 
Layal 

France Permanent ☐ ☒ ☐ ☐ ☐ ☐ All for Coordination purposes – 
More specific scientific activities on 
Boiled & Pounded Yam and Boiled 
Cassava 

RICCI 
Julien 

France Permanent ☐ ☒ ☐ ☐ ☐ ☐ All for Coordination purposes – 
More specific scientific activities on 
Boiled & Pounded Yam and Boiled 
Cassava 

CORNET 
Denis 

France Permanent ☐ ☐ ☒ ☐ ☐ ☐ Boiled & Pounded Yam 

CHAIR 
Hana 

France Permanent ☐ ☐ ☐ ☒ ☐ ☐ All for Coordination purposes - 
More specific scientific activities on 
Boiled & Pounded Yam 

ARNAU 
Gemma 

Guadeloup
e 

Permanent ☐ ☐ ☐ ☒ ☐ ☐ Boiled & Pounded Yam 

CORMIER 
Fabien 

Guadeloup
e 

Permanent ☐ ☐ ☐ ☒ ☐ ☐ Boiled & Pounded Yam 
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NAME First 
Name 

Country of 
Residence 

Permanent, 
Student OR 
Contractual  

WP
1 

WP
2 

WP
3 

WP
4 

WP
5 

WP 
6 

Product Profile(s) studied 

MALEDON 
Erick 

Guadeloup
e 

Permanent ☐ ☐ ☐ ☒ ☐ ☐ Boiled & Pounded Yam 

NUDOL 
Elie 

Guadeloup
e 

Permanent ☐ ☐ ☐ ☒ ☐ ☐ Boiled & Pounded Yam 

PALLET 
Dominique 

France Permanent ☐ ☒ ☐ ☐ ☐ ☒ All for Coordination purposes 

DUFOUR 
Dominique 

France Permanent ☐ ☒ ☐ ☐ ☐ ☒ All for Coordination purposes 

FAUVELLE 
Eglantine 

France Permanent ☐ ☐ ☐ ☐ ☐ ☒ All for Coordination purposes 

MEJEAN 
Cathy 

France Permanent ☐ ☐ ☐ ☐ ☐ ☒ - 

MARCIAN
O Delphine 

France Permanent ☐ ☐ ☐ ☐ ☐ ☒ - 

PERIGNO
N Anne-
Laure 

France Permanent ☐ ☐ ☐ ☐ ☐ ☒ - 

MILLE 
Marion 

France Permanent ☐ ☐ ☐ ☐ ☐ ☒ - 

VOLLE 
Ghislaine 

France Permanent ☐ ☐ ☐ ☐ ☐ ☒ - 
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List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First Name  
(+ Institute if not 
from IITA) 

Master 
Student 
or PhD 
or Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting 
Date 

Fellowship 
Ending 
date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in 
RTBfoods 
project  

NGOUALEM 
KEGAH Franklin 
(ENSAI, 
Cameroun) 

Post-
Doc 

Enquêtes sur les critères de 
qualité recherchés par les 
différents acteurs de la filière 
de transformation du manioc 
en gari dans deux régions du 
Cameroun 

WP1 ENSAI, Université 
NGaoundéré, 
Cameroun 

15 juin 2018 15 
septembre 
2019 

 Prof. Robert 
Ndjouenkeu 

HONFOZO 
Laurenda (UAC, 
Bénin) 

PhD Identification des critères de 
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5.11.3 CIRAD Activities & Achievements in WP1 - G. FLIEDEL & A. 
BOUNIOL 

CIRAD Key Contact for WP1: Geneviève FLIEDEL (WP1 co-leader) 
CIRAD WP1 data correspondent (NAME First name):  
 
WP1– All product profiles - G. FLIEDEL 
Narrative on Activities performed & Support Provided to WP1 teams & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys:  

Capacity strengthening training for WP1 partners: analysis of survey data for the identification of 
quality characteristics 

Just before the annual meeting which took place in Abuja, Nigeria, from March 21 to 27 2019, CIRAD 
organized with NRI a one day training for qualitative and quantitative analysis of survey data for the 
identification of quality characteristics, mainly from individual interviews with processors (Food 
Science part of Activity 3). CIRAD showed how to analyze the data in order to identify and prioritize 
the quality characteristics (good or bad) for the raw material, the raw material during processing, and 
the final product, and so start to build the Product Profile. 25 participants were present from 7 
countries, 10 institutions. After an oral presentation prepared by NRI and Cirad (39 slides), each 
participant was invited to practice on their own data, with Cirad and NRI support. A guidance 
document was provided to participants and a restitution of the training was presented by CIRAD in 
plenary session at the annual meeting.  

 
Reviewing of all the Product Profiles tables sent by each partner 
In Period 2, Cirad reviewed 11 Product Profiles tables (per gender and region and /or ethnic group) 
containing the quality characteristics and the varieties (good and bad) cited during individual 
interviews. Cirad comments focused mainly on: the grouping of similar terms, the lack (or sometimes 
the incomprehension) of indicators, the classification of terms in logical order, the coding of the 
characteristics, the absence of a table on varieties cited, the lack of information on the number of 
respondents, and finally the need to summarize the data in a single table to be able to deliver to 
WP2. 
  
Activity 4 achievements – Processing Diagnosis, and Activity 5 achievements – Consumer Testing:   

 
Support mission for partners to implement Activities 4 & 5 
Cirad visited Bioversity International and CIP teams in Uganda in September 2019, to support them 
to adapt WP1 methodology to their own Product Profile. During that 10 days mission, Cirad could 
review their Activity 3 Product Profile tables, improve their Activity 4 & 5 questionnaires, implement 
with them Activities 4 & 5 in one village (for each Product Profile) by standardizing practices for the 
measurement of all parameters during processing diagnosis, participating to the data collection and 
improving the way for interviewing consumers. 

Cirad advices were provided to the teams to better target their objectives, and avoid some biases. 
For instance, for CIP team, Cirad suggested to conduct Activity 4 in villages where Orange Sweet 
Potatoes are not in experiment, in view of collecting preferences and habits representative of the 
population before the introduction of these new genotypes. Cirad suggested also to make the 
products in a different location from where the consumer tests will be conducted, and use the data 
collected during Activity 3 & 4 to build a CATA table specific to their Product Profile, with well-
balanced quality characteristics (good and bad) which will be useful for WP2. 
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Skype and email support for partners to implement Activities 3 & 4 & 5 
Cirad provided support to gari Cameroon team (IITA and ENSAI) in the implementation of Activity 3 
by translating all the questionnaires in French language (35 pages) and planning their activities 
through skype calls. Many advices have been sent by Cirad to WP1 partners -when required by 
them- through skype calls, group skype conversations, or emails: for instance to Nigeria teams (IITA, 
NRCRI) or Cameroon team (CARBAP) on the choice of varieties for Activity 4 “Processing diagnosis” 
in order to have enough contrast between the varieties and thus generate good and bad quality 
characteristics which should be useful for their Product Profile. Several demands have been also 
addressed to Cirad by some WP1 teams (FSA Benin on boiled yam, IITA and NRCRI Nigeria on 
gari/eba, NRCRI Nigeria on Fufu) to support them in the development of Activity 5 questionnaire, 
manly on the choice of JAR descriptors and CATA terms, using Activity 3 & 4 data, in order to better 
describe the products and obtain a good sensory profiling from consumers. 
 
CIRAD in Benin:  
 
 Activities in close connection with the team of the University of Abomey Calavi and the Faculty 

of Agronomic Sciences (UAC-FSA) partner of the RTBFoods project and our host partner in 
Benin. Activities related to the cassava and boiled yam product profiles in Benin 

 

• December 2018 to January 2019; Boiled yam: 
- Data collection: Implementation and carrying out of diagnostics of the cooking 

processes for boiled yam; 6 local varieties processed by 6 processors in the 
Bohicon and Dassa areas (Benin). 

- Processing of collected data 
- Report writing (RTBFoods project deliverable) 

 

• June 2019; Boiled cassava: 
 

- Data collection: Setting up and carrying out diagnostics of the cooking 
processes for boiled cassava; 6 local varieties processed by 6 processors in 
the Dangbo and Bonou areas (Benin) 

- Processing of collected data (in progress) 
 

 Support activities with the different partners for the implementation and conduct of activity 4 of 
WP1 as activity 4 focal point 
 

• Update of activity 4 guidance 
 

• September 2019 ; Matooke and boiled sweet potatoes in Uganda 
 

Carrying a support mission to Bioversity International team and CIP team for implementing Activity 
4 “Processing diagnosis” and Activity 5 “Consumer testing” on Matooke in Luwero region and on 
Boiled Sweet Potatoes in Lira region (Uganda). 
The objective of the mission was to support the teams in order to obtain good quality data by adapting 
WP1 methodology to their own Product Profile, better target their objectives, and avoid some biases. 
 

o Matooke (Bioversity-Uganda):  
 

CHALLENGES FACED: Collect all the quantitative and qualitative data during the processing of 4 
matooke banana varieties into Matooke (3 local varieties and one improved variety, selected 
previously by Bioversity International team). 
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OUTPUT(s) – RESULT(s): All data have been collected from 4 processors: measurement of all the 
technological parameters and quality characteristics of banana varieties & matooke, during the 
processing and the interviews of the processors 
 

o Boiled sweet potatoes (CIP-Uganda): 
 

CHALLENGES FACED: Collect all the quantitative and qualitative data during the processing of 4 
sweet potatoes varieties into 4 boiled sweet potatoes (3 local varieties and one improved selected 
by CIP team).  
 
OUTPUT(s) – RESULT(s): All data have been collected by the team during the peeling, washing and 
boiling of the 4 sweet potatoes varieties by 4 processors : measurement of all the technological 
parameters and quality characteristics of sweet potatoes (raw material and boiled products), during 
the processing and the interviews of the processors 
 

o Attieke (CNRA- Ivory Coast) 
 
Support to the CNRA team for the preparation of the implementation of activity 4 and activity 5 of 
WP1. The aim of this work prior to data collection was to frame the experimentation palce by 
choosing the varieties of cassava intended to be transformed into attieke, coix of the areas of conduct 
of activities, preparation of logistics ... 
The experiment originally planned for November 2019 was finally postponed in July 2020 for various 
reasons, including availability of raw materials in the desired period. 
 
 
Activity 5 achievements – Consumer Testing:  
 
 Activities in close connection with the team of the University of Abomey Calavi and the Faculty of 

Agronomic Sciences (UAC-FSA) partner of the RTBFoods project and our host partner in Benin. 
Activities related to the cassava and boiled yam product profiles in Benin 

 
• February 2019; Boiled yam 

 
- Participation in the implementation (identification descriptors from activity 4 to use them in 

the development of the hedonic test, the JAR test and the CATA) and the conduct of 
acceptability tests for boiled Igname on the districts of Dassa and Bohicon - Benin - 8 villages 
surveyed (120 consumers) and one medium-sized town (60 consumers); 6 varieties of yams 
studied 

- Participation in data processing 
 

• June 2019; Boiled cassava 
 
- Support for the implementation of activity 5; identification of descriptors from activity 4 for use 

in the development of the hedonic test, the JAR test and the CATA. 
 Support activities with the different partners for the implementation and conduct of activity 5 of 

WP1 
 

o Matooke and boiled sweet potatoes: 
 

- Operational support for the implementation of activity 5 under the responsibility of Geneviève 
Fliedel: preparation of questionnaires, randomization of CATA grids, in line with the CIP and 
Bioversity teams organization of field logistics to prepare products in controlled conditions. 

 
Any Challenges faced in implementation of RTBfoods WP1 activities? Risks identified & Risk 
Mitigation proposed? 
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WP1 partners have done a very huge work during this Year 2. However, despite two successive 
training sessions, one on the methodology, the other on the data analysis, a support from the 
coordination team was necessary to harmonize the results, especially since each partner comes 
from different disciplines. This is exactly the role of the coordination team. The challenge for CIRAD 
was to coordinate the activities of WP1 after the departure of two important members of the 
coordination team, namely the leader in August (for maternity leave) and one co-leader in September 
(for the coordination of another big project). This challenge was overcome thanks to a strong 
collaboration between CIRAD and NRI (interim co-leader). Another challenge was the PMU demand 
to provide a publication on the WP1 methodology and the WP1 Product Profiles before Activities 3 
& 4 & 5 have been completed by the partners (except one, FSA Benin).  
Main Activities planned for Period 3. 

The main WP1 activities planned by Cirad for Period 3 will be the followings: 
 Continue to review Activity 3 Product Profile and Activity 3 Full report provided by the WP1 

partners.  
 Update the manuals on WP1 methodology. 
 Continue to support WP1 partners in the implementation of Activity 4 “Processing diagnosis” 

and Activity 5 “Consumer testing” through support missions (Ivory Coast, Cameroon…), or 
through skype calls and emails, if needed. 

 Support partners in the analysis of Activity 4 & 5 data, if necessary or required by them. 
 Review Activity 4 & 5 full reports 
 Propose a template to complete Product Profile including quality characteristics collected 

during Activity 3, but also Activity 4 & 5, to deliver to WP2 before the annual meeting in 
Uganda at the beginning of February 

 Support partners in the analysis, interpretation and publication of their Product Profile results 
if required. 

Most of WP1 fieldworks (Activities should be completed in Period 3 and most of Product Profiles 
completed and delivered to WP2 at the end of that Period 3. 

5.11.4 Interaction with other CIRAD WP coordinators 

Describe your interactions with other WP leaders within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

with WP2 co-coordinator & focal points (C. MESTRES, C. BUGAUD & L. DAHDOUH) : Template on 
complete Product Profile has been discussed with and approved by Cirad WP2 co-leader. 
 
with WP3 coordinator (F. DAVRIEUX)  
 
with WP4 coordinator (H. CHAIR) Planning meeting between WP1 & WP4 on the varieties identified 
as good or bad for the Product Profile was decided and should be effective in Period 3 (during the 
annual meeting and after) when the teams will be able to deliver their Product Profile (Activity 3 and 
for some of them Activity 4 & 5). 
 
with WP5 co-coordinator (A. BOUNIOL)  
 
with WP6/PMU (D. DUFOUR, E. FAUVELLE, C. MEJEAN) Cirad WP1 fill the tracker on the platform 
and participate each month to WP leaders’ skype meeting. PMU is in copy of all the emails to be 
informed at any time on the progress of WP1 activities and the support to partners. 
 
Other Sources of Support for WP1 activities at CIRAD  
Which complementary / partner projects (other source of funding) contributed to CIRAD WP1 
activities in Period 2?  

Please, describe Complementarities including Precise Activities.  
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5.11.5 CIRAD WP1 Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. produced by CIRAD WP1 experts. 

Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: Assessing 
Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications For 
Breeding. 
Publications: 
 
Adinsi L., Akissoé N., Escobar A., Prin L., Kougblenou N., Dufour D., Hounhouigan D. J., Fliedel G. 
2019. Sensory and physicochemical profiling of traditional and enriched gari in Benin. Food Science 
& Nutrition, 7, 10, 3338-3348. https ://doi.org/10.1002/fsn3.1201 
 
Manuals: 
 
Forsythe L., Fliedel G., Tufan H., Klieh U. 2019. Guidance analysis and reporting for Activity 3 
Gendered Food Mapping. WP1 RTBfoods Project Guidance Report, 41pp. 

 
Forsythe L., Fliedel G., Klieh U. 2019. Activity 3 data analysis guidance on quality characteristics. 
WP1 RTBfoods Project Guidance Report, 14pp. 

5.11.6 CIRAD Activities & Achievements in WP2 – C. MESTRES, T. 
TRAN, C. BUGAUD, L. DAHDOUH & D. MBEGUIE  

CIRAD Key Contact for WP2: Christian MESTRES (WP2 co-leader) 
CIRAD WP2 data correspondent (NAME First name):  
 
WP2 – Activity 1: Laboratory based sensory analysis – C. BUGAUD 
CIRAD Key Contact for WP2 on Laboratory based sensory panels: C. BUGAUD 
Narrative on Activities performed & Progress including Equipment purchase, Standard Operating 
Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory. Please also 
mention Partner Institutes collaborating, Challenges Faced & decisions taken to overcome them. 

Contribution to SOPs: 
• CIRAD has shared a template for filling the SOPs to all partners and has followed and 

encouraged the redaction of the procedures all the year. 
• CIRAD has contributed to write the SOP for sensory evaluation of Matooke: it is validated 

and available on RTBfoods platform (“SOP_Sensory_EN_Matooke_V3.doc”). It was decided 
to include in this SOP the preparation of the Matooke which is the same as for the texture 
SOP. This first SOP Sensory is used as model for all others SOP Sensory. 

• CIRAD is contributing to the writing of the SOP for Sensory Analysis of Sweet Potato is in 
progress (“SOP_Sensory_EN_Boiled Sweetpotato_V1.doc”). CIP team have decided to 
have two preparations of Sweet Potato, one for sensory and one for Texture. Discussions 
between the teams will be necessary to evaluate the relevance of having 2 ways of preparing 
the product. 

Proof of Concept / Method Development: 

A study was carried out at CIRAD in Montpellier to show that it is possible to identify reliable 
instrumental indicators of the texture of boiled plantain, regardless of the stage of ripening. This 
study was carried out as part of a thesis funded by the Ivorian Ministry of Higher Education and 
Scientific Research and directed by the University of Nangui Abrogoua (Ivory Coast). To do this, 16 
varieties of plantains were sent at green stage in Montpellier. Part of the fruits was artificially ripened 
with ethylene to obtain fruit at a medium maturity stage and at a mature stage. The fruits were cooked 
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in boiling water for 30 min for green fruits, 20 min for medium-ripe fruits and 10 min for ripe fruits. A 
total of 35 samples were obtained. The sensory and textural analyses were presented in WP2 Annex 
3. Sensory attributes were predicted by textural parameters from multiple linear regression (Xlstat). 
The results showed that the sensory descriptors are very well predicted by the texture parameters 
(R²> 0.78) and the use of 2 instrumental measurements (penetration and double compression) 
improves the prediction of sensory descriptors. The details of relationships between sensory 
attributes and textural parameters are given in WP2 Annex 3. 
 

Others (equipment purchase): 

We helped NARL to buy Xlstat (it was recently installed). 

Support provided to Partner Institutes working on sensory analysis:  

Support to NARL Uganda on Matooke from 9 to 20 September. Nelly Forestier-Chiron and 
Christophe Bugaud (CIRAD) met Elizabeth Khakaza (NARL) and Mariam Nakitto (CIP) for the 
following objectives: 

4. Establish a protocol of preparation and service for matooke  
5. Support the sensory lab team on setting up tasting sessions: vocabulary generation / specific 

training / panel performance analysis 
6. Support on data processing to assess/establish relationships between sensory and textural 

data 
 
CIRAD contributed to: 

• train a panel of 12-14 panelists on Matooke 
• define a list of sensory descriptors (<15 attributes) of the Matooke (which needs to be 
compared with results from WP1 surveys). 
• establish a protocol for Matooke preparation and service (which needs to be compared with 
results from WP1 Activity 4 diagnosis).  
• characterize 8 varieties in terms of sensory, textural and rheological traits. 
• establish correlations between sensory and physicochemical analyses: the predictors of 
sensory texture seem to be rheological parameters. 

Recommendations in terms of organization and management were made so that they could carry 
out their analysis. NARL will certainly have to invest in the purchase of a chromameter for color and 
a rheometer for texture. 
 
Main Activities planned at CIRAD for Period 3 on sensory analyses. Please mention Partner 
Institutes involved. 

Videoconference support will be favoured. Depending on availability, expectations, priorities and 
budget, a support mission could be scheduled. 
 

WP2 – Activity 2: Traits dissection for fresh crops – C. MESTRES, T. TRAN 
CIRAD Key Contact for WP2 Traits dissection for fresh crops: T. TRAN 
Narrative on Activities performed & Progress including Equipment purchase, Method Development, 
Proof of Concept. Please also mention Partner Institutes collaborating, Challenges Faced & 
decisions taken to overcome them. 

Proof of Concept / Method Development: 
 Sampling of roots and tubers is a critical point; (i) we want to be sure that we analyze a 

representative part of the whole root and tuber, and (ii) the information of the diversity intra- 
and inter-root/tuber is mandatory to plan the number and which part of root/tuber to analyze. 
In partnership with UAC/FSA we analyzed (dry matter, sugar, polyphenol contents) two 
tubers from three yam cultivars which were divided in five cross-sections and 5 to 8 slices by 
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cross-section. The results showed some variability between cultivars, between tubers and 
between cross-sections (proximal cross-sections have significantly higher polyphenol 
contents), but few variability between slices (WP2-Annex 1). As a conclusion, we decided to 
analyze at least 3 tubers per cultivar, with 3 sections by tuber and 3 slices by section and a 
SOP (https://collaboratif.cirad.fr/share/page/site/RTBfoods/document-
details?nodeRef=workspace://SpacesStore/ab4b6e0a-8ee1-4dae-8f9b-f4a77d05216e) has 
been written to properly sample each cultivar. This study has been performed in partnership 
with WP3. 
 

 Pectin level and composition are variables that could drive the textural behavior of root and 
tubers. Extracting cell wall and fine characterization of cell wall can help understanding the 
structure and the specific role of each pectin component, but cannot be used as a routine 
procedure for predicting texture. We thus tried to adapt the used procedure from CIP and BU 
to assess total pectins and soluble pectins. A quite rapid colorimetric procedure that can 
assess galacturonic acid without interference of sugars has been implemented and tested on 
3 yam samples. It clearly evidenced different total and soluble pectin levels with a quite good 
uncertainty of measurement (WP2-Annex 2). This procedure will be tested on several yam 
and sweet potato samples. 
 

 Starch characteristics could be also linked to the textural behavior of root and tubers. In 
partnership with JHI, we thus analyzed the amylose content and the gelatinization 
characteristics (temperature and enthalpy) of 15 sweet potatoes exhibiting a quite large 
textural diversity (see JHI report). Firmness after cooking for 20 min appeared correlated with 
starch characteristics. We thus decided to perform these analyses on a new set of sweet 
potato samples with a larger diversity, in partnership with JHI and CIP, and by adding the 
pectin level determination in parallel on the same samples. 
 

 Identification of biophysical indicators associated with cassava retting ability was 
investigated. Thirteen parameters were thus measured during the retting process of 11 
cassava genotypes, including root firmness and biochemical compounds of soaking water 
(WP2-Annex 4).  Their changes were varied according to the genotype suggesting a 
genotype effect. The local variety considered as a reference was characterized, among other, 
by a significant firmness after 24 hours of retting and a strong accumulation of butyric acid, 
which can thus be considered as putative biophysical indicators of retting process.  The 
integrated analysis of all the data obtained led to: 

(i) point out correlations between indicators, i.e positive between pH and butyric acid, 
between firmness, dry matter and lactic acid, and negative between pH and firmness,  

(ii) suggest a potential aggregation of genotypes based on an biophysical parameter 
analysis and  comparatively to the reference variety  

(iii)  identify contrasting varieties that can be used as models to study the physiological 
bases associated with the identified indicators (i.e firmness).  

Support provided to Partner Institutes working on Traits dissection for fresh crops :  
 CIRAD has worked with most partners for defining, writing or editing the SOPs. 
 CIRAD has worked in partnership with UAC/FSA for evaluating the intra- and inter-tuber 

diversity in yam and for developing a sampling SOP. 
 CIRAD has worked in partnership with JHI for testing the effect of starch characteristics on 

the texture of sweet potato. 
 CIRAD has worked with ENSAI (Ngaoundéré University) and Yaoundé University 1 for 

identifying biophysical indicators of cassava retting ability throughout biochemical 
characterization of soaking water. Cassava material was harvested from IITA (Cameroon) 
experimental field  
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Main Activities planned at CIRAD for Period 3 on Traits dissection for fresh crops. Please mention 
Partner Institutes involved. 

 Encourage, finalizing and editing the SOPs for routine analyses: at least, starch (enzymatic 
procedure), amylose (colorimetric procedure), polyphenol (colorimetric procedure) 

 Work in partnership with UAC/FSA for analyzing yam samples (starch characteristic, pectins) 
and rely the analysis results with texture and sensory analyses performed by UAC/FSA 

 Work in partnership with CIP and JHI for analyzing sweet potato samples (starch 
characteristic, pectins) and rely the analysis results with texture, sensory analyses and cell 
wall characterization performed by CIP and JHI 

 Work in partnership with CIAT for analyzing cassava samples (starch characteristic, pectins) 
and rely the analysis results with texture and cell wall characterization performed by CIAT 

 Work in collaboration with WP3 for beginning to implement the NIRS calibration on routine 
analyses and new analytical results 

 Analyzing changes of cassava cell wall component during retting process and that of other 
biochemical indicators of retting cassava root. This will be done in partnership with ENSAI 
(Ngaoundéré University) and Yaoundé University 1 

 
WP2 – Activity 3: Developing SMART laboratory processing and evaluation procedures – 
L. DAHDOUH, T. TRAN, D. MBEGUIE & C. MESTRES  
CIRAD Key Contact for WP2 on Developing SMART laboratory processing and evaluation 
procedures: L. Dahdouh & C. Mestres 
Narrative on Activities performed & Progress including Equipment purchase, Standard Operating 
Procedures (SOPs) developed, Method Development, Proof of Concept & Texture Analysis. Please 
also mention Partner Institutes collaborating, Challenges Faced & decisions taken to overcome 
them. 

SOPs - Texture analyses 

Contribution to SOPs during period 2: CIRAD has developed with partners (CIAT, NARL, JHI, CIP) 
a template for filling the SOPs for texture analyses and has revised and validated 3 preliminary SOPs 
for texture analyses (Boiled cassava, Boiled sweet potato and matooke) that have been written by 
partners and are now available on the RTBfoods platform: 

- Concerning the boiled cassava SOP, CIRAD also contributed to the revision of the product 
preparation in relation with texture analyses, 

- Concerning the Matoke SOP, product preparation was written by NARL team and revised by 
CIRAD texture and sensory team  

- Concerning the boiled sweet potato SOP, CIRAD has also contributed to the revision of the 
product preparation SOP for Boiled sweet potato in relation with texture analyses and shared 
statistical analyses showing the need of increasing of replications.  

 

Proof of Concept / Method Development: 
 During period 2, rheometry measurements were performed in CIRAD Montpellier on 4 

different cassava genotypes with contrasted optimal cooking times (OCT) to measure their 
viscoelastic properties. Preliminary results showed that the discriminating ability of the 
rheometry tests was very acceptable (results shared with CIAT). Hence, rheometry 
measurements will be considered and evaluated during period 3 as a tool to predict OCT 
(cooking ability). 

 Generally, for pasty products such as matooke, texture is evaluated by oscillatory tests using 
a rheometer. A portable rheometer was brought by Julien RICCI during training support and 
rheology measurements were performed on Matooke. Preliminary results obtained during the 
training support showed that sensory attributes concerning texture are more correlated with 
rheology parameters than instrumental texture parameters. This observation was expected 
since rheometry tests are more reliable to investigate the texture of pasty products. Hence, 
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rheometry measurements should be considered and evaluated during period 3 as a tool to 
predict sensory attributes of pasty RTB products. 

 CIRAD tested firmness measurement of retting cassava as a putative indicator discriminating 
between genotypes retting process. This method could be tested by other partner, compared 
to another method based on extrusion in other to identify the most suitable one.   

 

Support provided to Partner Institutes working on texture analyses:  
 26/02/2019 to 08/03/2019 –CIRAD – FSA-UAC 

Objective: Installation/setting-up of a new rheometer at FSA and providing theoretical and practical 
training to FSA-UAC team in the field of rheological and textural analyses applied to food. 

 17/07/2019 to 25/07/2019 –CIRAD– NARL 
Objective: Training NARL team to the installation and the handling of their new texture analyser 
TMS Pilot.  

 09/09/2019 to 20/09/2019 – CIRAD – NARL-CIP 
Objective: Training NARL team to develop texture test to evaluate the texture of matooke using their 
new texture analyser TMS Pilot. Investigation of correlation between instrumental texture/rheology 
parameters of matooke and sensory texture attributes in collaboration with NARL and CIRAD 
sensory teams. 

 

Main Activities planned at CIRAD for Period 3 on texture analyses. Please mention Partner 
Institutes involved. 
During period 3 a texture/rheology workshop will take place during the annual meeting.  
 
The aim of this workshop is to:  
1-Familiarize all texture-teams with the strategy to adopt when setting-up a texture test (step 1 to 5) 
2-Familiarize all texture-teams with the impact of sample preparation on the robustness of a texture 
test 
3-Encourage texture-team to collaborate with sensory-teams in order to achieve successfully step 4 
and 5 
4-Identification of the specific needs of the texture-teams who have not yet got any support training 
 
According to the outputs of this workshop and to the availability of texture analysers (in each 
Laboratory), specific strategies will be proposed to provide support for texture-teams to develop new 
SOPs for texture analyses during period 3. 
 
Remark 
The CIRAD will promote an approach of texture analysis development in 6 steps: 
Step 1. Preparation procedure of the product 
Step2: A priori choice of texture/rheology tests according to the texture of each processed RTB 
Step 3: Evaluation of the robustness (repeatability and reproducibility) of each test 
Step 4: Evaluation of the discriminating ability of each test in relation with processing/cooking ability 
(the test should allow to discriminate contrasted processed products) 
Step 5: Evaluation of the correlation between sensory texture attributes and instrumental texture 
parameters 
Step 6: Validation of robust, discriminant and fast instrumental texture test 
 
Main Activities planned at CIRAD for Period 3 on Developing SMART laboratory processing and 
evaluation procedures. Please mention Partner Institutes involved. 

The support to partners will be planned during the annual meeting as explained above. In addition, 
proofs of concept about the rheology and the texture of retting cassava root will be continuing.  
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WP2 – Activity 4: Development and implantation of robust and relevant biophysical 
analytical methods – C. MESTRES & T. TRAN,  
CIRAD Key Contact for WP2 on Development and implantation of robust and relevant 
biophysical analytical methods: T. Tran. 
Narrative on Activities performed & Progress including Equipment purchase, Standard Operating 
Procedures (SOPs) developed. Please also mention Partner Institutes collaborating, Challenges 
Faced & decisions taken to overcome them. 

Contribution to SOPs:  

CIRAD took in charge and organized the discussion (on 19th and 20th of March) about the SOPs 
during the annual meeting in Abuja. A first set of 4 routine chemical analyses were selected as being 
used by most partners and probably important for predicting RTB quality, but needing procedure 
homogenization. CIRAD has shared a template for filling the SOPs to all partners and has followed 
and encouraged the redaction of the procedures all the year. 

CIRAD has written 2 SOPs (sugars by HPLC and amylose by DSC) that have been validated by 
partners and are now available on the RTBfoods platform: 
https://collaboratif.cirad.fr/share/page/site/RTBfoods/document-
details?nodeRef=workspace://SpacesStore/08925e7e-f8b0-4003-9322-c74bb2bca31a, 
https://collaboratif.cirad.fr/share/page/site/RTBfoods/document-
details?nodeRef=workspace://SpacesStore/8846e2c6-8825-462c-970f-daebb4a553c6 
 
In 2019, CIRAD has written an additional SOP on phenolic acids extraction, determination and 
analysis on the basis of a method developed on cassava. The SOP document has been reviewed 
by the partners and is currently being validated for submission on the RTBfoods platform. 
 
Ring test: 
The ring test needs to be finalized in year 3, based on the validated SOPs. The analyses targeted in 
priority for the ring tests are: Dry matter, Starch content (2 protocols: Acid hydrolysis and Enzymatic 
hydrolysis), Sugars (2 protocols: Phenol colorimetry and HPLC), Amylose (2 protocols: Iodine 
colorimetry and DSC), Polyphenols (2 protocols: Total polyphenols and HPLC). 
The RTBfoods partners concerned are: Bowen University, CARBAP, CIAT, CIP / NaCRRI (shared 
reference samples in Uganda), CIRAD, CNRA, IITA, INRA, JHI, NARL, NRCRI, UAC-FSA. 
 

5.11.7 Interaction with other CIRAD WP coordinators 

Describe your interactions with other WP leaders within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

With WP1 co-coordinator (G. FLIEDEL)  
Few interactions; results obtained by WP1 are not fluently available at WP2 level 
 
With WP3 coordinator (F. DAVRIEUX) & K. MEGHAR 
We discussed about a strategy of sampling and coding samples and developed a common SOP for 
sampling and coding yam samples. 
 
With WP4 coordinator (H. CHAIR)  
No interaction at this stage 
 
With WP5 co-coordinator (A. BOUNIOL):  
Nothing 
 

https://rtbfoods.cirad.fr/
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With WP6/PMU (D. DUFOUR, E. FAUVELLE, C. MEJEAN)  

5.11.8 Other Sources of Support for WP2 activities at CIRAD  

Which complementary / partner projects (other source of funding) contributed to CIRAD WP2 
activities in Period 2?  

Please, describe Complementarities including Precise Activities.  

Project CRP-RTB cluster CC4.2 on cassava processing: this project funded all field activities 
including harvesting, retting experiment, sampling of retting roots and soaking water 

5.11.9 CIRAD WP2 Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. produced by CIRAD WP2 experts. 

5.11.10 CIRAD Activities & Achievements in WP3 – F. DAVRIEUX, K. 
MEGHAR & D. CORNET 

CIRAD Key Contact for WP3: Fabrice DAVRIEUX (WP3 leader) 
CIRAD WP3 data correspondent (NAME First name): Karima MEGHAR 
 
WP3 – Boiled Cassava – K. MEGHAR  
CIRAD Key Contact for WP3 on Boiled cassava: K. MEGHAR. 
Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra acquired, 
Product presentations (raw, cooked product), Reference analysis done, Population screened. 
Please also mention Partner Institutes collaborating, Challenges Faced & decisions taken to 
overcome them. 

Contribution to SOPs: Protocol for preparation of samples for texture, cooking time and NIRS 
analyses of Boiled cassava 
The objective of this SOP was to investigate the potential of NIRS as an alternative method for 
predicting the texture and cooking time from fresh raw cassava. CIRAD was involved in preparation 
of spectral data acquired in CIAT for development of calibration in order to predict cooking time and 
texture of boiled cassava by using NIRS. 

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?):  

For this purpose, NIRS measurements and laboratory analysis were performed at CIAT and 36 
cassava genotypes were collected from the CIAT Germplasm Bank Diversity lot, during the months 
of April and May 2019. From these materials 2 to 3 roots were selected that met the condition of a 
minimum length of 32 cm and a minimum diameter of 5.5 cm. NIRS analysis were performed on 
disks of 3.8 cm in diameter and an approximate thickness of 3-4 mm. The NIRS spectra were 
acquired within one hour after preparation in absorbance mode by using a FOSS DS2500 
spectrometer (400-2500 nm). The resulting spectra represent the proximal, central and distal part, 
in addition to obtaining the discs in such a way that NIRS spectra with both perpendicular fibers and 
parallel fibers were recorded. Texture analysis was performed with the Ottawa cell with five blades 
(texture-extrusion protocol developed at CIAT) and the optimal cooking times were determined by 
the fork test. Therefore, 253 and 160 spectra were collected for texture and cooking time 
respectively. 

Calibration under Development:  
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Two tentative calibrations were developed. The models for prediction of texture and cooking time by 
NIRS were poor. This study indicated that the NIRS protocol used may not be suitable to predict the 
optimal cooking time in boiled cassava, and that modifications need to be tested, in particular: (1) 
Replace the discs cut in fresh cassava roots with ground roots (as was done in previous projects for 
the dry matter and carotenoids calibrations). Reason: With discs, the NIR spectra provide information 
on the surface of the samples, which may differ from the bulk of the samples. (2) Improve the protocol 
for determination of optimum cooking time, as the fork test may not be accurate enough (due to 
operator effect, in spite of training the operators). (3) Reduce the measurement time between NIRS 
and texture analysis to avoid any modification of physico-chemical constituents, which are related to 
texture and cooking time parameters of boiled cassava. 

Support provided to Partner Institutes working on Boiled Cassava in WP3. 
CIRAD support CIAT staff on preparation and treatment of NIRS data produced in this study. 
 

Main Activities planned for Period 3 on Boiled Cassava. Please mention Partner Institutes involved. 

 CIAT will replace the discs cut in fresh cassava roots with ground roots (as was 
done in previous projects for the dry matter and carotenoids calibrations).  

 CIAT will improve the protocol for determination of optimum cooking time, as the 
fork test may not be accurate enough (due to operator effect, in spite of training 
the operators). 

 CIRAD in partnership with CIAT will investigate the potential of hyperspectral 
imaging to predict the cooking pattern and texture parameters of boiled cassava. 

 

WP3 – Boiled Yam in Montpellier – K. MEGHAR 
CIRAD Key Contact for WP3 on Boiled Yam in Montpellier: K. MEGHAR. 
Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra acquired, 
Product presentations (raw, cooked product), Reference analysis done, Population screened. 
Please also mention Partner Institutes collaborating, Challenges Faced & decisions taken to 
overcome them. 

Contribution to SOPs: Sample codification and NIRS measurements of fresh yam  

The biophysical properties of yam can vary, for a same cultivar, from tuber to tuber, and with the 
position of the sample in the tuber; i.e. intra-and inter-tuber variability. CIRAD and UAC-FSA (Benin) 
worked together In order to get representative samples and to better understand intra-and inter-tuber 
heterogeneity of dry matter, polyphenols and sugars contents, this SOP describes a protocol for the 
preparation of representative samples of fresh yam tubers.  

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?):   

In this study, NIRS measurements and reference analysis were performed in CIRAD (Montpellier). 
To do this, four varieties Ala, Deba, Kpaigninan and Kpété from Benin were used. Those varieties 
were harvested in December 2018 and then were stored in cold room (14°C) to May 2019. Two 
tubers per genotype with a representative size (minimum length 20 cm and 5 cm of diameter), healthy 
and without any defects. After peeling, washing and paper wiping, the tubers were divided as follows 
(Annex 1): 

d. Divide each tuber longitudinally in two pieces; 

e. Each half tuber is divided in five zones of same size and one cube is sampled in each zone 
(C1, C2 ( proximal), C3 (central) and C4, C5 ( distal)) with the stainless steel piece cutter; 
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f. Thin slices (1 cm of thickness) were sampled from the inner face to the external face (H1 to 
Hn). 

After sampling, three NIR spectra (S2 in the center and S1, S3 in the edges) were rapidly registered 
for each slice) using a monochromator ASD Labspec (The order of measurements is from C1 to C5 
and for each cube from H1 to Hn. In total 762 spectra were produced (240 for Ala, 210 for Deba, 195 
for Kapigninan and 111 for Kpété). 

Calibration under Development:  Three experimental calibrations were developed to predict spatial 
distribution of Dry matter, polyphenols and sugars content in fresh yam. RMSECV (R²) were 1.60% 
(0.94), 22.10 mg/100g (0.91), 0.8% (0.90) respectively. 

 Support provided to Partner Institutes working on Fresh Yam in WP3. 
 SOP on sample codification and NIRS measurements was shared with partners working on 

fresh yam. 
 WP3 Database template was shared to all partners.  

 

Main Activities planned for Period 3 on fresh Yam in Montpellier. Please mention Partner Institutes 
involved. 

CIRAD plan to continue working with UAC-FSA (Benin) on spatial distribution of main component 
and texture parameters of fresh yam using the newly harvested yam tubers. 
CIRAD will investigate the potential of Hyperspectral imaging (HSI) technology to predict main 
components (dry matter, sugars, polyphenols…) in fresh yam. Moreover, we will explore the use of 
HSI to estimate cooking time and measure texture parameters of boiled yam. 
 
WP3- State of Knowledge on HIS – K. MEGHAR 
The state of Knowledge reviews research progress on hyperspectral imaging applied to RTB crop 
and product characterization. This may concern the quantification of different biochemical 
constituents, the measurement of physical properties and/or the internal and external defects. 48 
references were found through Scopus, Science Direct, Web of Science and Google Scholar. The 
search formula used was HSI OR and Cassava (And Yam) (And Banana) (And Potato) (And Sweet 
Potato) (And Root) OR tuber. The papers were published in different scientific journals between 
2004 and 2018. The major part of publications (85 %) were about potato crop and products, only 
11%, 2% and 2% were on banana, sweet-potato respectively. However, no articles were published 
yet on Yam. 

 
The research using HSI relates to fresh and processed products. Most of the time, quality control or 
process monitoring are achieved through the quantification of biochemical compounds (moisture 
content, nitrogen stress, sugars, solid soluble, volatile compounds, water blinding, dry matter….). 
Another part of the research refers to internal and external defects such as black spot, scab 
detection, late blight sugar-end growth defects, bud and green rind, hollow heart, crop hail damage, 
bruising and brown. However, a few research focuses on physical proprieties such as specific 
gravity, cooking time, clods detection, weight, shape and firmness. The products were analyzed in 
different conditions and presentations (intact, peeled, sliced, cooked, frying and chips), HSI 
measurements do not require contact with the sample and light levels are relatively high. Most (41%) 
of chemometrics methods were used for classification such as PCA, PLSDA, SVM, CARS, LDA, 31 
% of them were used for quantification such as PLS which is the most multivariate method commonly 
used. 

 
WP3- HSI purchase in CIRAD Montpellier – K. MEGHAR 
Before, to take the decision to invest in a hyperspectral camera was given, we have taken into 
consideration, the knowledge gained through the SOK on hyperspectral imaging applied to RTB 
crops and products. This SOK enabled us to identify some specifications of the device which would 
be most suitable for the future studies such as spectral range, spectral and spatial resolution, 
robustness, quality traits explored, RTB crops and products already studied…etc. Furthermore, the 
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comparison done between performances and costs of existing devices on the market, allowed us to 
choose the equipment that mostly correspond with our Budget and technic specifications. 

The amount of rental correspond to the one third of its amount of purchase consequently, we decided 
to purchase the camera before to prove the concept of HSI applied to RTB crops and products. The 
procedure of purchase the HSI camera for CIRAD has taken about 6 months, from September 2019 
to January 2020. The procedure steps were as follows:  

8. Define the specifications based on the knowledge acquired from the SOK and the 
comparison made between the technical performances and costs of existing equipment on 
the market; 

9. Identification of potential suppliers and then publication of the call for tenders for one month; 
10. Scoring of the technical characteristics of the equipment proposed by five suppliers 

(Quantum, Indatech, Headwall, Phot-Innov , Optoprim) who responded to the call for tenders; 
11. Telephone interview with each supplier to ask for additional information about their 

application and then assignment of a new technical note; 
12. Choose the supplier with the best score (technical and financial) and validate the choice with 

Mr Fabrice Davrieux (WP3 leader), Mr Dominique Pallet (UR Qualisud Director, Cirad), and 
Mr Dominique Dufour (RTBfoods project leader); 

13. Inform suppliers of the decision that has been taken by registered mail with 
acknowledgement of receipt; 

14. Order the camera from the chosen supplier and then wait for delivery.  
The hyperspectral camera model chosen is the Specim FX 17 (Specim, Oulu, Finland) proposed by 
Quantum, delivery is scheduled for the beginning of February 2020. The main features of this device 
are the following:    

 Spectral range : 900-1700 nm; 
 Spectral and spatial resolution : 8 nm and 220 μm; 
 Dimensions and weight : 150x85x75 mm, 1.56 kg; 
 Equipment of camera : Scanner, laptop, software, lamps and white reference; 
 Dimensions of the scanner : 690x330x662 mm; 
 High robustness against external phenomena : IP52; 
 Maximum dimensions of target samples: 400×200 mm. 

 
WP3 – Training sessions –  F. DAVRIEUX 
CIRAD Key Contact for WP3 on training sessions: F. DAVRIEUX. 
Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra acquired, 
Product presentations (raw, cooked product), Reference analysis done, Population screened. 
Please also mention Partner Institutes collaborating, Challenges Faced & decisions taken to 
overcome them. 

Training objectives, nb of participants, training outputs, challenges faced, feedback from participants 
Two training sessions have been realized: one in Nigeria (IITA, Ibadan, 24th June -5th July 2019) and 
one in Uganda (NaCRRI, Namulonge, 19th August – 23rd August 2019). The main objective of the 
training was to give an overview of the theory and the applications of near infrared spectroscopy 
(NIRS) to the scientific and technical staff from NaCRRI, NARL, NARO, IITA and CIP involved or 
potentially involved in the RTBfoods project. The specifics objectives were: 

1. Overview of history & theory of NIRS 

2. Principle of NIR spectrometers, review of existing spectrometer 

3. Pretreatment of the raw signal 

4. Basic statistics applied to NIRS 

5. Chemometrics 

6. Calibration development principle & methodology 
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7. Learning of Winisi© software (FOSS) 

8. Practical work on spectral acquisition on both Cassava & Yam roots 

9. Spectra repeatability & homogeneity of the samples 

10. Principle of standardization 

11. Practical exercises for standardization of 3 spectrometers 

12. Overview of NIRS applications 

The trainers were:  E. Alamu (IITA), K. Meghar (CIRAD), T. zum Felde (CIP) and F. Davrieux 
(CIRAD). P. Dardenne participated as trainer in Nigeria, with a focus on instrument standardization 
(theory and practice).  Training sessions were organized around theory and practice, practice of data 
management and calibrations development and practice on samples measurements and spectra 
acquisition. A total of 39 trainees participated to the sessions, respectively 19 in Nigeria and 20 in 
Uganda, all the institutes involved in RTBfoods project were represented.  The specific Outputs of 
the training are 1) the creation of a NIRS community of researcher involved in RTBfoods with a 
common level of understanding, 2) a clear vision on sample preparation and raw sample 
measurements (Cassava, Yam, Potatoes, Sweet potatoes and banana), 3) a preliminary knowledge 
of standardization protocol, what is needed, what will work and how to apply it. The number of 
participants with different backgrounds and knowledge was the biggest challenge. The second one 
was to optimize practice both in laboratory and in classroom on computers. In laboratory, instrument 
configuration and samples coding were time consuming and unperfected. The need for a specific 
commercial software led to the difficulty to perform all the installation on individual computers, the 
number of participants did not allow enough time for individual support from the trainers. 
Feedbacks from trainees was collected through a specific template, trainees appreciated: Clear 
explanations & presentations, Practical sessions, Perfect organization , Trainers willing to explain, 
Balance between theory & practice, Step-by-step approach. Trainees found the following points to 
be improved:  Increase practice Increase duration, Training manuals should be developed, more 
comprehensive modules for beginners, more training on sample preparation, manual for software 
use & troubleshooting were missing.  The trainers appreciated the motivation and participation of 
trainees. During the week, they kept a constant interest and never hesitated to ask questions or 
additional explanations. The progresses were constant and the goal, give all participants the key to 
develop calibration, has been reached. The collaboration within the group was efficient and helped 
to keep a homogeneous level of understanding. The final individual interviews were efficient and the 
answers of trainees were informative and will help to adapt the next training sessions 

Support provided to Partner Institutes for training sesions. 
• Power point presentations, Software (Winisi 4, and Unscrambler ) and installation (temporarily 

or permanent, depending on licence available) and  practice, Practical work in the lab 
 

Main Activities planned for Period 3. Please mention Partner Institutes involved. 

The next step is to consolidate this NIRS community and to make it active. A permanent support by 
email or other supports should be delivered. The activities specific to RTBfoods will be regularly 
updated and shared. Another training would help to go further in NIRS development and could be 
dedicated to implement license free software (R or Chemflow). 
 
WP3 – Boiled Yam in Guadeloupe – D. CORNET 
CIRAD Key Contact for WP3 on Boiled Yam in Guadeloupe: D. CORNET. 
Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra acquired, 
Product presentations (raw, cooked product), Reference analysis done, Population screened. 
Please also mention Partner Institutes collaborating, Challenges Faced & decisions taken to 
overcome them. 
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Contribution to SOPs:  

• SOP1: Fresh yam tuber color characterization using image analysis. SOP include sample 
preparation, image acquisition, image segmentation, color correction, error estimation using CIELAB 
ΔE2000, and color indices calculation (e.g. Brown index, white index, and yellow index). This SOP 
is under writing and will be provided to reviewers by mid-February. In collaboration with IITA.  

• SOP2: Fresh yam tuber oxidation. SOP include sample preparation, images acquisition, image 
segmentation, color correction, error estimation using CIELAB ΔE2000, and oxidation calculation 
(e.g. color indices evolution and color difference indices). This SOP is under writing and will be 
provided to reviewers by end of February. 

•SOP3: Starch grain size distribution analysis. SOP include sample preparation (i.e. flour 
preparation, iodine solution preparation, and microscope slides preparation), images acquisition, 
image segmentation, and object recognition and starch grain size estimation (e.g. color indices 
evolution and color difference indices). This SOP is under writing and will be provided to reviewers 
by end of January. In collaboration with INRA. 

Proof of concept: In parallel we started to use image analysis to link tuber shape characterization 
with some key quality traits (i.e. easiness of harvest, peeling losses or storage/transport 
encumbrance). Tuber shape indices (e.g. compactness, normalized perimeter index, normalized 
viable interior index, or fractal dimension index) were calculated and need to be linked with quality 
traits in 2020. 

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): 
• Mid infrared spectrometry: NIRS spectra acquisition in Guadeloupe was realized by INRA. In 
parallel, flour of crude dried yam tuber (Dioscorea alata) were sent to Montpellier for mid infrared 
spectrometry (MIRS) measurements by Cirad.  615 spectra of 205 samples were scanned using a 
Perkin Elmer Spectrum Two FT-IR Spectrometer. 
• Reference analyses: Since 2017, 592 tuber samples were analyzed for primary contents (starch, 
sugar and protein). A database is currently being built, including metadata on cropping practices, 
genotypes, weather, soil, sample preparation, chemical analysis methods and links to ontogeny 
dictionaries while available.  
• Calibration under development: A common publication on yam primary content and textural 
attributes prediction using NIRS is under preparation in collaboration with CNRA and INRA. 
Moreover a generic calibration pipeline using deep learning and model ensembling technics is under 
development using python, tenserflow and keras in collaboration with IRSTEA. Preliminary work was 
presented at HelioSPIR and ChemHouse worshops. In order to evaluate the performances of our 
deep learning algorithms (RNN, CNN, autoencoder), we participate to the chimiometry challenge 
2020. Moreover we gathered reference NIRS databases (e.g. LUCAS, TECATOR…) to benchmark 
our calibration pipeline. Finally, a proposal for a trainee was submitted to MUSE and granted in 
collaboration with LIRMM. The internship will start in April 2020.  
•Data Management: We participate to a visiocoference with Bioversity, IITA and BTI on yam ontology 
traits dictionary. We participate to the curation and completion of the yam traits dictionary with IITA.  
•Spectrometer standardization: In order to increase interoperability between spectrometers in use in 
the project (e.g. FOSS, Brucker, ASD), we wrote an internship offer in collaboration with IRSTEA. 
The objective is to build a database of common samples scanned with various spectrometers. 
Different standardization procedure will further be tested (e.g. spectra decomposition, artificial noise 
management…). The internship will start early 2020. 
 
Main Activities planned for Period 3 on Boiled Yam in Guadeloupe. Please mention Partner Institutes 
involved. 
•Finalizing the SOPs on tuber color, tuber oxidation and starch grain shape characterization (with 
IITA and INRA). 
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•Submitting an article on calibration of primary compounds and textural traits prediction using NIRS 
(with CNRA and INRA) 
•Realizing the proof of concept of tuber shape image analysis for predicting useful quality traits (i.e. 
easiness of harvest, peeling losses or storage/transport encumbrance). In collaboration with INRA 
•Finalizing and benchmarking the generic pipeline for NIRS calibration (with LIRMM) 
•Continuing the mid infrared spectrometry of yam flour samples. 
•Building a reference database and starting to investigate interoperability standardization between 
spectrometers (with IRSTEA) 

5.11.11 Interaction with other CIRAD WP coordinators 

Describe your interactions with other WP leaders within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

with WP1 co-coordinator (G. FLIEDEL) No specific interaction was realized in period 2, WP3 is 
waiting on the return from WP1 and WP2 for identification of the relevant traits. Once these ones 
known we will interact in order to define the optimum measurement protocol. Interaction were done 
through the monthly PMU meetings. 
 
With WP2 co-coordinator & focal points (C. MESTRES, C. BUGAUD & L. DAHDOUH) During period 
2, interaction with WP2 were realized through monthly PMU meetings. Additional skipe meetings (2) 
were achieved, these meetings focused on the SOPs for sampling and the definition of templates for 
data collection. 
Discussion on friability measurement and how to apply it on diversity panel in Guadeloupe.  
Discussion on amylose measurements. 
 
With WP4 coordinator (H. CHAIR) Interactions were realized through monthly PMU meetings only. 
Provide measured and predicted quality traits values (primary compounds) for all acquired spectra 
of the diversity panel in Guadeloupe. 
 
With WP5 co-coordinator (A. BOUNIOL) Interactions were realized through monthly PMU meetings 
only 
 
With WP6/PMU (D. DUFOUR, E. FAUVELLE, C. MEJEAN) Interactions were realized through 
monthly PMU meetings. 
Additionally, several meetings (face to face or call meetings) were done, in order to adjust work plan 
and to interact about ongoing activities. Many interactions took place during the NIRS template 
definition. Specific meetings (6) were organized with WP6 during the preparation of training sessions. 

5.11.12 Other Sources of Support for WP3 activities at CIRAD 
Montpellier & Guadeloupe 

Which complementary / partner projects (other source of funding) contributed to CIRAD WP3 
activities in Period 2?  

Please, describe Complementarities including Precise Activities.   
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5.11.13 CIRAD WP3 Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. produced by CIRAD WP3 experts. 

Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: Assessing 
Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications For 
Breeding. 
Under writing: Ehounou A E, Cornet D, Desfontaines L, Marie-Magdeleine C, Maledon E, Nudol E, 
Brat P, Lechaudel M, N’guetta A.S.P, Kouakou A.M, Arnau G. Use of near infrared spectroscopy for 
the prediction of physico-chemical parameters related to the quality of yam of Dioscorea alata. 
Participation & Role in RTBfoods IJFST Special Issue: based on the State of Knowledge the paper 
on HTP will be organized as follow:  
        An introduction 
        A description of different existing techniques 
        A critical review of existing bibliography articulated by products (cassava, yam, banana, sweet 
potatoes & potatoes) and for each product we will focus on raw & processed products 
        An overview of the work done within RTBfoods project 
        Perspectives for RTB products according to variety improvement 
        Conclusion 
 
The dead line is May 2020 

5.11.14 CIRAD Activities & Achievements in WP4 – H. CHAIR & F. 
CORMIER & G. ARNAU 

CIRAD Key Contact for WP4: Hâna CHAIR (WP4 leader) 
CIRAD WP4 data correspondent (NAME First name):  
 
WP4 – Yam in Guadeloupe – F. CORMIER & G. ARNAU 
CIRAD Key Contact for WP4 on Yam in Guadeloupe: G. ARNAU (?)  
Narrative on Activities performed & Progress including Population Type(s) in trials, Environments, 
Crosses done and Crossing blocks, Traits measured, any Changes as compared to Period 1 + 
Preliminary Analyses.    
Bi-parental populations 
Two Dioscorea alata biparental populations (74F x Kabusa; 74F x 14M) were generated  and 
genotyped  (by  next generation sequencing technology, GBS) within AfricaYam project (details in 
Cormier et al. 2019). These populations are used to implement the phenotyping by NIRS and to 
investigate the traits related to quality in order to identify QTLs. On both bi-parental populations, the 
content of four major constituents (starches, sugars, proteins, dry matter) was estimated by NIRS 
technology developed in RTBFoods project within WP3. Data obtained (164 progenies from both 
populations x 4-8 replicates) are being analysed: analysis of variance, estimation of broad-sense 
heritability and QTL detection will be conducted by the end of the year. 
 
GWAS panel choice 
An initial diversity panel of 32 accessions was well-characterized and available from a previous 
project (Cavalbio project, 2014-2017, European Union and Guadeloupe grant).  
In RTB-Foods project, it has been decided to capitalize on this panel and to increase its size by 
introducing new accessions from the CRB-PT (Tropical Biological Resources Center, Guadeloupe, 
France) which was assessed as encompassing most of the D. alata worldwide diversity (Arnau et 
al., 2017). 
First, during the planting season 2018-2019, 16 new accessions were introduced leading to a panel 
of 48 accessions that were established in three different research stations: two at INRA (Godet and 
Duclos) and one at Cirad (Roujol). Then, for the planting season 2019-2020, seven new accessions 
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were also introduced in this panel leading to a final panel of 55 accessions also installed in three 
same sites. 
 
In May-June 2019, the diversity panel (55 accessions) was planted in the three same sites in 
Guadeloupe already used in 2018-2019 (Roujol, Duclos and Godet), with the same protocol (20 
replicates per plot, no stick, no fertilizer) 
 
As a reminder, last planting season 48 accessions were planted on three sites with 20 replicates in 
each sites. These accessions were harvested in the beginning of 2019 and samples were prepared 
during the first semester of 2019. From the harvested tubers various phenotypes were thus 
generated 
 
Per site and accessions, three tubers (small, medium and large) were chosen as replicates to be 
representative of tuber size variation among plot. Tubers were longitudinally divided in two parts: 
one for tuber flesh colour and oxidation size and shape assessment, the other part was pealed, 
washed and dried (70°C) then milled into flour for physico-chemical analysis, NIRS and starch 
grain phenotyping. Samples preparation were jointly made with INRA (UMR Astro, Duclos, 
Guadeloupe) 

 
The generated NIRS spectra were added to the database used in WP3. They are actually used to 
train predictions models when the corresponding physico-chemical analysis were also made (models 
staking approach, D. Cornet, WP3). During the coming periods of RTB-Foods, the remaining spectra 
will be used to (1) predict phenotypes identified in WP2 and thus (2) enrich the phenotyping datasets 
available for quantitative studies to be conducted in WP4. 
 
Preliminary phenotypic analysis is actually on going on the bi-parental populations and the 
GWAS panel. Complete GxE analysis will be conducted once the datasets will be completed. Thus, 
the following conclusions arose from the analysis of a subset of the generated dataset.  

 
Main Activities planned for Period 3 on Yam in Guadeloupe. Please mention Partner Institutes 
involved. 

Finalizing analyses started in Period 2 on the bi-parental populations. Phenotyping of 2019 harvests. 

5.11.15 Interaction with other CIRAD WP coordinators 

Describe your interactions with other WP leaders within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

5.11.16 Other Sources of Support for WP4 activities at CIRAD 
Montpellier & Guadeloupe 

Which complementary / partner projects (other source of funding) contributed to CIRAD WP4 
activities in Period 2?  

Please, describe Complementarities including Precise Activities.   
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5.11.17 CIRAD WP4 Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. produced by CIRAD WP4 experts. 

Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: Assessing 
Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications For 
Breeding. 

5.11.18 CIRAD Activities & Achievements in WP5 – A. BOUNIOL 

CIRAD Key Contact for WP5: Alexandre BOUNIOL (WP5 co-leader) 
CIRAD WP5 data correspondent (NAME First name):  
 
WP5 – Yam & Cassava – A. BOUNIOL 
Narrative on Activities performed & Progress including On-farm Participatory Assessments of 
Advanced Genotypes, Methodology & Tools used.     
During period 2, the activities carried out within WP5 aimed to identify with the various partners in 
each country the trials and collections of genotypes and improved varieties currently in progress. 
For my part, I was in charge of identifying the trials for cassava and yam crops. 
For this, an information collection grid was completed by individually soliciting the partners 
concerned. 
I participated in the consolidation of this census with the 2 coleaders of WP 5 in charge of other 
crops. 
This work was prior to the drafting of the annual activity report of WP5. 
Main Activities planned for Period 3. Please mention Partner Institutes involved. 

5.11.19 Interaction with other CIRAD WP coordinators 

Describe your interactions with other WP leaders within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

5.11.20 Other Sources of Support for WP5 activities at CIRAD  

Which complementary / partner projects (other source of funding) contributed to CIRAD WP5 
activities in Period 2?  

Please, describe Complementarities including Precise Activities.  

5.11.21 CIRAD WP5 Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. produced by CIRAD WP5 experts. 

Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: Assessing 
Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications For 
Breeding.  
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5.11.22 CIRAD Activities & Achievements in WP6  

CIRAD Key Contact for WP6: Dominique DUFOUR (Project Leader) 
 
Financial & Contract Officers – D. MARCIANO, M. MILLE & G. VOLLE 
Narrative on Activities performed for a good financial management of the Project.     
During the second period, the finance team was responsible to transfer money to the partners and 
building the forecasted updated budget by WP. 

At the end of the period, finance team has sent financial templates to each partners in order to justify 
their costs according BMGF financial instructions. 

They liaised with each partners to get validated reports. They have consilidated the final financial 
second period report and the part of the financial budget narrative.  

During this period, the CIRAD and INRA France finance departments met to define a methodology 
adapted to their management practices in order to justify their own contribution 

That why the amount budget of the INRA own-contribution has increased. 

Actual K$
Personnel Costs 351               
 Personnel 30% : Permanent staff 190               
 Personnel 100% 161               

Own contribution 974               
Personnel 70% : Permanent staff 443               
Indirect costs 67% 532               

Total 1 325            
 

Narrative on Progress on Consortium Agreement & Next Steps planned for Period 3.     

During the second period of the project, the WP6 CIRAD team was strongly involved in the writing 
of the RTBfoods Consortium Agreement. The purpose of this Consortium Agreement is to specify 
with respect to the Project the relationship among the Parties, in particular concerning the 
organisation of the work between the Parties, the management of the Project and the rights and 
obligations of the Parties concerning liability, Access Rights and dispute resolution. 
This agreement describes the roles and responsibilities (with a focus on reporting duties) of the 
parties at three different levels, tailored to RTBfoods framework (i.e. WP leaders, product champions 
and partner focal points). 
During the next months the Consortium Agreement will be shared with the 14 partner institutes for 
feedbacks and signature. 
 
In December 2019, we asked every Focal Point to confirm us the following information: interlocutor 
responsible for review and approval of the Consortium Agreement and signatory's name of the 
Consortium Agreement. For now, we're still waiting for answers from two partners (i.e. Bioversity and 
IITA). Once we are sure that we have the right representatives’ contact, the consortium agreement 
proposal will be sent by email to every RTBfoods' partner for feedbacks (most certainly in February).  
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5.11.23 Ethical Clearance  

Describe Process implemented in country (ies) of implementation: Responsible Institute, Institutions 
contacted & Material provided (ex: Methodological Manuals), Next Steps. 

A session dedicated to ethics and open access was organized during the Data Management & 
Ontology Workshop in June 2019, in Montpellier. During this session, a CIRAD jurist presented the 
theoretical concepts and salient principles for efficient implementation within RTBfoods framework. 
Consecutively, the PMU launched a process for project Ethical Clearance in the 5 targeted countries. 
Ethical Clearance is required prior to publication of RTBfoods results from activities involving 
participants (surveys, sensory panels, on-farm assessments). An ethical clearance must then be 
obtained at country level for all RTBfoods activities dealing with personal information in reference to 
EU RGPD (i.e. WP1), product testing (i.e. WP1, WP2 & WP5), 'traditional' or 'local' knowledge on 
varieties & processing methods in reference to the Nagoya protocol (i.e. WP1/5 Act3&4). 

Regarding product testing performed under WP1, WP2 and WP5, RTBfoods partners should be in 
capacity to prove that they apply a procedure to ensure that tested products are safe & non-
contaminated (i.e. in WP1/5 Act5 + WP2 sensory profiling). It does not necessarily impose 
microbiology and mycotoxins analyses -which are time and money-consuming- but a written 
commitment from the Laboratory showing evidence of their respect of hygienic rules may be 
sufficient, possibly attached with a description of product preparation and storage protocol. 
Inventories of existing national standards have been performed in each of the 5 countries targeted 
in RTBfoods.  

In RTBfoods projects, the ethical clearance process is lead by national partners who have taken the 
lead in identifying and interacting with relevant national ethical bodies and the Nagoya Focal Point – 
when existing. In Nigeria, IITA provided a back-stopping to NRCRI. The PMU coordinates & ensures 
the compliance with international rules and protocols at project level. 

In the 5 targeted countries, the focal points for ethics contacted the relevant entities to obtain 
authorizations for surveying local knowledge under WP1 is certainly different from the one to get 
authorizations to make people eat & taste products. 

5.11.24 CIRAD Other Sources of Support for RTBfoods activities  

Which complementary / partner projects (other source of funding) contributed to CIRAD activities in 
RTBfoods for Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP 
RTB, USAID, others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

Cirad contributes to the project by supporting 70% of the salaries of CIRAD participants and 
providing in-king contribution acess to CIRAD facilities wich represents 67% of the salaries involved 
in the project. 

5.11.25 CIRAD Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 

PMU has obtained the agreement of the editor of the International Journal of Food Science and 
Technology journal to add value to the work carried out within the framework of the RTBfoods 
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project, through a special issue dedicated to the RTB valuation: Consumers have their say: 
assessing preferred quality traits of roots, tubers and cooking bananas, and implications for 
breeding. https://www.onlinelibrary.wiley.com/page/journal/13652621/homepage/call-for-papers-
consumers-have-their-say.html?pbEditor=true 

CIRAD staff will co-coordinator the writing of 4 papers to reflect project WP coordination; in addition, 
some CIRAD staff may be involved in the co-writing of several papers at the discretion of the main 
author. 
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CIRAD Activities & Achievements in 
Period  2 

WP2 – Annex 1 
Distribution of composition in yam tuber 

 

Sampling of roots and tubers is a critical point for analyzing roots and tubers. In partnership with 
UAC/FSA we analyzed (dry matter, sugar, polyphenol contents) two tubers from three yam cultivars 
which were divided in five cross-sections (from head, section 1, to distal part, section 5) and 8 slices 
(from 1 center of the tuber, to 8, surface of the tuber) (Figure 1). 

 

 

Figure 1. Sampling procedure 

 

The results showed some variability between cultivars on dry matter (Table 1), but the variability in 
polyphenol content was masked by the very large variability between cross-sections (Table 2, 
proximal cross-sections have significantly higher polyphenol contents). No variability between slices 
(from center to the periphery of the tuber) could be evidenced on the three variables (dry matter, 
sugar and polyphenols). 
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Table 1. Composition of 3 yam cultivars (mean value for all sections and slices) 

Cultivar Dry matter (%, wb) Total sugar (%, dry 
basis) 

Total polyphenols 
(mg/g, dry basis) 

Kpaouna 47.2ab 6.0 97 
Ala 48.6a 7.9 125 
Debah 45.0b 7.5 250 

 

Table 2. Effect of section on the composition of 3 yam cultivars (mean value for 3 cultivars 
and all slices) 

Cultivar Dry matter (%, wb) Total sugar (%, dry 
basis) 

Total polyphenols 
(mg/g, dry basis) 

Section 1 
(proximal) 

47.9a 7.1 315a 

Section 3 (Central) 48.3a 7.6 86b 
Section 5 (Distal) 44.2b 6.8 72b 

 

As a conclusion, we decided to analyze at least 3 tubers per cultivar, with 3 sections by tuber and 3 
slices by section and a SOP (https://collaboratif.cirad.fr/share/page/site/RTBfoods/document-
details?nodeRef=workspace://SpacesStore/ab4b6e0a-8ee1-4dae-8f9b-f4a77d05216e) has been 
written to properly sample each cultivar. This study has been performed in partnership with WP3. 
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CIRAD Activities & Achievements in 
Period  2 

WP2 – Annex 2 
Rapid determination of pectin content 

 

Pectin level and structure can impact the cooking behavior and the texture of cooked roots and 
tubers.  

A rapid procedure for extracting and assessing soluble and total pectin has been implemented, 
based on the procedures used by Bowen University and JHI. Pectins are first extracted by various 
solvents (to take into consideration the effect of the structure of pectins) and uronic acids are 
assessed by specific colorimetric reaction with MHDP. Practical solutions for the critical points of the 
procedure (extraction conditions, the mixing step and time of acid hydrolysis of the extract, cooling 
condition and temperature of MHDP reaction, interaction with sugar) have been proposed. Finally, 
uronic acids level can be determined directly on roots and tubers without significant interaction with 
sugars and starch whose level can be 10 or 50 times, respectively, higher than that of pectins. The 
standard deviation of mean was of 0.2 (mg/g) for duplicates, ie a coefficient of variation generally 
lower than 10%.  

Tested on three yam cultivars (Table 1), the results showed that one cultivar evidenced a total uronic 
acid content almost double than for the other cultivars. Pectin level was up to 2 % (dry basis), 
considering that uronic acid composed half of the structure of pectins, while sugar content ranges 
between 6 and 8%.  

The procedure will be tested with several yams, sweet potatoes and cassavas exhibiting diverse 
cooking behavior characteristics, with various extracting conditions, to see if we can evidence a 
relationship between rapid evaluation of pectin levels and cooking behavior. 

 

Table 1. Uronic acid and sugar level in three yam cultivars 

Cultivar Soluble galacturonic 
acid (mg/g) 

(pH 6.5) 

Total galacturonic 
acid (mg/g) 

(pH 10) 

Total sugar content 
(mg/g) 

Kpahina 2.5d 10.4a 60.5 
Ala 2.3d 7.4b 78.7 
Debah 1.7d 6.1c 75.1 
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CIRAD Activities & Achievements in 
Period  2 

WP2 – Annex 3 
Proof of concept: identify reliable instrumental 

indicators of the texture in boiled plantain 

 

A study was carried out at CIRAD in Montpellier to show that it is possible to identify reliable 
instrumental indicators of the texture of boiled plantain, regardless of the stage of ripening. This 
study was carried out as part of a thesis funded by the Ivorian Ministry of Higher Education and 
Scientific Research and directed by the University of Nangui Abrogoua (Ivory Coast). 

To do this, 16 varieties of plantains (including 12 from the Ivory Coast) were sent at green stage in 
Montpellier. Part of the fruits was artificially ripened with ethylene to obtain fruit at a medium maturity 
stage (4 days after induction with ethylene) and at a mature stage (8 days). The fruits were cooked 
in boiling water for 30 min for green fruits, 20 min for medium-ripe fruits and 10 min for ripe fruits. A 
total of 35 samples were analyzed. For the tasting sessions, samples cut at 3 cm of high were 
distributed to a panel of 12 tasters in monadic form. The tasters evaluate the samples as soon as 
they reach 60°C in the heart (measured on a reference sample).  
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Five sensory attributes have been generated: firmness, chewiness, stickiness, mealiness, and 
moisture. The panelists were trained to use the scale (0-10) on contrasting products. In parallel, 
instrumental texture measurements by penetration and double compression (TPA) were carried out 
on fruits from the same hand at 50 and 60 ° C. Sensory attributes were predicted by textural 
parameters from multiple linear regression (Xlstat). 

 

The table below shows the prediction results from the 35 samples. It appears that: 
1. The sensory descriptors are very well predicted by the texture parameters (R²> 0.78), except for 
the adhesion (R² = 0.38). 
2. The mutual use of the 2 instrumental measurements (penetration and double compression) 
improves the prediction of sensory descriptors. 
3. The poor adhesion prediction already mentioned for other products confirms both the difficulty of 
sensory evaluation of this descriptor and of identifying the associated textural parameters. 
4. More surprisingly, mealiness and moisture correlate very well with textural parameters. We must 
remain cautious about these predictions. 
 
Model prediction R² 
Firmness = 1,3+2,5*Hardness+0,73*Fmax 0.83 
Chewiness = 1,2+2,9*Hardness+0,3*Fmax 0.87 
Stickiness = 5,6+0,66*Adhesiveness-
3,5*Cohesiveness 

0.38 

Mealiness = -8,1+5,2*Hardness+12,3*Springiness 0.82 
Moisture = = 7,5-6,4*Hardness 0.78 

Fmax: force to penetrate in banana pulp at a depth of 15 mm 
Hardness, Springiness, Adhesiveness, and Cohesiveness: textural parameters given by Texture 
Profile Analysis.  
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CIRAD Activities & Achievements in 
Period  2 

WP2 – Annex 4 
Proof of concept: Identification of biophysical 

indicators associated with cassava retting ability 
property  

Physiological basis of retting ability property of cassava was addressed at Cirad. Study was carried 
out with a partnership of ENSAI-Ngaoundéré University), Yaoundé University 1 and IITA Cameroon.  
Eleven cassava genotypes including a local variety were grown under conventional practice at 
Mbalmayo (Cameroun). The Roots were harvested at mature stage. Thirty kg from at least 10 plants 
randomly selected in the flied were used per genotype. Two roots per variety were discarded for dry 
mater measurement. The remaining roots were partitioned in 3 lots, each of them subjected 
separately to retting for 3 days. During retting process, soaking water was sampled (2 samples per 
lot = 6 per genotype) every 12h for further biochemical analysis carried out at Cirad, Montpellier. For 
firmness measurement, 5 roots of each variety were brought to Montpellier and retting process 
reproduced in an oven. The firmness was measured every 12h on at least 5 cassava slices by 
penetrometer. In total thirteen biophysical parameters were analyzed. The obtained data analysis 
including principal component analysis (PCA) was performed using Excel and XLSTAT software. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1:  Cassava genotypes used in this study  
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Figure  1:  Experimental scheme of cassava including harvest (A), peeling (B), retting (C) and 
sampling (D) and firmness analysis (E) 
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Figure 1: Changes of a set biophysical parameters during retting process of 3 cassava genotypes (I090616, 01/1797 and 01-0040-
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5.12 Annex 12: CNRA Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
Dr KOUAKOU Amani Michel, CNRA, Côte d’Ivoire  
 
Collaborator(s): 
Dr DJEDJI Bomoh Catherine,  
Dr N’ZUE Boni,  
Dr DIBI Konan E.B., 
M. KANON Landry,  
Dr Diby Nnan Sylvie 
 
Focal Point (NAME First name, email, Skype ID, Country):   
KOUAKOU Amani Michel, amanimichelkouakou@gmail.com, Skype ID : kouakou.michel9, Côte 
d’Ivoire  

5.12.1 Product Profile (x Country) Involvement  

Partner Institute Product (Country) – Main PP in bold 
CNRA 1-Attiéké (Côte d’Ivoire) 

2-Boiled Yam (Côte d’Ivoire) 
3-Pounded Yam (Côte d’Ivoire + Guadeloupe) with INRA/CIRAD 
4-Boiled Plantain (Côte d’Ivoire) 
5-Fried Sweetpotato (Côte d’Ivoire)  

5.12.2 CNRA Summary Narrative 

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is in 
the body of the RTBfoods Annual Report for Period 2). 

Attieke (Côte d’Ivoire): In this period 2, CNRA completed activity 3 of WP1 in the central region of 
the country, particularly in Yamoussoukro and Bouaké. Analysis are in progress. Activities 4 and 5 
could not be realized for lack of funds and time. Cassava varieties Yacé and Agbavé have been 
found the best to make attiéké. The most important characteristics defining a good variety of cassava 
that can give a very good attiéké are: "hard flesh", "white flesh", "cassava with less water", "white 
skin". "hard flesh"; "white flesh" . They are the most quoted features. The storability of the fresh root 
is also important. .For WP5, the on-farm survey is ongoing. The morphological, agronomic and 
sensorial traits are collected for a station (Bouaké) and on farm (Molonoublé and Ngattadolikro) trials 
for 9 cassava varieties. Field days were organized for harvest and sensorial test on attiéké. 
 
Boiled Yam (Côte d’Ivoire): 
 
Pounded Yam (Côte d’Ivoire + Guadeloupe): 
For pounded yam, activities focused on WP3, WP4 and WP5. In WP3, the use of NIRS permitted to 
have a good prediction for the dry matter, the sugar content and the starch content.  
Adhesiveness, stickiness, springiness and extensibility were also determined. There was a large 
variability among clones for these traits.  
For WP4, the results of the finger printing by SNPs technics genotyping by sequencing (GBS) by 
DarT for 188 samples of the germplasm of D. alata have been generated. For each marker, the 
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trimmed sequence, the SNP position on the primer, the position of the SNPs on the chromosome on 
the DarT map of reference, the frequences of the homozygotes and the heterozygotes, the 
polymorphism informations have been determined. A total of 22 506 markers having complete data 
are developped. 
In WP5, 5 contrasted clones of D. alata and 5 of D. rotundata are planted in 2 locations for the users’ 
preference. They will be harvested in January 2020. 
 
Fried Plantain (Côte d’Ivoire): 
The protocol for sensory analysis is settled and biophysical analysis (Dry matter content, ash, 
Sugars, proteins, Starch, Fiber) will be performed. Eleven (11) varieties are planted for consumers’ 
preference assessment in 2020.  
 
Fried Sweetpotato (Côte d’Ivoire): 
WP5 only is concerned. Ten (10) varieties are planted in 2 locations (North and Center regions) for 
the sensory analysis to determine the consumer’s preference. Data are still being collected. 
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5.12.3 CNRA Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First Name Country of 
Residence 

Permanent, 
Student OR 
Contractual  

WP1 WP2 WP3 WP4 WP5 Attieke 
(Côte 

d’Ivoire) 

Boiled 
Yam ( 
Côte 

d’Ivoire) 

Pounded 
Yam 
(Côte 

d’Ivoire + 
Guadel.) 

Fried 
Plantain 

(Côte 
d’Ivoire) 

Fried 
Sweetpot
ato (Côte 
d’Ivoire) 

Amani Michel Kouakou Côte d’Ivoire Permanent ☐ ☐ ☐ ☒ ☒ ☐ ☒ ☒ ☐ ☐ 

Catherine Ebah-Djédji Côte d’Ivoire Permanent ☒ ☒ ☐ ☐ ☐ ☒ ☒ ☒ ☒ ☒ 

Boni N’Zué Côte d’Ivoire Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☐ ☐ ☐ 

Siaka Traoré Côte d’Ivoire Permanent ☐ ☐ ☐ ☐ ☒ ☐ ☐ ☐ ☒ ☐ 

N’Da Désiré Pokou  Côte d’Ivoire Permanent ☐ ☐ ☐ ☐ ☒ ☐ ☒ ☒ ☐ ☐ 

Landry Kanon Côte d’Ivoire Permanent ☒ ☐ ☐ ☐ ☐ ☒ ☒ ☒ ☐ ☐ 

Konan Evrad Dibi Côte d’Ivoire Permanent ☐ ☐ ☐ ☐ ☒ ☐ ☒ ☐ ☐ ☒ 

Brice Essis Côte d’Ivoire Permanent ☐ ☐ ☐ ☐ ☒ ☒ ☒ ☒ ☐ ☒ 

Diby Nnan Sylvie Côte d’Ivoire Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☒ ☒ ☒ ☒ 

Adou Emmanuel Ehounou Côte d’Ivoire Student ☐ ☒ ☐ ☐ ☐ ☐ ☒ ☒ ☐ ☐ 

Christiane Adjo Koffi Côte d’Ivoire Student ☐ ☐ ☐ ☐ ☒ ☒ ☐ ☐ ☐ ☐ 

N’Da Fabrice Koffi Côte d’Ivoire Contract. Tech ☐ ☐ ☐ ☐ ☒ ☒ ☒ ☒ ☐ ☐ 

Ntress Silvestre Brou Côte d’Ivoire Contract. Driver ☒ ☒ ☒ ☒ ☒ ☒ ☒ ☒ ☒ ☒ 
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List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First 
Name  
(+ Institute if not 
from CNRA) 

Master 
Student 
or PhD 
or 
Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting 
Date 

Fellowship 
Ending 
date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, 
CRP RTB)  

Tutor(s) in 
RTBfoods 
project  

 
Ehounou Adou 
Emmanuel 

 
 
PhD 

(Selection of yam Dioscorea 
alata varieties for tuber shape, 
cooking qualities and tolerance 
to anthracnose) Sélection de 
variétés d’ignames Dioscorea 
alata pour la forme du 
tubercule, les qualités culinaires 
et la tolerance à l’anthracnose  

 
 
WP2, 
WP3 

Université 
Félix 
Houphouet 
Boigny, CI 

October 
2014 

October 
2019 

AfricaYam Kouakou 
Amani 
Michel 

Koffi Adjo 
Christiane 

PhD Determination of the 
morphological and 
physicochemical traits for early 
selection of cassava (Manihot 
esculenta Crantz) varieties 

 
WP5 

Université 
Félix 
Houphouet 
Boigny, CI 

August 
2019 

August 
2022 

No NZué Boni 

KOUASSI Jean 
Hugues Martial 

PhD Agronomic evaluation of 
sweetpotato (Ipomoea batatas) 
varieties and determination of 
end-user preferences in Côte 
d'Ivoire 

 
WP5 

University 
Jean 
Lorougnon 
GUEDE, 
Daloa, CI 

Mars 2019 Mars 2022 - DIBI Konan 
E.B. 
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5.12.4 CNRA Activities & Achievements on Attieke (Côte d’Ivoire) 

WP1 – Attieke (Côte d’Ivoire)  
CNRA Key Contact for WP1 on Attieke in Côte d’Ivoire (NAME First name): Catherine EBAH-
DJEDJI   

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys:  
For this activity, all the field surveys were done. Two (02) area were selected according to the 
importance of attiéké production and the types of attieke encountered: the SOUTH (ABIDJAN) and 
the CENTRE (BOUAKE). Communities were randomly selected in the South while in the Centre it 
was a reasoned choice. In each community, 4 actions were carried out: namely, focus group of key 
informants, sex-disaggregated Focus Group Discussions (FGD) with people who produce, process 
and consume attiéké, individual interviews (II) with community members who process attiéké in the 
communities and market Interviews (MI) with key individuals or groups involved in marketing and 
trading activities. In total, we performed 09 key informant focus group, 18 sex-disaggregated focus 
group, 09 Market interviews and 91 individual interviews. Data collected being analyzed. The 
processing of attiéké is an activity almost exclusively devoted to women. The most important traits 
that define a good variety of cassava that can give a very good attiéké are: "hard flesh", "white flesh", 
"cassava with less water", "white skin"; "hard flesh" and "white flesh" They are the most quoted 
features. Regarding the different steps of the processing in the Center region, the fermentation time 
is the most important. Indeed, 3 days of fermentation furnishes the best attiéké. In the South, the 
good attiéké is defined as a "sligtly sweet attieke", "no sour taste”, “the grains come loose in the 
hand", "hard grains to the touch", "round grains". 
 
In the South, the best variety of cassava to make attiéké is the local variety ” yacé”, because it has 
less water and gives a lot of dough and a white attieke. In the centre, the local variety "Agbablé" is 
the most cited, it gives a good attiéké and can last up to 05 years in the field. 
 
Activity 4 achievements – Processing Diagnosis:  
 
Activity 5 achievements – Consumer Testing:  
Activities 4 and 5 were budgeted and planned, but could not be realized due to insufficient 
funds. These activities will be realized in period 3.
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WP1 Synthesis Table for Activity 3, 4 & 5 on Attieke (Côte d’Ivoire): 

Activities reported in Period 1 on 
Attieke in Côte d’Ivoire  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

Start End M F Yes No 
ACTIVITY 
3 

Spillover 
Country 

Côte 
d’Ivoire 

 
10 
September 
2018 
  
 

29 
September 
2018 
  
 
 

South 
 

ABIDJAN      
Bingerville      

Bregbo 0 10 2 Y  
Eloka-Te 0 10 2  Y  
Achokoi 0 10 2  Y  

18 October 
2018 

27 October 
2018 

Dabou    Y  
Akradio  0 10 2  Y  

Opoyounem 
(Okpoyou) 

0 10 2  Y  

24 
February 
2019 

06 March 
2019 

Centre 

BOUAKE – in 2019      
Yamoussoukro      

Lolobo 0 10 2  No 
Sakiaré 0 10 2  No 

20  May 
2019 

29 May 
2019 

Bouaké     No 
Molonoublé 2 11 2  No 

BendeKouassikro 0 10 2  No 
Activities performed in Period 2 
on Attieke in Côte d’Ivoire 

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

Start End M F Yes No 
ACTIVITY 
4 

Spillover 
Country 

Côte 
d’Ivoire 

         
      

ACTIVITY 
5 

Spillover 
Country 

Côte 
d’Ivoire 
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WP2 – Attieke (Côte d’Ivoire) 
CNRA Key Contact for WP2 on Attieke in Côte d’Ivoire (NAME First name): Catherine EBAH-
DJEDJI   
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: 

Proof of Concept / Method Development: 

Sensory Analyses: The first part of the recruitment process of panelists is completed. 20 adults with 
the age range of 20 to 61+ were preselected after assessment of survey questionnaires. Basic 
training and primary tests, including basic flavors and sensations, threshold perception, ranking test, 
etc., were performed. 14 of them were selected to carry on with the product training; 6 women and 
8 men, age ranging from 30 to 61+.. Vocabulary generation has beganwith a range of attieke 
products (traditional varieties and new varieties, orange fleshed, garba, agbodjama, etc.) in order to 
grab all meaningful and important attributes. Attributes from literature on attieke sensory analysis is 
also used. Meanwhile, the attieke preparation protocol of attieke was set up with female producers, 
using the 10 varieties from WP5, Bocou 5, I084157, I090006, I083724b, I083774, I090091, Bocou 
2, Agbable, Yavo, Yace. 
After the completion of vocabulary generation and the purchase of a texturometer, product training 
will begin.  

Texture Analyses: None yet 
 
Biophysical Routine Analyses & WP2 Database Mngt: Biophysical analysis (Dry matter content, 
Starch, Fiber, Sugars, pH, Titrable acidity, Cyanide, Particle size) will be performed on the harvested 
varieties as soon as SOPs are finalized. 

Sensory Analyses: 

Texture Analyses: 

Biophysical Routine Analyses & WP2 Database Mngt: 

Others (equipment purchase): 
 

WP4 – Cassava for Attieke (Côte d’Ivoire) 
CNRA Key Contact for WP4 on Cassava for Attieke in Côte d’Ivoire (NAME First name): Désiré 
NDa N. POKOU 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
No activity was planned for Attieke in WP4 
 

WP5 – Attieke (Côte d’Ivoire) 
CNRA Key Contact for WP5 on Attieke in Côte d’Ivoire (NAME First name): N’Zué Boni 
 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     

A. For the first on-farm participatory assessment trial implemented since last year:  A total of 9 
cassava varieties among them 4 proven improved varieties, 4 advanced clones and 1 local 
control is assessed in two locations in the Center (Wooded savanna zone), Molonoublé and 
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N’Gattadolikro. Five genotypes are yellow to orange flesh with a range of provitamin A from 
6 to 14 mg/100g. Two replicates and 150 plants per variety per plot are set up by producers. 
Weeding is done by farmers till harvest, 14 months after planting. Two field days were 
organized at harvest and a sensory test were conducted. Producers, processors, extension 
agents, policymaker and traders participated in the events.  Yield varied from 12.54 t.ha-1 to 
32.33 t.ha-1. Six improved varieties performed well for the yields. Data are being analyzed for 
farmer prefernces for attiéké. For station trial, morphological traits are collected.  

B. For the second on-farm participatory assessment trial, planting tooked place in May at 
Sakiaré (pre-forest zone) and July at Okpoyou (Forest zone): A total of 12 cassava varieties 
among which 5 proven improved varieties, 4 advanced clones (yellow to orange flesh) and 3 
local controls. For controls, Yacé is a reference for attiéké, another for high quality attiéké 
and the third is for bad quality attiéké. The same experimental design is applied. The harvests 
will take place in April for Sakiaré and May for Okpoyou. Users’ preferences will be noted for 
attiéké. 

 
Interactions with other Institutes working on Granulated Cassava (Results & Protocols 
Shared, Staff, Equipment) 

IITA (Nigeria & Cameroon) on Gari:  
 
NRCRI (Nigeria) on Gari:  
 
Others:  

5.12.5 CNRA Activities & Achievements on Boiled Yam (Côte 
d’Ivoire) 

WP1 – Boiled Yam (Côte d’Ivoire)  
CNRA Key Contact for WP1 on Boiled Yam in Côte d’Ivoire (NAME First name): Catherine 
EBAH-DJEDJI   

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

SOK: 
 
Activity 3 achievements – Gendered Food Mapping/ Preference Surveys:  
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WP1 Synthesis Table for Activity 3, 4 & 5 on Boiled Yam (Côte d’Ivoire): 

Activities performed in Period 2 
on Boiled Yam in Côte d’Ivoire 

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start End M F Yes No 
ACTIVITY 
3 

Spillover 
Country 

Côte 
d’Ivoire 
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WP2 – Boiled Yam (Côte d’Ivoire) 
CNRA Key Contact for WP2 on Boiled Yam in Côte d’Ivoire (NAME First name): Catherine 
EBAH-DJEDJI 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: 

Proof of Concept / Method Development: 

Sensory Analyses: 

Texture Analyses: 

Biophysical Routine Analyses & WP2 Database Mngt: 

Others (equipment purchase): 

 
WP4 – Yam for Boiled Yam (Côte d’Ivoire)  

CNRA Key Contact for WP4 on Boiled Yam in Côte d’Ivoire (NAME First name): Amani Michel 
KOUAKOU 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1. 

5.12.6 CNRA Activities & Achievements on Pounded Yam 
‘specifically’ (Côte d’Ivoire) 

WP1 – Pounded Yam ‘specifically’ (Côte d’Ivoire)  
CNRA Key Contact for WP1 on Pounded Yam in Côte d’Ivoire (NAME First name): Catherine EBAH-
DJEDJI   

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

SOK: 

This activity will be implemented in 2020 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys:  

 

WP2 – Pounded Yam ‘specifically’ (Côte d’Ivoire) 
CNRA Key Contact for WP2 on Pounded Yam in Côte d’Ivoire (NAME First name): Catherine 
EBAH-DJEDJI, Emmanuel Ehounou Adou 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis  specific to Pounded Yam.  

Contribution to SOPs: 

Proof of Concept / Method Development: 
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Sensory Analyses: 
 
Texture Analyses: 

Biophysical Routine Analyses & WP2 Database Mngt: 

Others (equipment purchase): 
 

WP3 – Pounded Yam ‘specifically’ (Côte d’Ivoire + Guadeloupe) 
NRCRI Key Contact for WP3 on Pounded Yam (NAME First name): Emmanuel Adou 
EHOUNOU 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened.   

Contribution to SOPs: 

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): 

56 hybrids of D. alata were screened for dry matter content, proteins, starch and sugar using NIRS 
approach. Predicting values were 27.23 for dry matter, 1.19 for proteins, 3.54 for starch content and 
2.05 for sugar. For dry matter content, clone TDa99/00240, with 20.70 had the smaller value, 
whereas CNRAiga17/00022 had the higher value. Protein content it ranged from 3.69% for clone 
CNRAiga17/00108 to 9.79 for clone TDa01/00004. Starch content ranged from 62.05 for 
TDa99/00240 to 80.63 for TDa99/00240. Clone TDa99/00240 had the higher content of sugar. 

Sensory attributes were also assessed. They concerned the hardness, the adhesiveness, the 
stickness, the springness and the extensiblity. There was a large variability among the clones for 
these traits. Clone CNRAiga17/00107 had the higher hardness (13.59 N), whereas clone 
CNRAiga17/00080 having -0.61N was the less hard. The dry matter content is high but negatively 
correlated with the extensibility (-6.78), the springiness (-6.90) and the cohesiveness (0.717). 
Similarly, the starch content is also high and negatively correlated with the same sensory attributes. 
The dry matter, the sugar content and the starch content could be well predicted by the NIRS.  
Calibration under Development: 
Others: 
 

WP4 – pounded Yam (Côte d’Ivoire)  
CNRA Key Contact for WP4 on Pounded Yam in Côte d’Ivoire (NAME First name): Amani 
Michel KOUAKOU 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1  specific to Pounded Yam.    
The results of the finger printing by SNPs technics genotyping by sequencing (GBS) by DarT for 188 
samples of the germplasm of D. alata are available.  The missing values were generated with the 
KDcompute software using the EM mehod. For each marker, the trimmed sequence, the SNP 
position on the primer, the position of the SNPs on the chromosome on the DarT map of reference, 
the frequences of the homozygotes and the herozygotes, the polymorphism informations have been 
determined. A total of 22 506 markers having complete data are developped. 
The same clone are planted in 2 locations (Gagnoa, humid forest zone and Bouaké, humid savannah 
zone) to access the agronomic traits. The dry matter content, the oxidation and the polyphenol 
content will also be measured.  
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WP5 – Boiled & Pounded Yam (Côte d’Ivoire) 
CNRA Key Contact for WP5 on Boiled & Pounded Yam in Côte d’Ivoire (NAME First name):  

10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     
Four (4) contrasted clones of D. alata (Cnraigr15/00028 ; Cnraigr15/00020 ; TDa01/00012 ; 
TDa01/00002) and 3 of D. rotundata among which 2 introduced from IITA, (TDr10/00360 ; 
TDr01/00406 ; TDr10/00006 ) are planted in a multilocationnal trial in Bouaké and Gagnoa in a 
RCBD with 2 replications. The controls are Florido for D. alata and Krenglè for D. rotundata which 
have a very good pounded yam. 
Farmers and endusers are involved in the implementation of the trials. Three villages are concerned 
for the region of Gagnoa. They will appreciate the quality of the pounded yam at the harvest in 
January in a sensory test.  
 

5.12.7 Interactions with other Institutes working on Boiled & Pounded 
Yam (Results & Protocols Shared, Staff, Equipment) 

INRA/CIRAD (Guadeloupe):  
Mr Emmanuel Ehounou spent 6 months at CIRAD Guadeloupe for the experiments on the NIRS. 
UAC-FSA (Bénin):  
CIRAD (Montpellier):  
Dr Hana Chair planned a visit to CNRA for a technical support on WP4 
INRA (France):  
IITA (Nigeria):  
Bowen University (Nigeria): 
NRCRI (Nigeria): 
Others:  

5.12.8 CNRA Activities & Achievements on Fried plantain (Côte 
d’Ivoire) 

WP1 – Fried Plantain (Côte d’Ivoire)  
CNRA Key Contact for WP1 on Boiled Plantain in Côte d’Ivoire (NAME First name): Catherine 
EBAH-DJEDJI 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

SOK:  
 

WP2 – Fried Plantain (Côte d’Ivoire) 
CNRA Key Contact for WP2 on Boiled Plantain in Côte d’Ivoire (NAME First name): Catherine 
EBAH-DJEDJI 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: 

Proof of Concept / Method Development: 
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Sensory Analyses: For the sensory analysis of fried plantain, the sample preparation protocol was 
standardized. The plantain maturity stage, the shape and size of plantain pieces, the temperature 
and frying time, the volume of oil and the quantity of sample to be fried were determined using a 
range of each parameter. Alloco from each trial was assessed by a non-trained panel for consumer 
acceptance evaluation. Two hybrids of plantains were used for the implementation, Pita 3 and Fhia 
21. Corne and French varieties were used as controls. The procedure will be fine-tuned, 
andVocabulary generation will begin by January 2020 with the recruited panelists and product 
training will begin with the next plantain harvest. 

Texture Analyses: None 
 
Biophysical Routine Analyses & WP2 Database Mngt: Biophysical analysis (Dry matter content, ash, 
Sugars, proteins, Starch, Fiber) will be performed plantain as soon as SOPs are finalized. 

Texture Analyses: 

Biophysical Routine Analyses & WP2 Database Mngt: 

Others (equipment purchase): 
 

WP4 – Plantain for Fried Plantain (Côte d’Ivoire)  
CNRA Key Contact for WP4 on Boiled Plantain in Côte d’Ivoire (NAME First name):  
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
No activity planned for plantain for WP4 
 

WP5 – Fried Plantain (Côte d’Ivoire) 
CNRA Key Contact for WP5 on Boiled Plantain in Côte d’Ivoire (NAME First name):  

10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     

1) Plantain harvesting in Azaguié 

The activities were carried out on the plots of the DOUGBA plantation in Azaguié. 
The 4 varieties including 2 traditional (Horn 1 and Orishele) and 2 improved (PITA 3 and FHIA 21) 
were followed until harvest. Harvests for WP2 analyzes (Dr EBAH) started in May 2019. They were 
done once a month depending on the maturity of the fruits, 6 harvests (May, June, July, August, 
September and October). The number of bunches were 42 for FHIA 21; 66 for PITA 3; 11 for Horn 
1 and 10 for Orishele. There are still banana bunches on the plots and harvests will be carried out 
until December 2019. 
2) Establishment of new plots 
Plantations were carried out to produce banana for the tests of the year 2020. This year the set-ups 
have been staggered. In addition to the 4 varieties (Horne 1, Orishele, PITA 3 and FHIA 21) on 
farms, 7 new varieties have been planted, these are: French dark, 3 Vert, Big Ebanga, Saci, 
Banadyshie, BITA 3 and SH 3640. The first implementation took place in May 2019 and the second 
in October 2019. A total of 1020 banana plants were planted: Horne 1 (100), Orishele (120), PITA 3 
(100), FHIA 21 (100), French dark (100), 3 Vert (80), Big Ebanga (80), Saci (90), Banadyshie (80), 
BITA 3 (100) and SH 3640 (70). 
 
Activity 2: Plantain collection conservation at Anguédédou 
The seed field has been maintained, and 3 new varieties (Corne bout Rond, N'gletia and French) 
have been added. The number of varieties updated is 35. 
 The allocos made of ripe banana having green ends is well appreciated for Pita 3 and Fhia 

21, though variety Pita 3 is the most appreciated. Slices with 1 cm thickness is preferred to 
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those of 0.5 and 1.5cm. Conical slices were adopted. The cooking time was 15 minutes for 
both varieties for a temperature of 150°C.  

5.12.9 Interactions with other Institutes working on Fried Plantain 
(Results & Protocols Shared, Staff, Equipment) 

CARBAP (Cameroon):  
 
INRA (France):  
 
CIRAD (Montpellier):  
 
Others (IITA (Nigeria) on Fried Plantain?):  

5.12.10 CNRA Activities & Achievements on Fried Sweetpotato (Côte 
d’Ivoire) 

WP1 – Fried Sweetpotato (Côte d’Ivoire)  
CNRA Key Contact for WP1 on Fried Sweetpotato in Côte d’Ivoire (NAME First name):  

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

SOK:  
 

WP2 – Fried Sweetpotato (Côte d’Ivoire) 
CNRA Key Contact for WP2 on Fried Sweetpotato in Côte d’Ivoire (NAME First name):  
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: 

Proof of Concept / Method Development: 

Sensory Analyses: 

Texture Analyses: 

Biophysical Routine Analyses & WP2 Database Mngt: 

Others (equipment purchase): 
 

WP4 – Sweetpotato for Fried Sweetpotato (Côte d’Ivoire)  
CNRA Key Contact for WP4 on Fried Sweetpotato in Côte d’Ivoire (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    

WP5 – Fried Sweetpotato (Côte d’Ivoire) 
CNRA Key Contact for WP5 on Fried Sweetpotato in Côte d’Ivoire (NAME First name): Konan 
Evrard DIBI 

10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     
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A. For the first year, a participatory sweetpotato variety selection trial was conducted in Korhogo 
(Kounontonvogo) and Bouaké (Broukro) to identify producers' preferences. To do this, 9 varieties of 
CNRA sweet potatoes and 1 local variety were used. 8 varieties were yellow and orange flesh. The 
test was conducted according to a RCBD device. 300 cuttings per variety were required for the 3 
replicates due to 100 cuttings per plot for the ridge site and 315 cuttings per variety for the mound 
site. Maintenance of the plots was carried out by the producers. Health monitoring and observation 
were carried out by producers and researchers. Kounontonvogo trial was better conducted by the 
producers than the Broukro trial. At harvest, the yield varied from 8 to 30 t/ha. 6 varieties obtained 
the best yields. For the shape, the users' choice was mainly based on the round shape followed by 
the Elliptic and Oblong shapes. In terms of skin color, it was the red and orange varieties that were 
appreciated. Regarding the color of the flesh of tuberous roots, the yellow and orange flesh varieties 
were also appreciated. 
B. For the second year of the participatory farmer trial, two trials were set up in Dyélokaha and 
Kongondékro (Korhogo region) in July, using the same system as last year. Tests are still ongoing. 
For the station trial, 16 sweet potato genotypes are used. 8 provided by CNRA and 8 provided by 
farmers. In total, 6 improved varieties and 10 local varieties. Morphological data were collected. 
Agronomic and sensory data are still being collected. 

5.12.11 Interactions with other Institutes working on Fried Sweetpotato 
(Results & Protocols Shared, Staff, Equipment) 

CIP (Uganda & Nigeria + Ghana): Dr Ted Carey from CIP Ghana contributed to the protocol wrting 
for WP5. He will visit CNRA. 
  
JHI (UK):   
 
Others:  

5.12.12 CNRA cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

WP1 with WP2 on Attieke :   
WP1 with WP2 on Boiled Yam:   
WP2 with WP3 on Pounded (& Boiled?) Yam:  
WP4 Cassava (beeders) with WP2:  
WP4 Cassava (beeders) with WP1:   
WP5 with WP1 and WP4: The varieties used in WP1 are provided by WP5   
  
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested with 
consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists and 
biophysical analyses to be able to establish correlations?  
For Attieke (Côte d’Ivoire): Activity 4 have not been conducted yet.  
 
What is or will be your sampling strategy in practice to ensure that the same samples are used for 
WP2 biochemical analysis and WP2 sensory profiling? 
 
Do you freeze dry or lyophilize sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? 
Yes  
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5.12.13 Data Management at CNRA 

CNRA RTBfoods Data Manager (NAME First name):  
No specialist for data management. Each team is using his data  

WP1/WP5 data correspondent (NAME First name):   
WP2 data correspondent (NAME First name):   
WP3 data correspondent (NAME First name):   
WP4 data correspondent (NAME First name):   

5.12.14 Ethical Clearance  

Describe Process implemented in your country(ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 

Côte d’Ivoire: 

5.12.15 CNRA Travels: Participation to RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 

 Title /Training 
Objective 

WP City, 
Country 

NAME(S) of Participants 

RTBfoods Meetings RTBfoods 1st 
Annual Meeting, 21-
28 march 2019 

All Abuja, 
Nigeria 

KOUAKOU Amani Michel 
N’ZUE Boni 
DIBI Konan E.B. 
DJEDJI B. Catherine 
POKOU Désiré 
LANDRY Kanon 

RTBfoods Trainings     
International / Regional 
Conferences  

    

Scientist Exchanges     

5.12.16 CNRA Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

5.12.17 CNRA Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

AfricaYam project is providing varieties of yam. This project provides a part of the budget for WP3, 
WP4 and WP5 for pounded yam  
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5.12.18 CNRA Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 

5.12.19 Gaps & Challenges faced at CNRA 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

The mains gaps are: 
1. Activity 4 of WP1 could not be implemented for attiéké 
2. WP1 could not start for pounded yam  

The challenge is the low level of funding 

5.12.20 CNRA Perspective Work Plan & Internal organization for 
Period 3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Globally  
  
Attieke (Côte d’Ivoire):   
Complete activities 4 and 5 for WP1 attiéké 
WP1, WP2, WP5 activities to be continued.  
For WP5: monitoring-tour, field days, trial harvest, processing and sensorial test, multiplication plot 
 
Boiled Yam (Côte d’Ivoire):   
 
Pounded Yam (Côte d’Ivoire & Guadeloupe):  
Conduct WP1 for pounded yam 
Complete the analysis of the genotyping data 
Continue the sensory analysis  
 
Fried Plantain (Côte d’Ivoire):   
Conduct WP5   
Realize the sensory analysis  
 
Fried Sweetpotato (Côte d’Ivoire):  
Conduct WP5 and a survey for the sensory analysis 
 

https://rtbfoods.cirad.fr/


 

  Page 405 of 554 

5.13 Annex 13: IITA Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

 
Deadline for Submission to PMU: November 30, 2019 
MEL Contact Person: Eglantine Fauvelle, eglantine.fauvelle@cirad.fr, Skype ID : tartineglantine. 
 
RTBfoods Reporting Cycle for Period 2   
Main steps in the process Responsible Deadline 

1. All Deliverables uploaded on RTBfoods platform All scientists 
November 30, 
2019 

2. Reporting of Activities & Achievements by Institute  
Partner Focal 
Points 

November 30, 
2019 

3. Reporting of Activities & Achievements by WP WP leaders 
December 20, 
2019 

4. Financial Reporting (Template Spreadsheet provided by 
November 30, 2019) 

Partner Focal 
Points 

December 31, 
2019 

5. Reporting to BMGF PMU January 30, 2020 
 
Main Author(s) (NAME First Name, Institution, Country): 
MAZIYA-DIXON Busie;  
ALAMU Emmanuel, 
 TEEKEN Bela,  
KULAKOW Peter,  
AMELE Asrat,  
AMAH Delphine 
UWIMANA Brigitte, OFEI Richard 
 
Collaborator(s): 
 
Focal Point (NAME First name, email, Skype ID, Country):   
MAZIYA-DIXON Busie, B.Maziya-Dixon@cgiar.org, Skype ID, Nigeria  

Product Profile (x Country) Involvement  
Partner 
Institute 

Product (Country) – Main PP in bold IITA Product Profile 
Coordinator 

IITA 1-Gari/Eba (Nigeria with NRCRI & Cameroon with 
ENSAI) 

2-Boiled Yam (Nigeria) with Bowen & NRCRI  

3-Fried Plantain (Nigeria)   

4-Matooke (Uganda) with NARL, Bioversity & NaCRRI  

1- Busie MAZIYA-DIXON 

2- Asrat AMELE 

3- Delphine AMAH 

4- Brigitte UWIMANA 
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5.13.1 IITA Summary Narrative 

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is in 
the body of the RTBfoods Annual Report for Period 2). 

Gari/Eba (Nigeria):  
 
 WP1: we carried out an analysis of the survey activity 3 work. We produced the priority analysis of 
the answers to the questions from the individual interviews on preferred characteristics of cassava 
at each stage of the processing of cassava into gari and eba. Some crucial characteristics were ‘non-
discolouration of cassava during processing’, ‘a bright-coloured gari as well as Eba’ and ‘good 
cohesiveness’ (not sticky to the hand). Furthermore, a “shortcut” document (asked for by the WP1 
leaders) before the last activity 3 reports, was produced to possibly correct the results obtained from 
the individual interviews by including information from the marketing interviews and focus group 
discussions as well. A new trait that was not mentioned in the individual interviews was the time a 
cassava stem could be stocked before planting. The results gave input to the CATA and JAR 
questionnaires for activity 5. To get contrasting eba food products based on only variety difference, 
rather than altering the processing which would not be very informative for WP2, we processed 8 
different clones with champion processors and chose two very contrasting varieties to add to a first 
wave low dry matter biofortified cassava variety as well as to the local best variety in each of the 
localities. In order to obtain contrast among the eight varieties, aspects such as the significant 
difference in dry matter and discolouration and cohesiveness of the eba were considered. After that, 
Activity 4 was carried out in the two states. This created enough contrast widely on an excellent 
consumer evaluation during activity 5. All data of act 4 and 5 have been put in the data entry template 
and are ready for analysis 
 
WP2: SOP have developed for dry matter determination, and 72 genotypes of fresh cassava roots 
were analysed for dry matter and starch content. SOP for preparation of eba has also been prepared, 
and Gari samples were evaluated for selected functional and quality analysis. Sensory training was 
successfully conducted for panellist in preparation for the sensory analysis of the eba. Texture 
analyser and Rapid Visco- Analyser was purchased and installed and awaiting training and SOP for 
textural characterisation of the product.IITA laboratory participated in the WP2 Ring test for 
calibration and standardisation of partners’ laboratories. 
 
WP3:  IITA organised, in conjunction with WP3 leaders and PMU, NIRS training in Nigeria in 
June for two weeks. The participants were from different partnering institutions with RTBfoods 
project. Also, spectra data of Fresh cassava roots for 2018 and 2019 were combined to develop 
calibration models for dry matter and starch respectively. Experiments were conducted on sampling 
protocols for intact cassava roots samples, and the calibration model was developed and validated. 
Gari samples prepared from 129 cassava genotypes (from NextGen materials) were analysed with 
NIRS to collect the spectra data and develop calibration models for selected functional 
characteristics of the products. 130 cassava flour samples, from NCRP trial, were scanned, and the 
calibration models for proximate compositions were developed and validated 
 
Gari (Cameroon):  
Survey activity 3 work was carried out in 4 villages in the Littoral zone of Cameroon. The survey was 
done thoroughly by a very motivated team. Interestingly we found two different product profiles 
among the farmers: the varieties to be used to boil and eat or pound for home consumption and 
small local sale on the one hand and non-poundable varieties to produce fermented cassava 
products like gari, couscous de manioc (eba), bobolo and miondo on the other. Also early maturing 
more watery varieties were used to continue processing in the offseason. Ranking of characteristics 
by respondents was not easy as they often stated that one characteristic was not more important 
than the other but that they must go together or are related. 
For this reason, we used different ranking procedures in the writeup of the report. Most important 
characteristics for a good quality gari were ‘bright colour’, ‘white colour of the pulp (no discolouration 
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during processing)’, ‘heavy roots/low water content’, ‘low content of woody filaments (crude fibre)’. 
Interesting was the primary importance of gari still providing resistance in the mouth when consumed 
with cold water or dry. Another important characteristic was the absence of rancid smell caused by 
using lousy quality oil. Concerning the results for the Southwest and North Central of Nigeria, it is 
also remarkable that yield-related characteristics such as massive big roots are mentioned at a lower 
rank then in Nigeria. It seems that in Cameroon the product’s refined quality is more important than 
in the southwest of Nigeria. This is not surprising as, in Nigeria population density, competition and 
economic activity are much more significant. Fermentation time of gari is generally short except a 
more sour gari connected to immigrants from the South West Anglophone part of Cameroon 
bordering with Nigeria. When comparing sexes there seems to be more similarity in preferences and 
details with which the preferences are expressed than in Nigeria. In Cameroon, more men and 
women are more equally involved in processing resulting in more similar explanations of preferred 
traits and a similar level of detail provided. 
 
Boiled Yam (Nigeria) 
WP4: Two bi-parental mapping populations (one for white yam and one for water yam) and one 
diversity panel of water yam are nominated to constitute the target population for WP4. The bi-
parental populations are TDr1402 constituting 145 progenies plus 3 check varieties of white yam 
and TDa1402 constituting 148 progenies plus three check varieties of water yam. The diversity panel 
includes 100 water yam accessions representing gene bank collections and advanced breeding 
lines. In 2018, the bi-parental mapping populations were grown at one site in Nigeria while the 
diversity panels were planted at three locations. The 2018 trials were harvested in January 2019 and 
repeated in 2019 and will be replanted in April 2020 for more detail phenotyping for quality traits for 
WP4 activities 
 
Fried Plantain (Nigeria): 
Planned activities for 2019 for fried plantain comprised developing a State of Knowledge (SoK) report 
and carrying out a modified end-user survey on plantain in Nigeria. 
The Sok report was developed based on a review of existing literature on plantain from Nigeria and 
other countries where plantain is a predominant crop and interviews with key informants in Nigeria. 
The report addresses aspects of production, marketing and consumption of plantain. Although the 
focus is fried plantain (dodo), the report also focuses on other plantain products since little is known 
about the relative importance of dodo and plantain products within Nigeria in general. The SoK also 
considered the role of bred plantain hybrids (improved plantain varieties) disseminated in Nigeria, 
which is also a focus of the end-user survey. 
The end-user survey was conducted in July and August 2019 by a group of researchers following a 
2-day training in IITA Ibadan. The survey was conducted in three states (Osun, Delta and Rivers), 
which were identified as important plantain producing areas in the SoK and some, also, had several 
locations where bred hybrids had been distributed by IITA. The field study comprised 24 Focus 
Group Discussions, 125 Individual Interviews, 60 Market Interviews and 12 Key Informant Interviews. 
Data analysis is in an advanced stage, and a first version of the final survey report is expected by 
January 2020. 
 
Matooke (Uganda): 
 Clones with pulp from the GS training population, made of 228 clones, which comprise the matooke-
derived hybrids, their direct parents (4x and 2x) and their grandparents (3x and 2x) were used for 
WP4 activities.  This population was replanted in Sendusu, to make sure that at least three bunches 
per clone are available for evaluation throughout the project, as bananas do not mature at the same 
time in the field like seasonal crops, but are harvested one by one over the year. One hundred fifty-
three of these clones were evaluated in Kawanda by NARL for sensory and other laboratory traits 
such as dry matter and texture sensory traits. The number of bunches per clones varied between 1 
and 5. NIRS spectra were generated for 129 of the genotypes by NaCCRI (Namulonge). IITA and 
NARL collaborated to map the process of sampling and sample tracking and data recording. As a 
result, the ontology for matooke sensory traits was defined and uploaded in Musabase in 
collaboration with BTI, the trial for matooke quality was set up in Musabase, and the roadmap for the 
use of barcodes was set up and tested. 
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Others:  
IITA organised an RTBfoods country coordination meeting for all RTBfoods partners based Nigeria 
(IITA, BOWEN and NRCRI) held at De-Meros Hotel Lagos between 1 - 2, August 2019. A total of 17 
participants working on all the WPs attended the meeting to give progress reports on the RTBFoods 
project activities for Period 2. Also, few members of the RTBfoods PMU participated virtually, 
especially the Project Investigator (PI)- Dominique Dufour. 
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5.13.2 IITA Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First 
Name 

Country 
of 
Residenc
e 

Permanent
, Student 
OR 
Contractua
l  

WP
1 

WP
2 

WP
3 

WP
4 

WP
5 

Gari/Eba 
(Nigeria & 
Cameroo
n 

Boiled 
Yam 
(Nigeria
) 

Fried 
Plantain 
(Nigeria) 

Matooke 
(Uganda
) 

Béla Teeken Nigeria Contractua
l 

☐ ☐ ☐ ☐ ☒ ☒ ☐ ☒ ☐ 

Adebowale 
Osunbade 

Nigeria Student ☒ ☐ ☐ ☐ ☒ ☒ ☐ ☐ ☐ 

Esmé Stuart Nigeria Contractua
l 

☒ ☐ ☐ ☐ ☐ ☐ ☐ ☒ ☐ 

Esther 
Biaton 
Njeufa 

Cameroo
n 

Contractua
l 

☒ ☐ ☐ ☐ ☐ ☒ ☐ ☐ ☐ 

Isabelle 
Linda 
Nguiadem 
Chomdom 

Cameroo
n 

Contractua
l 

☒ ☐ ☐ ☐ ☒ ☒ ☐ ☐ ☐ 

Takam Cameroo
n 

Contractua
l 

☒ ☐ ☐ ☒ ☐ ☒ ☐ ☐ ☐ 

Oguntona 
Babatunde 

Nigeria Contractua
l 

☐ ☒ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

Emmanuel 
Alamu 

Nigeria Contractua
l 

☐ ☒ ☒ ☐ ☐ ☒ ☐ ☐ ☐ 

Adetonah 
Sounkoura 

Cameroo
n 

Contractua
l 

☒ ☐ ☐ ☐ ☐ ☐ ☒ ☐ ☐ 

Femi Aina Nigeria Contractua
l 

☐ ☐ ☐ ☒ ☐ ☒ ☐ ☐ ☐ 

Abeng 
Emmanuel 

Nigeria Contractua
l 

☐ ☐ ☐ ☒ ☐ ☐ ☒ ☐ ☐ 

Okpara 
Bernard 

Nigeria Contractua
l 

☐ ☐ ☐ ☒ ☐ ☐ ☒ ☐ ☐ 

James 
Thadeus 

Nigeria Contractua
l 

☐ ☐ ☐ ☒ ☐ ☐ ☒ ☐ ☐ 

Acayo 
Jennifer 

Uganda Contractua
l 

☐ ☐ ☐ ☒ ☐ ☐ ☐ ☐ ☒ 
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List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First Name  
(+ Institute if not 
from IITA) 

Master 
Student 
or PhD 
or 
Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting 
Date 

Fellowship 
Ending 
date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in 
RTBfoods 
project  

Noel Takam-
Tchuente 

PhD Determinants institutionels et 
organisationnnels de 
l’adaption des variétés 
améliorées de manioc au 
Cameroun : une approche 
systémique par la chaine de 
valeur 

 Dschang 
University, 
Cameroun  

Jan 2018 Dec 2021  Béla Teeken 
(IITA), Sydhia 
Mathe (IITA), 
Guillaume 
Fongang 
(University of 
Dschang) 
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5.13.3 IITA Activities & Achievements on Gari/Eba (Nigeria & 
Cameroon) – Product Champion: B. MAZIYA-DIXON (IITA) 

WP1 – Gari (Cameroon) – Writer proposed by PMU: B. TEEKEN (subject to Busie’s 
validation) 

IITA Key Contact for WP1 on Gari in Cameroon (NAME First name): Bela TEEKEN (?) 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: The activity 3 survey 
in the Littoral zone in Cameroon has been completed in 4 communities. The team involved did an 
excellent job. The training involved intensive sessions after and before each of the fieldwork days 
during the first week. In order to get everybody on the same page, the approach was chosen to 
interview respondents with 3 or 4 people together with each making notes. In the evenings and early 
mornings data were compared and discussed and synthesis was written up for each question. This 
worked perfectly, and the team became very much involved and motivated especially also because 
of the enthusiasm of Franklin Ngoualem Kégah, Prof Robert Ndjouenkeu as well as enumerators 
Isabelle Linda Nguiadem Chomdom (rural extension), Alumni University of Dschang, Cameroon and 
Esther Biaton Njeufa (food science) PhD student, Université de Ngaoundéré, The full analysis report 
has been finalized. We had a challenge in the ranking. Many respondents indicated that several 
characteristics of cassava at each processing stage were equally important and no ranking could be 
realistically done. Also, when combining preferred characteristics across processing stages (e.g. 
comparing fresh roots preferences with pressed cake characteristics) respondents tended always to 
prefer the characteristic related to the stage that was closest to the final product. Therefore, different 
rankings were tried out in the analysis. Prof Ndjouenkeu also proposed to ask among the 
respondents for causal relationships between characteristics across processing stages as a better 
alternative than ranking characteristics across processing stages. 
 
Activity 4 achievements – Processing Diagnosis: Yet to be carried out in 2020 
 
Activity 5 achievements – Consumer Testing: Yet to be carried out in 2020 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Gari (Cameroon): 

Activities performed on Matooke 
in Period 2 

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Big cities 
Small cities 
Villages 

Nb of 
Individual 
Interviews 
conducted 

Nb of 
Focus 
groups 
organised 

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F start end 
ACTIVITY 
3 

Spillover 
Country 

Cameroon 03/06/2019 01/07/2019 Littoral Bonagoum 5 5 2 Y  
Bonamukandjo I 1 9 2 Y  
Passim  4 6 2 Y  
Quartier 5 1 9 2 Y  
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WP1 – Gari/Eba (Nigeria) – Writer proposed by PMU: B. TEEKEN (subject to Busie’s 
validation) 

IITA Key Contact for WP1 on Gari/Eba in Nigeria (NAME First name): Bela TEEKEN (?) 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: Gendered Food 
Mapping/ Preference Surveys: The activity 3 survey in Osun and Benue states have completed since 
last year. The priority analysis report on the food product characteristics has been completed and 
submitted and reviewed again. The “shortcut” analysis predating the activity 3 full analysis report has 
been submitted, and comments and suggestions by the WP1 leaders have been addressed. The 
first draft of the full analysis report of activity 3 will be finalised this year, 2019. 
 
Activity 4 achievements – Processing Diagnosis: Activities 4 have been completed in Osun as 
well as Benue state after processing with champion processors of 8 different varieties based on the 
substantial difference in Dry matter content, root discolouration during processing, and flesh colour 
in order to create contrast. From these eight different clones, 3 (including one local variety from Osun 
state) were selected to be used for consumer testing in Osun. The fourth to be added was the low 
dry matter biofortified cassava from the first wave, which is known already to provide contrast. In 
Benue the same two clones were used with the addition of the best local variety from Benue as well 
as the same low dry matter biofortified cassava variety. Processing of the four varieties with four 
processors in each of Osun and Benue state was done and the quantities of gari produced were 
used for consumer testing. 
 
Activity 5 achievements – Consumer Testing: In both Benue and Osun state, 150 consumer 
interviews were held to evaluate the eba made from the gari processed from the four varieties chosen 
for each state. To also create contrast in texture the eba was made with a fixed quantity of water. A 
ratio 1:4 was used: 1 mass unit of gari and four mass units of water. As the protocol prescribes, we 
did 15 consumer interviews in each of the four village communities in each state. Furthermore, in 
each secondary town within the state 30 consumer interviews were held. Sixty interviews were held 
in each of the State’s first city, together making 300 consumer interviews. In each of the states, eba 
was prepared for by the same preparer, and after 15 consumer interviews eba was made afresh and 
kept in a cool box to assure consistency in the quality offered. Although formal analysis still must be 
done, interestingly people in Benue and Osun had generally preferred the eba made from their local 
best variety but also a Nextgen variety was much appreciated, indicating that we were able to make 
good contrast by using different varieties only, without altering the processing method. We expect to 
yield proper descriptors from the exercise. Samples of all the varieties used for consumer testing 
have been given to WP2 so they can be included in their analysis.  
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WP1 Synthesis Table for Activity 3, 4 & 5 on Gari/Eba (Nigeria): 
Activities reported in Period 1 on 
Gari/Eba in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 3 Primary 

Country 
Nigeria 10/8/18 

[NRCRI] 

 

30/8/18 
[NRCRI] 

 

South-East 
(Imo State) 

[NRCRI] 

 

Uzoagba Ikeduru, Imo 
State 

4 6 2 Y  

Akwakuma, Owerri North, 
Imo state 

2 8 2 Y  

Amandugba, Isu LGA Imo 
state. 

3 7 2 Y  

Isinweke Ihitte Uboma, 
Imo State 

2 8 2 Y  

5/08/2018 
[IITA] 
 
 
 
 
 

28/10/2018 
[IITA] 
 
 
 
 
 

Benue state 
[IITA] 
 

Al' Okete ( Okpokwu 
LGA) 

7 2 2 Y  

Tyomu (Makurdi LGA) 4 6 2 Y  
Nyam II (Gwer East LGA) 3 7 2 Y  
Shangev (Kwande LGA) 3 7 2 Y  

Osun state 
[IITA] 
 

Oyan (odo-otin, LGA) 0 10 2 Y  
Ago-Owu farm settlement 
(Isokan LCDA) 

2 7 2 Y  

Wasinmi (Irewole LGA) 0 9 2 Y  
Elefon (Ife Central LGA) 2 7 2 Y  

Activities performed in Period 2 on 
Gari/Eba in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes* No 
ACTIVITY 4 Primary 

Country 
 

Nigeria 
 

07/10/2019 22/10/2019 Benue state 
[IITA] 
 

      
Ty-omu 0 3  No, Dataset: 

Yes 
 

Osun state 
[IITA] 
 

Station village near Iwo 0 3  No, Dataset: 
Yes 
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Activities performed in Period 2 on 
Gari/Eba in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes* No 
ACTIVITY 5 Primary 

Country 
 

Nigeria 
 

  Benue state 
[IITA] 
 

Al' Okete ( Okpokwu LGA) 8 7  No, Dataset: 
Yes 

 

Ty-omu (Makurdi LGA) 7 8  No, Dataset: 
yes 

 

Nyam II (Gwer East LGA) 8 7  No, Dataset: 
Yes 

 

Shangev (Kwande LGA) 8 7  No, Dataset: 
Yes 

 

Town: Aliade 16 14  No, Dataset: 
Yes 

 

City: Makurdi 29 31  No, Dataset: 
Yes 

 

Osun state 
[IITA] 
 

Oyan (odo-otin, LGA) 7 8  Partly, 
Dataset: Yes 

 

Ago-Owu farm settlement 
(Isokan LCDA) 8 7  Partly, 

Dataset: Yes 
 

Wasinmi (Irewole LGA) 7 8  Partly, 
Dataset: Yes 

 

Elefon (Ife Central LGA) 8 7  Partly, 
Dataset: Yes 

 

Town: Iwo 12 18  Partly, 
dataset: Yes 

 

City: Osogbo 34 27  Partly, 
Dataset: Yes 

 

    *All original 
notes will be 
uploaded in 
Dec when the 
team is back 
from the field 
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WP2 – Gari/Eba (Nigeria) – Writer proposed by PMU: B. MAZIYA-DIXON / M. 
ADESOKAN (subject to Busie’s validation) 

IITA Key Contact for WP2 on Gari/Eba in Nigeria (NAME First name): Busie MAZIYA-DIXON 
(?) 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs:  

Standard Operating Procedure (SOP) for dry matter (DM) determination developed according to 
AOAC 2005; Method 985.26. The SOP was reviewed, and a final copy submitted to WP leaders. 
The SOP was developed for the preparation of “eba” to be used for sensory analysis but not yet 
optimised. The optimisation will be done in collaboration with NRCRI 

Proof of Concept / Method Development:  The method of preparation of “gari” at the laboratory 
scale is under development in collaboration with NextGen project 
 
Sensory Analyses: A two-day training was organized for 23 panellists including 15 females and 10 
males’ participants. The training was facilitated by Bolanle Otegbayo and was conducted at the 
sensory evaluation room of Food and Nutrition Science Laboratory (IITA, Ibadan). Different food 
products (e.g. agidi –solid pap, amala lafun, eba from different varieties etc.) were used to generate 
sensory attributes with the products. Focus group discussions were carried out before the evaluation 
of these food products. Sensory attributes such as mouldability, elasticity, odour, stickiness, colour, 
stretchability, hardness and taste were generated during the training. Also, samples were served at 
the temperature the product (eba) is usually consumed during sensory performance assessment 
and about 20 - 30 g per sample was served.  

Texture Analyses: Texture analysis had not begun, but a Texture Analyzer (TA. XT plus Micro 
Stable systems)   
The equipment has been installed but waits tranning, development of protocols for Gari/Eba textural 
propoerties  

Biophysical Routine Analyses & WP2 Database Management 

Seventy-two genotypes of fresh cassava samples were analyzed for dry matter and starch content. 
NCRP Cassava flour were analyzed for proximate composition including moisture content, ash, fat, 
protein, starch, sugar and amylose. The samples were analysed in duplicate, using methods 
described by (AOAC 2005; Method 985.26). Moisture content was determined by heating the sample 
in a “moisture aluminium can” to a constant weight in an oven maintained at 105 °C for 16hrs. Ash 
was determined by the incineration of 2 g samples placed in a muffle furnace and maintained at 550 
°C for 5 hrs. Fat content was obtained by refluxing with petroleum ether in a pre-weighed extraction 
cups using a Soxtec apparatus, and then the final weight of the cup is taken after drying in an oven.  
Crude protein (% total nitrogen × 6.25) was determined by the Kjeldahl method. Gari produced from 
129 genotypes of cassava roots were analysed for swelling power and solubility, bulk density, water 
absorption capacity, dispersibility, sugar and starch content. The gari samples were analysed milled 
and unmilled. All the analysis data were stored on the database and transferred to WP3. 

Others (equipment purchase): PERTEN Rapid Visco Analyzer 4800 for pasting properties and a 
Texture Analyzer (TA. XT plus Micro Stable systems 
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WP3 – Gari/Eba (Nigeria) – Writer proposed by PMU: E. ALAMU / M. ADESOKAN 
(subject to Busie’s validation) 

IITA Key Contact for WP3 on Gari/Eba in Nigeria (NAME First name): Emmanuel ALAMU (?) 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened.   

Contribution to SOPs: 

 During the NIRS training in Nigeria, we contributed to the development of SOP for the sampling and 
collection of spectra data on fresh, intact cassava roots using Hand-held ASD NIRS device and 
Tabletop FOSS XDS NIRS  

The SOP was also developed for the transfer of spectral data from one hand-held ASD Near Infrared 
device to tabletop NIRS 

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): 

A total of 260 spectra data from cassava flour were collected on a benchtop Near Infrared 
Spectrometer. The calibration model was developed using 230 data set while 30 genotypes were 
used for the validation of the model. Also, 72 fresh cassava roots, comprising of 18 genotypes from 
IKENNE and UBIAJA locations with two replications per location were used to generate 144 spectra 
data and calibration models were developed for dry matter and starch content using the Win ISI 
software. Spectra of 129 Gari samples were also collected on the NIRS and calibration models were 
developed for swelling power, solubility, dispersibility, bulk density, sugar and starch. Prediction 
models were developed separately for milled gari and un-milled gari samples. About 9 genotypes of 
fresh cassava were also used to evaluate the analysis of quality traits in cassava using in intact 
roots. Two hundred thirty-three(223) spectra data were used to develop the calibration model and 
validated with randomly selected data set which was not part of the calibration data set. 

Calibration under Development: 
Calibration models were developed for dry matter and starch content for fresh cassava roots using 
the Win ISI software. 
Calibration models were developed for the proximate composition of cassava flour. 

Others: 

WP4 – Cassava for Gari/Eba (Nigeria) – Writer proposed by PMU: P. KULAKOW / I. 
RABBI (subject to Busie’s validation) 
IITA Key Contact for WP4 on Cassava for Gari/Eba in Nigeria (NAME First name): Peter 
KULAKOW (?)  

Phenotypic analysis of processed products (garri and fufu) 

The recently concluded Cassava Monitoring Study (CMS) in Nigeria project data involving 2500 
farming households and DNA fingerprinting for variety identification (Figure 9) provided important 
insights into the key drivers of adoption (Wossen et al. 2017). In terms of preference traits, more 
than 70% of the farmers considered quality of garri and fufu (processed cassava food products) as 
very important, in addition to other traditionally considered traits such as high yield, pest and disease 
resistance, and early maturity.  

Processing garri and fufu 

To gain better understanding on the genetic variation in productivity and quality of garri and fufu, we 
processed storage roots from six Uniform Yield Trials of advanced selections from the first two cycles 
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of genomic selection: GS cycle 1 UYT34, GS cycle 2 UYT36 set A, GS cycle 2 UYT36 set B. Two 
locations and replications within each location were used for the study. In total, we produced about 
400 samples for garri and fufu each. 

Analysis of garri and fufu yield data 

All the UYTs were established using a randomized complete block design with three replicates. Since 
we processed garri and fufu samples from two replicates in each trial, we fitted the following linear 
mixed model using lme4 R package (Bates et al. 2015) to obtain variance components and genotype 
fixed effects.  

Heritability and phenotypic correlation of garri, fufu and associated traits 

Most traits had high heritability values across trials indicating that strong genetic control. Dry matter 
content heritability ranged from 0.67 to 0.88, except for trial UYT36 setB.AGO which had a value of 
0.50. Garri yield (h2 0.61 to 0.86) had slightly higher heritability compared to fufu yield (0.31 to 0.77). 
The difference in heritabilities between these traits could be explained by removal of fiber from fufu. 
The heritability for fiber was between 0.5 and 0.76 except for trial UYT36setA.AGO which has very 
low value. We observed that the roots from this particular trial took a long time to soak and fiber 
content was larger than in the other trials. 

Multiple linear regression of garri and fufu yield and associated traits 

To determine factors that contribute to garri and fufu yield, we implemented a multiple linear 
regression where garri and fufu yields were used as dependent variables while dry matter content 
(DM) and root processing byproducts (garri peel weight, fufu peel weight, fufu fiber weight) were 
considered as predictor variable.  

Mainstreaming of quality assessments of garri and fufu yield and quality have been initiated in the 
first to cycles of genomic selection. The analysis of processed garri and fufu in future years will be 
augmented using the inputs of WP1, WP2 and WP3.   

WP5 – Gari/Eba (Nigeria) – Writer proposed by PMU: B. TEEKEN (subject to Busie’s 
validation) 
IITA Key Contact for WP5 on Gari/Eba & Fufu in Nigeria (NAME First name): Bela TEEKEN (?) 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     
Mother trials in Osun and Imo state with contrasting varieties that where evaluated in 2018 (with 
protocols reported under WP5 last year) were replanted last year and again evaluated in 2019 with 
3 champion processors in each location using the same protocol of pairwise comparison to illicit 
descriptors as well as to evaluate promising clones alongside popular clones grown by farmers. This 
dataset is fully organized now: we have two-year data on these trails and will analyse the data in 
January 2020. No WP5 funds could be used for this work as the WP5 money will only be available 
as of next year (2020). 

5.13.4 Interactions with other Institutes working on Granulated 
Cassava (Results & Protocols Shared, Staff, Equipment) 

ENSAI (Cameroon):  
Drafting the outline for the IJFST Special Issue: Consumers Have Their Say: Assessing Preferred 
Quality Traits of Roots, Tubers And Cooking Bananas, And Implications For Breeding  
 
NRCRI (Nigeria):  
Drafting the outline for the IJFST Special Issue: Consumers Have Their Say: Assessing Preferred 
Quality Traits of Roots, Tubers And Cooking Bananas, And Implications For Breeding 
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CNRA (Côte d’Ivoire) on Attieke:  
Drafting the outline for the IJFST Special Issue: Consumers Have Their Say: Assessing Preferred 
Quality Traits of Roots, Tubers And Cooking Bananas, And Implications For Breeding. 
 
Others:  

5.13.5 IITA Activities & Achievements on Boiled Yam (Nigeria & 
Bénin) – Product Champion: N. AKISSOE (UAC-FSA) 

WP1 – Boiled Yam (Nigéria) – Writer proposed by PMU: B. TEEKEN (subject to Busie’s 
validation) 

IITA Key Contact for WP1 on Boiled and Pounded Yam in Nigeria (NAME First name): Bela 
TEEKEN (?) 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 5 achievements – 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Boiled Yam (Nigeria): 

Activities reported in Period 1 on 
Boiled Yam in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Spillover 
Country 

Nigeria 6/9/18 15/9/18 South-
East(Ebonyi 
State) 
 

Onueke, Ezza, Ebonyi 
State 

7 3 2 Y  

Amagu Izzi, Abakiliki 
Ebonyi state 

6 4 2 Y  

Umuebe, Ezza 
Ohaukwu Ebonyi 
state 

6 4 2 Y  

Obinagu Ishiagu, 
Ebonyi State 

7 3 2 y  

 
 
 
 

 
 
 
 

       
      
      
      

Activities performed in Period 2 
on Boiled Yam in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
4 

Spillover 
Country 
 

Nigeria 
 

         

ACTIVITY 
5 

Spillover 
Country 
 

Nigeria 
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WP2 – Boiled Yam (Nigeria) - Writer proposed by PMU: B. MAZIYA-DIXON / M. 
ADESOKAN (subject to Busie’s validation) 

IITA Key Contact for WP2 on Boiled Yam in Nigeria (NAME First name): Busie MAZIYA-DIXON 
(?) 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs 
Proof of Concept / Method Development: 
Sensory Analyses: 
Texture Analyses: 
Biophysical Routine Analyses & WP2 Database Mngt: 
Others (equipment purchase): 
 

WP3 – Boiled Yam (Nigeria) – Writer proposed by PMU: E. ALAMU / M. ADESOKAN 
(subject to Busie’s validation) 

IITA Key Contact for WP3 on Boiled Yam in Nigeria (NAME First name): Emmanuel ALAMU 
(?) 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened.   

Contribution to SOPs: 

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): 

Calibration under Development: 

Others: 
 

WP4 – Yam for Boiled Yam (Nigeria) – Writer proposed by PMU: A. AMELE (subject to 
Busie’s validation) 

IITA Key Contact for WP4 on Yam for Boiled Yam in Nigeria (NAME First name): Asrat AMELE 
(?) 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
The yam breeding team at IITA has developed different populations for genetic studies and selection 
in two dominantly grown species of yams in West Africa: D. rotundata and D. alata. The populations 
are structured as bi-parental mapping population and diversity panels. The populations are 
genotyped with different genotyping platforms and currently under field phenotyping for agronomic 
and biotic stress traits. From these populations, two bi-parental mapping populations (one for white 
yam and one for water yam) and one diversity panel of water yam are nominated to constitute the 
target population for WP4. The bi-parental populations are TDr1402 constituting 145 progenies plus 
3 check varieties of white yam and TDa1402 constituting 148 progenies plus 3 check varieties of 
water yam. The diversity panel includes 100 water yam accessions representing genebank 
collections and advanced breeding lines. In 2018, the bi-parental mapping populations were grown 
at one site in Nigeria while the diversity panels were planted at three locations. The 2018 trials were 
harvested in January 2019 and repeated in 2019 and will be replanted in April 2020 for more detail 
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phenotyping for quality traits under WP4. In addition to the genetic population, food quality 
assessment was extended to selection decision in breeding population including advanced clones, 
and clones under the pre-release pipeline. The bi-parental mapping population and diversity panel 
were genotyped with next-generation sequencing platform under Africayam project. 
 

WP5 – Boiled Yam (Nigeria) – Writer proposed by PMU: A. AMELE / B. TEEKEN (subject 
to Busie’s validation) 

IITA Key Contact for WP5 on Boiled Yam in Nigeria (NAME First name): Asrat AMELE (?) 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     
Interactions with other Institutes working on Boiled Yam (Results & Protocols Shared, Staff, 
Equipment) 
NRCRI (Nigeria):  
 
Bowen University (Nigeria) on Pounded Yam:  
 
UAC-FSA (Bénin):  
 
CIRAD (Montpellier) : 
 
INRA (France):  
 
INRA & CIRAD (Guadeloupe):  
 
Others:  

5.13.6 IITA Activities & Achievements on Fried Plantain (Nigeria) – 
Product Champion: D. AMAH (IITA) 

WP1 – Fried Plantain (Nigeria) – Writer proposed by PMU: D. AMAH / E. STUART 
(subject to Busie’s validation) 

IITA Key Contact for WP1 on Fried Plantain in Nigeria (NAME First name): Delphine AMAH (?) 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

SOK: For (fried) plantain Nigeria, a state of knowledge report was developed which provides an 
overview of the existing knowledge on user preferences and how they differ for different user groups. 
Although the focus in the context of the project is fried plantain (dodo), the study also explores other 
plantain products since little is known about the relative importance of fried plantain, which in Nigeria 
is widely known as dodo, and plantain products within Nigeria in general. The SoK is based on a 
review of literature from Nigeria and other countries where plantain is a predominant crop, combined 
with key informant interviews in Nigeria. Key informants were selected based on their knowledge 
and expertise on these components of the plantain value chain. Key informant interviews were 
conducted in the South West and South South of Nigeria, two important plantain producing areas 
and focus areas for the end-user survey in Nigeria. The scoping study addresses three areas; 
production, marketing and consumption of plantain. Another specific focus of the SoK has been on 
the role of bred plantain hybrids (improved plantain varieties) disseminated in Nigeria. 

 
Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: 
Activity 3 end user survey was modified to include information on the role of bred plantain hybrids 
disseminated in Nigeria. Three states in Nigeria´s South West and South South were selected for 
the study based on their high plantain production. In Nigeria´s South West, Osun State was selected 
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as one of the highest plantain producing areas. In the South South, Delta and Rivers State were 
selected because these are important plantain producing areas and because improved plantain 
varieties have earlier been distributed in these states by IITA. In each state, 4 rural communities 
where people grow, process and consume plantain were selected based on interaction with their 
respective representatives of the Ministry of Agriculture. In each community, the following activities 
were conducted: 
- Key informant group interviews (KII) with community leadership.  
- Sex-disaggregated Focus Group Discussions (FGD) with people who produce, process and 
consume the product. The FGDs specifically provide information on products, gender roles and 
social segments, processing steps and equipment, characteristics and descriptors that can be 
probed in further in IIs.  
- Individual interviews (II) with community members who process the product (and produce the crop, 
if possible) in the community, conducted by a food scientist and gender specialist. The IIs provides 
individual/household level description of preferred characteristics and priorities at different stages of 
product processing, household decision making, and trade-offs. 
- Market Interviews (MI) with key individuals or groups involved in marketing and trading activities. 
Based on the Sok, the study assumed that dodo (fried plantain) is more frequently consumed among 
urban populations than among rural populations. To get a better view of the consumption patterns 
of dodo, in each State, 8 extra market interviews were held in a secondary town and in a major city. 
-To provide initial information of the cultivation and use of improved plantain hybrids by farmers leaf 
samples were collected in each community where the presence of hybrids was suspected. 
Qualitative information obtained will be connected to the leaf samples to provide possible evidence 
on the use of hybrids by farmers. 
- Data analysis for the survey is ongoing and a first draft of the survey report is expected in January 
2020. 
 
Activity 4 achievements – Processing Diagnosis:  
 
Activity 5 achievements – Consumer Testing:  
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WP1 Synthesis Table for Activity 3, 4 & 5 on Fried Plantain (Nigeria): 

Activities performed in Period 2 
on Fried Plantain in Nigeria 

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F start end 
ACTIVITY 
3 

Primary 
Country 

Nigeria          
      
      
      

       
      
      
      

ACTIVITY 
4 

Primary 
Country 

Nigeria          
      
      

       
      
      

ACTIVITY 
5 

Primary 
Country 

Nigeria          
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Interactions with other Institutes working on Plantain (Results & Protocols Shared, Staff, 
Equipment) 

CARBAP (Cameroon) on Boiled Plantain:  
 
CNRA (Côte d’Ivoire) on Boiled Plantain:  
 
INRA (France) on Boiled Plantain :  
 
Others:  

5.13.7 IITA Activities & Achievements on Matooke (Uganda) – 
Product Champion: K. NOWAKUNDA (NARL) 

WP4 – Matooke (Uganda) – Writer proposed by PMU: B. UWIMANA (subject to Busie’s 
validation) 

IITA Key Contact for WP4 on Matooke in Uganda (NAME First name): Brigitte UWIMANA (?) 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
The IITA banana breeding program in Uganda recruited a technician to work on RTBFoods WP4 
Matooke. The population to be used for WP4 has not changed: clones with pulp from the GS training 
population, made of 228 clones, which comprise the matooke-derived hybrids, their direct parents 
(4x and 2x) and their grandparents (3x and 2x). This population was replanted in Sendusu, to make 
sure that at least 3 bunches per clone are available for evaluation over the course of the project, as 
bananas don’t mature at the same time in the field like seasonal crops, but are harvested one by 
one over the year. 
 
Interactions with other Institutes working on Matooke (Results & Protocols Shared, Staff, 
Equipment) 
NARL (Uganda) – WP1 & WP2 & WP5:  
IITA WP4 collaborated with NARL in providing them with material for WP2. NARL also assisted with 
evaluating the training population for sensory traits. IITA, NARL and BTI interacted on preparing the 
ontology for WP2 and getting the traits on MusabaseOne hundred fifty-three clones were evaluated 
in Kawanda by NARL for sensory and other laboratory traits such as dry matter and texture sensory 
traits. The number of bunches per clones varied between 1 and 5. However, due to the protocol 
optimisation process, acquisition of new equipment (textometer), and recruitment of panel for tasting 
that the food science laboratory in Kawanda went though in this year, the genotypes will have to be 
repeated. 
NaCRRI (Uganda)- WP3:  
Generation of NIRS spectra on IITA WP4 material. NIRS spectra were generated for 129 of the 
genotypes by NaCCRI (Namulonge). The spectra will be trained once reliable laboratory data are 
available on the material. IITA and NARL collaborated worked to map the process of sampling and 
sample tracking and data recording. As a result, the ontology for matooke sensory traits was defined 
and uploaded in Musabase in collaboration with BTI, the trial for matooke quality was set up in 
Musabase, and the roadmap for the use of barcodes was set up and tested. Barcodes will be used 
in the food science lab at NARL after the staff has been trained on using FieldBook for data recording 
 
Bioversity (Uganda)- WP1 & WP5: IITA WP4 interacted with Bioversity and NARL (WP1) in 
discussing the results of WP1 activity 3  
 
Others:  
BTI:  Ontology for matooke sensory traits  
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5.13.8 IITA cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

WP1 with WP2 on Gari/Eba: All varieties used in the consumer testing have been given to WP2 to 
be included in their analysis. A meeting is planned with WP2 to discuss the outcome of the analysis 
of WP1 
WP1 with WP2 on Boiled Yam:  
WP1 with WP2 on Fried Plantain:  
 
WP2 with WP3 on Gari/Eba & Boiled Yam: :   
All reference data used for calibration development were provided by WP2 team 
WP4 Cassava (breeders) with WP2 & WP3: 
 Materials used for reference data generation by WP2 and that were used for calibration 
development by WP3 
 
WP4 Cassava (breeders) with WP1: 
 Varieties used for the consumer testing by WP1  were provided by WP4   
WP4 Yam (breeders) with WP2 & WP3:  
WP4 Yam (breeders) with WP1:  
WP4 Plantain (breeders) with WP1, (WP2 & WP3):  
WP5 with WP1 and WP4:  
 
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested with 
consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists and WP2 
biophysical analyses to be able to establish correlations?  
For Gari/Eba (Nigeria): All the varieties used for consumer testing within WP1 have also been given 
to WP2 for sensory profiling with trained panellists and WP2 biophysical analysis.  
For Boiled Yam (Nigeria): 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 texture 
analysis, WP2 biochemical analysis, WP2 sensory profiling and WP3 NIRS analysis for the 4 crops? 
 
For Cassava (Nigeria): 
WP2 team with supports from WP3 team handled the sampling and sample preparations and 
samples were taken from the same sampling point for WP2 biochemical analysis and WP3 NIRS 
analysis (spectral data collection). WP2 texture analysis has not started yet. The sampling process 
was easy within IITA because both WP2 and WP3 teams are housed in the same laboratory and 
staff personnel are shared 
For Yam (Nigeria)  
For Matooke (Nigeria)  
For Plantain (Nigeria) (if relevant) 
 
Are WP2 and WP3 using the same standard for sample codification? YES / NO 
If YES, which one? Yes, WP2 generated the codes and WP3 used the same. Barcoding system has 
been planned for next year. 
If NO, why?  
 
Do you freeze-dry or lyophilise sub-samples in the perspective of new methods coming in to 
characterise quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? 
No, we do not freeze-dry but oven-dry at appropriately low temperatures. We cannot freeze dry 
currently as our Freeze -dryer is not functioning.  
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5.13.9 Data Management at IITA 

IITA RTBfoods Data Manager (NAME First name): AGBONA Afolabi 
 
WP1/WP5 data correspondent (NAME First name): TEEKEN Bela 
WP2 data correspondent (NAME First name): ALAMU Emmanuel/ADESOKAN Michael 

WP3 data correspondent (NAME First name): ALAMU Emmanuel/ADESOKAN Michael 
WP4 data correspondent (NAME First name): KULAKOW Peter 

5.13.10 Ethical Clearance  

Describe Process implemented in your country(ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 

Nigeria: 
 A request for ethical clearance for consumer testing has been submitted to the Federal government 
of Health. This submission is done by the principal investigator (Dominique Dufour, CIRAD) together 
with a local representative (Ugo Chijioke NRCRI) and includes the project’s documentation which 
also includes protocols of the methods used. Furthermore, this submission includes support letters 
from the participating institutions: NRCRI, Bowen University and IITA 

5.13.11 IITA Travels: Participation in RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 

 Title /Training Objective WP City, Country NAME(S) of Participants 

RTBfoods 
Meetings 

RTB foods annual 
meeting,  

WP1 Abuja, Nigeria Olamide Olaosebikan, Bello Abolore, 
Esme Stuart, Béla Teeken, Adetonah 
Sounkoura, Amah Delphine 

 RTB foods annual 
meeting, 

WP2, 
WP3,  

Abuja, Nigeria MAZIYA-DIXON Busie, ALAMU 
Emmanuel, ADESOKAN Michael, 
NWAOLIWE Gregory, Adebowale 
Osunbade 

  WP4 Abuja, Nigeria AMELE Asrat, UWIMANA Brigitte,  
Peter Kulakow 

  PM Abuja, Nigeria Richard Ofei 

RTBfoods 
Trainings 

WP1 Qualitative data 
analysis training 

WPI Abuja, Nigeria Olamide Olaosebikan, Bello Abolore, 
Esme Stuart, Béla Teeken 

 NIRS Tranning in 
Nigeria 

WP3 Ibadan, 
Nigeria 

ALAMU Emmanuel, ADESOKAN 
Michael, OYEDELE Abdilhakeem 

 NIRS Tranning in 
Uganda 

WP3 Namulonge, 
Nigeria 

ALAMU Emmanuel 

International 
/ Regional 
Conferences  

ISTRC WP3 Cali, Columbia MAZIYA-DIXON Busie, CINISANI 
TFWALA 

Scientist 
Exchanges 
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 Title /Training Objective WP City, Country NAME(S) of Participants 

Other 
meetings 

Lagos meeting WP1 Lagos Nigeria Adetonah Sounkoura 

Operational  WP2  NWAOLIWE Gregory 

  WP4  Amele Asrat 

  WP1  Bello Abolore 

  WP4  EDEMODU, Mr. ALEX 

5.13.12 IITA Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

•  PERTEN Rapid Visco Analyzer (RVA) 4800 for pasting properties  
• Texture Analyzer (TA. XT plus Micro Stable systems 

5.13.13 IITA Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

NextGen, AfricaYam, CRP RTB, BBB 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

With regards to WP1 work IITA staff with staff time financed under Nextgen cassava have been 
majorly involved in carrying out all fieldwork activities related to gari-eba as well as the analysis of 
activity 3 work they were assisted by Adebowale Osunbade ( Africa yam project) from the food 
science group.  Furthermore, these staffs have been involved in providing in house training to the 
Yam team on the survey tools, carrying out the survey as well as training qualitative data analysis. 
With regards to WP5 work on the evaluation of the replanted mother trials, no WP5 budget could be 
used because WP5 money will only be accessible as of 2020. RTB earmarked funding was used to 
carry out this activity. The same cassava breeding team (Bello Abolore, Duro Owoade, Olamide 
Olaosebikan) financed under Nextgen was involved in the WP5 work this year: A second evaluation 
with three champion processors of a trial with different varieties including promising Nextgen clones. 
In-kind contribution in terms of salaries for IITA scientists and technicians not paid by RTBFoods:  
Matooke (Uganda): Brigitte Uwimana (scientist), Violet Akech (research associate and Musabase 
curator), Harriet Nabatanzi (field assistant), Rogers Bazanye (driver) 
 For WP2 and WP3: WP2 and WP3 team funding mostly from RTB CRP, Bilateral projects 

5.13.14 IITA Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 

• Standard Operating Procedure(SOP)  for dry matter (DM) determination 
•  SOP for the sampling and collection of spectra data on fresh, intact cassava roots using 

Hand-held ASD NIRS device and Tabletop FOSS  XDS NIRS- 
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•  SOP for the transfer of spectral data from one hand-held ASD Near Infrared device to 
tabletop NIRS 

• Outline for chapter 3: grated cassava food products: Béla Teeken; Bello Abolore; Olamide 
Olaosebikan; Durodola Owoade; Emmanuel Alamu; Michael Adesokan; Hubert Noel Takam 
Tchuente; Busie Maziya-Dixon. 

• Poster presentation by Béla Teeken at the African Plant Breeding Association (APBA) 
conference at the University of Ghana, Legon in Accra (21-25 October 2019), on the analysis 
results of the RTB foods activity 3 data on preferred cassava characteristics at each stage: 
from fresh roots to the consumption of the food product eba. Teeken, B., Olaosebikan, O.D., 
Bello, A.A., Osunbade, A., Owoade, D., Fliedel, G., Forsythe, L., Kulakow P. and Maziya-
Dixon, B. 

5.13.15 Gaps & Challenges faced at IITA 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

There is no staff time covered for the numerous fieldwork and analysis work. Although the work is 
complementary to the, e.g. the Nextgen Cassava work this is still in issue because of lack of time to 
deliver all the necessary work in time.  

5.13.16 IITA Perspective Work Plan & Internal organisation for 
Period 3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Globally:  
IITA will organise the usual yearly Country coordination meeting for all RTBfoods partners in Nigeria 
and Cameroon (IITA, NRCRI, BOWEN). 
 
Gari/Eba (Nigeria & Cameroon):   
WP1:  

• Carrying out and analysing the results of activity 4 and 5 WP1 and writing up the report of 
these two activities.  

• Furthermore, cassava trials have been communicated to Alexandre Bouniol to identify 
suitable trials for evaluation of clones with stakeholders, the further refinement of the reported 
WP5 protocols will be considered here, and we will see how the activity best assist the current 
breeding program. 

 
Gari/Eba (Nigeria) WP2: 

• Sensory profiling of gari/Eba 
•  Develop and optimise the protocol for textural properties measurement for Eba 
• Biophysical analyses of cassava, gari for selected traits ( to be used by WP3) 

 
Gari/Eba (Nigeria): WP3 

• Spectral data collection for fresh cassava roots and gari 
• Perfect protocol for NIRS analysis for intact fresh cassava roots  (DM and Starch)- sampling, 

spectral data collection and calibration development 
• Calibration developments for DM, Starch, pasting and functional properties  of  blended fresh 

cassava roots and gari   
• Calibration for textural properties of Eba  
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Fried Plantain (Nigeria):  
• The IITA budget for plantain has been used up to carry out the SoK and the activity 3 field 

survey. The first draft of the full activity 3 report is expected in January 2020, and the final 
version will be reported in period 3.
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5.14 Annex 14: INRA Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
Agnès ROLLAND-SABATE 
Lucienne DESFONTAINES 
 
Collaborator(s): 
Line TOULOUMET, 
Caroline GARCIA,  
Marielle BOGE,  
Sylvie BUREAU,  
Carine LE BOURVELLEC 
Non permanent personnel :  
Franck BERTRAND 
Carine MARIE MAGDELEINE, 
Jocelyne LEINSTER,  
Valerius CALIF,  
Marie UMBER,  
David LANGE,  
Suzia GELABALE, 
Jean-Luc IREP, 
Yoana FAURE, 
Dominique RINALDO,  
Pascale BADE 
Non permanent personnel :  
Branda LAMAILLE,  
Sandy MOUTOUSSAMY,  
Wilfried BEAUCE,  
Bruno CAYACI,  
Emmanuel CONSTANT 
 
Focal Point (NAME First name, email, Skype ID, Country):   
ROLLAND-SABATE Agnès, agnes.rolland-sabate@inrae.fr, Skype ID, France  

5.14.1 Product Profile (x Country) Involvement  

Partner 
Institute 

Product (Country) – Main PP in bold 

INRA 1-Boiled Yam with UAC (Benin) & CIRAD (Montpellier) 

2-Boiled Yam with CIRAD (Guadeloupe)  

3-Pounded Yam with CIRAD (Guadeloupe) and CNRA (Côte d’Ivoire) 

4-Boiled Plantain with CNRA (Côte d’Ivoire) & CIRAD (Montpellier) 
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5.14.2 INRA Summary Narrative 

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is 
in the body of the RTBfoods Annual Report for Period 2). 

Boiled Yam (Avignon + Benin): In Period 2, INRA Avignon mainly worked to produce an SOP for cell 
wall polysaccharide extraction on yam roots as well as on the proof of concept (POC) concerning 
the impact of the cell wall, and especially pectin on the textural properties of yam products. The 
master’s student recruited at INRA Avignon defined a procedure using first an alcohol insoluble 
solids (AIS) extraction followed by an enzymatic destarching procedure working on a reference raw 
yam sample (D. cayenensis-rotundata from Ghana). 12 raw yam root samples recieved from UAC-
FSA Benin and INRA and CIRAD Guadeloupe (10 genotypes, D. alata and D. cayenensis-rotundata) 
were then prepared and stabilized at -80°C in Avignon for further analyses. Raw yam roots were 
then analysed for endogeneous pectinase activities, starch content and cell wall polysaccharides 
content and composition. These works are in progress as the cell wall extraction SOP has to be 
optimized and the POC needs more data on cooking ability that will be acquired in the early P3. 
Boiled Yam (Guadeloupe): In Period 2, from January to April 2019, INRA Guadeloupe harvested 41 
yam genotypes planted in 2 places with contrasting pedoclimatic conditions, in order to follow quality 
traits of yam tuber flour in the frame of WP3. Harvest took place at maturity (full senescence) 
depending on genotype, and three tubers were used by genotype. In order to coordinate the INRA 
(quality traits) and CIRAD (quality traits and phenotyping) activities, the same tubers were used 
during the process of sample treatments. Tubers were cut longitudinally, half of a tuber was used for 
fresh analysis (i.e. color and oxidation conducted by CIRAD Guadeloupe), then after the piece were 
weighted, peeled with a knife, washed, wring out, weighted, and cut in cubes of 5/10 mm for drying 
in oven at 70 °C during 3 days. Dry matter (DM) was measured after drying. Samples were placed 
in a sealed bag until grinding. From January to November 2019, different activities were conducted 
by the team and non-permanent staff: (i) Preparation of 348 yam tubers flour for amylose and protein 
analysis, and starch grain images at INRA-ASTRO Laboratory; (ii) Acquisition of NIRS Spectra of 
yam flour at INRA-URZ Laboratory, (iii) Sampling flour for chemicals analysis (starch, sugar) by 
Teyssier Laboratory, (iv) Collection and building spectra data base from chemicals reference and 
NIRS spectra. Development of calibration models for Chemicals parameters (DM, starch, proteins, 
sugars, amylose) is in progress. DM and browning data of this genotype panel were used to select 
6 genotypes for Avignon assays of cell wall extraction and cooking assays in period 3. 
Pounded Yam (Guadeloupe): INRA-Astro and URZ expertises were used to develop predictive 
models for chemical and textural parameters of yam flours, in order to predict these parameters in 3 
biparental populations of D. alata for germplasm breeding on samples studied as well in the frame 
of Africayam project conducted by Gemma Arnau (CIRAD). 174 flour samples of 27 genotypes 
supplied by CIRAD from Roujol location were used for the development of a calibration model. A 
publication in a per-reviewed scientific journal is being written by Emmanuel Elhonou (CNRA-Côte 
d’Ivoire). Then, predictive data based on DM, starch, sugar and hardness were obtained upon 892 
samples of D. alata to evaluate their pounded ability.  
Boiled Plantain (Avignon + Côte d’Ivoire): With the aim to produce a SOP for cell wall 
polysaccharides extraction on banana and plantain, INRA Avignon carried out some sample 
preparations, AIS extractions and dry matter content determinations on green and ripe plantain. 
INRA Avignon is also working on POCs, for this aims INRA Avignon is recruiting a PhD student for 
the early 2020. The aims of this PhD project will be to evaluate the impact of cell wall polysaccharides 
composition, particularly pectin structure, and polyphenol composition on the softening during boiling 
of banana and identify the biochemical mechanisms involved. 
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5.14.3 INRA Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First 
Name 

Country 
of Resid. 

Permanent, 
Student OR 
Contractual  

WP
1 

WP
2 

WP
3 

WP
4 

WP
5 

Boiled Yam 
(Avignon + 
Bénin + 
Guadel.) 

Pounded 
Yam 
(Guadel.) 

Boiled 
Plantain 
(Avignon & 
Côte d’Ivoire) 

A. Rolland-
Sabaté France Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☒ 

L. Touloumet France Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☒ 

F. Bertrand  France Master’s 
thesis student ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☐ 

C. Garcia France Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☐ 

M. Bogé France Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☒ 

S. Bureau France Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☐ 

C. Le Bourvellec France Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☒ 

L. Desfontaines France Permanent ☐ ☒ ☒ ☐ ☐ ☐ ☐ ☐ 

D. Rinaldo France Permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ ☐ 

M. Umber France Permanent ☐ ☐ ☐ ☒ ☐ ☐ ☐ ☐ 

C. Marie 
Magdeleine France Permanent ☐ ☐ ☒ ☐ ☐ ☐ ☐ ☐ 

D. Lange France Permanent ☐ ☐ ☐ ☒ ☒ ☐ ☐ ☐ 

J.-L. Irep France Permanent ☐ ☐ ☐ ☒ ☒ ☐ ☐ ☐ 

J. Leinster France Permanent ☐ ☐ ☒ ☐ ☐ ☐ ☐ ☐ 

V. Calif France Permanent ☐ ☐ ☒ ☐ ☐ ☐ ☐ ☐ 

P. Bade France Permanent ☐ ☒ ☒ ☐ ☐ ☒ ☐ ☐ 

Y. Faure France Permanent ☐ ☐ ☐ ☒ ☐ ☐ ☐ ☐ 

S. Moutoussamy France Contractual ☐ ☐ ☒ ☐ ☐ ☐ ☐ ☐ 

B. Lamaille France Contractual ☐ ☒ ☐ ☐ ☐ ☐ ☐ ☐ 

W. Beauce France Contractual ☐ ☐ ☐ ☒ ☐ ☐ ☐ ☐ 

B. Cayaci France Contractual ☐ ☐ ☐ ☒ ☐ ☐ ☐ ☐ 

E. Constant France Contractual ☐ ☐ ☒ ☐ ☐ ☐ ☐ ☐ 
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List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First Name  
(+ Institute if not 
from INRA) 

Master 
Student 
or PhD 
or Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting Date 

Fellowship 
Ending date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in 
RTBfoods 
project  

Franck 
BERTRAND 
(INRA Avignon) 

 

Master 
II 
student 

Impact of the cell wall 
composition on the texture 
of yam products 

2 University of 
Lorraine 

28/01/2019 28/07/2019 No A. Rolland-
Sabaté 
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5.14.4 INRA Activities & Achievements on Boiled Yam (Avignon + 
Bénin) 

WP2 – Boiled Yam (Avignon + Benin) 
INRA Key Contact for WP2 on Boiled Yam in France (NAME First name): Agnès ROLLAND-
SABATE 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: In Period 2, INRA Avignon worked mainly on the development of cell wall 
polysaccharide and pectin extraction methods on yam products in order to produce the 
corresponding SOP. INRA Avignon also contributed to the following SOPs: amylose content 
determination, polyphenols, and starch and sugars content determinations via discussions during 
meetings, advices and correction/approbation of the documents. 
Proof of Concept / Method Development: With the aim to produce an SOP for cell wall polysaccharide 
extraction on yam roots, a master’s student has been recruited at INRA Avignon (F. Bertrand, 
January to July 2019). He defined a procedure using first an alcohol insoluble solids (AIS) extraction 
followed by an enzymatic destarching procedure working on a reference raw yam sample 
(commercial roots of D. cayenensis-rotundata from Ghana). Using this procedure on raw commercial 
roots of D. cayenensis-rotundata from Ghana, AIS with 6% starch were obtained allowing to measure 
accurately galacturonic acid, neutral sugars and methanol contents of cell walls. Nevertheless in 
order to be more widely applied, this destarching procedure still have to be optimized as it was not 
efficient enough (see below) to destarch some of the raw roots supplied by INRA and CIRAD 
Guadeloupe and UAC-FSA Benin, giving generally AIS with about 8-19% starch and even about 45-
50% for Peter, Kpété and Sinoua cultivars.  
In Period 2, INRA Avignon worked as well on the proof of concept concerning the impact of the cell 
wall, and especially pectin on the textural properties of yam products. For this aim, the master’s 
student F. Bertrand prepared and conditioned 16 root samples in Avignon (14 genotypes, D. alata 
and D. cayenensis-rotundata) transforming them to cold flour (-80°C) in order to stabilize them. 
These samples were first carefully chosen in collaboration with CIRAD in Montpellier, UAC-FSA in 
Benin and INRA and CIRAD Guadeloupe for their contrasted cooking properties (boiling time to cook 
and behaviour) and their dry matter content (21% to 33%). F. Bertrand analysed their endogeneous 
pectinase activities (PME and PG), starch content and then extracted cell wall polysaccharides from 
12 samples (10 genotypes, two of them were grown in different conditions) by using the method he 
developed previously and he analyzed their composition. Enzymatic activities in the head of the 
tubers was found to be very low for every yam roots: PME activity was generally 0 nkatal/g fresh root 
whereas PG activity varied from 0.095 to 0.203 nkatal/g fresh root. No clear correlation could be 
established at this stage between endogeneous enzymatic activities and cooking behaviour. Starch 
content varied from about 62% db up to 80% db and galacturonic acid varied from 9 to 16% in the 
cell walls with generally higher values observed for D. cayenensis-rotundata. This work to establish 
this proof of concept is still in progress. In fact data on cell wall and pectin characteristics and amount 
need to be consolidated by additional measurements (notably by improving the destarching 
procedure) and we have not enough data right now on processing ability and texture properties to 
conclude to any impact whatsoever on cooking or textural properties of boiled yam roots. 
Sensory Analyses: No 
Texture Analyses: No 
Biophysical Routine Analyses & WP2 Database Mngt: No. 
Others (equipment purchase): Small blenders (<$2200), and an extraction module (<$1600), and a 
vacuum pump (<$1600), have been purchased at INRA Avignon to produce cold flour during sample 
preparation and for cell wall extraction, respectively. 
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INRA Avignon published a PhD thesis offer entitled: “Impact of cell wall and polyphenol composition 
on the texture of banana and yam products produced after heat processing”, the recruitment of the 
PhD student is in progress to begin the PhD thesis in February 2020. 

Interactions with other Institutes working on Boiled Yam (Results & Protocols Shared, Staff, 
Equipment) 
CIRAD (Montpellier): Discussions on experimental developments (galacturonic acid determination), 
on crops supply and on planning (via meetings in Montpellier and conf calls), with C. Mestres, C. 
Bugaud, L. Dahdouh, D. Dufour, J. Ricci, L. Ollier, mutual advices and correction of the documents 
(SOP of amylose content determination), data exchange.  
UAC-FSA (Benin): Yam roots supply and data on cooking ability (via meetings in Montpellier and 
conf calls). Discussions with N. Akissoé and L. Honfonso on crops supply and on planning. Data 
exchange I terms of cooking ability in the frame of L. Honfonso PhD thesis. 
CIRAD & INRA (Guadeloupe): Yam roots supply from Guadeloupe and data on cooking ability and 
physico-chemical parameters (sugars, dry matter, starch, amylose, protein); discussions with L. 
Desfontaines, D. Rinaldo, G. Arnau on experimental developments, on crops supply and on planning 
(via meetings in Montpellier and in Petit-Bourg, and conf calls). INRA Avignon contributed to SOP of 
amylose content determination (colorimetry) via discussions, advices and correction of the 
documents. 
IITA (Nigeria): No 
NRCRI (Nigeria): No 
Others (Bowen University on Pounded yam): INRA Avignon contributed to SOP of starch and sugars 
content via discussions, advices and correction of the documents. 

5.14.5 INRA Activities & Achievements on Boiled Yam (Guadeloupe)  

WP2 –Boiled Yam (Guadeloupe) [Budgeted under WP2] 
INRA Key Contact for WP2 on Boiled Yam in Guadeloupe (NAME First name): Lucienne 
DESFONTAINES 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: In Period 2, INRA Guadeloupe worked mainly on the development of a method 
for Amylose content determination in yam flour with an adaptation of the ISO6647 norm and of the 
method developed by C. Mestres et al. (1997). We produced a first draft of this SOP for Amylose 
content determination by colorimetry, and we will complete it by a validation of the starch content 
estimated by C. Mestres method. INRA Avignon contributed to the amylose content determination 
via discussions, advices and correction of the documents. 

Proof of Concept / Method Development: Method for amylose content determination, using iodine 
coloration, was applied on yam tuber flours. However, complementary improvements are needed 
and will be conducted to validate starch content estimate by C. Mestres formula, when determination 
of amylose is made with two simple standards of amylose and amylopectin reading both at 620 and 
545 nm. Enzymatic determination and inter-laboratory comparison will be conducted in a set of 
samples in the first part of 2020 to finalize SOP for Amylose content determination by iodine 
coloration. 

Sensory Analyses: No. D. Rinaldo is now a member of the panel formed to evaluate the sensory 
properties of cooking bananas (M. Lechaudel, UMR Qualisud). 
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Texture Analyses: Two cultivars, among the most often used by yam producers in Guadeloupe, 
Pacala and Boutou (D. alata), were analysed for their cooking ability as related to texture analyses. 
Five roots of each cultivar were weighed, peeled and cut longitudinally. Half of each peeled yam was 
used as raw pulp and the other half was boiled. The boiled half was placed in boiling water until it 
was cooked. The cooking time was measured on 5 cm cubes of pulp, using a fork.  Pacala’s pulp 
was found to be richer in dry mater than Boutou’s; the raw pulp of the former contained 33.4 % of 
dry matter vs 27.6 % for the latter.  The hardness of the raw pulp of Pacala yam was 4.7 + 0.9 N 
(maximal strength needed to get across the yam pulp), which was 15 % lower than that of the other 
cultivar.  Pacala cooked in 18 + 1 min, whereas the cooking time of Boutou was 28 + 1,6 min. Further 
work is needed, on a wider range of cultivars, to determine whether the hardness of the raw yam 
pulp is correlated to cooking time. 

Biophysical Routine Analyses & WP2 Database Mngt: 348 samples of raw yam roots (41 genotypes) 
have been transformed after drying at 70°C in flour for further analyses. DM, amylose, protein, were 
made in INRA-ASTRO-Laboratory. The data base (excel file) is still in construction as some 
determinations are still in progress on these samples. 
Others (equipment purchase):No. 
 

WP3 –Boiled Yam (Guadeloupe) 
INRA Key Contact for WP3 on Boiled Yam in Guadeloupe (NAME First name): Lucienne 
DESFONTAINES 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened.   

Contribution to SOPs: No 

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): 
 
Population screened: 41 genotypes with 38 supplied by INRA CRB-PT. 35 genotypes planted at 
Godet location in vertisol and 41 at Duclos location in ferralsols. Further, the same panel was planted 
at Roujol station (CIRAD) in ferralsols, and supplied at INRA for analysis. These genotypes are 
composed mainly by D. alata and a few number of D. tridifa (1), D. cayensensis (1) and D. rotundata 
(1). 
 
Product presentation: Yam tuber flour were obtained after drying at 70 °C during 3 days, milled and 
sieved successively at 2 and 0.2 mm. Tubers were cut longitudinally, half of a tuber was used for 
fresh analysis (i.e. color and oxidation conducted by CIRAD Guadeloupe), then after the piece of 
tuber was weighted, peeled with a knife, washed, and cut in cubes of 5/10 mm for drying in oven at 
70 °C during 3 days.  
 
Nb of spectra acquired: 696 spectra were acquired in period 2 by INRA-Astro-URZ team. 
Measurements were made on subsamples of dried flour. All samples were scanned in a NIRSystems 
6500 spectrophotometer (Foss NIRSystems Inc, silver spring, MD) using an autocup sampler. 
Spectra were acquired in reflectance mode at 2 nm intervals over a wavelength range from 400 to 
2498 nm.  Three tubers per genotype were analyzed and each tuber sample was measured twice.  
 
Traits concerned & WP3 Database Mngt: In period 2, 348 samples of dried flour were analyzed in 
DM, amylose by INRA-laboratory, and 177 samples for protein to complete data set for calibration. 
A database in excel file with 453 reference data and NIRS spectra (906) is in progress because all 
the analysis were not completed. 
 
Calibration under Development: Preliminary calibration was developed by INRA-Astro-URZ team 
with a set of 174 data of dry matter, starch, sugar, protein and 81 data for hardness for the Africayam 
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project for CIRAD (see pounded yam in WP3). So, owing to the fact that sample preparation are not 
the same between the two institutes, complementary analysis will be made in the data set to improve 
calibration performance found before for these parameters. Calibration model for amylose will be 
made as soon as the method of amylose content determination will be validated. 

Others: Furthermore, 177 samples were analyzed for starch and sugar contents by Teyssier 
laboratory owing to the fact we haven’t enough human resources to complete these analyses. 

Interactions with other Institutes working on Boiled Yam (Results & Protocols Shared, Staff, 
Equipment) 
CIRAD (Guadeloupe): In the Cavalbio project, D. Cornet and F. Cormier (CIRAD Guadeloupe) 
realized the analysis via Teyssier Laboratory of 171 yam flour samples for starch, sugars and protein 
contents on 348 samples of tubers generated by the 3 experimental locations. Furthermore, MIRS 
acquisitions were realized by CIRAD Montpellier in order to improve amylose calibration model. 575 
MIRS spectra corresponding to 187 samples were measured (each sample was measured in 
triplicate). 
A database with reference data, NIRS and MIRS spectra are shared with INRA Guadeloupe and 
CIRAD in excel file in order to compare development of model with a generic calibration pipeline 
(CIRAD) and model developed with winIsi or Chemflow software. 
 
INRA (Avignon): Data supply to INRA Avignon on cooking ability and physico-chemical parameters 
(sugars, dry matter, starch, amylose, protein) and discussions with A. Rolland-Sabaté on 
experimental developments and on planning (via meetings in Petit-Bourg, and conf calls). 
Discussions to build a new program for INRA Guadeloupe to answer the determinants of cooking 
and browning ability. 
 
CNRA (Côte d’Ivoire): No. 
 

WP4 – Yam for Boiled Yam (Guadeloupe) 
INRA Key Contact for WP4 on Yam for Boiled Yam in Guadeloupe (NAME First name): 
Lucienne DESFONTAINES 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
In period 1, 12 genotypes (mainly D. alata, 1 D. trifida, 1 D. cayensensis) were conducted in Godet 
location (INRA) and 14 genotypes at Duclos location (INRA). 
In period 2, the CRB-PT supplied 38 genotypes for the program of yam phenotype and quality traits 
conducted by INRA and CIRAD team in 3 experimental stations to light up genotype x environment 
effect.  
So, 35 genotypes were planted at Godet location (INRA), 41 at Duclos (INRA), and 45 at Roujol 
(CIRAD). Genotype are mainly composed of D. alata, with a large range of genetic diversity, and a 
few number of D. trifida (1), D. cayenensis (1) and D. rotundata (1). 
Two locations (Roujol and Duclos) are in ferralsol zone, with a humid climate, contrary to Godet 
situated in vertisol in dry climate. 
 
Interactions with other Institutes working on Boiled Yam (Results & Protocols Shared, Staff, 
Equipment) 
CIRAD (Guadeloupe): Availability of planting areas see above. 
INRA (Avignon):  Yam roots supply to INRA Avignon and discussions with A. Rolland-Sabaté on 
experimental developments, on crops supply and on planning (via meetings in Petit-Bourg, and conf 
calls).  
CNRA (Côte d’Ivoire): No. 
Others: No. 
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WP2 –Pounded Yam (Guadeloupe) [Budgeted under WP3] 
INRA Key Contact for WP2 on Pounded Yam in Guadeloupe (NAME First name): Lucienne 
DESFONTAINES 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: Sample from Africayam project (CIRAD) were used as reference sample to 
validate SOPs of amylose content determination. 14 samples were selected with contrasted content 
of amylose and previously analyzed by Teyssier-Laboratory.    

Proof of Concept / Method Development: Amylose content of 93 samples of Africayam project 
(CIRAD) were analyzed by INRA-Astro Laboratory, in order to begin a calibration model on this data 
set. 81 samples have yet to be analysed. However, owing to bad calibration model obtain for the 
preliminary test, this data were not used yet.  

Sensory Analyses: No. 

Texture Analyses: No. 

Biophysical Routine Analyses & WP2 Database Mngt: Amylose content of 93 samples of Africayam 
project (CIRAD) were analyzed by INRA-Astro Laboratory, 81 samples remain to be analyzed. 

Others (equipment purchase):No. 
 

WP3 –Pounded Yam (Guadeloupe) 
INRA Key Contact for WP3 on Pounded Yam in Guadeloupe (NAME First name): Lucienne 
DESFONTAINES 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened.   
Contribution to SOPs: No. 
 
Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): 
 
Population screened: In the Africayam project (conducted by Gemma Arnau, CIRAD), 892 samples 
from 3 biparental populations of D. alata, for germplasm breeding upon their pounded ability, were 
analyzed by NIRS at INRA-URZ-ASTRO. 
 
Product presentation:  The head and the tail of the tuber were removed and then the tuber were 
peeled with a knife, washed and cut to obtain tuber pieces of 5/10 mm. Yam flour tuber were obtained 
after drying at 60 °C during 3 days and milled and sieved successively at 2 and 0.2 mm.  
 
Nb spectra acquired: 2626 spectra were acquired by INRA team in Guadeloupe, among them 348 
were used for development of a calibration model, and 928 for prediction of quality traits. 
 
Traits concerned & WP3 database Mngt: DM, starch, proteins, sugars and hardness. 4460 data were 
generated by prediction models firstly developed by INRA team in Guadeloupe. 

Calibration under Development: INRA-Astro and URZ developed calibration models for dry matter, 
starch, protein, sugars and for textural parameters on dried yam flour with WinIsi software. We got 
good prediction performance for Dry matter (R2p 0.85, (SEP 1.58), starch, (R2p 0.89, SEP 1.46), 
sugars (R2p 0.93, SEP 0.56) and protein (R2p 0.88, SEP 0.29). However, for hardness (R2p 0.52, 
(SEP 1.84), cohesiveness (R2p 0.55, SEP 0.11), Adhesiveness (R2p 0.45, SEP 2.22), springiness 
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(R2p 0.52, SEP 0.19), and extensibility (R2p 0.66, SEP 0.8), prediction performance were wrong 
owing to the low number of sample available with data reference of textural parameters. 

Development of calibration for hardness on pounded yam with Chemflow software gave better 
prediction performance (R2 0.57, SEP: 1.68). 

Others: Chemicals analysis for data reference on starch, sugar and protein were performed by 
Tessier-Laboratory.  

Interactions with other Institutes working on Pounded Yam (Results & Protocols Shared, 
Staff, Equipment) 
CIRAD (Guadeloupe): INRA Guadeloupe sent calibration models and prediction data on 892 
samples of bi-parental population to CIRAD (Gemma Arnau). These data were used to perform 
germplasm breeding on the D. alata ability to be pounded. 
 
INRA (Avignon): No. 
 
CNRA (Côte d’Ivoire): 56 samples from Côte d’Ivoire were also analyzed by NIRS and the chemicals 
and hardness traits were predicted by INRA Guadeloupe.  
 

WP4 – Yam for Pounded Yam (Guadeloupe) 
INRA Key Contact for WP4 on Yam for Pounded Yam in Guadeloupe (NAME First name): Lucienne 
DESFONTAINES  

15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    

 

In period 1, in the Africayam project (CIRAD), 93 yam flour from 27 genotypes of D. alata, planted at 
Roujol location, were supplied at INRA team with chemical reference for development of calibration 
model for DM, starch, protein and sugars. 

In period 2, 81 yam flours from 27 genotypes of D. alata, planted at Roujol location, were supplied 
at INRA team with chemicals (DM, starch, and textural reference). Furthermore, biparental 
population was conducted for breeding program and 836 yam flours were supplied at INRA team for 
chemicals and textural predictions. 

Interactions with other Institutes working on Pounded Yam (Results & Protocols Shared, 
Staff, Equipment) 
 
CIRAD (Guadeloupe): Protocol to follow phenotype and quality traits on yam tubers were written by 
D. Cornet  
(CIRAD) and shared with all researchers at CIRAD and INRA-Guadeloupe working on the yam 
collection.  
 
INRA (Avignon): No. 
 
CNRA (Côte d’Ivoire): No. 
 
Others: No.  
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5.14.6 INRA Activities & Achievements on Boiled Plantain (Avignon + 
Côte d’Ivoire) 

WP2 – Boiled Plantain (Avignon + Côte d’Ivoire) 
INRA Key Contact for WP2 on Boiled Plantain (NAME First name): Agnès ROLLAND-SABATE 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: No 

Proof of Concept / Method Development: With the aim to produce a SOP for cell wall polysaccharides 
extraction on banana and plantain, INRA Avignon carried out some sample preparations, AIS 
extractions and dry matter content determinations on green and ripe plantain. 
To work on the proof of concept “impact of cell walls on the texture of boiled banana”, INRA Avignon 
published a PhD thesis offer, the recruitment of the PhD student is in progress. The PhD thesis will 
begin inFebruary 2020. The aims of this PhD project are evaluating the impact of cell wall 
polysaccharides composition, particularly pectin structure, and polyphenol composition on the 
softening during boiling of banana and identify the biochemical mechanisms involved. The PhD 
student will work first to test the hypothesis that cell wall polysaccharides, pectin and polyphenol 
composition influence cooking ability and texture of banana products, by using a multi-varietal 
approach. About 2-8 varieties of banana fruits (Cavendish and cooking bananas) with contrasted 
cooking and browning abilities and already characterized in terms of starch and amylose content, 
will be boiled using standardized procedures and characterized in terms of textural properties and 
cell wall and procyanidin characteristics. Some model systems will also be used to understand the 
key mechanisms involved. The PhD student will collaborate with CNRA and CARBAP for samples 
supply and data exchange on the cooking abilities. 

Sensory Analyses: No. 

Texture Analyses: No. 

Biophysical Routine Analyses & WP2 Database Mngt: AIS extraction and yields, dry matter content 
Others (equipment purchase): No. 

Interactions with other Institutes working on Boiled Plantain (Results & Protocols Shared, 
Staff, Equipment) 
 
CNRA (Côte d’Ivoire):  Discussions around plantain supply, maturation and cooking ability (via 
meetings in Abuja and conf calls). 
CARBAP (Cameroon):  Discussions with G. N’Goh Newilah around plantain supply, maturation and 
cooking ability (via meetings in Abuja and conf calls), collaboration for the redaction of a revue on 
“Assessing preferred quality traits of boiled plantain and implications for breeding”. 
CIRAD (Montpellier): Discussions on experimental developments (AIS extraction and destarching, 
texture measurements), on crops supply and on planning of future analyses (via meetings in 
Montpellier and conf calls), with C. Bugaud, L. Dahdouh, D. Dufour, J. Ricci, G. Fiedel mutual 
advices, data exchange. In particular, A. Rolland-Sabaté is involved in the PhD thesis committee of 
H. A. Kouassi (Université Nangui Abrogoua, Abidjan, Directed by E. Assemand, C. Bugaud and O. 
Gibert, CIRAD, Montpellier) and follows his work on the sensorial quality of boiled plantain (Musa 
sp.) from Ivory Coast. 
 
Others: No 
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5.14.7 INRA cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

WP2 with WP3: Yam samples analyzed in the frame of WP3 for NIRS (by S. Moutoussamy, V.Calif, 
P.Bade, J. Leinster, E. Constant) are also analyzed at INRA Guadeloupe in the frame of WP2 (by 
B.Lamaille, L.Desfontaines) for some biochemical traits and some of them, carefully chosen are 
submitted to a deep structural characterization (cell wall polysaccharides, starch and enzymatic 
activities) as well in INRA Avignon (A. Rolland-Sabbate).  
 
WP2 with WP4: Yam samples are produced in INRA Guadeloupe in the frame of WP4 (planting and 
harvesting by D.Lange, J-L Irep, B.Cayaci and W. Beaucean), then analyzed at INRA Guadeloupe 
in the frame of WP2 for some biochemical traits (by B. Lamaille, L. Desfontaines) and in INRA 
Avignon for a deep structural analysis (cell wall polysaccharides, starch and enzymatic activities) by 
A. Rolland-Sabbate. 
 
WP3 with WP4: Yam samples are produced in INRA Guadeloupe in the frame of WP4 and analyzed 
at INRA Guadeloupe in the frame of WP3 for NIRS calibration for some biochemical traits. 
 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 
biochemical analyses and WP3 NIRS analysis? 
Avignon : INRA Avignon organize meetings at a regular timeline (07/01/2019, 07/01/2019, 
13/02/2019, 08/03/2019, 26/03/2019, 20/09/2019) during the year in order to select the samples 
(grown in the frame of WP4 and characterized in terms of some biochemical traits and NIRS in the 
frame of WP3) that will be transmitted to INRA Avignon from Guadeloupe and studied for deep 
structural analysis in the WP2 frame.  
 
Guadeloupe: In order to coordinate the sample treatment between INRA and CIRAD teams, the 
same tubers are used to made the different measurements (color and oxidation in fresh tuber) and 
then drying and milled in flour of 0.2 mm for further analyses (chemicals, NIRS, starch grain, MIRS, 
Teyssier-Laboratory). S. Moutoussamy was recruited from January 2019 to march 2019 to manage 
sample chain preparation and did all the steps. An anonymous number was given to identify each 
sample. Sampling was followed on excel file and was shared each week by S. Moutoussamy to the 
partner. At the end of harvest, a listing of samples was edited and distributed to the teams. 
 
Are WP2 and WP3 using the same standard for sample codification? YES at INRA Guadeloupe 
If YES, which one? Flour sample of each tuber is identified by an anonymous number. This number 
is used for amylose analysis at INRA-Astro laboratory, NIRS acquisition on subsample of flour at 
INRA-URZ. 
If NO, why? In INRA Avignon we have a sample codification procedure that is a little bit different 
from the one used by INRA Guadeloupe. We are working on the harmonization of this procedure to 
be able to work on the same database. 
 
Do you freeze, dry or freeze-dry sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze, dry and/or freeze-
dry? 
Avignon: In INRA Avignon, we freeze cubes of fresh yam tubers in Nitrogen and then we keep the 
samples at -80°C, we also produce cold yam flours kept at -80 °C for further analyses. We also dry 
sub-samples after AIS extraction, and freeze-dry sub-samples after pectin extraction. 
 
Guadeloupe: Actually, samples are dried at 70 °C and milled in flours sieved at 0.2 mm. But it is 
possible to freeze and freeze-dry sub-sample for future analyses.  
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5.14.8 Data Management at INRA 

INRA RTBfoods Data Manager (NAME First name): Lucienne DESFONTAINES 
WP2 data correspondent (NAME First name): Agnès ROLLAND-SABATE 
WP3 data correspondent (NAME First name): Lucienne DESFONTAINES 
WP4 data correspondent (NAME First name): Lucienne DESFONTAINES 

5.14.9 Ethical Clearance  

Describe Process implemented in your country(ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 

- Not Applicable to INRA – 

5.14.10 INRA Travels: Participation in RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 

 Title /Training Objective WP City, Country NAME(S) of Participants 

RTBfoods 
Meetings 

Abuja meeting WP2 
workshop (19/03/2019) 
 
WP2 meeting (18/11/2019) 
 
INRA meeting in Guadeloupe 
(28/10/2019-31/10/2019) 
 
 
 
 
 
INRA meeting in Avignon 
(28/11/2019-29/11/2019) 

2 
 
 
2 
 
2, 3, 
4 
 
 
 
 
 
2, 3, 
4 

Abuja, conf 
call 
 
conf call 
 
Petit-Bourg, 
Guadeloupe, 
France 
 
 
 
 
Avignon, 
France 

A. Rolland-Sabaté and all 
WP2 
 
 
A. Rolland-Sabaté and all 
WP2 
 
A. Rolland-Sabaté, G. 
Arnaud, A. Chair, D. Dufour, 
D. Cornet, L. Desfontaines, 
D. Rinaldo, C. Marie-
Magdeleine, J. Leinster, D. 
Lange, J.L. Irep, L. Penet, 
B. Calif, J. Finette 
 
A. Rolland-Sabaté,  L. 
Desfontaines, L. Touloumet, 
C. Garcia, M. Bogé, S. 
Bureau, C. Le Bourvellec, A. 
Leca, D. Page, B. Gouble 

RTBfoods 
Trainings 

Training on sensory 
analysis of cooking banana 
organized by C. BUGAUD 
and N. FORESTIER (Cirad, 
UMR Qualisud) -  

October 2019 

2  D. Rinaldo 

International 
/ Regional 
Conferences  

Separation and 
Characterization of 
Macromolecules - SCM-9 
(30th January – 1st February 
2019); objective: meet people 
involved in polysaccharide 
and polyphenol 

2 
 
 
 
 
 
 

Amsterdam 
(Netherlands) 
 
 
 
 
 

A. Rolland-Sabaté 
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 Title /Training Objective WP City, Country NAME(S) of Participants 

characterization to gain 
information to improve the 
experimental approach to 
apply for cell wall and 
polyphenol analyses on RTB 
products 
 
12èmes journées du Réseau 
Français des Parois – French 
cell wall days (14-16th May 
2019) 
objective: meet people 
involved in cell wall extraction 
and characterization to help 
developping new procedures 
for cell wall extraction from 
RTBs 

 
 
 
 
2 

 
 
 
 
Roscoff 
(France) 

 
 
 
 
A. Rolland-Sabaté 

Scientist 
Exchanges 

Meetings in CIRAD 
Montpellier for yam and 
WP2:  
26/04/2019 
09/05/2019 
5th and 6th of september 
2019 
04/10/2019 
 
 
 
Meetings in CIRAD 
Montpellier for yam and 
WP2:  
Conf call:  
03/06/2019 
21/06/2019 
30/07/2019 
08/10/2019 
 
Meeting with CARBAP, conf 
call (03/07/2019) 
 
 
Meeting at INRA Guadeloupe 
04 au 11 /02/2019 
(discussion about activities at 
INRA Guadeloupe) 
 
 
 
 
 
 
 
 
 

 
 
2 
2 
2 
2 
 
 
 
 
 
 
2 
2 
2 
2 
 
2 
 
 
 
2,3,4 
 
 
 
 
 
 
 
 
 
 
 
 
2 
 
 

Montpellier, 
France 
 
 
 
 
 
 
 
Montpellier, 
France conf 
call 
 
 
 
 
 
Avignon, 
France 
Conf call 
 
Guadeloupe 
 
 
 
 
 
 
 
 
Guadeloupe- 
France Conf 
call 
 
Conf call 
 
 

 
 
A. Rolland-Sabaté 
A. Rolland-Sabaté, F. 
Bertrand 
A. Rolland-Sabaté, 
A. Rolland-Sabaté, C. 
Bugaud, E. Fauvelle, D. 
Dufour, D. Cornet, F. 
Cormier, C. Mestres, L. 
Dahdouh 
 
 
 
A. Rolland-Sabaté, F. 
Bertrand 
A. Rolland-Sabaté, C. 
Mestres 
A. Rolland-Sabaté, D. 
Dufour 
A. Rolland-Sabaté, D. 
Dufour 
 
A. Rolland-Sabaté 
 
 
 
A. Rolland-Sabaté, D. 
Dufour, F. Davrieux, D. 
Mbeguié, L. Desfontaines, 
D. Rinaldo, C. Marie 
Magdeleine, S. Guyader, M. 
Umber, Y. Faure, D. Lange, 
J.-L. Irep and all technical 
team 
G. Arnau, F. Cormier 
(CIRAD Gpe) 
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 Title /Training Objective WP City, Country NAME(S) of Participants 

Meeting with INRA 
Guadeloupe-Avignon 
08/03/2019 
 
Meetings with INRA 
Guadeloupe / INRA Avignon 
and CIRAD Montpellier for 
yam and WP2:  
(26/03/2019) 
 
Meetings with INRA 
Guadeloupe / CIRAD 
Montpellier for yam and WP2 
during mission of Agnes R-S  
(30/10/2019) 

 
2 
 
 
 
 
2 
 

 
Conf call 
 
 
 
 
Conf call 
 

 
D. Cornet 
 
 
 
A. Rolland-Sabaté, D. 
Rinaldo, L. Desfontaines 
 
 
A. Rolland-Sabaté, D. 
Rinaldo, L. Desfontaines, C. 
Mestres, D. Dufour, N. 
Akissoe 
 
 
A. Rolland-Sabaté, D. 
Rinaldo, L. Desfontaines, E. 
Fauvelle, D. Cornet, L. 
Dahdouh 
 
 

5.14.11 INRA Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

INRA Avignon: An extraction module (<$1600) and a vacuum pump (<$1600), have been purchased 
at INRA Avignon to for cell wall extraction, respectively. 
INRA Guadeloupe: Mixer, Shredders, small equipment for experimentation (impeller, etc.) (<$5000) 
. 

5.14.12 INRA Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

INRA participated in funding RTBfoods activities via the personnel employment, material (devices), 
building and fluids resources and environment, for WP2, WP3 and WP4 activities. 
All the works in WP3 achieved by INRA Guadeloupe were done in the frame of the Africayam project 
on pounded yam ability of D. alata and were conducted without any financial support from Africayam 
project, this corresponds to about 96 k€ of additionnal INRA own contribution to produce 4460 
predictive data (DM, starch, sugar, protein, hardness) and develop the predictive model. 

5.14.13 INRA Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Cornet D., Desfontaines L., Cormier F., Marie-Magdeleine C., Arnau G., Meghar K., Davrieux F., 
Beurier G.  Assembler la diversité des modèles classiques et « deep learning » pour développer un 
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pipeline de calibration SPIR performant et générique. Rencontre HelioSPIR, session aux  «jeunes», 
October 2019. 

Ehounou A. E., Cormier F., Cornet D., Maledon E., Desfontaines L., Marie-Magdeleine C., Nudol E., 
Gravillon M.C., Kouakou A.M., Chair H., Arnau G.  Development of NIRS and molecular marker to 
improve breeding efficiency in Greater Yam (Dioscorea alata L.) for key quality traits; 2nd International 
Conference on Applied Biochemistry and Biotechnology (ABB2019-1103), 21-24 july 2019, Macau, 
China. 

Ehounou A. E., Cornet D., Desfontaines L., Marie-Magdeleine C., Maledon E., Nudol E., Brat P., 
Lechaudel M., N’guetta A.S.P., Kouakou A.M., Arnau G.  Use of near infrared spectroscopy for the 
prediction of physico-chemical parameters related to the quality of yam of Dioscorea alata (in 
progress) 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 
Participation of INRA Avignon (A. Rolland-Sabaté) to two articles in the IJFST RTB special issue: 
“Boiled plantain end-user preferences and implications for trait evaluation” as one of the main co-
authors, and “Boiled yam end-user preferences and implications for trait evaluation” as an invited 
contributor, writing is in progress. 

5.14.14 Gaps & Challenges faced at INRA 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

In Guadeloupe, INRA did not work on the cooking ability on period P2, in order to better fit to the 
RTBfoods project aims on yam cooking ability, INRA proposed to reorganize its activities in 
Guadeloupe for the next periods and to revisit the coordination between INRA Avignon and INRA 
Guadeloupe activities. For this aim, Dominique RINALDO, who is a food scientist mainly working on 
yam processing ability and browning, recently entered the RTBFoods project (at the middle of P2).  
Her integration in the project allow to have data on the processing ability in addition to NIRS and 
biochemical data in Guadeloupe on the same samples which is the first necessary step to build 
structure-function-properties relationships. 
The success of this integration requires human, financial and structural means (kitchen layout) in 
order to be able to carry out the necessary analyses. Discussions with all collaborators should be 
undertaken to clarify the budget in period 3 and 4. In addition, the modifications that have to be 
carried on to establish the SOP for amylose determination (changing the drying temperature of 70 
to 45 °C  for flour production) and the risks of non-finalization in time  of the SOPs for texture and 
cooking ability could compromise their implementation during period 3. 
The communication of the data within the project between WPs and inside the WPs is not always 
easy, so the risk is to make the same evaluations in different labs in the frame of RTBFOODS project, 
and to lose time and data. In particular the scientific exchanges are not easy within the WP2 (conf 
call) and the collaborations are limited because of that. To mitigate that more meetings will be done 
with partners. 
For INRA PACA UMR SQPOV Avignon the challenge identified is to succeed in extracting 
quantitatively cell wall polysaccharides in banana and yam products as they are tightly linked to 
polyphenols, and removing all the starch is also a challenge because of the inhibition action of 
polyphenols on amylases. 
The risks identified by INRA PACA UMR SQPOV Avignon are the quality and the maturation stage 
of the crops supplied. In fact, fresh crops (yam, banana) need to travel from Africa and/or 
Guadeloupe to France before their analysis in Avignon. This implies they will be exposed to storage 
time at various temperatures which might change their physiological state. In order to limit this effect 
some assays will be done in Guadeloupe/Africa and in Avignon for a cross-check. 
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The risks also identified by INRA Avignon are the access to textural properties and cooking abilities 
data of the studied crops. In fact texture measurements and cooking experimentations have to be 
done on fresh and cooked non stored crops in order to be closer to the user practices and to best 
evaluate these properties, then these experimentations should be done in Guadeloupe/Africa. To 
mitigate this effect, INRA Avignon will work on raw and cooked crops produced in Guadeloupe/Africa 
(samples will be send in freeze-dried form and raw crop) and characterized in terms of textural 
properties and cooking abilities by the suppliers labs and INRA Avignon will also cross-check some 
of these properties for few samples. 
INRA Perspective Work Plan & Internal organization for Period 3 
Main Activities planned for Period 3 by Product profile, for all WPs. 

Globally: 
For boiled yam products study, yam samples will be produced in INRA Guadeloupe in the frame of 
WP4 and analyzed at INRA Guadeloupe in the frame of WP2 for cooking ability, browning properties 
and some biochemical traits and in the frame of WP3 for NIRS calibration. Few yam samples with 
contrasted cooking properties will be carefully chosen for a deep structural analysis of cell wall 
polysaccharides, together with starch and enzymatic activities in INRA Avignon in the frame of WP2. 
For boiled banana, INRA Avignon will hire PhD student in February 2020 to study (i) commercial 
varieties and (ii) plantain and cooking bananas supplied by CNRA and/or CARBAP. INRA Avignon 
will collaborate with CIRAD, CNRA and/or CARBAP which will have already well characterized the 
supplied banana varieties in terms of cooking ability and texture. The PhD student will work on yam 
as well as on banana products. 
 
Boiled Yam (Avignon + Guadeloupe + Bénin):   
 

In Period 3, INRA Guadeloupe will evaluate eight cultivars grown in two contrasted locations, for 
their sensory quality traits, as well as their cooking ability. In particular, texture analyses will be 
carried out by D. Rinaldo together with the determination of cooking time, weight variation due to 
cooking, dry matter, starch and amylose contents. Boiled yam will be compared to steamed one, in 
order to make a correlation between the results already obtained by INRA Guadeloupe on boiled 
yam quality traits and the results obtained by using the SOP to be used in RTBFoods project on 
steamed (in progress). Furthermore, collecting biochemical traits (DM, starch, amylose, sugar, 
protein) and NIRS spectra on yam flour will be achieved on new genotype introduced in the work 
collection (Godet 20 and  Duclos 15) to complete datasets for calibration development in WP3. In 
Period 3, in the frame of WP4, INRA Guadeloupe will select 26 accessions (19 alata, 3 trifida, 2 
cayenensis and 2 esculenta) to introduce in the experimentation for the Genotype x Environment 
and will prepare the fields, plant and harvest in two contrasted places (Godet, Duclos). 
In Period 3, INRA Avignon will continue working to produce a SOP for cell wall polysaccharides 
extraction on yam products as well as on the proof of concept concerning the impact of the cell wall, 
and especially pectin on the textural properties of yam products, through the employment of a PhD 
student. The procedure for destarching will be optimized in order to increase the cell wall recovery 
and quality, and to decrease the residual starch in the yam samples from Benin and INRA and CIRAD 
Guadeloupe (Harvest 2018-2019, stabilized in cold flour). Moreover, the measurements done on the 
yam varieties studied by the master’s student F. Bertrand will be consolidated by further 
measurements particularly on pectins and pectinase activities (6-11 genotypes, D. alata and D. 
cayenensis-rotundata). Then, thanks to cooking ability and texture results obtained during the P3 at 
INRA Guadeloupe, yam samples with contrasted cooking/texture properties will be selected to be 
deeply analysed for pectin structure in the raw as well as in the cooked form. 
 
Pounded Yam (Guadeloupe): These activities will be stopped for the next periods in order to focalize 
our efforts on boiled yam for a better comprehension of the phenomena concerning browning and 
texture.  
 
Boiled Plantain (Avignon + Côte d’Ivoire): The impact of cell wall polysaccharides composition, 
particularly pectin structure, and polyphenol composition on the texture of boiled banana will be 
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studied in the frame of a PhD thesis. In P3, the PhD student will first produce a SOP for cell wall 
extraction from raw and boiled banana (Cavendish and commercial variety of plantain, at the green 
and yellow stages). Then cell wall polysaccharides and procyanidins of 2-8 varieties of banana fruits 
from CNRA and/or CARBAP with contrasted cooking and browning abilities and already 
characterized in terms of starch and amylose content, will be extracted and characterized.   
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5.14.15 Annex 

Introduction 
Among the sensory criteria, texture is a primary quality factor for boiled yams, followed by color, 
flavor and digestibility (Naziha, 2002). The texture quality of boiled yam end-products depends on 
the initial characteristics of raw material and on processing techniques (Otegbayo et al., 2005; 
Akissoe et al., 2011; Gafuma et al., 2018). Yam tuber hardness or mealiness after boiling could be 
due to cell wall thickening, permeability changes of the cell wall and of the cell adhesion (Otegbayo 
et al., 2005; Akissoe et al., 2011), and/or lignification-like mechanism involving phenols (Medoua et 
al., 2005; Medoua et al., 2006) but the relationship with cell wall and polyphenol structure and 
composition still remains to be detailed as the changes in the composition during and after cooking 
are only partially established. The structure of fresh yam and its evolution during and after cooking 
reported in the literature already give some insights about the role of the structure of yam on its 
quality, but the relationship with cell wall composition still remains to be detailed. 

This first report focuses on the cell wall polysaccharides extraction and characterization from raw 
yam roots. 

Aims and hypothesis 
Raw yam texture is probably determined by a few structural factors: dry matter, starch and cell wall 
content. However there is little knowledge on the link between the texture of boiled yam and the 
original RTB as much information is still lacking since in most of the available literature the 
composition of fresh and boiled yam were evaluated separately without establish the link between 
them.  

The general aim of this study was to evaluate the impact of the cell wall polysaccharides composition 
on the cooking and pounding ability of yam. More specifically this study aimed: 

1) To optimize the cell wall and pectin extraction in yam products to avoid any pectin degradation. 

2) To confirm the following hypothesis: the cooking ability depends on the pectins in yam. 

3) To estimate the feasibility of the work planned on yam and banana pectin in the “RTBfoods” 
project. 

For this purpose, the cell wall polysaccharides composition of 12 varieties of raw yam with various 
cooking and pounding abilities were determined. The work included as well the starch determination 
and the measurement of endogeneous pectinolytic activities. 

Methodology 

Raw material 

Commercial Dioscorea cayenensis-rotundata roots from Ghana were purchased at the shop “Grand 
Frais” in Avignon (France). The Dioscorea alata yam roots were produced at the experimental field 
of INRA and CIRAD (Guadeloupe, France) at different locations (Roujol, Godet, Duclos). They were 
harvested between February and March 2019. Three yam roots samples came from UAC-FSA Benin 
(harvest early 2019, Laurenda Honfonso PhD thesis); they were issued from D. cayenensis-
rotundata and D. alata. The weights of the roots were between 500 g and 1 kg. After being received 
at CIRAD Montpellier the raw roots were stored in a chamber at 14 °C and 70% relative humidity for 
one month prior to analyses. 
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Table 1: Yam roots received 

 

 
Figure 1: Yam root samples received from Guadeloupe and Benin. 

Methods 

Tuber analysis and evaluation 

Tuber preparation 

Yam roots were first peeled, washed, cut in three parts (head, center and tail for the yam roots from 
Ghana) or two parts (head and tail for the yam roots from Guadeloupe and Benin), sliced and the 
tuber pieces were immersed in liquid nitrogen and stored at -80 °C before analysis. The peeling yield 
was evaluated by weighting the roots before and after peeling. The cold slices were then ground in 

Variety Harvest date Supplied by

Date of 
stabilisation at 
14 °C, 70% HR 
in Montpellier

Date of 
stabilisation 
at -80 °C in 

Avignon

Place of 
growth Name Reference

Number 
of roots 
received

Dioscorea alata February 2019 CIRAD-Gpe 09/02/2019 29/04/2019 Roujol Sinoua-R 160 - DD * 1
Dioscorea alata February 2019 CIRAD-Gpe 09/02/2019 29/04/2019 Roujol Peter-R CT177 2
Dioscorea alata February 2019 CIRAD-Gpe 09/02/2019 29/04/2019 Roujol Petris CT133 * 2
Dioscorea alata February 2019 CIRAD-Gpe 09/02/2019 29/04/2019 Roujol Pacala Pacala 1
Dioscorea alata April 2019 INRA-Gpe 23/04/2019 29/04/2019 Duclos Sinoua-D Sinoua 2
Dioscorea alata April 2019 INRA-Gpe 23/04/2019 29/04/2019 Duclos Peter-D Peter 2
Dioscorea alata April 2019 INRA-Gpe 23/04/2019 29/04/2019 Duclos Grand-Etang Grand-Etang 3
Dioscorea alata April 2019 INRA-Gpe 30/04/2019 10/05/2019 Godet Bete-Bete Bete-Bete 1
Dioscorea alata April 2019 INRA-Gpe 30/04/2019 10/05/2019 Duclos Boutou Boutou 2
Dioscorea alata April 2019 INRA-Gpe 23/04/2019 29/04/2019 Duclos Cinq Cinq 2
Dioscorea alata December 2018 FSA-Bénin 30/04/2019 10/05/2019 Bénin Kpété Kpété 1

Dioscorea rotundata December 2018 FSA-Bénin 30/04/2019 10/05/2019 Bénin Amounla Amounla 1
Dioscorea rotundata December 2018 FSA-Bénin 30/04/2019 10/05/2019 Bénin Kpagninan Kpagninan 2
Dioscorea rotundata December 2018 FSA-Bénin 30/04/2019 10/05/2019 Bénin Ala kodjéwé 1
Dioscorea rotundata December 2018 FSA-Bénin 30/04/2019 10/05/2019 Bénin Deba Deba 1
Dioscorea rotundata End of 2018 Grand Frais not applicable 31/01/2019 Ghana Ghana Ghana 2

https://rtbfoods.cirad.fr/


 

  Page 454 of 554 

order to obtain a cold powder to be able to select more easily a representative sample for further 
analyses. 

Dry matter 

A gravimetric method was applied to determine the dry matter content. The cold powders (5x 2 g) 
were weighed (IW) and then dried for 2 days at 76 °C in a drying oven (Memmert, Schwabach, 
Germany). Afterwards, the remaining sample was weighed again (FW) and the dry matter (%) was 
calculated as follows: 

Dry matter (%) =
FW
IW

∙ 100 

 

Quantification of endogeneous enzymatic activities 

Pectin methyl esterase (PME) 

The quantification of PME activity was made according to the method of Ribas-Augusti et al. (2017). 
The first step was the extraction of the enzyme. 0.5 g of cold powder of yam roots was vortexed with 
1 mL phosphate buffer (0.2 M, NaCl 1 M, pH 7) at 4 °C, and stirred during 2 hours. The suspension 
was then centrifuged 30 minutes at 16000 g and 4 °C and the supernatant frozen in liquid nitrogen 
and stored at -80 °C.  

250 μL of enzyme extract were added to 20mL of substrate solution (0.35% of apple pectin, 0.684% 
of NaCl) at 35°C with the pH previously adjusted to 7 using 0.1 N NaOH. The amount of 0.1 N NaOH 
added to keep a pH of 6-7 (which is proportional to the amount of carboxyl groups liberated) is 
recorded for 30 min and the slope of the plot determined. One unit of enzyme PME (U=16.17 nkat) 
is defined by the amount of enzyme necessary to liberate 1 μmol of carboxyl groups per min at pH 
7 and 35 °C. 

Polygalacturonase (PG) 

The quantification of PG activity was adapted from Gross (1982). The first step was the extraction of 
the enzyme. 0.5 g of cold powder of yam roots was vortexed with 1 mL Na2S2O5 0.2% at 4 °C, and 
stirred during 5 min at 4°C. The suspension was then centrifuged 2 minutes at 16000 g and 4 °C 
and the pellet was rinsed twice with 1mL Na2S2O5 0.2% and finally 1mL of acetate buffer (0.2 M, pH 
5,6, NaCl 1 M, 1% Polyvinylpolypyrrolidone) was added. The samples were then incubated 1 hour 
with stirring at 4°C, centrifuged 30 minutes at 16000 g and 4 °C and the supernatant frozen in liquid 
nitrogen and stored at -80 °C. 

50 μL of enzyme extract were added to 1 mL of 0.3% pectate solution (previously demethylated 
apple pectin in 0.05 M acetate buffer pH 5, 0.01% sodium azide), the mixture was then placed in a 
thermomixer at 35 °C and stirred at 400 rpm. Aliquots of 100 µL were collected after 6, 24 and 30 
hours of incubation and placed in 500 µL of borate buffer (0.1 M pH 9) to stop the reaction. 100 µL 
of 1% 2-cyanoacetamide solution were added and the samples were incubated for 10 min at 100 °C, 
cooled down, and the absorbance was read at 276 nm. The reducing groups were determined thanks 
to a calibration with monogalacturonic acid. One unit of enzyme PG (U=16.17 nkat) is defined by the 
amount of enzyme necessary to liberate 1 μmol of reducing groups per min from galacturonic acid 
at pH 5 and 35 °C. 
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Cell wall extraction and analysis 

Alcohol Insoluble Solid (AIS) 

AIS were extracted from the cold powder by ethanol following the protocol adapted from Renard 
(2005) to isolate the cell wall polysaccharides and starch. They are insoluble in ethanol but other 
components as free sugars, amino acids, organic acids, some proteins and polyphenols, and salts 
are washed away by this treatment. 

20 g of yam cold powder was suspended in 250 mL boiling ethanol (96% v/v, 5 min), and then stirred 
at room temperature (100 rpm, 15 min). The suspension was centrifuged 5 minutes at 7690 g and 
15 °C and the supernatant removed. The pellet was resuspended in 1.2 L ethanol (70% v/v) and 
centrifuged again 5 minutes at 7690 g and 15 °C. The extraction was repeated with ethanol (70% 
v/v) until the supernatant showed a pale yellow color in the phenol-sulfuric acid reaction described 
by Dubois et al. (1956) which means that the free sugars are removed. Subsequently, the samples 
were washed twice with acetone (60% v/v), once with acetone (80% v/v) and three times with 
acetone (100% v/v). The residue was dried at 40 °C during 48 hours in a drying oven (Memmert, 
Schwabach, Germany) and weighed. The AIS content was expressed as the relation between the 
dry materials weight (Wdry insoluble solid) and the initial sample weight (Winitial): 

    AIS (%) = Wdry insoluble solid

Winitial
∙ 100          

Quantification of the starch content 

Starch is known to contribute to texture improvement. As a high starch content was expected in the 
yam roots, the starch content was quantified in the AIS using the total starch assay kit K-TSTA 
(Megazyme, Wicklow, Ireland). The test was conducted as explained in the kit. Furthermore, the 
amount of enzymes was multiplied by four taking into account that remaining polyphenols in the AIS 
could interact with the enzymes leading to a reduced activity. Briefly, α-amylase (3 mL, 300U) was 
added to 25 mg AIS and incubated for 20 minutes at 100 °C before adding the enzyme 
amyloglucosidase. A second incubation step at 50 °C for 30 minutes was necessary prior to the 
colorimetric quantification of the starch content using the GODPOD reagent. The absorbance was 
then read against the GOPOD blank (0.05 mL water in 1.5 mL GOPOD reagent buffer) at 510 nm. 
The test was performed in duplicate. 

Destarching procedure 

It is necessary to remove starch polysaccharides from the AIS to be able to measure properly the 
cell wall and pectin characteristics. Several procedures (chemical method, physical method, 
enzymatic method) were tested in INRA Avignon to remove starch polysaccharides from the AIS 
(see next section), the enzymatic procedure which was the most efficient one was finally chosen. 

1 g AIS (or 2.5 g of cold powder of yam roots) was stirred at 100 rpm at 4 °C with 50 mL water. 15 
μL Liquozyme SC 4X enzymatic preparation (Novozyme, Bagsvaerd, Denmark) was then added and 
the suspension was stirred and maintained at 85 °C during 6 min and then during 3 h at 50 °C. The 
reaction was stopped by adding 120 mL EtOH 96% (v/v). The suspension was then put at 4 °C under 
stirring before a second procedure of AIS extraction. 

Cell wall analysis 

Neutral sugars, galacturonic acids and methanol of the destarched AIS were analyzed in duplicate 
using the methods summarized by (Renard and Ginies, 2009). 
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Determination of neutral sugars in cell wall material and pectins 

Pectins and hemicelluloses are easily degraded into their individual neutral sugars by a simple acid 
hydrolysis. Therefore, 10 mg of destarched AIS were mixed with the inositol standard (1 g/L in water, 
1 mL) and sulfuric acid (2 M, 1 mL) and incubated 3 hours at 100°C to liberate the monosaccharides 
by acidic hydrolysis. 

In contrast, cellulose has to be solubilized under harsher conditions. For this reason, a double 
hydrolysis (Saeman et al., 1954) was performed. 10 mg of destarched AIS were subjected to a first 
hydrolysis in sulfuric acid (72 % v/v, 0.25 mL) for one hour at room temperature. Afterwards, the 
samples were mixed with myo-inositol (1 g/L in water, 1 mL) used as an internal standard and water 
(1.7 mL). 

Additionally, a standard solution (1 g/L per sugar) was prepared with arabinose, fucose, galactose, 
glucose, mannose, rhamnose, xylose and inositol in water. An aliquot of this solution (1 mL) was 
then added to sulfuric acid (2 M, 1 mL). 

Hereinafter, all the prepared samples and standards were treated the same way. After incubation for 
3 hours at 100 °C (second hydrolysis), 0.25 mL NH4OH (33 %) was added gradually to an aliquot 
(1 mL) of each sample until the solution´s pH reached > 9. Afterwards, the free sugars were 
derivatized to volatile alditol acetates according to the method described by Englyst et al. (1982). 
Therefore, the sugars in the solution were reduced to the equivalent alditols by adding NaBH4 (100 
g/ mL in 3 M NH4OH, 0.1 mL) followed by a one-hour incubation at room temperature. Acetic acid 
(glacial, 0.1 mL) was then added to the samples for neutralization and degradation of residual 
borohydride. An aliquot (0.3 mL) of that solution was mixed with the catalyst 1-N-methylimidazole 
(0.2 mL) and acetic anhydride (3 mL) in order to obtain the volatile alditol acetates via acetylation 
during a 30-minutes incubation at room temperature. Cold water (5 mL) and CH2CL2 (3 mL) were 
added and the solution was stirred vigorously in order to transfer the sugar derivatives to the organic 
phase. This phase was washed 3 times with 5mL of 0.2 M NaHCO3 solution, then dried with 
anhydrous sodium sulfate (Na2SO4) and concentrated to 0.5 mL under nitrogen flow. 

The measurement of the volatile alditol acetates was performed with a Clarus 500 gas 
chromatograph (PerkinElmer, Waltham, USA) equipped with a flame ionization detector (FID). The 
parameters that were applied are listed in Table 2. 

Table 2: Instrumental Parameters of the GC-FID 

Parameter GC-FID 

Instrument type PE Autosystem GC with built-in autosampler 

Injection technique Split (Ratio 8:1) 

Injection volume 1.5 µL 

Carrier gas H2 (1.5 mL/min) 

Capillary column Optima, 30 m × 0.25 mm ID, 0.25 µm film 

 (Macherey-Nagel, Düren, Germany) 

Temperature program 230 °C (20 min) 

Detector FID (250 °C, H2 and compressed air) 

The quantification was realized in comparison to the internal standard inositol. The response factors of each 
sugar derivative in comparison to inositol were calculated by means of the standard solution. The results are 
expressed as anhydrosugars to account for loss of water during formation of the glycosidic bonds. 
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Determination of Galacturonic Acid 

For the galacturonic acid determination, the destarched AIS had to be hydrolyzed in a double 
hydrolysis as described in the previous section (Saeman et al., 1954). Hereinafter, the uronic acids 
were measured by the 3-phenylphenol assay described by (Blumenkrantz and Asboe-Hansen, 
1973). The samples (0.5 mL) were placed in test tubes, mixed with a solution of sodium tetraborate 
(0.0125 M in concentrated sulfuric acid, 3 mL) and heated (80 °C, 10 minutes). The reaction was 
stopped by putting the samples in melting ice until the room temperature was reached. Thereby, the 
pectin molecules are depolymerized and the uronic acids are converted into 5-formyl-2-furoic acids 
by adding 0.05 mL m-hydroxydiphenyl (MHDP). These complexes are detected at 520 nm in a 
spectrophotometer (Jasco, Gross-Umstadt, Germany) after 10 minutes of incubation. The amount 
of the uronic acids was determined using an external calibration varying from 25 to 100 µg/L 
(galacturonic acid in water). As galacturonic acid is the main uronic acid in yams forming the 
backbone of pectic polysaccharides, the detected amount of uronic acids is expressed as 
andhydrogalacturonic acid. 

Degree of Methylation (DM) 

The degree of methylation (DM%) is described as the molar ratio between the determined methanol 
(AMeOH) and galacturonic acid content (AAcGal). 

DM (%) =
AMeOH

AAcGal
∙ 100 

Methanol was measured after saponification of the methyl esters linked to the galacturonic acid 
backbone in pectins via gas chromatography-mass spectrometry (GC-MS) using the headspace 
technique (Renard and Ginies, 2009). Deuterated methanol was added as an internal standard and 
quantification was carried out with an external calibration. Table 3 summarizes the volumes that 
were added to the AIS (10 mg) that was weighed directly into the vial (20 mL). 

Table 3: Pipetting Schem 

 
KOH (1M) CD3OHa CH3OHb H2O 

Standard 1 0.8 mL 0.4 mL 0.1 mL 3.7 mL 

Standard 2 0.8 mL 0.4 mL 0.2 mL 3.6 mL 

Standard 3 0.8 mL 0.4 mL 0.4 mL 3.4 mL 

Standard 4 0.8 mL 0.4 mL 0.8 mL 3.0 mL 

Standard 5 0.8 mL 0.4 mL 1.0 mL 2.8 mL 

Samples 0.8 mL 0.4 mL – 3.8 mL 

a 30 mg/50 mL H2O 
b 250 mg/50 mL H2O, then diluted (1/5 v/v) 
 

Before transferring the vials to the injector, they were stirred 15 minutes at 50 °C in the TRIPLUS 
RSH autosampler (Thermo Scientific, Waltham, USA) to ensure that the saponification had been 
completed. The subsequent measurements of the vials´ headspace were carried out with a Trace 
1300 gas chromatograph (Thermo Scientific, Waltham, USA) and a coupled ISQ LT single 
quadrupole mass spectrometer (Thermo Scientific, Waltham, USA) using the parameters described 
in Table 4. 
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Table 4: Instrumental Parameters of the GC-MS (Headspace) 

Parameter GC-FID 

Syringe temperature 60 °C 

Injection technique Split (Ratio 15:1) 

Injection volume 500 µL 

Injection temperature 220 °C 

Carrier gas Helium (70 kPa) 

Capillary column TG-WaxMS, 30 m × 0.25 mm ID, 0.5 µm film 

 (Thermo Scientific, Waltham, USA) 

Temperature program 40 °C (7 min) 

Interface temperature 230 °C 

Ion source Electron ionization (EI, 250 °C, 70 eV) 

Analyzer Single Quadrupole Mass Spectrometer 

 (Thermo Scientific, Waltham, USA) 

Detector Secondary Electron Multiplier with Conversion Diode 

Scans 5 scans/s (29 m/z, 31 m/z, 32 m/z, 35 m/z) 

Statistical treatment 

This study was descriptive and only two tubers have been studied per cultivar. This means that 
statistical analysis was not possible. 

Results and discussion 

Characteristics of tubers 

a) General composition and processability  
The tubers studied were carefully chosen in close collaboration with CIRAD in Montpellier, UAC-
FSA in Benin and INRA and CIRAD Guadeloupe for their contrasted cooking properties (boiling time 
to cook and behaviour), their browning properties and their dry matter content. These properties are 
shown in Table 5 together with their protein, sugar contents, and peeling properties. Unfortunately 
cooking behaviour were not determined for all of them, nor textural properties, and the methods used 
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to evaluate the cooking ability were not the same, it depended on the supplier (INRA Guadeloupe, 
CIRAD Guadeloupe, UAC-FSA Benin). In this condition it was impossible to establish quantitative 
correlations, only qualitative comparisons were done. Moreover, it was noticeable that peeling yields 
were lower for yam roots from Guadeloupe and Benin than from Ghana. This could be the result of 
the storage/travel conditions before processing the samples. 

Table 5: General composition, and cooking and peeling properties of studied yam tubers. 

 

*Data obtained by CIRAD Guadeloupe, cooking tests on boiled slices of 1 cm thickness; **data obtained at 
INRA Guadeloupe, cooking tests on boiled cubes of 5 cm size; ***data obtained at FSA Benin, cooking tests 
on steamed yam according to the SOP “Protocol for samples preparation and cooking time for texture analysis 
of Boiled yam”. 
The 2 cultivars Peter and Sinoua were grown at two different locations in Guadeloupe: Roujol (-R) and Duclos 
(-D). 

 

b) Endogeneous enzymatic activities 
Endogeneous enzymatic activities were first determined for the commercial Ghana Yam tubers on 
head, center and tail sections. No PME activity was detected whereas low PG activities were 
observed with values varying from 0.054 to 0.043 nkat/g respectively from the head to the tail. 
Nevertheless, these values did not differ significantly. 

 

  

Variety Name Peeling yield 
(%)

Removal of 
damaged 
portions

Browning behavior after 
peeling

Cooking 
time 
(min)

Cooking behavior/poundability
dry 

matter 
(%)

Sugars 
(% db)

Proteins 
(% db)

Starch      
(% db) 

determined 
by Tessier 

D. alata Boutou 76 not applicable Rapid browning 28** Long cooking 27.3** ND ND ND
D. alata Peter-R 53 yes Orange head, low browning 20*  Poundable 28.4* 3.9* 4.6* 79.2*
D. alata Peter-D 68 not applicable Low browning 20*  Poundable 29.3** 3.9* 4.6* 79.2*
D. alata Pacala 55 yes No browning 19*-18**  Poundable 32.1* 2.2* 5.3* 80.5*
D. alata Petris 53 yes Low browning 12* Not poundable 30* 2.4* 5.0* 79.2*
D. alata Sinoua-R 56 not applicable No browning 16* Not poundable 21.1* 2.4* 7.4* 76.1*
D. alata Sinoua-D 52 yes No browning 16* Not poundable 25.9** 2.4* 7.4* 76.1*
D. alata Grand-Etang 59 not applicable Rapid browning ND ND 23.6** 4.7** 8.3** 73.8**
D. alata Bete-Bete 32 yes No browning ND ND 29.5** ND ND ND
D. alata Cinq 73 not applicable No browning ND ND 30.2** 3.2** 5.8** 80**

D. alata Kpété 57 not applicable No browning 45*** Not good for boiling not poundable: 
red, sticky, hard and friable 33.4*** ND ND ND

D. cayenensis rotundata Amounla 70 not applicable No browning ND Good for boiling and poundable ND ND ND ND

D. cayenensis rotundata Kpagninan 35 yes No browning 40*** Intermediate cooking time but hard 50.8*** ND ND ND

D. cayenensis rotundata Ala 59 not applicable Low browning 40*** Good for boiling but not poundable ND ND ND ND

D. cayenensis rotundata Deba 50 yes Slow browning 35*** Intermediate cooking time but very 
hard ND ND ND ND

D. cayenensis rotundata Commercial 
(Ghana) 88 not applicable Browning, > head ND ND 35.0 ND ND ND
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Table 6: Endogeneous pectinolytic activities for the head and tail sections of yam tubers. 

 

Standard deviations ranged from 2% to 22%. 

Concerning the yam tubers coming from Guadeloupe and Benin, tubers were cut in two pieces: head 
and tail and analyses were made on these two sections only (Table 6). No PME activity was detected 
excepted for Amounla whereas low PG activities were observed with values varying from 0.1 to 0.2 
nkat/g for D. alata and smaller than 0.096 nkat/g for D. cayenensis-rotundata. No clear correlation 
could be established at this stage between endogeneous enzymatic activities and cooking 
behaviour. Moreover, the PME activities of these studied yams are lower than those published 
generally for potatoes, around 0.18-0.24 nkat/g and by Ross et al. (2011a) for transgenic potatoes 
(between 0.18 to 0.96 nkat/g), excepted for petris, peter and sinoua roots. These measurements will 
be confirmed with more repetitions in P3, moreover, the quantification of acetylesterase activities will 
be done on the tubers. 

After determining the tubers properties, the first step to be able to properly analyse cell wall 
polysaccharides was to develop a method for the extraction of cell wall polysaccharides with 
minimized pectin degradation. 

Development of a method for the cell wall extraction 

a) Characteristics of “reference” commercial yam from Ghana 
The fresh pulp of commercial yam from Ghana contained 35% of dry matter and its pH was 6.3. Its 
AIS content was 31%, and AIS contained 83% (g/100g AIS) of starch (i.e., 25.7% of starch in the 
fresh pulp and 73.5% db). These data are in line with literature results (Brunnshweiller et al., 2006; 
Akissoe et al., 2011; Baah, 2009a; Baah et al., 2009b). 

b) Extraction of cell wall polysaccharides from yam pulp (cold powder) 

Two different procedures were employed to extract cell wall polysaccharides without starch from 
cold powder of yam pulp: physical extraction and enzymatic extraction procedures. 

Physical destarching 

The pulp was passed through a 80 µm sieve with water in order to remove starch granules which 
are insoluble in cold water and smaller (size of native starch granules in yam is about 5-35 µm, Tetchi 
et al., 2007). The sieve was rinsed and the suspension passed through the sieve was centrifuged. 
The pellet containing starch granules was discarded and the supernatant pooled with the residues 
on the sieve. AIS extraction was realized from this mixture with 5% yield. Surprisingly the starch 
content determined on this AIS was 79%, which meant very few starch removing occurred. 

  

Variety Name PME activity 
(nkat/g)

PG activity 
(nkat/g)

D. alata Boutou 0.0 0.203
D. alata Peter 0.0 0.136
D. alata Pacala 0.0 0.135
D. alata Petris 0.0 0.100
D. alata Sinoua 0.0 0.128

D. cayenensis rotundata Kpété 0.0 ND
D. cayenensis rotundata Amounla 2.0 0.095
D. cayenensis rotundata Commercial (Ghana) 0.0 0.054
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Enzymatic destarching 

Cold yam powder was subjected to enzymatic hydrolysis with 5 different enzymes. The results are 
reported in Table 7. 

The lower was the yield of destarched AIS, the lower was the residual starch content, as expected. 
Nevertheless, in the best case 54% of starch remained in the destarched AIS. Moreover, with 8% 
yield (3.8 times less compared to the AIS yield without destarching) the destarching would have 
been more efficient (about 26% of starch residues would have been found in the destarched AIS). 
This showed that this procedure was not efficient to remove all the starch in these samples. This 
could be due to sugars and polyphenols that are known to inhibit the amylases. The Liquozyme was 
particularly inefficient on yam pulp, especially since the temperature is low. 

Table 7. Destarching on fresh yam powder 

Enzymatic cocktail Conditions AIS after destarching 
(g/100g FW) 

Starch content 
(g/100g 
destarched AIS) 

α-Amylase (B. oryzae) + 
AMG (Sigma)(1) 

6 min at 100 °C + 

30 min at 50°C  
8 54 

Thermostable α-
Amylase (B. 
licheniformis)+ AMG 
(Megazyme)(2) 

6 min at 85 °C  

+ 30 min at 50 °C  
15 ND 

Thermostable α-
Amylase Liquozyme SC 
4X(3) 

1h30 at 85 °C 28 81 

Thermostable α-
Amylase Liquozyme SC 
4X(3) 

2 h at 25 °C 33 81 

2.5 g of cold powder of yam roots (center area) was stirred at 100 rpm at 4 °C with 50 mL water. 
(1) 7.5 mg α-amylase (30 U/mg) was then added and the suspension was stirred and maintained at 100 °C 
during 6 min, then 6 mg amyloglucosidase (30 à 60 U/mg) was added (after cooling down) and the suspension 
was stirred and maintained during 30 min at 50 °C. The reaction was stopped by adding 120 mL EtOH 96% 
(v/v). The suspension was then put at 4 °C under stirring before a second procedure of AIS extraction. 
(2) 4 mL α-amylase (300 U/mL) was then added and the suspension was stirred and maintained at 85 °C 
during 6 min, then 4 mL amyloglucosidase (330 U/mL) was added (after cooling down) and the suspension 
was stirred and maintained during 30 min at 50 °C. The reaction was stopped by adding 405 mL EtOH 96% 
(v/v). The suspension was then put at 4 °C under stirring before a second procedure of AIS extraction. 
(3) 12.5 μL Liquozyme SC 4X enzymatic preparation (Novozyme, Bagsvaerd, Denmark) was then added. The 
reaction was stopped by adding 120 mL EtOH 96% (v/v). The suspension was then put at 4 °C under stirring 
before a second procedure of AIS extraction. 
AIS: Alcohol Insoluble Solids; FW: Fresh weight; AMG: Amyloglucosidase. 
 

c) Extraction of cell wall polysaccharides from AIS 

First AIS was extracted from the yam pulp in cold powder form with 31% yield. This powder contained 
about 13% (g/100g AIS) of non-starch components, i.e. mainly cell wall polysaccharides and few 
residual proteins and polyphenols. Two different procedures were employed to extract cell wall 
polysaccharides from the AIS of yam pulp: chemical extraction and enzymatic extraction procedures. 
13% of AIS corresponded to about 4% in fresh pulp (11.5% db), which is higher than the crude fiber 
content of 1.0-3.6 % (db) previously determined by Brunnshweiller et al. (2006). 

Chemical destarching 
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The AIS was suspended in dimethylsulfoxide (DMSO) under mild stirring during 48 h at room 
temperature is order to solubilize native starch granules and remove them by centrifugation. AIS 
extraction was then realized on the supernatant with 11% yield. Surprisingly the starch content 
determined on this AIS was about 79%, which meant very few starch removing occurred. 

Enzymatic destarching 

Various enzymes combination and reaction conditions have been tested, they are presented in Table 
8. The classical method used to hydrolyze the starch in the Megazyme kit for starch determination 
was first used varying the temperature of the gelatinization step and the heating time with two buffers. 
The starch was not completely removed by heating at 85 °C, and if the starch was well removed by 
heating at 100°C, the GalA content was very low and the yield of AIS after destarching was 
overestimated because of the presence residual enzymes in the AIS (a high amount of amylase and 
AMG were used for destarching). This enzymatic cocktail could then not be used for destarching 
CWM as the obtained product contained too much proteins and at 100 °C CWM seemed to be 
degraded (low amount of GalA). 

Secondly the Liquozyme SC 4X, a highly concentrated thermostable α-amylase, was tested, varying 
operating temperatures and incubation times. By heating at 85 °C during more than 6 min or 6 min 
with a second step at 50 °C, valuable destarching were obtained. The conditions that produce the 
lowest starch content and the highest amount of GalA in the destarched AIS were finally chosen, i.e. 
heating at 85 °C during 6 min the maintaining at 50 °C during 3 h. 

  

https://rtbfoods.cirad.fr/


 

  Page 463 of 554 

Table 8: Enzymatic destarching on AIS 

Enzymatic 
cocktail Conditions 

AIS after 
destarching 
(g/100g AIS) 

Starch 
(g/100g 
destarched 
AIS) 

GalA 
(g/100g 
destarched 
AIS) 

GalA 
(g/100g 
FW) 

CWM 
(g/100g 
FW) 

Thermostable 
α-Amylase (B. 
licheniformis)
+ AMG 
(Megazyme)(1) 

6 min at 85 °C  
and 30 min at 50 
°C 

87.0 64.7 1.4 0.4 22.3 

20 min at 85°C  
and 30 min at 
50°C 

68.0 20.9 2.4 0.5 20.2 

20 min at 100°C  
and 30 min at 
50°C 

46.0 3.4 3.4 0.5 14.2 

20 min at 100°C  
and 30 min at 50 
°C with MOPS 
buffer 

51.0 2.9 1.3 0.2 15.7 

Thermostable 
α-Amylase 
Liquozyme 
SC 4X(2) 

1h30 at 85°C 4.0 2.1 0.4 0.0 1.2 

2 h at 25°C 92.0 81.2 1.4 0.4 21.9 

6 min at 85°C 31.0 45.3 2.4 0.2 9.2 

12 min at 85°C 4.5 3.4 7.3 0.1 1.4 

6 min at 85°C  
and 3 h at 50°C 4.5 6.7 10.3 0.1 1.4 

6 min at 85°C  
and 1 h at 50°C 5.0 8.3 8.7 0.1 1.5 

3 h at 50°C 56.0 87.2 9.7 1.7 14.7 

 
2.5 g of cold powder of yam tubers (center area) was stirred at 100 rpm at 4 °C with 50 mL water. 
(1)  4 mL α-amylase (300 U/mL) was then added and the suspension was stirred and maintained at 85 °C 
during 6 min, then 4 mL amyloglucosidase (330 U/mL) was added (after cooling down) and the suspension 
was stirred and maintained during 30 min at 50 °C. The reaction was stopped by adding 405 mL EtOH 96% 
(v/v). The suspension was then put at 4 °C under stirring before a second procedure of AIS extraction. 
(2) 12.5 μL Liquozyme SC 4X enzymatic preparation (Novozyme, Bagsvaerd, Denmark) was then added. The 
reaction was stopped by adding 120 mL EtOH 96% (v/v). The suspension was then put at 4 °C under stirring 
before a second procedure of AIS extraction. 
AIS: Alcohol Insoluble Solids; FW: Fresh weight; AMG: Amyloglucosidase. 
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Cell wall polysaccharides and starch in yam tubers from Guadeloupe and Benin 

Among the available tubers, three cultivars from Benin and eight samples from Guadeloupe (6 
cultivars, and 2 cultivars grown at two different locations: Roujol and Duclos) were analysed in terms 
of polysaccharide content. First the alcohol insoluble solids (AIS) were extracted. The AIS and starch 
contents are presented in Table 9. AIS content varied from 21.5% for Sinoua-D to 38% for 
Kpagnignan. These values are correlated with dry matter content and generally higher for D. 
cayenensis rotundata, as expected (Figure 2). Differences were observed according to the grown 
location: lower AIS content was observed in Duclos. Pacala showed the highest AIS content among 
D. alata cultivars. Starch content in the AIS ranged from 63% for Sinoua-R to 90% for Boutou, these 
data were in line with those reported previously for yam and cassava (Brunnshweiller et al., 2006; 
Akissoe et al., 2011; Baah et al., 2009a; Baah et al., 2009b; Favaro et al., 2008; Ngolong Ngea et 
al., 2016). D. cayenensis rotundata cultivars seemed to have generally higher starch content 
reported to the fresh weight. Generally the tubers needing long cooking time exhibited high starch 
content in the AIS, but no clear relation was found between starch content in AIS and cooking time 
at this step. 

Table 9: Starch and AIS contents in yam tubers. 

 

The 2 cultivars Peter and Sinoua were grown at two different locations in Guadeloupe: Roujol (-R) and Duclos 
(-D). AIS: Alcohol Insoluble Solids; FW: Fresh weight; db: dry basis. 

 

Variety Name Starch 
(% FW)

Starch 
(% db)

Starch 
(% AIS)

AIS (% 
FW)

D. alata Boutou 22.5 82.5 90.1 25.0

D. alata Peter-R 25.1 88.5 88.2 28.5

D. alata Peter-D 18.5 63.3 69.9 26.5

D. alata Pacala 25.7 80.1 82.8 31.0

D. alata Petris 18.5 61.6 73.9 25.0

D. alata Sinoua-R 16.5 78.0 63.3 26.0

D. alata Sinoua-D 17.0 65.5 77.1 21.5

D. alata Cinq 23.4 77.4 86.6 27.0

D. alata Kpété 21.7 65 86.8 25.0

D. c-rotundata Amounla 27.7 ND 89.2 31.0

D. c-rotundata Kpagninan 30.9 60.9 81.4 38.0

D. c-rotundata Commercial (Ghana) 25.7 73.5 83.0 31.0
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Figure 2: AIS content (% FW) versus dry matter content (% FW) in yam tubers. 

The AIS of yam tubers were destarched by using the procedure described in the previous section. 
The destarching yield, starch and galacturonic acid (GalA) contents are reported in Table 10. 

Table 10: Starch, AIS and galacturonic acid contents in yam tubers after destraching.  

 

The 2 cultivars Peter and Sinoua were grown at two different locations in Guadeloupe: Roujol (-R) and Duclos 
(-D). AIS: Alcohol Insoluble Solids; FW: Fresh weight; CWM: Cell Wall Material; GalA: galacturonic acid. 

AIS yield after destarching ranged from 4.5 g/100g for Commercial yam from Ghana to 19 g/100g 
for Kpété. The highest yield values accounted generally for an incomplete destarching procedure, 
as was confirmed by the high values of starch content in the corresponding destarched AIS (< 37%) 
for Peter –R, Sinoua, Cinq and Kpété. In fact the studied cultivars exhibited different abilities for 
destarching. Cell wall materials (CWM) content varied from 1.4 % FW for Commercial  yam from 
Ghana to 4.6 % FW for Kpété and were in the same order of magnitude that those reported in 
literature for cassava roots (Favaro et al., 2008; Ngolong Ngea et al., 2016) and potato and sweet 
potato tubers (Binner et al., 2000). Galacturonic acid (GalA) content varied from 9.4 g/100g CWM 
for Petris to 16.8 g/100g CWM for Kpété. Even if these GalA contents felt in the same range as those 

Variety Cultivar

AIS after 
destarching 

 (g/100g 
AIS)

Starch 
content 
(g/100g 

destarched 
AIS)

CWM (g/ 
100g FW)

GalA 
(g/100g 

destarched 
AIS)

GalA 
(g/100g 
CWM)

GalA 
(g/100g FW)

D. alata Boutou 12.0 10.6 3.0 10.1 11.3 0.3
D. alata Peter-R 11.0 56.8 3.1 7.9 18.2 0.2
D. alata Peter-D 14.0 19.3 3.7 7.7 9.5 0.3
D. alata Pacala 6.0 18.6 1.9 8.0 9.9 0.1
D. alata Petris 11.0 16.6 2.7 7.8 9.4 0.2
D. alata Sinoua-R 13.0 47.3 3.3 5.6 10.5 0.2
D. alata Sinoua-D 12.0 37.7 2.6 7.8 12.6 0.2
D. alata Cinq 14.0 45.5 3.7 6.3 11.6 0.2
D. alata Kpété 19.0 57.8 4.6 7.1 16.8 0.3
D. c-rotundata Kpagninan 9.0 16.9 3.4 13.8 16.6 0.5
D. c-rotundata Amounla 7.0 18.4 2.2 13.2 16.2 0.3
D. c-rotundata Ghana 4.5 6.7 1.4 10.3 11.0 0.1
All Average 11.0 29.3 3.0 8.8 12.8 0.3
All Std Deviation 4.0 18.4 0.9 2.6 3.2 0.1
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reported in literature for cassava (Favaro et al., 2008; Ngolong Ngea et al., 2016) they were slightly 
smaller than those obtained for potato and sweet potato (Binner et al., 2000), and the presence of 
starch in high percentage in the AIS for some samples produced biased GalA content values. In 
particular, GalA values obtained for Kpété, Cinq, Sinoua and Peter were not reliable, and these 
samples will not be analysed in the following.  

Boutou, Peter-D, Pacala, Petris, Kpagnignan and Amoula were destarched enough to produce 
reliable CWM analyses. The cell wall composition of these cultivars are reported in Table 11. 

CWM contained between 25.7 and 31.4% mol of GalA which felt in the range of data reported 
previously on cassava (Favaro et al., 2008; Ngolong Ngea et al., 2016) and confirmed  the high 
amount of pectic polysaccharides in yam tubers cell walls even if they are smaller than values 
reported for sweet potato (Binner et al., 2000).  MeOH amount were between194 and 372 µmol/g 
destarched AIS and close to the values reported for potato (Ross et al., 2011). Methylation degree 
ranged between 63.6% for the commercial yam from Ghana and 38.4% for Amounla. These 
methylation degree values were generally higher than in potato and sweet potato (Binner et al., 
2000) and smaller than in apple fruit (>80%). 

Table 11: Cell wall composition of yam tubers.  

 

Average values obtained for the different cultivars with enough destraching. GalA: galacturonic acid; 
Methylation degree in %mol of GalA; Rha: Rhamnose; Fuc: Fucose; Ara: Arabinose; Xyl: Xylose; Man: 
Mannose; Gal: Galactose; Glu-starch: non starch Glucose.These percentages were determined on the 
polysaccharide components of CWM. 
 

CWM contained a very high amount of Gal and Man compared to cassava (Favaro et al., 2008; 
Ngolong Ngea et al., 2016), and similar amount of Xyl, Ara, Fuc and Rha. The presence of Ara and 
Gal are linked to pectin branching with arabinogalactan chains whereas the high Gal value 
conjugated with the particularly high Man value indicated a high amount of galactomannans. 

GalA contents reported to the FW of the tubers were in line with data reported previously on cassava 
(about 0.6 g/100g FW, Favaro et al., 2008; Ngolong Ngea et al., 2016), potato and sweet potato 
(about 0.2 and 0.7 g/100g FW respectively; Binner et al., 2000) but they were low compared to some 
data reported for potato and yam tubers (between 1% and 5% FW; personal communication from 
M. Taylor and C. Mestres). Moreover the neutral sugars analysis produced small amounts of Ara 
compared to Gal which was not expected; this could be due to the very low amount of material in 
the sample. These results suggested a part of the cell wall material had been removed by the 
destarching procedure used. In addition the destarching procedure used did not allow producing the 
same rate of destarching for all the yam tubers studied here. It must have to be improved in order to 
consolidate these results and to go a head with the cell wall polysaccharide analysis of yam tubers. 

Variety Cultivar Rha 
(%mol) 

Fuc 
(%mol) 

Ara 
(%mol) 

Xyl 
(%mol) 

Man 
(%mol) 

Gal 
(%mol) 

Glu-
starch  
(%mol) 

GalA 
(%mol) 

MeOH 
(µmol/g 

destarched 
 AIS)

Methylation 
 degree (%)

D. alata Boutou 1.6 0.8 2.9 5.6 18.4 21.5 19.7 29.6 266.7 46.5
D. alata Peter D 2.0 0.6 4.4 6.4 30.1 22.0 3.0 31.4 223.1 51.2
D. alata Pacala 2.2 0.9 3.6 8.1 13.0 26.6 16.8 28.8 194.1 42.5
D. alata Petris 1.6 0.8 3.2 6.6 9.8 23.6 24.4 30.0 228.4 51.5
D. c-rotundata Kpagninan 1.6 0.6 2.8 6.4 3.8 25.0 30.9 28.8 309.5 39.5
D. c-rotundata Amounla 1.6 0.6 2.7 6.6 6.1 26.5 25.7 30.2 288.1 38.4
D. c-rotundata Commercial (Ghana) 1.0 0.0 2.7 4.2 9.4 38.2 18.9 25.7 372.0 63.6
All Average 1.7 0.6 3.2 6.3 12.9 26.2 19.9 29.2 268.8 47.6

All Std Deviation 0.4 0.3 0.7 1.2 8.9 5.7 8.9 1.8 60.5 8.8
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Figure 3: Cell wall composition of yam tubers. 
Neutral sugars and GalA in mol%, and methylation degree (MD). For D. alata, three categories were 
distinguished: LC: long cooking time; IC: intermediate cooking time; SC: short cooking time. 

 

No clear difference in cell wall composition was found between D. alata and D. cayenensis-
rotundata, nor according to cooking time (Figure 3, Table 11). No clear relation between GalA 
content in fresh tubers nor AIS content was found between D. alata and D. cayenensis-rotundata, 
nor according to cooking time. 

Conclusions 
In this study, a procedure for cell wall material preparation from yam tubers was setted. Some 
difficulties arose for the obtention of cell wall materials without starch. For example, this procedure 
did not allow a sufficient destarching for some tubers, thus avoiding the cell wall composition 
analysis. 

Nevertheless some data on cell wall and starch content were obtained and compared with cooking 
times. At this step no clear relation between cooking and starch, dry matter, AIS or cell wall contents 
were established, nor with cell wall composition. This was for two main reasons: the studied yam 
samples were not enough characterized in terms of cooking ability and textural properties, and the 
procedure for extraction of CWM and destarching was not completely validated and has to be 
improved. 

In the future, the extraction procedure for cell walls will be improved to consolidate these results. 
Moreover, sequential extractions will be done in order to unravel the impact of the different pectic 
fractions on the cooking abilities of yam tubers. Moreover the analysis of yam samples well 
characterized in terms of cooking ability and textural properties will be done together with 
endogeneous pectinolytic activites to be able to answer the question: do the CWM have an impact 
on the cooking ability of boiled yams? 

  

https://rtbfoods.cirad.fr/


 

  Page 468 of 554 

References 
Akissoe et al. (2011) LWT - Food Science and Technology, 44, 321-329. 
Baah.  Characterization of water yam (dioscorea alata) for existing and potential food (2009a) PhD 
thesis-193p. 
Baah et al. (2009b) Journal of Food, Agriculture and Environment, 7, 107-112. 
Binner et al. (2000) J Sci Food Agric, 80, 216-218. 
Blumenkrantz & Asboe-Hansen (1973) Analytical Biochemistry, 54, 484-9. 
Brunnschweiler et al.  (2006) LWT - Food Science and Technology, 39,  762–769. 
Bugaud et al. (2013) Postharvest Biology and Technology, 84, 1-8. 
Dubois et al. (1956) Analytical Chemistry, 28, 350-356. 
Englyst et al. (1982). Analyst, 107,  307-318. 
Favaro et al. (2008) Food Chemistry, 108, 220–227.  
Gafuma et al. (2018) Journal of Food Research, 7, 98-111. 
Gibert et al. (2010) Journal of Food Engineering, 98, 471-479. 
Gross (1982) Hortscience, 17, 933-934. 
Medoua et al. (2005) Food Research International, 38, 143-149. 
Medoua et al. (2006) Food Research International, 39, 513-518. 
Naziha (2002) La consommation et les critères de qualité des ignames au Bénin et au Nigeria. 
Rapport de stage, Université Montpellier II, France, 62pp. 
Ngolong Ngea et al. (2016) Food Chemistry, 213, 402–409. 
Otegbayo et al. (2005) Journal of Texture Studies, 36, 324-332. 
Qi et al. (2000) Journal of Agriculture and Food Chemistry, 48, 4221-4226. 
Passo Tsamo et al. (2015) Journal of Food Composition and Analysis, 44, 158-169. 
Ribas-Agusti et al. (2017) Food and Bioprocess Technology, 10, 662-673. 
Renard (2005) Carbohydrate Polymers, 60, 515-522. 
Renard & Ginies ( 2009) Food Chemistry, 114, 1042-1049 
Ross et al. (2011a) Journal of Experimental Botany,  9, 371-381. 
Ross et al. (2011b) Plant Biotechnology Journal, 9, 848–856. 
Saeman et al. (1954) Tappi,  37, 336-343. 
Tetchi et al. (2007). Journal of the Science of Food and Agriculture, 87, 1906-1916. 
 

https://rtbfoods.cirad.fr/


 

  Page 469 of 554 

5.15 Annex 15: JHI Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
DUCREUX Laurence, JHI, UK 
AUSTIN Ceri, JHI, UK 
BANDA Linly, CIP, Kenya 
MCDOUGALL Gordon, JHI, UK 
TAYLOR Mark, JHI, UK 
 
Collaborator(s): 
BANDA Linly, CIP, Kenya 
MUZHINGI Tawanda, CIP, Kenya 
CAREY Edward, CIP, Ghana 
MESTRES Christian, CIRAD, France 
 
Focal Point (NAME First name, email, Skype ID, Country):   
TAYLOR Mark, Mark.Taylor@hutton.ac.uk, tat.taylor1, UK  

5.15.1 Product Profile (x Country) Involvement  

Partner Institute Product (Country) – Main PP in bold 
JHI 1-Boiled Sweetpotato (Uganda + UK) with CIP, NARL & NaCRRI 

5.15.2 JHI Summary Narrative  

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is in 
the body of the RTBfoods Annual Report for Period 2). 

In collaboration with partners, JHI was responsible for developing a cooking method for sweet potato 
roots that can be used to discern texture differences in boiled sweetpotato roots. A robust method 
for texture analysis of boiled sweetpotato roots during cooking has been developed. We then 
obtained sweetpotato roots from 15 genotypes supplied by CIP and performed texture analysis of 
these samples, revealing differences between genotypes. Based on previous literature we assessed 
the potential role of two enzymes, pectin methyl esterase (PME) and amylase, that may account 
for the textural differences between the genotypes. Reliable assays for these enzymes were 
developed and applied to the root samples however no significant correlations between the activity 
of these enzymes and textural measurements were identified based on the 15 genotypes. A method 
for cell wall composition analysis from sweetpotato roots was developed for a test variety as part of 
a training visit (PhD student Linly Banda). Oven-dried root samples from the 15 genotypes were 
prepared and sent to CIRAD (C. Mestres) for differential scanning calorimetry (DSC) analysis. 
Although no direct significant correlations were identified between DSC parameters and textural 
measurements within this set of samples, multiple regression analysis showed that starch 
characteristics (gelatinization enthalpy and temperature and amylose content) were significantly 
correlated to measurements of firmness after 20 minutes of cooking. 
 
Boiled Sweetpotato (Uganda + UK):  
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5.15.3 JHI Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First Name Country of 
Residence 

Permanent, 
Student OR 
Contractual  

WP1 WP2 WP3 WP4 WP5 Boiled 
Sweetpotato 
(Uganda) 

Boiled 
Potato 
(Uganda
) 

TAYLOR Mark UK permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ 

MCDOUGALL 
Gordon 

UK permanent ☐ ☒ ☐ ☐ ☐ ☒ ☐ 

AUSTIN Ceri UK permanent  X    X  

DUCREUX 
Laurence 

UK permanent  X    X  

 

List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First Name  
(+ Institute if not 
from JHI) 

Master 
Student 
or PhD 
or Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting 
Date 

Fellowship 
Ending 
date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in 
RTBfoods 
project  

BANDA Linly CIP 
(student training 
visit) 

PhD Sweetpotato Texture 2 University of 
Nairobi 

8/7/2019 8/8/2019  MUZHINGI 
Tawanda 
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5.15.4 JHI Activities & Achievements on Boiled Sweetpotato (Uganda 
+ UK) 

WP2 – Boiled Sweetpotato (Uganda + UK) 
JHI Key Contact for WP2 on Boiled Sweetpotato (NAME First name): TAYLOR Mark 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Main activities: 

Development and application of a cooking protocol for boiled sweetpotato 

Development and application of a protocol for texture analysis of boiled sweetpotato roots 

Development and application of assays for pectin methylesterase and -amylase from sweetpotato 
roots 

Development of a method for cell wall analysis from sweetpotato roots 

Preparation of sweetpotato root samples for differential scanning calorimetry analysis 

Hosting a training visit of RTB PhD student (Linly Banda) from CIP Kenya. 

Progress: 

Several cooking methods were tested to assess variability and reproducibility including steaming and 
boiling. Boiling and steaming were rejected due to problems with sample orientation, reproducibility 
and uneven cooking. Cooking the sweetpotato roots in sealed plastic bags provided the best 
temperature control, traceability and high throughput screening. A cooking temperature of 85°C for 
10 and 20 minutes proved to be optimum for accurately detecting texture differences between 
genotypes and was validated compared with cooking time measurements by colleagues in Uganda. 
CIP colleagues in Uganda demonstrated similar rankings of textural properties were observed in 
samples cooked at 950C. 

A SOP for boiled sweetpotato texture methods is being developed in collaboration with colleagues. 
The method is outlined in Annex 1. 

The texture analysis method was applied to 15 sweetpotato genotypes provided by CIP-SSA and 
the range of texture values is reported in Annex 2. Based on previous literature we assessed the 
potential role of two enzymes, pectin methyl esterase (PME) and amylase, that may account for 
the textural differences between the genotypes. Reliable assays for these enzymes were developed 
(Annex 1) and applied to the root samples however no significant correlations between the activity 
of these enzymes and textural measurements were identified (Annex 2). 

A method for cell wall composition analysis from sweetpotato roots was developed (Annex 1) for a 
test variety as part of a training visit (PhD student Linly Banda). Oven-dried root samples from the 
15 genotypes were prepared and sent to CIRAD (C. Mestres) for differential scanning calorimetry 
(DSC) analysis. These data were compared with texture measurements. Although no direct 
significant correlations were identified between DSC parameters and textural measurements within 
this set of samples, multiple regression analysis showed that starch characteristics (gelatinization 
enthalpy and temperature and amylose content) were significantly correlated to measurements of 
firmness after 20 minutes of cooking. Furthermore, dry matter content was never correlated with the 
textural measurements. 
Based on further work performed by partners in Uganda, we realise that the range of cooking times 
in a wider germplasm pool is much wider than the focus of the 15 samples on which we focused. 
Future studies will investigate correlations between cooking time, textural measurements, enzyme 
activities and cell wall composition in germplasm with more extreme cooking times. 
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5.15.5 Data Management at JHI 

JHI RTBfoods Data Manager (DUCREUX Laurence): 

5.15.6 Ethical Clearance  

Describe Process implemented in your country (ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 

- Not Applicable to JHI – 

5.15.7 JHI Travels: Participation to RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 

 Title /Training Objective WP City, Country NAME(S) of Participants 

RTBfoods 
Meetings 

RTB Annual Meeting 2 Abuja, Nigeria TAYLOR Mark 

RTBfoods 
Trainings 

None    

International / 
Regional 
Conferences  

None    

Scientist 
Exchanges 

None    

5.15.8 JHI Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

None 

5.15.9 JHI Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

JHI Contribution – waiver of overheads on WP2 activities 

5.15.10 JHI Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding.  
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5.15.11 Gaps & Challenges faced at JHI 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

A difficulty for JHI is obtaining sweetpotato root material for analysis – this has been overcome by 
collaboration with colleagues in CIP-SSA who provided fresh sweetpotato roots by courier.  
Although JHI has some experience with boiled potato texture analysis we are not currently involved 
in this aspect. Within the allocated budget JHI could provide advice on molecular determinants of 
boiled potato texture/cooking time and would be prepared to host visiting scientists if appropriate. 

5.15.12 JHI Perspective Work Plan & Internal organization for Period 3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Boiled Sweetpotato:  
Our studies to date have failed to identify direct correlations between cooking time and textural 
measurements in a set of samples from 15 genotypes however multiple regression analysis showed 
that starch characteristics (gelatinization enthalpy and temperature and amylose content) were 
significantly correlated to measurements of firmness after 20 minutes of cooking. Genotypes that 
produce roots with more extreme cooking times have now been identified by partners and so we 
propose to extend our studies to these genotypes in order to investigate whether correlations can be 
identified in the more diverse material. 
After development of an analytical strategy with partners, JHI proposes to conduct cell wall analysis 
on up to 12 root samples that represent the full range of cooking times measured in Uganda. To do 
this JHI would rely on freeze-dried samples being couriered to UK by partners. We plan to analyse 
the mono/polysaccharide composition of cell walls by HAEPEC and develop FT-IR methods for 
analysis of cell walls and associated polysaccharides... 
 
Boiled Potato 
Within the budget constraints, JHI is available to offer guidance and host visiting workers in relation 
to boiled potato studies.  
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5.15.13 Annex 1 – Method Development 

Boiled sweetpotato texture analysis 
 
Several cooking methods were tested to assess variability and reproducibility including steaming and 
boiling. Boiling and steaming were rejected due to problems with sample orientation, reproducibility 
and uneven cooking. Cooking the sweetpotato roots in sealed plastic bags provided the best 
temperature control, traceability and high throughput screening. A cooking temperature of 85°C for 
10 and 20 minutes proved to be optimum for accurately detecting texture differences between 
genotypes and was validated compared with cooking time measurements by colleagues in Uganda. 
Similar rankings of textural properties were observed in samples cooked at 95°C. 
Cooking Method: 
Roots were sliced in discs of at least 2cm thickness. Each disc was cored in the middle using a 
26mm cork borer. Orientation and localisation of each disc was carefully recorded (cores were all 
analysed in the same direction, attachment end to bud end). Cylinders length was adjusted at 2cm 
and immediately vacuum packed in bags. Bags were carefully label with root name and cylinder 
position. 
Samples were immersed in an 85°C waterbath and cooked for 10 or 20 minutes. Once cooked, 
samples were immersed in a cold waterbath (around 10°C) to stop the cylinders from cooking further. 
 
Texture analysis: 
Texture analysis was performed on a QTS25 texture analyser (Brookfield Engineering, Harlow, UK) 
using an acrylic wedge (Pat TA7, approx. 8, 3mm wide x 60mmlong and angle 40°) descending 
through the cooked tuber cylinder to a depth of 10mm at a fixed rate of 5mm/min. Work load required 
to penetrate the cooked root cylinder was recorded every 0.1 second. 
The texture analysis method was applied to 15 sweetpotato genotypes provided by CIP-SSA and 
the range of texture values is reported in Annex 2. 
 

Determination of pectin methylesterase (PME) activity 
PME activity correlates well with texture in potatoes (Solanum tuberosum); higher PME activity is 
associated with increased firmness as the PME rapidly demethylates pectin in the cell walls and 
middle lamellae, allowing for hardening through cross linking with divalent cations. The PME activity 
in 16 sweetpotato genotypes from CIP, Ghana was determined through the MBTH-alcohol oxidase, 
sectrophotometric assay. The enzyme was extracted from frozen, ground sweetpotato roots in five 
volumes sodium phosphate buffer (200mM, pH7) containing 1M NaCl, 10mM sodium sulphite and 
1% PVPP.   A 
100µl  aliquot  of  the  extract  was  added  to  200µl  of  2mg/ml  apple  pectin,  200µl  of 
 
100mM TrisHCl pH 7.5 containing 250mM NaCl, 200µl of 3mg/ml MBTH, 2.5 units of alcohol oxidase 
and ultrapure water to make up the volume to 1ml.  The reaction was incubated for 30 minutes and 
a 100µl aliquot removed and added to 100µl of sulfamic acid/ ferric ammonium sulphate reagent and 
held for 30minutes at room temperature. After the incubation, 800µl ultrapure water was added. At 
the 1 hour mark, another 
100µl aliquot of the reaction was removed and treated as above. The absorbance was 
 
read off at 620nm.  The enzyme activity was calculated based on a methanol standard curve. The 
PME hydrolyses apple pectin into methanol and acid. The methanol is oxidised by alcohol oxidase 
to produce formaldehyde, which, in the presence of iron in an acidic environment, reacts with MBTH 
producing a blue formazan dye that absorbs light at 620nm. 
 

Determination of β amylase activity 
The β amylase enzyme hydrolyses high molecular weight starch into low molecular weight sugars, 
predominantly maltose. The maltose leaks out of the cell, causing a reduction in the swelling 
pressure. When starch swells inside the cells during cooking, this leads to an internal pressure which 
forces the cells to assume a spherical shape and separate from the neighbouring cells, resulting in 
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a mealy/floury texture. When the swelling pressure is reduced by hydrolysis, this prevents cell 
separation and leads to a firm texture. The activity of β amylase in 16 sweetpotato genotypes from 
CIP, Ghana was determined. The Megazyme Betamyl-3 kit (K-BETA3) was used according to 
manufacturer’s protocol.     The enzyme was extracted from freeze dried, milled root samples and 
the extract allowed to hydrolyse a p-nitrophenyl-β-D-maltotrioside substrate in the presence of β-
glucosidase at 40°C for exactly 10 minutes.  The reaction was stopped by adding 1% Tris buffer pH 
8.5, and absorbance read off at 400nm. The enzyme activity was calculated as betamyl-3 units, 
where 1 unit is the amount of enzyme, in the presence of thermostable β glucosidase, required to 
release 1 micromole of p-nitrophenol from PNPβ-G3 in 1 minute. 
 

Isolation and composition of cell wall materials 
Plant primary cell walls are largely composed of the polysaccharide molecules hemicellulose, 
cellulose and pectin.   Pectin is the most abundant and defines the structural and functional properties 
during physical and chemical processing. It is a complex heteroploysaccharide predominantly made 
up of galacturonic acid residues with varying degrees of esterification. The structure, degree of 
methylesterification and the subsequent modification by enzymes such as pectin methyl esterase 
impacts greatly on the development of texture during cooking. 
 
The cell wall materials (CWM) were isolated from sweetpotato roots of the Covington variety. Frozen 
tissue (250g) was homogenized in 500ml sodium acetate buffer (0.2M, pH 5.2) and heated at 80°C 
for 40minutes to gelatinize starch. The homogenate was cooled and incubated at 40°C for 3 hours 
with 2000units of amyloglucosidase from Rhizopus and 2000 units of α amylase from Bacillus 
licheniformis, to hydrolyse starch. The slurry was centrifuged at 10000 xg for 15 minutes, yielding 
the CWM (pellet) and soluble pectins (supernatant). The supernatant was filtered through double 
layer muslin cloth, sintered glass (P160) and finally through glass microfibre. The soluble pectins 
were precipitated with cold 70% ethanol and washed with acetone to remove carotenoids. The 
CWMs were destarched twice more, until there was no residual starch, as determined by the Iodine 
test. The material was washed with 70% ethanol until there was no residual sugar as determined by 
the phenol/sulphuric acid test. Both CWM and soluble pectin fractions were freeze dried, prior to 
hydrolysis with triflouroacetic acid to yield neutral sugars and uronic acids. High Performance Anion 
Exchange Chromatography (HPAEC) of the samples was performed on the Thermo Scientific Dionex 
System using the CarboPac PA10 column. Detection was made using a pulsed amperometric 
detector (PAD). Nine sugar standards (50µg/ml each) were used for reference; mannose, xylose, 
galactose, glucose, fucose, arabinose, rhamnose, galacturonic acid and glucuronic acid. 
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5.15.14 ANNEX 2 EXPERIMENTAL DATA 

1.1. Boiled sweet potato texture measurements 15 genotypes from CIP-SSA 
 

  MEAN - 10 
min 

SE MEAN - 20 
min 

SE 

PGA14372-3 MAX load (g) 1618.3 217.9 626.0 49.5 
  area under curve (g) 82237.7 7138.5 37911.7 2787.2 
PGA14351-4 MAX load (g) 1043.7 173.4 338.0 18.7 
  area under curve (g) 55994.7 8762.2 19078.7 1246.9 
PGA14229-2 MAX load (g) 2022.7 134.5 762.0 43.7 
  area under curve (g) 99357.0 6038.0 43527.3 1831.6 
PGA14011-43 MAX load (g) 1121.3 198.0 843.3 165.0 
  area under curve (g) 53216.0 8344.4 40147.7 7743.0 
PGA14008 MAX load (g) 787.6 44.1 404.4 44.1 
  area under curve (g) 42441.8 2706.8 23182.7 2540.0 
Okumkom MAX load (g) 2138.0 209.8 612.0 76.0 
  area under curve (g) 111610.7 6299.7 38094.0 5034.7 
NAN MAX load (g) 888.7 82.5 374.7 28.5 
  area under curve (g) 45755.5 3388.4 22047.3 1524.9 
Mother's delight MAX load (g) 941.3 123.1 492.4 47.9 
  area under curve (g) 47162.3 4868.4 29395.6 2790.5 
Mbofra (CIP442162) MAX load (g) 1595.0 192.1 606.3 70.7 
  area under curve (g) 78302.3 7106.9 34564.7 3862.6 
Ligri MAX load (g) 1073.7 212.4 499.3 22.4 
  area under curve (g) 57715.3 11525.1 29222.3 1317.4 
Dadanuye MAX load (g) 1286.8 145.6 579.0 59.4 
  area under curve (g) 72352.2 7861.0 34523.5 3457.0 
CIP442162 MAX load (g) 1956.7 108.7 548.7 47.2 
  area under curve (g) 76130.0 4715.8 32128.3 2246.8 
CIP440390 MAX load (g) 1356.7 322.4 503.3 50.8 
  area under curve (g) 63978.3 13395.6 30035.7 3106.7 
Apomuden MAX load (g) 1349.0 124.8 795.7 140.5 
  area under curve (g) 61511.3 3390.5 43554.3 6290.9 
PURPLE MAX load (g) 621.0 72.8 377.0 78.7 
  area under curve (g) 32648.3 2776.3 20677.3 3973.0 
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1.2. PME measurement  

  
PME (AV 620 nm)  

31/07/19 
 

02/08/19 
 

Genotype 30min 60min 30min 60min 
Apomuden 0.136 0.352 0.130 0.302 
CIP 440390 0.222 0.830 0.158 0.510 
CIP 442162 0.150 0.761 0.298 0.514 
Dadanuye 0.132 0.247 0.180 0.409 
Ligiri  0.164 0.670 0.138 0.371 
Mbofra 0.171 0.272 0.443 0.660 
Mother's Delight  0.113 0.734 0.160 0.339 
Nan 0.074 0.518 0.149 0.289 
Okumkom  0.078 0.670 0.116 0.335 
PGA 14008  0.082 0.304 0.088 0.236 
PGA 14011-43  0.090 0.450 0.084 0.187 
PGA 14229-2  0.116 0.844 0.090 0.242 
PGA 14351-4 0.085 0.556 0.193 0.463 
PGA 14372-3  0.229 0.943 0.193 0.590 
Purple Diedi 0.101 0.479 0.112 0.298 

SE are not shown for clarity, but all are < 5 %. 

 

-amylase 

Genotype Betamyl-3 
units 

SE AV SE 

Apomuden 10.007 0.859 8.594 0.617 
CIP 440390 5.790 1.008 5.837 0.578 
CIP 442162 10.998 0.886 9.740 0.690 
Dadanuye 12.393 0.916 11.351 0.707 
Ligri 15.352 0.994 15.262 0.794 
Mbofra 14.577 0.936 13.642 0.910 
Mother's Delight 9.373 1.014 9.500 0.265 
Nan 16.892 0.885 14.948 1.140 
Okumkom 15.361 1.027 15.779 0.930 
PGA 14008 6.650 1.195 7.946 0.403 
PGA 14011-43 9.557 0.952 9.096 0.470 
PGA 14229-2 10.120 1.053 10.660 0.533 
PGA 14351-4 1.991 1.054 2.099 0.026 
PGA 14372-3 10.059 0.992 9.975 0.553 
Purple Diedi 13.098 0.982 12.867 0.587 
Malt (control) 26.843 1.207 32.403 0.777 
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Differential Scanning Calorimetry 

Onset 
(°C)

mean
Standard 
deviation

cv (%)
T°C 

peak (°C)
mean

Standard 
deviation

cv (%)
Delta H

 (J/g)
mean

Standard 
deviation

cv (%)
Amylose 
(% wet 
basis)

mean
Standard 
deviation

cv (%)

1 80.1 85.4 7.5 9.1
2 80.6 85.7 7.7 9.8
1 79.6 84.7 11.5 7.3
2 80.1 84.7 10.9 7.4
1 78.5 83.4 12.4 10.0
2 79.0 85.0 12.3 10.0
1 80.3 84.5 13.2 11.0
2 81.4 85.3 12.1 6.9
1 80.2 84.4 5.2 7.2
2 81.2 85.4 5.4 7.0
1 78.2 84.2 11.0 10.2
2 78.4 84.4 10.6 10.1
1 79.0 83.6 12.5 11.0
2 79.5 83.9 12.6 10.9
1 77.0 81.8 4.9 9.2
2 76.4 81.0 4.2 9.2
1 78.0 82.4 7.8 8.7
2 78.0 82.3 7.4 8.5
1 79.9 84.6 10.8 10.1
2 80.8 85.4 10.6 9.9
1 80.8 85.0 11.8 9.9
2 80.4 84.2 12.2 10.0
1 79.5 84.5 11.8 11.2
2 79.5 84.4 11.9 11.9
1 81.2 85.6 10.7 9.7
2 80.9 85.4 10.9 10.2
1 79.8 84.4 13.3 9.6
2 81.1 85.4 11.9 9.6
1 80.6 86.2 5.5 7.3
2 80.5 86.4 5.4 7.3

5.4 0.06 1.1 7.3 0.00

7.9 9.6 0.01 0.1

Apomuden 80.5 0.06 0.1 86.3 0.14

3.3

CIP 440390 80.5 0.93 1.2 84.9 0.71 0.8 12.6 0.99

0.2 10.8 0.14 1.3 9.9 0.33

0.10.2

0.6 11.6 0.47 4.1

CIP 442162 81.0 0.21 0.3 85.5 0.13

Dadanuye 79.5 0.04 0.1 84.5 0.10 0.1 11.8 0.07

1.6 10.0 0.13 1.3

Ligri 80.6 0.32 0.4 84.6 0.55 0.80.7 12.0 0.28 2.4 9.9 0.08

Mbofra
CIP 442162

80.3 0.62 0.8 85.0 0.59 0.7 10.7 0.17

12.2 9.2 0.01 0.1

Mother's delight 78.0 0.02 0.0 82.3 0.04 1.80.0 7.6 0.30 4.0 8.6 0.15

Nan 76.7 0.40 0.5 81.4

0.8

Okumkom 79.3 0.33 0.4 83.7 0.21 0.80.2 12.5 0.11 0.9 10.9 0.08

PGA 14 008-9 78.3 0.16

6.0 8.9 2.85

0.52 0.6 4.5 0.56

3.0 10.1 0.08

84.9 0.58 0.7 12.7 0.76

0.2 84.3 0.09 0.1 10.8 0.32

79.9 0.36 0.5 84.7 0.04 0.0

31.8

PGA 14 229-2 80.7 0.66 0.8 84.9 0.69 1.80.8 5.3 0.19 3.5 7.1 0.13

PGA 14 351-4 80.8 0.77 1.0

PGA 14 372 -3 78.7 0.37 0.5 84.2 1.14 0.51.4 12.4 0.03 0.3 10.0 0.05

11.2 0.43

 Cultivar Replicate

Gelatinisation Amylose

PGA 14 011-43 80.3 0.39 0.5 85.5 0.27 5.10.3 7.6 0.15 1.9 9.5 0.49

3.9 7.4 0.04 0.6Purple
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Relationship between texture measurements (area Under Curve, AUC) and enzyme activities  
 

Pectin Methyesterase 

 

 

 

 

 

 

There was no correlation between PME activity and textural differences.  
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-amylase 

Assay 1 

 

 

 

Assay 2 

 

 

 

There was no correlation between -amylase activity and textural differences.  
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Relationship between texture measurements (AIUC° and DSC parameters and 
amylose/amylopectin content 

 

 
 

 
 

y = 2E-05x + 8,2839
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Although no direct significant correlations were identified between DSC parameters and textural 
measurements within this set of samples, multiple regression analysis showed that starch 
characteristics (gelatinization enthalpy and temperature and amylose content) were significantly 
correlated to measurements of firmness after 20 minutes of cooking (analysis from C Mestres, 
CIRAD). Furthermore, dry matter content was never correlated with the textural measurements. 
 

Model for AUC (after 20 min): 

Source 
Value SE t value Pr > |t| 

Lower 
boundary 

(95%) 

Upper 
boundary  

(95%) 

Constant -324067 145749 -2.22 0.048 -644858 -3276 
Gelatinisation 4103 1679 2.44 0.033 407 7798 
% amylose 3077 1933 1.59 0.140 -1179 7332 
DH -1930 865 -2.23 0.047 -3834 -26 

  

y = 2E-05x + 8,635
R² = 0,0193

0,0

2,0

4,0

6,0

8,0

10,0

12,0

14,0

0 20000 40000 60000 80000 100000 120000

DH vs AUC (10 min cooking)
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Dry Matter Content and Textural Measurements 
   TEXTURE 

   
Area under 

curve 
Varieties % DM SE 10 min 20min 
Apomuden 21.03 0.49 61511 43554 
CIP440390 39.77 0.23 63978 30036 
CIP442162 33.85 0.38 76130 32128 
Dadanuye 34.23 1.16 72352 34524 
Ligri 35.27 0.28 57715 29222 
Mbofra (CIP442162) 34.97 0.55 78302 34565 
Mother's delight 26.37 0.63 47162 30214 
Nan 28.86 0.50 45756 22047 
Okumkom 34.53 0.48 111611 40196 
PGA14008 31.05 0.94 41740 23183 
PGA14011-43 26.29 0.40 53216 40148 
PGA14229-2 26.60 0.86 99357 43527 
PGA14351-4 31.79 0.12 55995 19079 
PGA14372-3 34.58 1.48 82238 37912 
Purple (Diedi) 33.78 1.08 32648 20677 
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y = -0,0002x + 37,626
R² = 0,1036
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Cell wall composition analysis 
 

Dionex traces of hydrolysed sugars from soluble polysaccharide and cell wall material 
The major sugar component in both the soluble polysaccharide and cell wall material is GalUA, galacturonic acid. The two samples also have 
arabinose (Ara), galactose (Gal), glucose (Glc) and the cell wall material has higher amounts of xylose (Xyl) whereas the soluble 
polysaccharide has higher amounts of mannose (Man).

Ara           Gal      Glc             Xyl  Man                                                                           GalUA 
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The relative amounts of sugars in each sample differ as can be seem in the pie-charts 

below. 

 
% Contribution of sugars to total content 

 
Cell wall preparation 

 
Soluble polysaccharide sample 

 

The polysaccharide sample has more mannose and glucuronic acid. It should be noted that 
the acid hydrolysis does not completely hydrolyse the uronic acid backbone of the pectins so 
the GalUA and GlcUA are probably under-estimates of total content but there is no reason to 
assume that their resistance to hydrolysis differs between the samples. 
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5.16 Annex 16: NaCRRI Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 
 
Main Author(s) (NAME First Name, Institution, Country): 
Kawuki Robert,  
Micheal Kanaabi,  
Nuwamanya Emphraim 
Hamba Sophia 
National Agricultural Research Organisation (NARO) National Crops Resources Research Institute 
(NaCRRI), Uganda 
 
Collaborator(s):  
NARL-Kawanda 
 
Focal Point (NAME First name, email, Skype ID, Country):   
KAWUKI Robert, kawukisezirobert@gmail.com, Skype ID, Uganda  
 

5.16.1 Product Profile (Uganda) Involvement  

Partner Institute Product (Country) – Main PP in bold 
NaCRRI 1-Boiled Cassava (Uganda) with NARL 

2-Boiled Sweetpotato (Uganda) with CIP, NARL & JHI 
3-Matooke (Uganda) with IITA, NARL & Bioversity  
(4-Boiled Potato  (Uganda) with CIP, NARL & JHI) 

5.16.2 NaCRRI Summary Narrative 

During the past one year (December 2018 to 30th November 2019), NaCRRI participated in 
implementation of activities spread across four work packets (WP1, WP2, WP3 and WP4). All 
implemented activities aligned to boiled cassava, as the primary product profile.    

Under WP1, we completed activity 3 (preference surveys), activity 4 (processing diagnosis) and 
activity 5 (consumer testing) as per the target typologies. In the end, we were able to document the 
product processing pipeline, preferred traits by men and women, and challenges experienced. All 
data associated with WP1 has been submitted to CIRAD. Under WP2, two major activities were 
accomplished. Firstly, we contributed towards development of standard operating procedures 
(SOPs) for: dry matter content (DMC) determination, sample preparation for texture analysis of 
boiled cassava, and NIRS spectra acquisition. Secondly, we have developed sensory descriptors for 
boiled cassava and collected sensory data on 45 cassava clones. 

For WP3, we generated 538 spectra using bench top NIRS and corresponding wet chemistry data. 
These datasets were used for making calibrations for estimation of DMC and softness of freshly 
boiled roots. DMC predictions after calibration ranged between 22 to 45% with R2 ranging from 0.98 
to 0.99. For root softness, calibration analysis is ongoing. Efforts are on-going to calibrate the 
portable ASD NIRS.  

Finally, under WP 4, root softness was assessed using root samples harvested from trials 
established at Serere (eastern region) and Namulonge (central region).  At Serere, 76 clones were 
boiled for 30 and 45 minutes; only middle sections of roots were sampled.  Softness ranged from 
1.03 to 10.2 (for samples boiled for 30 minutes), while for samples boiled for 45 minutes softness 
ranged from 0.34 to 9.24. Overall, 45 minutes registered higher heritability (H2 = 0.53 and lower 

https://rtbfoods.cirad.fr/
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softness readings, than samples boiled for 30 minutes (H2 = 0.41 and mean = 4.44). At Namulonge, 
distal, middle and proximal root sections were sampled; lowest softness was recoded at 45 minutes 
(2.24) and highest at 15 minutes (5.4).   Next year, we plan to undertake the following: a) continue 
to generate sensory data on boiled roots, and wet chemistry data on selected end-user traits; b) 
generate spectra using both portable and hand-held NIRS associated with selected end-user traits; 
and c) undertake association and genetic studies on softness.   
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5.16.3 NaCRRI Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First Name Country 
of 
Residenc
e 

Permanent, 
Student OR 
Contractual  

WP1 WP
2 

WP
3 

WP
4 

WP
5 

Boiled 
Cassav

a 
(Uganda

) 

Boiled 
Sweetpotat
o (Uganda) 

Matooke (Uganda) 

Dr. Robert Kawuki  Uganda  Contract 
(NextGen)  

☐ ☐ ☒ ☒ ☐ ☒ ☐ ☐ 

Dr. Emphraim  
Nuwamanya   

Uganda  Contract 
(NextGen)  

☐ ☒ ☒ ☐ ☐ ☒ ☐ ☐ 

Dr. Williams Esuma  Uganda  Contract 
(NextGen)  

☐ ☐ ☒ ☒ ☐ ☒ ☐ ☐ 

Dr. Paula Iragaba  Uganda  Contract 
(NextGen)  

☒ ☒ ☐ ☐ ☐ ☒ ☐ ☐ 

Ms. Sophia Hamba  Uganda  Contractual  ☒ ☐ ☐ ☐ ☐ ☒ ☐ ☐ 
Mr. Micheal Kanaabi Uganda  Contractual  ☒ ☒ ☒ ☒ ☐ ☒ ☐ ☐ 
Ms. AnnRita Nanyonjo,  
 

Uganda  Contract 
(NextGen)  

☒ ☒ ☐ ☐ ☐ ☒ ☐ ☐ 

List of Students involved in RTBfoods activities in Period 2 (including Student exchange):N/A 

NAME First 
Name  
(+ Institute if 
not from 
NaCRRI) 

Master 
Student or 
PhD or Post-
Doc 

Subject Title WP University 
of 
affiliation  

Fellowship 
Starting 
Date 

Fellowship 
Ending 
date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in 
RTBfoods 
project  

Fatumah 
Babirye  

Master’s 
student  

Diversity of root 
softness and starch 
content in cassava 
germplasm   

WP3 & 
WP 4 

Makerere 
University  

April 2019  April 2020  NextGen Cassava 
Project  

Emphraim 
Nuwamanya  
Robert Kawuki 
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5.16.4 NaCRRI Activities & Achievements on Boiled Cassava 
(Uganda) 

WP1 – Boiled Cassava (Uganda)  
NaCRRI Key Contact for WP1 on Boiled Cassava in Uganda (Sophia Hamba) 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys:  Following the 
collection of gender disaggregated and socio-economic data from (Luweero, central and Apac, 
northern Uganda), a cassava product profile was developed from individual interviews. The product 
profile highlights all the preferred attributes by men and women of both regions at different levels of 
the boiled cassava value chain.  An activity report for activity three has been compiled.  The report 
was compiled using data from FGDs, II, KII and market interviews.   
 
Activity 4 achievements – Processing Diagnosis: Data was collected from cassava processors 
of Luwero and Apac district. In addition, three and two processor demonstrations were conducted in 
Apac and Luwero respectively. A total of five varieties (NASE13, Bao, NASE14, Olanyoder and 
NAROCASS1) were considered in Apac, while four varieties (Nabwangu, TME14, NASE14 and 
Njule) were considered in Luwero. In both cases, two varieties from each district, were local. 
Preferred varieties with their characteristics have been identified. Local varieties (Njule) and 
Nabwangu and one improved variety (NASE14) had the lowest processing loss, and thus ranked 
highly for processing. Processing of cassava involves peeling, washing peeled roots, slicing washed 
roots into smaller pieces and boiling. Some of the characteristics that were consistently highlighted 
by processors included: easy to peel and short cooking time.  
 
Activity 5 achievements – Consumer Testing: Data were collected from three districts:  Apac, 
Kampala and Luwero. Kampala was selected to represent the tertiary level/stage consumers. Data 
was collected from 276 consumers at different stages (primary, secondary and tertiary levels or 
stages). Some cassava varieties used in activity 4 were carried on to activity 5. This data has been 
entered in an excel sheet awaiting analysis and report writing. A major challenge faced during this 
activity was that given the prevailing environmental conditions at the time of the activity (dry period), 
some varieties had undergone physiological changes in the roots (mobilization of stored starch) such 
that they presented “a glassy, water-soaked appearance on cooking”. These were described as 
“muwuta”.  A variety in the muwuta stage does not give an accurate representation of the variety 
characteristics on boiling. 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Boiled Cassava (Uganda): 
 

Activities reported in Period 1 on 
Boiled Cassava in Uganda  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F Yes No 
ACTIVITY 3 Primary 

Country 
Uganda 26 September 

2018 
 

6 October 
2018 
 

APAC 
(Northern 
Uganda) 

ATANA 6 5 2 Y  
AKERE 4 5 2 Y  
CHEGERE 4 5 2 Y  
ATIGOLWOK 6 4 2 Y  

08 October 
2018 

18 
October 
2018 

LUWEERO 
(Central 
Uganda) 

BUKAMBAGA 2 5 2 Y  
BWAZIBA 5 5 2 Y  
KABAKEDI 5 8 2 Y  
KAKINZI 5 5 2 Y  

Activities performed in Period 2 on 
Boiled Cassava in Uganda  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F Yes No 
ACTIVITY 4 Primary 

Country 
 

Uganda 
 

21st May 2019 
 
 
11th June 2019 

3rd June 
2019 
 
22nd June 
2019 

Apac ATANA, Ayegero village  5 0  No 
AKERE,Ogei village  5 0  No 
CHEGERE, Anyambazi.B  5 0  No 

Luwero Butuntumula,Ngogolo town  5 0  No 
BWAZIBA,kiberenge Village  5 0  No 

ACTIVITY 5 Primary 
Country 
 

Uganda 
 

21st May 2019 
 
 
 
11th June 2019 
 
 
27th June 

3rd June 
2019 
 
 
22nd June 
2019 
 
5th July 

Apac 
 
 
 
Luwero 
 

ATANA, Ayegero village 9 26  Y  
AKERE,Ogei village 9 11  Y  
CHEGERE, Anyambazi 15 26  Y  
      
Butuntumula,Ngogolo town 18 29  Y  
BWAZIBA,kiberenge Village 21 21  Y  
      

Kampala City Nakawa Market 13 2  Y  
Kalerwe Market 12 15  Y  
Kasubi Market 17 22  Y  
Gayaza Market 13 2  Y  
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WP2 – Boiled Cassava (Uganda) 
NaCRRI Key Contact for WP2 on Boiled Cassava in Uganda (Ephraim Nuwamanya) 

Contribution to SOPs:  NaCRRI has contributed to development of SOPs namely: starch and sugar 
analysis, dry matter determination and the SOP for sample preparation of boiled cassava for texture 
analysis and NIRS spectra acquisition.  NaCRRI has also improved the SOP for softness 
determination based on the penetrometer as the main tool being currently used for softness 
determination.  The SOPs are currently being used and/or are under evaluation at NaCRRI and will 
be adopted fully after customization to local conditions.  

Proof of Concept / Method Development:  Proof of concept in the use of the penetrometer as the 
main method used in softness determination has been assessed. It will be used in development of 
a model for determination of root softness in cassava. Other methods are already being routinely 
used.  

Sensory Analyses: NaCRRI has been involved in two sensory panel trainings, all conducted at 
NARL-Kawanda. Firstly, sensory analysis on banana samples was undertaken. Briefly, this was 
conducted during the period April to November 2019. Four people (sensory panel) from NaCRRI 
participated in the training. The panel was involved in developing of sensory descriptors for the 
different RTBs in Uganda. Secondly, sensory analysis on boiled cassava. Being the primary focus, 
in addition to the 4 panelists, Michael Kanaabi, Ann Ritah Nanyonjo and Paula Iragaba were 
engaged and thus jointly involved in vocabulary generation, sample preparation and sample serving. 
A total of 45 clones (from RTB-trial at Namulonge) were sampled over a nine-day period; a maximum 
of five clones were assayed per day. In the end, we have: 1) developed sensory descriptors for 
boiled cassava; 2) developed SOP for preparation and serving boiled cassava for sensory analysis 
and 3) collected sensory analysis data on the 45 cassava clones.  

Texture Analyses: NaCRRI has not conducted detailed texture analysis. However, in partnership 
with NaRL-Kawanda, the clones being used for development of sensory descriptors were subjected 
to texture analysis.  

Biophysical Routine Analyses & WP2 Database Mngt: Biophysical analyses are conducted for 
dry matter content and softness of boiled roots.  We are currently assembling and curating available 
data (with defined trait ontologies) for upload on to cassavabase (www.cassavabase.org)  

Others (equipment purchase): NaCRRI is in advanced stages of procuring a texturometer to 
enable measurement of critical properties (hardness, brittleness, spread ability, adhesiveness, 
tensile strength, and extensibility) of boiled cassava roots. Similar measurements will be undertaken 
on boiled sweet potato by CIP. In partnership with CIP, a kitchen has been set up at NaCRRI to 
provide a uniform texture phenotyping platform. These combined investments in nutrition lab by both 
CIP and NARO, will significantly boot research capacity for profiling of preferred end-user traits in 
RTB crops.   

 

WP3 – Boiled Cassava (Uganda) 
NaCRRI Key Contact for WP3 on Boiled Cassava in Uganda (Ephraim Nuwamanya): 

Contribution to SOPs: NaCRRI has so far contributed to the development of SOPs for determination 
of softness of boiled roots using a penetrometer, and dry matter content of cassava roots using the 
benchtop NIRs. SOPs associated with use of hand-held NIRs are under review.   

Spectra Acquisition: Spectra has been acquired on different clones established in different trials: 1) 
cycle-one pro-vitamin A (pVAC) population established at Namulonge; 2) RTB-trials established at 
Namulonge and Serere, and 3) Latin American (LA) selections established  at Namulonge. Cycle 
one comprised of 221 clones segregating for beta carotene; RTB-trial comprised of 76 white-fleshed 
clones that included both local varieties and elite clones; LA selections comprised of 238 white-
fleshed clones. All these trials can be accessed from cassavabase 
https://www.cassavabase.org/breeders/trials/. Spectra were acquired between May and September 

https://rtbfoods.cirad.fr/
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2019, which coincided with harvesting times for these trials. Traits of interest are softness, dry matter 
content (DMC) and total carotenoid content (for the for pVAC trials). For the LA Selections, reference 
data were collected for DMC using the oven-dry method. For the RTB-trial in Namulonge, reference 
data were collected on softness of freshly harvested and boiled roots using a penetrometer. For the 
RTB-trial in Serere, spectra were collected using the portable ASD quality spec, and reference data 
collected for softness of boiled roots and starch content.  In total, 538 spectra were collected.   

Calibration under Development: Spectra from FOSS DS 2500 bench top NIRS and corresponding 
wet chemistry data were generated for the following trials: 1) West African selections trial (WA). 2) 
Latin American (LA) selection trial; and 3) RTB trial in Namulonge. These datasets were separately 
used for undertaking calibrations for estimation of root DMC and softness of freshly boiled roots. 
Corresponding reference data for DMC was collected using the oven method. Reference data for 
softness of boiled roots was collected using a penetrometer. DMC predictions after calibration 
ranged between 22 to 45% with R2 ranging from 0.98 to 0.99. For root softness, calibration analysis 
is ongoing with consultation with Fabrice Davrieux.  

Others: A master’s degree student registered at Makerere University (Ms. Fatumah Babirye 
Namakula) is conducting her research at NaCRRI. She is aiming at developing a NIRS prediction 
model for starch content estimation in fresh cassava roots. She is working with team to collect 
spectra and reference data.    

 

WP4 – Cassava for Boiled Cassava (Uganda) 
NaCRRI Key Contact for WP4 on Cassava for Boiled Cassava in Uganda (Robert Kawuki)  
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
In August 2018, the RTBfoods trials were established in Serere (Eastern Uganda) and at NaCRRI 
in Namulonge, Central Uganda. Field Layouts including data generated at the two sites notably 
Namulonge (https://www.cassavabase.org/breeders/trial/4588?format=) and Serere 
(https://www.cassavabase.org/breeders/trial/4586?format=), have all been uploaded onto 
cassavabase. The 76 clones evaluated for softness comprised of landraces, elite clones and officially 
released varieties. All these materials were harvested in September 2019, which coincided with 12 
months after planting.  
 
At Serere, data on root softness (collected on 76 clones) and boiled for (30 and 45 minutes) were 
collected from the middle sections of two sampled roots (two biological replicates). For each root, 
three reading were taken at different positions (three technical replicates).  Accordingly, softness 
ranged from 1.03 to 10.2 for samples boiled for 30 minutes, while for samples boiled for 45 minutes 
softness ranged from 0.34 to 9.24. Overall, samples boiled at 45 minutes registered higher heritability 
(H2 = 0.53 and lower softness readings (mean = 3.36) than samples boiled for 30 minutes (H2 = 0.41 
and mean = 4.44). 
 
At Namulonge softness data were collected on 64 clones; two roots were sampled per clone. For 
each root, three sections (distal, middle and proximal) were sampled and thus three readings taken 
per section. Softness varied significantly cross the root sections and boiling times; distal, middle and 
proximal sections had respective mean softness values of 3.3, 3.4, and 3.9. On the other hand, 
lowest softness was recoded at 45 minutes (2.24) and highest at 15 minutes (5.4).    
 
Two major activities are planned under WP4: a) undertake an association study using the NextGen 
C2 population that is currently established at Namulonge; and b) undertaking crossing using 
contrasting clones to generate F1s for studying the genetics of softness.   

https://rtbfoods.cirad.fr/
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WP5 – Boiled Cassava (Uganda): 
At NaCRRI, we don’t have activities under WP 5. Nonetheless, we do have 12 elite clones under 
evaluation in triadic comparison of technology (TRICOT) approach with 240 farmers resident in 
central (Luwero and Mitiyana districts), west Nile region (Arua) and eastern (Dokolo, Kaberamaido 
and Serere) regions.    

5.16.5 Interactions with other Institutes working on Boiled Cassava 
(Results & Protocols Shared, Staff, Equipment) 

UAC-FSA (Bénin): No interactions, except perhaps the planned joint authorship of the boiled 
cassava manuscript to be submitted to the International Journal of Food Science and Technology 
(IJFST).   
 
CIRAD (Montpellier): Two major interactions, all focussed on capacity development, have been 
undertaken. Firstly, the NIRS training at IITA, Ibadan Nigeria. This was undertaken during the period 
24th June to 7th July 2019; Enock Wembabazi and Ephraim Nuwamanya attended the training. 
Secondly, the NIRs training conducted at NaCRRI Uganda from 19th August to 23rd August 2019, 
which enabled participation of at least 10 participants from Uganda.     
CIAT (Colombia): Two major interactions have been made: First, sharing protocols for assessment 
of boiled cassava roots. Secondly, shared input into the scope of the boiled cassava manuscript to 
be submitted to IJFST.    

Figure 1: Patterns of softness of boiled cassava roots: Left = residual plot of Serere softness data 
measured at 30 minutes; Middle = residual plot of Serere softness data measured at 45 minutes; Right 
= variability of Namulonge softness data. Heritability (H2) for softness at Serere was 0.41 (30 minutes) 

              

https://rtbfoods.cirad.fr/
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5.16.6 NaCRRI cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 
 
WP1 with WP2 on Boiled Cassava: At NaCRRI, four staff (Ms. AnnRita Nanyonjo, Dr. Paula 
Iragaba, and Mr. Micheal Kanaabi), all lead by Hamba Sophia undertake activities of WP1. Three of 
these staff undertake WP2 activities. Shared responsibilities and joint activity reviews across WP1 
and WP2, embraces diversity in thinking and thus, enhances interpretation, application and/or use 
of generated data. Staff interactions are frequent as all members are based at Namulonge.    
 
WP2 with WP3 on Boiled Cassava: Four persons led by Ephraim Nuwamanya are involved in both 
WP2 and WP3 activities. Decisions are made jointly on what clones to subject to investigations, and 
on which protocols and NIRs platform to be used. Again, shared responsibilities and joint data 
curation activities across WP2 and WP3, embraces diversity in thinking and thus, enhances 
interpretation, application and/or use of generated data. Staff interactions are frequent as all 
members are based at Namulonge.    
    
WP4 Cassava (breeders) with WP2 & WP3: Samples and/or clones used for analyses under WP2 
and WP3 activities are sourced from breeders. Rationale for selection is agreed upon by the team. 
Since team members are involved in more than one WP, consensus on approaches and methods is 
often fast-tracked. Staff interactions are frequent as all members are based at Namulonge.       
 
WP4 Cassava (breeders) with WP1: Interaction is limited at feedback gotten from field excursions 
and/or survey reports. 
 
WP5 with WP1 and WP4: At NaCRRI, we don’t have WP 5 activities. Nonetheless, under NextGen 
project, members notably (Ms. AnnRita Nanyonjo, Paula Iragaba, Esuma Williams and Robert 
Kawuki), are involved in Triadic Comparison of Technologies (TRICOT) trials that involve evaluation 
of 12 elite clones by 240 farmers. Farmers were selected to represent two major cassava typologies, 
boiled and processed cassava products.    
 
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested 
with consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists 
and biophysical analyses to be able to establish correlations? Of the nine varieties used for 
process diagnosis under WP1 (NASE13, NASE14, TME14, Bao, NAROCASS1, Njule, Nabwangu, 
and Olanyoder), two varieties (Bao and Njule) were used for sensory profiling analysis   
 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 
texture analysis, WP2 biochemical analysis, WP2 sensory profiling and WP3 NIRS analysis? 
We resolved to have same samples (both local and elite clones) analyzed for WP2 and WP3 
activities. All these samples were sourced from WP4 field trials established at Namulonge.  
 
Are WP2 and WP3 using the same standard for sample codification? YES / NO 
 
If YES, which one? Our unique and primary identifiers are respectively plot and clone names. These 
are used when tracking samples under WP2 and WP3.  
 
If NO, why?  
 
Do you freeze dry or lyophilize sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? No we undertake all analyses on fresh cassava root samples.  

https://rtbfoods.cirad.fr/
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5.16.7 Data Management at NaCRRI 

NaCRRI RTBfoods Data Manager: 
WP1/WP5 data correspondent (Hamba Sophia): Data submitted to CIRAD 
WP2 data correspondent (Ephraim Nuwamanya): All data provisionary uploaded onto cassavabase 
WP3 data correspondent (Ephraim Nuwamanya): All data provisionary uploaded onto cassavabase 
WP4 data correspondent (Robert Kawuki): All data provisionary uploaded onto cassavabase 

5.16.8 Ethical Clearance  

Describe Process implemented in your country (ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 
 
Ethical clearance is provided by Uganda National Council of Science and Technology (UNCST), 
which is mandated to undertake that task https://www.uncst.go.ug/. An application seeking this 
approval was submitted by NARO on 16th August 2019. Accordingly, we got feedback on 2nd 
September 2019, requesting NARO to furnish project documents to UNCST for onward review. On 
NARO’s part, Dr. Kephas Nowakunda is following up on this clearance directly with UNCST.   

5.16.9 NaCRRI Travels: Participation to RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 
 

 Title /Training 
Objective 

WP City, 
Country 

NAME(S) of Participants 

RTBfoods 
Meetings 

Annual Review 
& Planning 
Meeting  

WP1, 
WP2, 
WP3, 
and WP 
4  

Abuja, 
Ibadan  

Robert Kawuki, Hamba Sophia 
and  
Ephraim Nuwamanya 

RTBfoods 
Trainings 

NIRS Data 
Capturing and 
Management 

WP3 
 

Ibadan, 
Nigeria 

 

Ephraim Nuwamanya & Enock 
Wembabazi  
 

RTBfoods 
Trainings 

NIRS Training 
 

WP 2 Kampala, 
Uganda   

Ephraim Nuwamanya, Micheal 
Kanaabi, Enock Wembabazi, 
Nicholas Muhumuza, Katungisa 
Arnold, Patience Natumanya 
and Fatumah Babirye 

RTBfoods 
Trainings 

Sensory training  WP 2 Kampala, 
Uganda  

Michael Kanaabi, Ann Ritah 
Nanyonjo and Paula Iragaba 

International / 
Regional 
Conferences  

NA NA NA NA 

Scientist 
Exchanges 

NA NA NA NA 

5.16.10 NaCRRI Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

https://rtbfoods.cirad.fr/
https://www.uncst.go.ug/
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As indicated earlier, procurement of texturometer from Stable Microsystems is underway. 
Specifically, we have ordered for a 50kg load TA.XTplus Texture Analyser.  

5.16.11 NaCRRI Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

Nextgen complementary activities contributed to RTBfoods include: a) NIRS data capture from on-
going trials; b) development of trait ontologies for NIRs generated data; and c) provision of 
cassavabase as a data storage platform.     

5.16.12 NaCRRI Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 
NaCRRI staff that are co-authoring the boiled cassava article to be published in IJFST are: Robert 
Kawuki, Hamba Sophia, Paula, Iragaba, AnnRita Nanyonjo and Nuwamanya Ephraim 

5.16.13 Gaps & Challenges faced at NaCRRI 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

No significant challenges faced except perhaps the fast adjustments needed for data storage needs 
for WP1 and WP3 activities whose datasets quickly build up. Also, we observed under WP1, variation 
in preference per location.  

5.16.14 NaCRRI Perspective Work Plan & Internal organization for 
Period 3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Globally: We shall a) work with co-authors to get the “Boiled Cassava article” published; and b) 
contribute towards development of SOPs for selected traits and/or processes.  
 
Boiled Cassava (Uganda): We plan to undertake the following: a) continue to generate sensory 
data on boiled roots, and wet chemistry data on selected end-user traits; b) generate NIRS spectra 
associated with traits mention in (a) above; and c) undertake association and genetic studies on 
softness.  

https://rtbfoods.cirad.fr/
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5.17 Annex 17: NARL Activities &Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
Nowakunda, Kephas, NARL, Uganda  
Kenneth Akankwasa, NARL, Uganda 
Elizabeth Khakasa, NARL, Uganda 
 
Collaborator(s): 
Priscila Marimo, Bioversity International, Uganda 
Moses Matovu, NARL, Uganda 
Ephraim Nuwanya, NaCCRI, Uganda 
Christophe Baugade, Cirad, France 
Genevieve Fliedel, Cirad, France 
Julien Ricci, Cirad, France 
Nelly Forestier-Chiron, Cirad, France 
 
Focal Point (NAME First name, email, Skype ID, Country):   
NOWAKUNDA Kephas, nowakunda@gmail.com, Kephas.nowakunda, Uganda  

5.17.1 Product Profile (Uganda) Involvement 

Partner Institute Product (Country) – Main PP in bold 
NARL 1- Matooke (Uganda) with Bioversity, IITA & NaCRRI 

2- Boiled Cassava (Uganda) with NaCRRI 
3-Boiled Sweetpotato (Uganda) with CIP, NaCRRI & JHI 
(4-Boiled Potato (Uganda) with CIP, NaCRRI & JHI) 

5.17.2 NARL Summary Narrative 

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is in 
the body of the RTBfoods Annual Report for Period 2). 

 
During period 2, NARL prioritized WP1 activities, due to their importance in informing and guiding 
other Work packages. The activities included cleaning and analysis of data for activity 3 (Gendered 
product mapping) that had been collected during period 1. A report for this activity is being finalized. 
With supporting missions from CIRAD, three remaining activities under WP1 were initiated. They are 
a market study, matooke processing demonstrations and consumer testing studies to gain insights 
into the products uses, preference of quality characteristics and preferred attributes by different 
demand segments in urban and rural settings. Processing demonstrations were completed and data 
processing is on-going.  The remaining part of the market and consumer studies will be completed 
by end of December, 2019. 

Under WP2, NARL coordinated the recruitment and training of a laboratory panel. The training was 
supported by CIRAD and CIP/North Carolina University. The panel is currently being used to 
generate sensory profiles of matooke, cassava, sweet potatoes and potatoes. Also, protocol for 
preparing, cooking, texture and sensory analysis for matooke was standardized and is currently 
under review. Following the protocol, sensory profiles of 29 banana genotypes, together with their 
texture have been generated. 

https://rtbfoods.cirad.fr/
mailto:nowakunda@gmail.com
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During the same period 2, NARL staff, Moses Matovu and Sarah Kisaakye participated in a NIRS 
training to be conducted by CIRAD team in August, 2019.  NARL also collaborates with NaCRRI and 
IITA to develop NIRS calibrations for matooke bananas.  During period 2, we collected 184 spectra 
in duplicate, using the DS2500 NIRS equipment.  
 
Matooke (Uganda): 
 
Sensory protocol, sensory profiling, 
 
A sensory analysis protocol for matooke was standardized. Also, sensory profiling of matooke, for 
29 genotypes (ranging from very good, good, medium, bad, very bad) has been conducted using the 
protocol.  Data analysis will be done during December, 2019 and January, 2020 
 
Boiled Cassava (Uganda): 
 
A sensory analysis protocol for cassava was standardized and sensory profiling for 32 genotypes 
(ranging from very good, good, medium, bad, very bad) has been completed. Data analysis and 
reporting will be done during December, 2019 and January, 2020. 
 
Boiled Sweet potato (Uganda): 
 
Lexon for sweet potatoes and potatoes have been generated. Standardization of the cooking and 
sensory analysis protocol will be done during the first half of period 3.  
  

https://rtbfoods.cirad.fr/


 

  Page 502 of 554 

Table of Contents 
 
Product Profile (Uganda) Involvement ......................................................................................... 500 
NARL Summary Narrative ........................................................................................................... 500 
NARL Staff .................................................................................................................................. 503 
NARL Activities & Achievements on Matooke (Uganda) .............................................................. 504 

WP1 – Matooke (Uganda) ....................................................................................................... 504 
WP2 – Matooke (Uganda) ....................................................................................................... 506 
WP3 – Matooke (Uganda) ....................................................................................................... 507 
WP5 – Matooke (Uganda) ....................................................................................................... 507 

Interactions with other Institutes working on Matooke (Results & Protocols Shared, Staff, 
Equipment) ................................................................................................................................. 508 
NARL Activities & Achievements on Boiled Cassava (Uganda) ................................................... 508 

WP2 – Boiled Cassava (Uganda) ............................................................................................ 508 

Interactions with other Institutes working on Boiled Cassava (Results & Protocols Shared, Staff, 
Equipment) ................................................................................................................................. 508 
NARL Activities & Achievements on Boiled Sweetpotato (Uganda) ............................................. 509 

WP2 – Boiled Sweetpotato (Uganda) ...................................................................................... 509 

Interactions with other Institutes working on Boiled Sweetpotato (Results & Protocols Shared, Staff, 
Equipment) ................................................................................................................................. 509 
NARL cross-WP interactions ....................................................................................................... 510 
Data Management at NARL ........................................................................................................ 510 
Ethical Clearance ........................................................................................................................ 510 
NARL Travels: Participation to RTBfoods meetings & International Events on RTBfoods budget 511 
NARL Capital Equipment or Investment (co-investments) ........................................................... 511 
NARL Other Sources of Support for RTBfoods activities ............................................................. 511 
NARL Publications ...................................................................................................................... 511 
Gaps & Challenges faced at NARL ............................................................................................. 512 
NARL Perspective Work Plan & Internal organization for Period 3 .............................................. 512 
 

https://rtbfoods.cirad.fr/


 

  Page 503 of 554 

5.17.3 NARL Staff 

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

Table 1. NARL Staff that contributed to implementation of RTBFoods project activities in period 2  

NAME First Name Country of 
Residence 

Permanent, 
Student OR 
Contractual  

WP1 WP2 WP3 WP4 WP5 Matooke 
(Uganda) 

Boiled Cassava 
(Uganda) 

Boiled 
Sweetpotato 
(Uganda) 

Moureen Asasira Uganda Student ☑ ☑   ☑ ☑   
Kenneth 
Akankwasa 

Uganda Permanent ☑ ☑   ☑ ☑   

Kephas 
Nowakunda 

Uganda Permanent ☑ ☑ ☑  ☑ ☑ ☑ ☑ 

Sarah Kisakye Uganda Permanent ☑ ☑ ☑   ☑   
Tuhirirwe Loyce Uganda Contractual ☑        
*Mariam Nakito Uganda Contractual ☑ ☑       
Mary Namuddu Uganda Contractual     ☑ ☑   
Edgar Tinyiro Uganda Permanent ☑ ☑   ☑   ☑ 

* Mariam Nakito recently moved to CIP-Uganda 
Tabe 2. List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First Name  
(+ Institute if not 
from NARL) 

Master 
Student 
or PhD 
or Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting 
Date 

Fellowship 
Ending date 

Involvement in 
Complementary Projects 
(ex: NextGen, Africa 
Yam, BBB, Sweet 
GAINS, CRP RTB)  

Tutor(s) in 
RTBfoods 
project  

Moureen Asasira Msc Consumer preference for 
cooking banana traits in 
Uganda. A case of urban 
consumers. 

WP1 Makerere 
University 

September, 
2018 

*September, 
2019 

BBB Kephas 
Nowakunda 
Moses 
Matovu 

Nelson Kisenyi Msc Physico-chemical and 
sensory properties of 
selected local and hybrid 
bananas in Uganda 

WP2 Kyambogo 
University 

Jan, 2019 Jan, 2020 BBB Kenneth 
Akankwasa 

https://rtbfoods.cirad.fr/
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5.17.4 NARL Activities & Achievements on Matooke (Uganda) 

WP1 – Matooke (Uganda) 
NARL Key Contact for WP1 on Matooke in Uganda (NAME First name): Kenneth AKANKWASA 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/Preference Surveys: Data collection on this 
activity was concluded in Period 1. In Period 2, focus was on data cleaning and analysis, which have 
been completed and report writing is in advanced stages. 

Market interviews, to gain insights into the preferred attributes by traders involved in the banana 
market were initiated and on-going. So far, surveys have been conducted with men and women 
traders in Mbarara city (Western Uganda) and a similar survey has been planned for Kampala during 
late November and early December, 2019. Details of Interviews are presented in Table 3 below. 

Activity 4 achievements – Processing Diagnosis: Participatory processing demonstrations were 
conducted with commercial processors in Mbarara and Luwero districts. Steamed-mashed matooke 
was prepared using 4 different banana varieties (Luwero: Nakitembe, Mpologoma, M30, NARITA 12;   
Mbarara: Nakitembe, Kibuzi, NARITA 12 and M30). Several parameters were measured at each 
stage of processing to understand the preferred characteristics at each step. Data entry, cleaning, 
analysis and report writing will be done during Period 3 
 
Activity 5 achievements – Consumer testing of matooke to understand the quality attributes that 
consumers prefer in steamed mashed matooke was conducted with men and women consumers in 
Luwero (Central Uganda) and Mbarara (Western Uganda). Samples from 4 varieties (same varieties 
as mentioned above) were prepared and presented to consumers who rated different attributes. A 
similar activity will be conducted with urban consumers in late November and early December, 2019.  
Data entry, cleaning analysis and report writing will be done in Period 3. 
 

https://rtbfoods.cirad.fr/
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Table  3. WP1 Synthesis Table for Activity 3, 4 & 5 on Matooke (Uganda): 
Activities reported in Period 1 on Matooke in Uganda Dates of Field 

Surveys 
Regions 
surveye
d 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F start end 
ACTIVITY 3 Primary Country Ugand

a 
  Mbarara 

 
Nyindo 10 3 2 Y  
Kacuucu 11 7 2 Y  
Mutuumo 9 7 2 Y  
Keiba 9 6 2 Y  

Luwero Kabala 6 10 2 Y  
Kabila 7 8 2 Y  
Kalagala 8 8 2 Y  
Nakaseeta 5 10 1 Y  

Activities performed in Period 2 on Matooke in Uganda  Dates of Field 
Surveys 

Regions 
surveye
d 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F Yes No 
ACTIVITY 3 (Mkt 
interviews) 

PrimaryCountry  Ugand
a  

22.9.19 29.9.19 Mbarara Mbarara city  11 6   N 

            
ACTIVITY 4 Primary Country 

 
Ugand
a 
 

10.9.19 
 
22.9.19 

14.9.19 
 
29.9.19 

Luwero  Wobulenzi (Luwero city) 0 4   N 
       
Mbarara  Rwebikona (Mbarara city) 0 4   N 

ACTIVITY 5 Primary Country 
 

Ugand
a 
 

10.9.19 
 
 
 
22.9.19 
 
 

14.9.19  
 
 
 
29.9.19 

Luwero  Wobulenzi (pretesting) 0 7   N 
Nakaseke  13 5   N 
Kiwoko  18 24   N 
Kasana (Luwero city) 9 46   N 

Mbarara  Kashaka 21 16   N 
Nyihanga  16 14   N 
Mugarutsya  19 11   N 
Kiswahili (Mbarara city) 13 22   N 

ACTIVITY Training (MSc 
Student-Moureen) 

Primary country  Ugand
a  

   Data collection is completed and 
Analysis and thesis writing is on 
going 

   N 
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WP2 – Matooke (Uganda) 
NARL Key Contact for WP2 on Matooke in Uganda (NAME First name):Kephas NOWAKUNDA 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory& 
Texture Analysis. 

Contribution to SOPs:  
Protocols for matooke preparation, texture and sensory analysis has been developed and drafts 
shared on RTB platform. A draft copy has been shared  
 
Proof of Concept / Method Development: 
A method for texture analysis for steamed matooke has been developed.  
Sensory Analyses:  
Sensory profiling of matooke is completed. Data processing is on-going. Also, vocabrary 
development for cassava and sweet potatoes were completed. Sensory profiling of cassava is on-
going  
 
Table 4.   List og genotypes used in sensory profiling 
Sn Genotype Description 
1.  ENZIRABAHIMA Landrace, used as female parent in breeding 
2.  NAKITEMBE Landrace, popular and liked by matooke consumers 
3.  NARITA 4 Unacceptable  hybrid 
4.  NARITA 11 Unacceptable  
5.  29820S-4 Unacceptable hybrid 
6.  NARITA 14 Unacceptable hybrid 
7.  NARITA 15 Rejected hybrid 
8.  NARITA 8 Rejected hybrid 
9.  NARITA 7 Moderately acceptable hybrid 
10.  NARITA 18  A moderately acceptable hybrid 
11.  NARITA 17 Acceptable hybrid 
12.  17914S-24 An acceptable hybrid 
13.  27914S-18 Un acceptable hybrids 
14.  NARITA 2 Acceptable hybrid, but inferior to landraces 
15.  NARITA 6 Rejected hybrid 
16.  NARITA 24 Moderately acceptable hybrid 
17.  NARITA 21 Rejected hybrid 
18.  M32 Unacceptable hybrid 
19.  M33 Unacceptbale hybrids 
20.  NARITA 12 Rejected hybrid 
21.  NARITA 10 Unacceptable hybrid 
22.  NARITA 23 Moderately acceptable hybrid 
23.  NARITA 16 Unacceptable hybrid 
24.  MUSAKALA Landrace, market preferred, liked by matooke consumers 
25.  KIBUZI Landrace, market preferred, liked by matooke consumers 
Sn Genotype Description 
26.  MUVUBO Landrace, market preferred, liked by matooke consumers 
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Sn Genotype Description 
27.  NFUUKA Landrace, moderately  liked, hard texture 
28.  NAKAWERE Landrace, moderately liked, hard texture 
29.  KABUCURAGYE Landrace, used as female parent in breeding 

Texture Analyses: 
The texture analysis of 29 banana genotypes using a TMS-Pilot texturometer was done. 
Biophysical Routine Analyses & WP2 Database Mngt: 
The analysis of 29 genotypes have been analysed for dry matter, Total Soluble Solids, pH, Titratable 
acidity using routine protocols   
Others (equipment purchase): 
During period 2, NARL procured a texturometer, a fumehood and pick-up truck for transportation of 
staff conducting various field studies under WP1. 
 

WP3 – Matooke (Uganda) 
NARL Key Contact for WP3 on Matooke in Uganda (NAME First name): Moses MATOVU 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened. 
Contribution to SOPs: 
SOP for the preparation of sample for spectral acquisition developed and being used at NaCRRI for 
Matooke. The SOP involves the following 

1. Sampling procedure for fingers on a particular banana cluster. 
2.  Procedure for sample preparation including peeling, sectioning, and blending/mashing 
3. Procedure for spectral acquisition (Sample cup selection and spectral acquisition) 

Harmonisation of data for NIRS and wet chemistry undergoing at the moment in preparation for 
development of calibration model for banana.  
Spectra Acquisition: Acquisition using the DS2500 NIRS equipment.  
Population screened: IITA to describe population 
Product Presentation: Matooke (Raw Peeled and blended banana forming a puree and loaded into 
cup for spectra acquisition.  
Nb of Spectra acquired: From February 2019- up to October 2019 we have collected 184 spectra 
in duplicate.  
Traits concerned: The main trait of concern is Dry matter coupled to other traits that define 
Tookeness 
WP3 Database Mngt: Database at the moment hosted by NaCRRI in the nutritional laboratory 
Any Reference Analyses in parallel for Calibration Dvpt? NONE 
Calibration under Development: One model under development-Describing the tookeness but so 
far tried for dry matter 
 

WP5 – Matooke (Uganda) 
NARL Key Contact for WP5 on Matooke in Uganda (NAME First name): Kenneth AKANKWASA 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used. 
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A protocol for field evaluation of banana hybrids is being drafted. It will be shared by end of 
December, 2019 

5.17.5 Interactions with other Institutes working on Matooke (Results 
& Protocols Shared, Staff, Equipment) 

Bioversity (Uganda):  
NARL works closely with Bioversity in the implementation of all the WP1 activities and on WP2 
through co-sponsoring of an An Msc student, Nelson Kisenyi with International   
IITA (Uganda):  
NARL collaborates with IITA on breeding, access to genotypes, WP2 generation of wet chemistry 
data  
NaCRRI (Uganda):  
NARL works with NaCRRI on WP1 (developing and testing data capture instruments). The two 
teams also worked together during the recruitment, selection and training of the sensory panel at 
NARL.  The teams worked together on sensory profiling of matooke and cassava.  
Others:  
NARL worked with CIP during recruitment, selection and training of the sensory panel. A Team from 
North Carolina, supported by CIP contributed significantly towards the sensory panel training. NARL 
staff continue to provide food science expertise to CIP team in WP1 and WP2  

5.17.6 NARL Activities & Achievements on Boiled Cassava (Uganda) 

WP2 – Boiled Cassava (Uganda) 
NARL Key Contact for WP2 on Boiled Cassava in Uganda (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: 
NARL is working with the cassava team to develop a protocol for preparation, cooking and sensory 
analysis of boiled cassava.  
Proof of Concept / Method Development: 
Sensory Analyses: 
NARL, together with CIP, Bioversity International and NACRRI are participating in generating 
sensory profiles for cassava. The overall coordination of this activity is led by NARL. 
Texture Analyses: 
Texture analysis on cassava samples is done on the same samples being used for sensory profiling 
(as for as product profiles). Therefore, NARL teams participated in the texture analysis of cassava. 
Biophysical Routine Analyses & WP2 Database Mngt: 
Others (equipment purchase): 
Interactions with other Institutes working on Boiled Cassava (Results & Protocols Shared, 
Staff, Equipment) 
NaCRRI (Uganda):  
NARL and NaCRRI share laboratories for both sensory and bio-physical analysis.  
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UAC-FSA (Bénin):  
CIAT (Colombia):  
CIAT-Colombia shared with NARL a draft protocol for measuring texture of cassava. 
CIRAD (Montpellier):  
NARL and CIRAD teams worked together to develop sensory and texture analysis methods for both 
cassava (texture with Julien) and matooke bananas. 
INRA (France):  
Others:  

5.17.7 NARL Activities & Achievements on Boiled Sweetpotato 
(Uganda) 

WP2 – Boiled Sweetpotato (Uganda) 
NARL Key Contact for WP2 on Boiled Sweetpotato in Uganda (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: 
NARL is working with CIP team to generate sweet potato sensory profiles and will, therefore 
contribute to the development of boiled sweet potato cooking protocol, texture and sensory analysis. 
Proof of Concept / Method Development: 
Sensory Analyses: 
NARL, together with CIP, Bioversity International and NACRRI are participating in generating 
sensory profiles for cassava. The overall coordination of this activity is led by NARL. 
Texture Analyses: 
Texture analysis on sweet potato samples is done on the same samples being used for sensory 
profiling (as for as product profiles). Therefore, NARL teams participated in the texture analysis of 
sweet pototoes. 
Biophysical Routine Analyses & WP2 Database Mngt: 
Most of the biophysical analyses on sweet potatoes are done at NARL by both NARL and CIP teams. 
Data is managed by Mariam Nakito who recently joined CIP-Uganda team. 
Others (equipment purchase): 
Interactions with other Institutes working on Boiled Sweetpotato (Results & Protocols 
Shared, Staff, Equipment) 
CIP (Uganda):  
CIPand NARL work are working together on generating sensory profiles, texture and other 
biophysical analyses on sweet potatoes. Two institutions share laboratory, meeting rooms and 
equipment at NARL 
NaCRRI (Uganda) on Boiled Sweetpotato: 
Others:   
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5.17.8 NARL cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication/coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 
WP1 with WP2 on Matooke:  WP1 teams require information on end-user traits.  There is, therefore, 
constant interactions between the two work packages. 
 WP2 with WP3 on Matooke:  
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested with 
consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists and 
biophysical analyses to be able to establish correlations?  
The banana genotypes used for sensory profiling and biophysical analysis include all the genotypes 
used for activities 4 and 5. 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 texture 
analysis, WP2 biochemical analysis, WP2 sensory profiling and WP3 NIRS analysis? 
The team that is conducting all RTBFoods activities is one and operates together. At sampling time, 
the team divides itself into two (biophysical and sensory). Sampling is, therefore done at the same 
time for all the analysese.  However, NARL does not have NIRS equipment and it has proved 
logistically not possible to transport samples, 15KM away for NIRS.   
Are WP2 and WP3 using the same standard for sample codification? YES / NO 
If YES, which one?  
If NO, why?  
Do you freeze dry or lyophilize sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? 
Yes, we keep dried samples for any further analyses 

5.17.9 Data Management at NARL 

NARL RTBfoods Data Manager (NAME First name): Kenneth  
WP1/WP5 data correspondent (NAME First name): Kenneth 
WP2 data correspondent (NAME First name): Elizabeth 
WP3 data correspondent (NAME First name): Ephraim  

5.17.10 Ethical Clearance 

Describe Process implemented in your country (ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps: 

Ethical approval in Uganda is given by Institutional Research and Ethics Committees (RECs), 
accredited by the Uganda National Council of Science and Technology. The process includes: (1) 
Identification of a relevant and accredited Institutional Research and Ethics Committee (2) preparing 
and submitting an application (3) Pay the fees (4) Obtain approval.  Among the accredited RECS in 
Uganda, the Makerere University of Social Sciences Research and Ethics Committee was the most 
revevant for RTBFoods activities. We therefore contacted the committee and obtained the 
requirements to obtain ethical approval. The committee requires a (1) Fully filled application form, 
(2) a copy of the research proposal (3) Fourteen copies of the research protocol, (4) Fourteen copies 
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of the informed consent form (5) Fourteen copies of the questionnaire that will be administered in 
the research surveys.  All these documents have been submitted to the committee. 

5.17.11 NARL Travels: Participation to RTBfoods meetings & 
International Events on RTBfoods budget 

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 

 Title /Training Objective WP City, Country NAME(S) of Participants 
RTBfoods 
Meetings 

End-of period 1 RTB Foods 
project meetings 

All Abuja, 
Nigeria 

Kenneth Akankwasa 
Kephas Nowakunda 

RTBfoods 
Trainings 

NIRS Training  WP3 Kampala, 
Uganda 

Moses Matovu 
Henry Buregyeya 
Sarah Kisakye 
Elizabeth Khakasa 

International 
/ Regional 
Conferences  

    

Scientist 
Exchanges 

    

5.17.12 NARL Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

During period 2, NARL purchased a Texturometer, a fumehood and pickup truck for field work and 
transportation of samples 

5.17.13 NARL Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned. 

NARL RTBFoods activities complement with other activities in the Banana and the Foods 
Biosciences Research Programmes of NARO. Banana programme already has established field 
trials from where all the samples used for RTBFoods WP2 activities are being collected. WP5 
activities will also be super-imposed on the on-going trials of the programme being supported by 
BBB and Government of Uganda. The Food Bioscience already had a laboratory facility and staff in 
the sensory and biophysical analysis section who are running RTBFoods WP2 activities alongside 
other programme activities and projects.  

5.17.14 NARL Publications 

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 

https://rtbfoods.cirad.fr/


 

  Page 512 of 554 

NARL is developing a publication title ‘The East African Highland Cooking Bananas (Matooke) end-
user preferences and implications for trait evaluation’. Staff involved include: Kenneth Akankwasa 
(Data analysis, drafting), 
 Elizabeth Khakasa (discussion of publication content and drafting), Moureen Asasira (Data analysis, 
discussion of content and drafting) and Kephas Nowakunda (coordination, discussion of content and 
drafting).   

5.17.15 Gaps & Challenges faced at NARL 

Any Challenges faced in implementation of RTBfoods activities? Risks identified& Risk Mitigation 
proposed. 

Limited funds for implementation of all the activities.  

5.17.16 NARL Perspective Work Plan & Internal organization for 
Period 3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Globally, NARL will continue to collaborate with Cirad for mainly WP1, WP2 and WP3; with CIP for 
mainly sensory analysis work; with IITA for implementation of the activities under WP 1, WP2, WP3 
and WP5 and Bioversity International for the implementation of WP1 and WP2. 
NARL will continuously improve the Sensory and the Biophysical laboratories and will remain open 
to all the RTB partners. 
During period 3, NARL will complete all WP1 activities during the first half of the period and generate 
a product profile for matooke. Efforts will then be directed to WP2 activities, which will include 
finalization of protocols, biophysical characterization of the preferred traits identified in WP1. We 
shall alos collaborate with IITA and NaCCRI to acquire NIRS spectra for more banana genotypes. 
Matooke (Uganda) with Bioversity & IITA:  
NARL, Boversity and IITA will complete market studies, finalise activity 3 report, analyse and validate 
data from activity 4 & 5 and finalise the activity 4 and 5 reports.  We shall also continue supporting 
the student (Moureen) to finalise her thesis. The team will also generate the matooke product profile 
to inform WP2 and 3.  For WP5, the teams will finalise the matooke field evaluation protocol and 
WP5.  
Boiled Cassava (Uganda) with NaCRRI:  
NARL and NaCRRI will finalise protocols for boiled cassava preparation, cooking and sensory 
analysis. 
Boiled Sweetpotato (Uganda) with CIP:  
NARL and CIP will complete the sensory profiling of Sweet potatoes, finalise protocols for boiled 
sweet potatoes preparation, cooking and sensory analysis. 
Boiled Potato (Uganda) with CIP: 
NARL and CIP will complete the sensory profiling of potatoes, finalise protocols for boiled and 
potatoes preparation, cooking and sensory analysis.
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5.18 Annex 18: NRCRI Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
UGO CHIJIOKE,  
CHIEDOZIE EGESI,  
JUDE OBIDIEGWU, 
TESSY MADU,  
DAMIAN NJOKU, 
 MIRIAM OFOEZE 
NATIONAL ROOT CROPS RESEARCH INSTITUTE, UMUDIKE, NIGERIA 
 
Collaborator(s): 
BOLA OTEGBAYO (BOWEN UNIVERSITY) IITA, IBADAN 
 
Focal Point (NAME First name, email, Skype ID, Country):   
CHIJIOKE Ugo, ugochijioke4@gmail.com, Ugo Chijioke, Nigeria  

5.18.1 Product Profile (NIGERIA) Involvement  

Partner Institute Product (Country) – Main PP in bold 
NRCRI 1-Fufu (Nigeria) with IITA 

2-Gari/Eba (Nigeria) with IITA 
3-Boiled Yam (Nigeria) with Bowen & IITA  
4-Pounded Yam (Nigeria) with Bowen & IITA  

5.18.2 NRCRI Summary Narrative 

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is in 
the body of the RTBfoods Annual Report for Period 2). 
Fufu (Nigeria): NRCRI processed and characterized fufu quality traits of 18 Next gen cassava 
varieties at NCRP and 20 genotypes at UYT, replicated three times in two agro ecology in south-
east Nigeria (Umudike and Otobi). NIRs spectral data, DM and starch yield of the raw materials was 
determined on freshly harvested roots.  Sampling procedure for evaluating biophysical properties of 
intermediate fufu product with ASD Spec Quality trek being developed using wet fufu mash from 
UYT and NCRP.  Biophysical properties of the flour from roots, intermediate fufu sample (wet cake 
mash) and cooked fufu were determined using standard laboratory procedures as practiced in the 
institute. The sensory evaluation of the cooked fufu was determined using the hedonic scale method 
by semi- trained panelist.  SOP for fermentation and cooking of fufu utilized in different communities 
within South- east agro ecology in Nigeria was standardized using 18 Nextgen cassava genotype.  
Fermenting potentials of the materials were also assessed and relevant data on was collected 
periodically during the days of fermentation. Softness of the fermenting roots were assessed with a 
penetrometer 
 
Gari/Eba (Nigeria): NRCRI processed and evaluated gari quality traits using 18 Nextgen cassava 
genotypes at NCRP breeding stage and 20 genotypes at UYT. The trials were replicated three times 
in two agro ecology in south-east Nigeria (Umudike and Otobi). NIRs spectral data was collected on 
the raw materials and intermediate gari granule (milled and umilled).  Biophysical properties of the 
fresh, intermediate sample (gari granules) and eba were also determined using standard laboratory 
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procedures as practiced in the institute. The sensory evaluation of the eba was determined using 
the hedonic scale method by semi- trained panelist. Standard operating procedure for preparing eba 
within South- east agro ecology in Nigeria was standardized using 18 Nextgen genotypes 
 
Boiled Yam (Nigeria): Cooking time of different portions of yam (head, middle and tail) were 
evaluated using materials collected from African Yam project. The materials were collected from on-
farm trial established in two locations (three farmers /location) within the South-east agro-ecology in 
Nigeria.  Farmer participatory processing and sensory evaluation of material (10 participant/ farmer) 
was carried on- farm in the two location. NIRS spectra of raw material and boiled material was 
acquired using the ASD Quality SEPC. SOP for cooking yam was developed using different portion 
of freshly harvested yam and stored yams (one month after harvesting), softness of boiled yam was 
evaluated using the penetrometer. Biophysical properties of the different were evaluated, NIRS 
spectra of the samples were acquired. 
Pounded Yam (Nigeria): Pounding ability of different portions of yam (head, middle and tail) were 
evaluated using materials collected from African Yam project. The materials were collected from on-
farm trial established in two locations (three farmers /location) within the South-east agro-ecology in 
Nigeria.  Farmer participatory processing and sensory evaluation of material was carried on- farm in 
the two location. NIRS spectra of raw material and pounded material was acquired using the ASD 
Quality SEPC. SOP for cooking yam was developed using different portion of freshly harvested yam 
and stored yams (one month after harvesting).  Biophysical properties of the different were 
evaluated, NIRS spectra of the samples were acquired. 
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5.18.3 NRCRI Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First Name Country of 
Residence 

Permanent, 
Student OR 
Contractual  

WP
1 

WP
2 

WP
3 

WP
4 

WP
5 

Fufu (Nigeria) Gari/Eba 
(Nigeria) 

Boiled Yam 
(Nigeria) 

Pounded Yam 
(Nigeria) 

UGO CHIJIOKE NIGERIA PERMANENT ☒ ☒ ☒ ☐ ☒ ☒ ☒ ☒ ☒ 
CHIEDOZIE EGESI NIGERIA PERMANENT ☒ ☒ ☒ ☒ ☒ ☒ ☒ ☐ ☐ 
JUDE OBIDIEGWU NIGERIA PERMANENT ☒ ☒ ☒ ☒ ☐ ☐ ☐ ☒ ☒ 
TESSY MADU NIGERIA PERMANENT ☒ ☐ ☐ ☐ ☒ ☒ ☒ ☒ ☒ 
AMAKA OGUNKA NIGERIA PERMANENT ☐ ☒ ☐ ☐ ☐ ☒ ☒ ☒ ☒ 
MIRIAM OFOEZE NIGERIA PERMANENT ☒ ☒ ☐ ☐ ☐ ☒ ☒ ☒ ☒ 
BENJAMIN EMEKA, 
OKOYE 

NIGERIA PERMANENT ☒ ☐ ☐ ☐ ☐ ☒ ☒ ☒ ☒ 

ERNEST CHUKWUDI, 
OBETE 

NIGERIA CONTRACTUAL ☒ ☒ ☒ ☐ ☐ ☒ ☒ ☒ ☒ 

List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First 
Name  
(+ Institute if not 
from NRCRI) 

Master 
Student 
or PhD 
or 
Post-
Doc 

Subject Title WP University of 
affiliation  

Fellowship 
Starting Date 

Fellowship 
Ending date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in RTBfoods 
project  

QUEEN 
UDODIRIM 
OKWU 

phD  WP4 WACCI GHANA   NEXTGEN STUDENT TO BE DISCUSSED 

KELECHI 
UCHENDU 

phD  WP4 WACCI GHANA   NEXTGEN STUDENT TO BE DISCUSSED 
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5.18.4 NRCRI Activities & Achievements on Fufu (Nigeria) 

WP1 – Fufu (Nigeria)  
NRCRI Key Contact for WP1 on Fufu (NAME First name): TESSY MADU 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

SOK:  
Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: In this activity we had 
individual interview of 10 males 10 females in tow location in Abia state, two focus group discussion 
of male and female was done in each location. It was found out that women are more involved in the 
processing of fufu than men. In cultivating they both participate at different stages eg. The men 
participate in clearing and tilling  the farm while the women and youths take part in weeding the men 
does not engage in the trade of fufu but sells more on fresh cassava tubers. In Abia state where they 
grate the cassava, the men take part in the grating of the cassava by operating the grating machine. 
Completed WP1 activites 3, 4 and 5 and generated descriptors for WP2 (fufu). NRCRI has submitted 
full report for activity 3 on fufu and uploaded raw data for activity collected for activity 4 and 5 for fufu  
 
Activity 4 achievements – Processing Diagnosis: This activity was done in Imo and Abia, the choice 
of location was influenced by the different processing methods for fufu by these locations. In Abia 
the fufu, during the fermentation period the cassava is grated and fermentation continues. The 
process includes peeling, washing, soaking grating, fermenting, sieving and dewatering. While in 
Imo they peel, wash, soak, sieve and dewater to obtain the fufu mash. During the process of 
preparing the fufu dough, in Abia the mash is made into paste with water and stirred in the pot till it 
forms dough and changes colours. In Imo the caked mash is pulverized and homogenised into a 
thick paste and moulded into balls. The size of ball and the quantity of water is determined by the 
size of the pot and the quantity of the mash. The ball are partially cooked in boiling water for about 
5 to 15 min. depending on the size of the ball and the intensity of fire and pounded. After the pounding 
the dough, it is remoulded into ball and added into the same boiling water used for first cooking, 
cooked again for longer time and pounded to get the cooked fufu dough. The 4 cassava verities used 
were selected from the pilot work done.  Four processors were used in each location. Parameters in 
each processing step were taken eg peel loss, peeling time etc. all the processors were women. 

Activity 5 achievements – Consumer Testing: The consumer testing took place in two location(Abia 
state and Imo State), the fufu made with Abia method was evaluated in Abia location while the one 
made with Imo method was evaluated in Imo state Locations. The standard used for sample 
preparation was set by the processors from activity 4. Four cassava fufu varieties were used ranging 
from bad to worse. In each location there was urban, Pre- urban and Rural community. We had 150 
respondent in each state, we had more female respondents in both locations. 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Fufu (Nigeria): 
Activities reported in Period 1 on 
Fufu in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F Yes No 
ACTIVITY 3 Primary 

Country 
Nigeria 10/8/18 30/8/18 South-East 

(Imo State) 
 

Uzoagba Ikeduru, Imo 
State 

4 6 2 Y  

Akwakuma, Owerri North, 
Imo state 

2 8 2 Y  

Amandugba, Isu LGA Imo 
state. 

3 7 2 Y  

Isinweke Ihitte Uboma, 
Imo State 

2 8 2 Y  

Activities performed in Period 2 on 
Fufu in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F Yes No 
ACTIVITY 3 Primary 

Country 
Nigeria 20/6/19 26/6/19 South-East 

Abia State 
Amaeke Afarata Ibeku 
(Abia State) 

10 10 2    

Okwuta – Isieke  Umuahia 
north L.G A Abia State 

10 10 2    

ACTIVITY 4 Primary 
Country 
 

Nigeria 
 

27/9/19 5/10/19  Ihite – Uboma L.G.A (Imo 
state) 

 4     

Izzi -Ossa Umuahia North 
L.G.A(Abia State) 

 4     

ACTIVITY 5 Primary 
Country 
 

Nigeria 
 

12/11/19 14/11/19 South-East 
Imo state 

Owerri town Owerri 
municipal 

37 33    

Isinweke Ihete-Iboma 
LGA 

1 49    

Oriagu Ehime Mbano L G 
A 

15 15    

South-East 
Abia State 

Umuahia Urban Umuahia 
North L G A 

29 41     

Ubakala Umuahia south L 
G A 

14 36     

Umudike  Ikwuano L G A 22 8     
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WP2 – Fufu (Nigeria) 
NRCRI Key Contact for WP2 on Fufu (NAME First name): UGO CHIJIOKE 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Characterization of biophysical properties of fresh cassava root and fufu quality properties of 18 Next 
gen cassava varieties at NCRP and 20 genotypes at UYT, planted in two locations within south-east 
agro ecology in Nigeria (Umudike and Otobi) was conducted by NRCRI Umudike. DM and starch 
yield of the freshly harvested materials of each genotype was determined, roots were  dried at 50 C 
and milled for analysis on amylose, starch and sugar content, HCN, water absorption capacity, bulk 
density, swelling power and solibilty index. Biophysical analysis of intermediate fufu product (dried 
and wet mash) was also determined.  In conjunction with Nextgen cassava project the Food trait 
profiling lab was upgraded, wooden cabinets for storage of glassware and chemical were procured, 
pH meter and some glass wares were also procured for the lab. Building and equipping of Sensory 
profiling lab was completed within period 2. Intermediate fufu sample (wet cake mash) and cooked 
fufu were determined using standard laboratory procedures as practiced in the institute. The sensory 
evaluation of the cooked fufu was determined using the hedonic scale method by semi- trained 
panelist.   

Contribution to SOPs: (A) Prevailing methods of fermenting and cooking of fufu within South- east 
agro ecology in Nigeria was standardized under laboratory conditions. 

(B) Retting potentials and biophysical properties of intermediate fufu product from 18 Nextgen 
cassava genotypes was evaluated and relevant data was collected periodically during the days of 
fermentation. Softness of the fermenting roots were assessed with a penetrometer.   

Proof of Concept / Method Development: Effect of processing method on textural properties of 
cooked fufu is on- going. A study was conducted to determine the effect of different fermenting  and 
cooking methods on the textural property of cooked fufu;  Two fermenting and cooking methods were 
adopted; (A) peeling, soaking with cold water, grating, sieving and stirring.(B) Peeling, soaking with 
warm water without grating, boiling and pounding. Biophysical properties (HCN, amylose, starch and 
sugar, dry matter content, water absorption capacity, pH, swelling power , solubility, bulk density)  of 
fresh cassava roots, intermediate fufu sample (dried and wet mash form) were assessed.    

Sensory Analyses:  Recruitment and training of panelist for sensory profiling of fufu was conducted. 
Standard operating procedure for sample preparation and presentation of cooked fufu was also 
defined. Lexicon for describing sensory attributes of fufu, pounded and boiled yam was generated 
by panelist.. 

Texture Analyses:.  

Biophysical Routine Analyses & WP2 Database Mngt: Characterization of biophysical properties of 
fresh cassava root and fufu quality properties of 18 Next gen cassava varieties at NCRP replicated 
3 times and 20 genotypes at UYT also replicated, planted in two locations within south-east agro 
ecology in Nigeria (Umudike and Otobi) was conducted by NRCRI Umudike. DM and starch yield of 
the freshly harvested materials of each genotype was determined, roots were  dried at 50 C and 
milled for analysis on amylose, starch and sugar content, HCN, water absorption capacity, bulk 
density, swelling power and solibilty index 

Others (equipment purchase): 
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WP3 – Fufu (Nigeria) 
NRCRI Key Contact for WP3 on Fufu (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened.   

Contribution to SOPs: Preliminary studies on developing sampling procedure for evaluating 
biophysical properties of intermediate fufu product with ASD Spec Quality Trek is on-going. Spectra 
data of Intermediate fufu product processed from Nextgen materials at UYT and NCRP breeding 
were acquired using the handheld NIRS.  Two methods of sample preparation were considered for 
the experiment; dried milled flour and wet mash of the product   

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?):  
Nextgen cassava genotypes at different breeding stages were screened using the ASD Quality Spec 
Trek.  This includes genotypes at AYT (51 clones replicated 3 times in one location= 157 scans), 
UYT materials (18 clones/location in two locations replicated three times / location= 97 scans) and 
NCRP (18 genotypes planted in 2 locations and replicated 3 times/location materials. 
Spectral data of the different clones replicated 3 times within each trial was acquired using fresh 
intact roots and processed materials. The fresh intact roots were selected from cassava roots of 
varied sizes, big, medium and small while processed product was intermediate fufu products (dried 
and dewatered fufu mash) processed from different trials in the two locations. 
 A total of 24 scans was generated from each root / clone, the roots of each clone was cut into three 
parts head, middle and distal portion. Top and bottom side of the head region was scanned twice, 
bottom portion of middle region was scanned twice and bottom part of the distal portion was scanned 
twice. Two Sample preparation method were utilized to acquire spectral data of intermediate fufu 
product (dewatered fufu mash and dried milled fufu flour) two using the cup. The cups were filled 
with about 8g of each type of the samples/clone/rep, scan were collected at three different side of 
the cup. 
Traits evaluated include DM, Amylose, and starch content, water absorption capacity, swelling index 
and bulk density of the intermediate   

Calibration under Development:  Calibration of equation on dry matter, amylose, starch content and 
water absorption capacity of intact cassava roots and intermediate fufu (dewatered mash and dried 
fufu flour) of cassava clones at UYT breeding stage  data collected using the ASD quality spec is 
on-going. 

Others: 
 

WP4 – Cassava for Fufu (Nigeria) 
NRCRI Key Contact for WP4 on Cassava for Fufu (NAME First name): Egesi Chiedozie 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
A total of 165 cassava clones made up of foundation seeds and promising breeders’ clones serving 
as parental materials were harvested and established at Umudike cassava breeding farm on 4th July, 
2019. Also, some of these parental materials harvested are housed in our tissue culture and SAH 
facilities for back, pests and diseases cleaning and for storage.  While in the field and during 
harvesting, yield and yield parameters and and pests and diseases response profile was taken, 
though our focus and priority traits remain the ground root-post-harvest.  
Our team successfully established a Uniform Yield Trial (UYT) in 2 States of Abia and Benue using 
NextGen cassava breeding clones from C1a & C1b populations. Also, a Nationally Coordinated 
Research Project (NCRP) trials in 4 States namely, Abia (Umudike), Anambra (Igbariam), Benue 
(Otobi) and FCT-Abuja (Kubwa) were established. A total of 30 cassava genotypes made up of 18 
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white fleshed and 12 yellow fleshed roots were established under NCRP trial. Also, we established 
an On-farm trials in 5 states including Abia, Akwa-Ibom, Imo, Delta and Benue. Each of the state 
had 5 farmers with a minimum number of six (6) genotypes including a local and national check. 
Harvesting and data analysis of these materials on root post-harvest are being processed.   
In recognition of the needs of genetic material by WP2 and 3. We established and multiplied some 
diversity panels. This panel represents a wide spectrum of traits and we have had discussions with 
lead personnel of WP2 and 3. Hopefully the harvesting of this materials and subsequent analysis is 
being undertaken. 
 

Interactions with other Institutes working on Fufu (Results & Protocols Shared, Staff, 
Equipment) 
CIRAD (Cameroon):  
Others:  

5.18.5 NRCRI Activities & Achievements on Gari/Eba (Nigeria) 

WP1 – Gari/Eba (Nigeria)  
NRCRI Key Contact for WP1 on Gari/Eba (NAME First name): 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: Completed WP1 activites 
1, 2, 3, 4 and 5 and generated descriptors for WP2. NRCRI has submitted full report for activity 3 
and uploaded raw data for activity collected for activity 4 and 5 for gari/eba   
 
Activity 4 achievements – Processing Diagnosis: The activity took place in Abia state, the cassava 
varieties used were selected from pilot work done earlier. Four women processed and evaluated the 
product, the following unit operations were employed during gari processing; peeling, washing, 
grating, dewatering and toasting.   Quantitative data were taken along the different unit operations 
which included peel loss, washing time, grating time etc  
 
Activity 5 achievements – Consumer Testing: The activity took place in Imo state on 3 locations, 
Urban, peri- Urban and Rural. A total of 150 respondents were interviewed, females recorded the 
highest number of respondent totalling to 103. The gari samples used for the study were collected 
from wp1 activity 4 processing activity. 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Gari/Eba (Nigeria): 
Activities reported in Period 1 on 
Gari/Eba in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F Yes No 
ACTIVITY 3 Primary 

Country 
Nigeria 10/8/18 

[NRCRI] 
 

30/8/18 
[NRCRI] 
 

South-East 
(Imo State) 
[NRCRI] 
 

Uzoagba Ikeduru, Imo 
State 

4 6 2 Y  

Akwakuma, Owerri North, 
Imo state 

2 8 2 Y  

Amandugba, Isu LGA Imo 
state. 

3 7 2 Y  

Isinweke Ihitte Uboma, 
Imo State 

2 8 2 Y  

5/08/2018 
[IITA] 
 
 
 
 
 

28/10/2018 
[IITA] 
 
 
 
 
 

Benue 
state 
[IITA] 
 

Al' Okete ( Okpokwu LGA) 7 2 2 Y  
Tyomu (Makurdi LGA) 4 6 2 Y  
Nyam II (Gwer East LGA) 3 7 2 Y  
Shangev (Kwande LGA) 3 7 2 Y  

Osun state 
[IITA] 
 

Oyan (odo-otin, LGA) 0 10 2 Y  
Ago-Owu farm settlement 
(Isokan LCDA) 

2 7 2 Y  

Wasinmi (Irewole LGA) 0 9 2 Y  
Elefon (Ife Central LGA) 2 7 2 Y  

Activities performed in Period 2 on 
Gari/Eba in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F Yes No 
ACTIVITY 4 Primary 

Country 
 

Nigeria 
 

1/10/19 5/10/19 South-East 
Abia State 

Mgbaja- Ossah  4     

ACTIVITY 5 Primary 
Country 
 

Nigeria 
 

16/10/2019 19/10/2019 South-East 
Imo State 

Amakoha Owerri 
municipal 

23 47     

Ubomiri Mbaitolu LGA 12 18     
Akwakuma Owerri north 
LGA 

12 18     
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WP2 – Gari/Eba (Nigeria) 
NRCRI Key Contact for WP2 on Gari/Eba (NAME First name): Ugo Chijioke 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: In conjunction with IITA Ibadan, NRCRI is developing the Standard operating 
procedure for gari processing and preparation of eba. 

Proof of Concept / Method Development:  

Sensory Analyses: Recruitment, training of panelist and development of lexicon for eba was 
completed, alongside fufu and pounded yam.  The training brought the fact that apart from odor, 
sensory attributes of these products are similar to that generated for fufu because the dough-like 
and consumed with finger 

Texture Analyses: Textural analysis of these eba is on-going and will be completed in period 3 

Biophysical Routine Analyses & WP2 Database Mngt: : 18 Next gen cassava varieties at NCRP 
(replicated 3 times) and 20 genotypes at UYT  were Characterized  for biophysical properties of fresh 
cassava root and gari quality properties. The trials were planted in two locations in Nigeria (Umudike 
and Otobi) each clone was replicated two time in the field and each sample was replicated twice in 
the laboratory. DM and starch yield of each genotype was determined immediately after harvest.  
The freshly roots were  dried at 50 C and milled for analysis on amylose, starch and sugar content, 
HCN, water absorption capacity, bulk density, swelling power and solibilty index for fresh and 
processed product. 

Others (equipment purchase): 
 

WP3 – Gari/Eba (Nigeria) 
NRCRI Key Contact for WP3 on Gari/Eba (NAME First name): Ugo Chijioke 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened.   

Contribution to SOPs 

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): 
Spectral data was collected on intact fresh root (protocol same as that for  fufu). Development of 
sampling procedure for spectral acquisition of quality attributes of gari granule using the hand-held 
NIRS is ongoing (milled and unmilled gari granules) and will be completed in period 3 

Calibration under Development: Development  equation for Prediction of dry matter content of fresh 
cassava roots, amylose ,starch content  and some gari quality attributes ( milled and unmilled gari 
granules) including swelling index,  swelling power and solubilty index, amylose content water 
absorption capacity using the hand-held NIRS (ASD model) is on-going and will be completed in 
period 3.   

Others: 
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WP4 – Cassava for Gari/Eba (Nigeria) 
NRCRI Key Contact for WP4 on Cassava for Gari/Eba (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
A total of 165 cassava clones made up of foundation seeds and promising breeders’ clones serving 
as parental materials were harvested and established at Umudike cassava breeding farm on 4th July, 
2019. Also, some of these parental materials harvested are housed in our tissue culture and SAH 
facilities for back, pests and diseases cleaning and for storage.  While in the field and during 
harvesting, yield and yield parameters, pests and diseases response profile were taken, though our 
focus and priority traits remain the ground root-post-harvest. 
Our team successfully established a Uniform Yield Trial (UYT) in 2 States of Abia and Benue using 
NextGen cassava breeding clones from C1a & C1b populations. Also, a Nationally Coordinated 
Research Project (NCRP) trials in 4 States namely, Abia (Umudike), Anambra (Igbariam), Benue 
(Otobi) and FCT-Abuja (Kubwa) were established. A total of 30 cassava genotypes made up of 18 
white fleshed and 12 yellow fleshed roots were established under NCRP trial. Also, we established 
an On-farm trials in 5 states including Abia, Akwa-Ibom, Imo, Delta and Benue. Each of the state 
had 5 farmers with a minimum number of six (6) genotypes including a local and national check. 
Harvesting and data analysis of these materials on root post-harvest are being processed. 
Interactions with other Institutes working on Gari/Eba (Results & Protocols Shared, Staff, 
Equipment) 
IITA (Nigeria): NRCRI interacted with IITA on the NCRP genotypes, these were selected as materials 
that would evaluated by the trained sensory panellist. 
IITA (Cameroon):  
CNRA (Côte d’Ivoire) on Attieke:  
Others: 
 

WP5 – Fufu & Gari/Eba (Nigeria) 
NRCRI Key Contact for WP5 on Fufu & Gari/Eba (NAME First name): 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     

5.18.6 NRCRI Activities & Achievements on Boiled Yam (Nigeria) 

WP1 – Boiled Yam (Nigeria)  
NRCRI Key Contact for WP1 on Boiled Yam (NAME First name): Tessy Madu 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: Field work and data 
compilation are on-going and will be reported in period 3 
 
Activity 4 achievements – Processing Diagnosis: Processing activity on boiled yam has been 
completed while data compilation is on-going to be reported in period  
 
Activity 5 achievements – Consumer Testing: This activity is on-going, it will be completed and 
reported in period 3. 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Boiled Yam (Nigeria): 
Activities reported in Period 1 
on Boiled Yam in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Primary 
Country 

Nigeria 6/9/18 15/9/18 South-
East 
(Ebonyi 
State) 
 

Onueke, Ezza, Ebonyi 
State 

7 3 2 Y  

Amagu Izzi, Abakiliki 
Ebonyi state 

6 4 2 Y  

Umuebe, Ezza 
Ohaukwu Ebonyi state 

6 4 2 Y  

Obinagu Ishiagu, 
Ebonyi State 

7 3 2 Y  

Activities performed in Period 2 
on Boiled Yam in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Primary 
Country 
 

Nigeria 
 

         

ACTIVITY 
4 

Primary 
Country 
 

Nigeria 
 

         

ACTIVITY 
5 

Primary 
Country 
 

Nigeria 
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WP2 – Boiled Yam (Nigeria) 
NRCRI Key Contact for WP2 on Boiled Yam (NAME First name): Ugo Chijioke 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: SOP on boiled yam is on-going and could not be carried out before November 
due to growing cycle of yam. The activity will be completed by period 3 

Proof of Concept / Method Development:  SOP on boiled yam is on-going and could not be carried 
out before November due to growing cycle of yam. The activity will be completed by period 3 

Sensory Analyses: Recruitment and training of Panelist for sensory profiling of boiled yam 
completed. Lexicon of sensory attributes of boiled yam was generated by the 18 trained panelists.  

Texture Analyses: This activity is to be conducted in period 3, the activity was delayed due to delay 
in installation texture analyzer (software issue) 

Biophysical Routine Analyses & WP2 Database Mngt: Biophysical characterization of African yam 
project genotypes for boiled yam potential is on- going. The report and data generated will be 
reported in period 3, activities on boiled yam was affected by growth cycle of yam (Yams to be 
harvested from last week in November to early December) 

Others (equipment purchase): 
 

WP3 – Boiled Yam (Nigeria) 
NRCRI Key Contact for WP3 on Boiled Yam (NAME First name): Ugo Chijioke 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened.   

Contribution to SOPs: 

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): This 
activity is on-going and will be completed in period 3 

Calibration under Development: This activity is on-going and will be completed in period 3 

Others: 
 

WP4 – Yam for Boiled Yam (Nigeria) 
NRCRI Key Contact for WP4 on Yam for Boiled Yam (NAME First name): Jude Obidiegwu 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1.    
The D. rotundata mapping population was established in the field in Umudike with a backup in the 
screen house. Agronomic and disease response profile was taken, our focus and priority traits 
remain post-harvest. The harvest is scheduled to commence by the first week of December 2019 
Our team successfully established on farm trials in 5 states including AkwaIbom, Imo, Benue, 
Anambra and Ebonyi. Each of the state had 3 farmers with a total number of seven (7) genotypes 
including a local and national check. Vegetative participatory varietal selection was successfully 
executed. Harvesting of these materials and PVS on post-harvest will commence by first week of 
December 2019 
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In recognition of the needs of genetic material by WP2 and 3. We established and multiplied some 
diversity panels. This panel represents a wide spectrum of traits and we have had discussions with 
lead personnel of WP2 and 3. Hopefully the harvesting of this materials and subsequent analysis 
will be undertaken from month of December 2019 

5.18.7 NRCRI Activities & Achievements on Pounded Yam 
‘specifically’ (Nigeria) 

WP1 – Pounded Yam ‘specifically’ (Nigeria)  
NRCRI Key Contact for WP1 on Pounded Yam (NAME First name): Tessy Madu  

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: Field work and data 
compilation are on-going and will be reported in period 3  
 
Activity 4 achievements – Processing Diagnosis: Processing activity on pounded yam has been 
completed. Data compilation are on-going to be reported in period 
 
 
Activity 5 achievements – Consumer Testing: This activity is on-going, it will be completed and 
reported in period 3. This activity is on-going, it will be completed and reported in period 3. 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Pounded Yam (Nigeria): 
Activities reported in Period 1 
on Pounded Yam in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Primary 
Country 

Nigeria 31/10/18 
30/11/18 
5/12/18 
Mid.Dec./18 

31/10/18 
30/11/18 
5/12/18 
Mid.Dec./18 

Osun 
 

Ife-Odan 4 7  Y  
Iwo 4 5  Y  
Gbongan 2 6  Y  
Ilesa     Not yet 

         
      
      
      

Activities performed in Period 2 
on Pounded Yam in Nigeria  

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F Yes No 
ACTIVITY 
3 

Primary 
Country 
 

Nigeria 
 

         

ACTIVITY 
4 

Primary 
Country 
 

Nigeria 
 

         

ACTIVITY 
5 

Primary 
Country 
 

Nigeria 
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WP2 – Pounded Yam ‘specifically’ (Nigeria) 
NRCRI Key Contact for WP2 on Pounded Yam (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis  specific to Pounded Yam.  

Contribution to SOPs: SOP on pounded yam was carried out in collaboration with Bowen University
  
NRCRI however is developing SOP on pounded yam from freshly harvested yam tubers due 
observed variation in textural property of yam at different storage period. This activity will be 
completed and reported in period 3  

Proof of Concept / Method Development:  

Sensory Analyses: Recruitment and training of Panelist for sensory profiling of Pounded yam 
completed. Lexicon of sensory attributes of pounded yam was generated by the 18 trained panelists.   

Texture Analyses: This activity is to be conducted in period 3, the activity was delayed due to delay 
in installation texture analyzer (software issue) 
 

Biophysical Routine Analyses & WP2 Database Mngt: Biophysical characterization of African yam 
project genotypes for pounded yam potential is on- going. The report and data generated will be 
reported in period 3, activities on pounded yam was affected by growth cycle of yam (Yams to be 
harvested from last week in November to early December) 

Others (equipment purchase): 
 

WP3 – Pounded Yam ‘specifically’ (Nigeria) 
NRCRI Key Contact for WP3 on Pounded Yam (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including SOPs developed, Nb of Spectra 
acquired, Product presentations (raw, cooked product), Reference analysis done, Population 
screened  specific to Pounded Yam.   

Contribution to SOPs: 

Spectra Acquisition: Population screened, Product Presentation, Nb of Spectra acquired, Traits 
concerned & WP3 Database Mngt (any Reference Analyses in parallel for Calibration Dvpt?): This 
activity is on-going and will be completed in period 3 

Calibration under Development: This activity is on-going and will be completed in period 3 

Others: 
 

WP4 – Yam for Pounded Yam ‘specifically’ (Nigeria) 
NRCRI Key Contact for WP4 on Yam for Pounded Yam ‘specifically’ (NAME First name): 
15-20 lines Narrative on Activities performed & Progress including Population Type(s) in trials, 
Environments, Crosses done and Crossing blocks, any Changes in Populations selected as 
compared to Period 1  specific to Pounded Yam.    
The D. rotundata mapping population was established in the field in Umudike with a backup in the 
screen house. Agronomic and disease response profile was taken, our focus and priority traits 
remain post-harvest. The harvest is scheduled to commence by the first week of December 2019. 
Our team successfully established on farm trials in 5 states including AkwaIbom, Imo, Benue, 
Anambra and Ebonyi. Each of the state had 3 farmers with a total number of seven (7) genotypes 
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including a local and national check. Vegetative participatory varietal selection was successfully 
executed. Harvesting of these materials and PVS on post-harvest will commence by first week of 
December 2019. 
In recognition of the needs of genetic material by WP2 and 3. We established and multiplied some 
diversity panels. This panel represents a wide spectrum of traits and we have had discussions with 
lead personnel of WP2 and 3. Hopefully the harvesting of this materials and subsequent analysis 
will be undertaken from month of December 2019 
 

WP5 – Boiled & Pounded Yam (Nigeria) 
NRCRI Key Contact for WP5 on Boiled & Pounded Yam (NAME First name): 
10-15 lines Narrative on Activities performed & Progress including On-farm Participatory 
Assessments of Advanced Genotypes, Methodology & Tools used.     

Interactions with other Institutes working on Boiled & Pounded Yam (Results & Protocols 
Shared, Staff, Equipment) 
IITA (Nigeria):  
 
Bowen University (Nigeria):  
 
UAC-FSA (Benin):  
 
INRA/CIRAD (Guadeloupe):  

CNRA (Côte d’Ivoire):  

CIRAD (Montpellier):  

INRA (France):  

Others:  

5.18.8 NRCRI cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

WP1 with WP2 on Fufu: Several discussions and consultations were held with lead personnel of 
WP1 and 2 as well as other team members on clones for processing and triats to be evaluated. 
WP1 with WP2 on Gari/Eba: Several discussions and consultations were held with lead personnel 
of WP1 and 2 as well as other team members on clones for processing and triats to be evaluated  
 
WP1 with WP2 on Boiled Yam: Several discussions and consultations were held with lead personnel 
of WP1 and 2 as well as other team members on clones for processing and triats to be evaluated 
 
WP1 with WP2 on Pounded Yam: Several discussions and consultations were held with lead 
personnel of WP1 and 2 as well as other team members on clones for processing and triats to be 
evaluated 
 
WP2 with WP3: Several discussions and consultations were held with lead personnel of WP and 
wp3 team on clones to decide sample preparation protocols. 
 
WP4 Cassava (breeders) with WP2 & WP3: Breeders were consulted on trials to be evaluated for 
biophysical, NIRS  
Spectral acquisition of materials and traits by Wp 2 and 3 lead personnel in the institute 
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WP4 Cassava (breeders) with WP1: Wp 4 cassava breeders were consulted on varieties used for 
activity 4 and 5   
 
WP4 Yam (breeders) with WP2 & WP3: Breeders were consulted on trials to be evaluated for 
biophysical, NIRS  
Spectral acquisition of materials and traits by Wp 2 and 3 lead personnel in the institute  
 
WP4 Yam (breeders) with WP1: Wp 4 breeders were consulted on varieties used for activity 4 and 
5  
 
WP5 with WP1 and WP4:  
 
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested with 
consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists and 
biophysical analyses to be able to establish correlations?  
For Fufu: Yes, we plan to use the 4 varieties and 8 other varieties for sensory profiling and 
biophysical analysis.  
 
For Gari/Eba: Yes, we plan to use the 4 varieties and 8 other varieties for sensory profiling and 
biophysical analysis.  
For Boiled Yam: Yes, we plan to use the 4 varieties and 8 other varieties for sensory profiling and 
biophysical analysis.  
For Pounded Yam: Yes, we plan to use the 4 varieties and 8 other varieties for sensory profiling and 
biophysical analysis. 
 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 texture 
analysis, WP2 biochemical analysis, WP2 sensory profiling and WP3 NIRS analysis? 
 
Are WP2 and WP3 using the same standard for sample codification? YES / NO 
If YES, which one? Yes the sample codification from the breeding team 
If NO, why?  
 
Do you freeze dry or lyophilize sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? 
We do not have the capacity to freeze dry fresh materials  

5.18.9 Data Management at NRCRI 

NRCRI RTBfoods Data Manager (NAME First name): Okoye Benjamin 
WP1/WP5 data correspondent (NAME First name): Okoye Benjamin 
WP2 data correspondent (NAME First name): Iro Jane Ugochi 
WP3 data correspondent (NAME First name): Obete Ernest Chukwudi 
WP4 data correspondent (NAME First name): Iro Jane Ugochi 

5.18.10 Ethical Clearance  

Describe Process implemented in your country (ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 

Nigeria: Process for obtaining ethical clearance has commenced, NRCRI is responsible for obtaining 
document for Nigeria. Relevant parties have been contacted and CIRAD informed of progress.     
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5.18.11 NRCRI Travels: Participation to RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 
 Title /Training Objective WP City, 

Country 
NAME(S) of Participants 

RTBfoods 
Meetings 

a.RTBfoods Annual Meeting 
 
 
 
 
b. RTBfoods Nigeria country 
meeting 

Co-
ordination 
 

Abuja, 
Nigeria 
 
 
 
 
Lagos, 
Nigeria 

Ugo Chijoke, Egesi 
Chiedozie, Tessy Madu, Jude 
Obidiegwu, Damian Njoku, 
Miriam Ofoeze, Obete Ernest 
Chukwudi, Okoye Benjamin 
Okoye Benjamin, Ugo 
Chijioke,Lydia ezewaka 

  RTBfoods 
Trainings 

Training on NIRS  Wp3 Ibadan, 
Nigeria 

Ugo Chijioke,Obete Ernest 
Chukwudi, Justice 
Okoronkwo, Queen Okwu, 
Kelechi Uchendu, Chinedozi 
Amaefula. 

International 
/ Regional 
Conferences  

    

Scientist 
Exchanges 

    

5.18.12 NRCRI Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 

5.18.13 NRCRI Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods activities 
in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, CRP RTB, USAID, 
others) 

Please, describe Complementarities including Precise Activities & WP(s) concerned.  

Nextgen cassava and Africanyam project complemented RTBfoods project at NRCRI in provision of 
genotypes used for WP 1, 2 and 3 activites. Nextgen Cassava project also provided project vehicle 
for wp1 survey and acquisition of specral data in multi-locational trials by wp2 and 3 

5.18.14 NRCRI Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 
NRCRI is leading fufu component of this publication. The following staff are involved, Okoye 
Benjamin, Ugo Chijioke, Tessy Madu, Amaka Ogunka,  
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5.18.15 Gaps & Challenges faced at NRCRI 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

The lack of an official project vehicle was a major challenge for activites in WP 1, 2 and 3. Lack of 
adequate funds for wp1 activities resulted in diversion of funds from other WP to ensure that the 
institute was able to complete her task. We also had problems understanding the WP 2 deliverable 
for the institute. 

5.18.16 NRCRI Perspective Work Plan & Internal organization for 
Period 3 

Main Activities planned for Period 3 by Product profile, for all WPs. 

Globally NRCRI intends to complete on-going activites in wp1 and 2 in period 3. 
 
Fufu (Nigeria) The institute will finalize the sok for fufu, submit full report for Wp1 activities 4 and 5.  
WP2: Conduct Sensory profiling of fufu with trained panelist and deliver full report. Validate SOP for 
fufu processing using a mechanical equipment, perform texture analysis on cooked fufu from 
different trial (inding GXE) and processing method  
WP3: Standardize protocol for using the ASD quality spec to predict fufu sensory attributes 
 
Gari/Eba (Nigeria) Submit full report for Wp1 activities 4 and 5  Sensory profiling of fufu with trained 
panelist and deliver full report. Submit report on standardization of operation on processing and 
textural properties of eba 
 
Boiled Yam (Nigeria) WP1 activity 4 and 5 will be concluded and full report submitted  
Submit report on SOP, sensory profiling and textural analysis of boiled yam (WP2). Spectral data of 
different population will be captured using the African Yam project across 2 agro-ecology 
 
Pounded Yam (Nigeria) WP1 activity 4 and 5 will be concluded and full report submitted. NRCRI 
intends to conclude and  
Submit the report on SOP, sensory profiling and textural analysis of pounded yam (WP2). Spectral 
data of different population will be captured using the African Yam project (WP3) 
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5.19 Annex 19: NRI achievements in Period 2 
Activities Conducted, & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
Ulrich Kleih (Natural Resources Institute, University of Greenwich, UK) 

Collaborator(s): 

NRI staff:  

Dr Lora Forsythe (maternity leave, Aug 2019 – May 2020),  
Dr Aurelie Bechoff,  
Prof Keith Tomlins,  
Prof Adrienne Martin. 
WP1 co-coordinators:  
Dr G Fliedel (CIRAD, Montpellier, France);  
Dr H Tufan (Cornell University, USA). 

 

5.19.1 NRI Achievement Summary 

(10 to 15 lines of NRI achievement for Period 2) 

NRI is responsible for the overall coordination of WP1 and contributing to WP5. Achievements for 
Year 2 are mainly in WP1 due to activity sequencing. In collaboration with CIRAD and Cornell 
University, NRI has led the achievement of the following project outputs:  

- Contributions to capacity strengthening workshop carried out as part of the annual project 
meeting in Abuja, Nigeria, in March 2019; 

- Visit to Benin in April 2019 to support team working on boiled yam and boiled cassava; 
- Organisation of workshop involving L Forsythe, G Fliedel, and U Kleih, in July 2019, as part 

of hand-over arrangements regarding L Forsyhte’s maternity leave (Aug 2019 – May 2020); 
- Review of 2 state of knowledge report (SOKs), 4 product profiles, and 4 reports (including 

draft) submitted by teams in period 2 of project; 
- Planning of activities to be carried out as part of support of team in Côte d’Ivoire, although 

the trip has been postponed from Nov 2019 to year 3 of project; 
- NRI’s work with WP5 in year 2 is at its infancy; 
- Participation in project coordination activities. 
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5.19.2 NRI activities 

NRI participation in the different WPs & cross-WP interactions  
(Describe activities, collaborations between teams within the institution, project implementation) 
In which WPs is the PARTNER team involved? For which activities conducted in Period 2?  
How is internally organized communication/coordination between WPs? 
 

In RTBfoods, NRI is responsible for the overall coordination of WP1, and contributing to WP5. This 
work involves the following:  

• Led the content development of capacity strengthening and sharing (training) workshop on 
WP1 methodologies for all partners involved in WP1, in collaboration with the WP1 
coordination team. The workshop was held in Abuja, Nigeria (March 2019), as part of the 
annual RTBfoods project meeting. The WP1 Capacity Strengthening Training in Abuja (18 – 
20 March 2019), was held for 25 participants from the partner institutes, and covered the 
following sessions: 
(a) First iteration of the product profile, including characteristics, indicators and codes 

through qualitative data analysis, and analyzing the data by priority. 
(b) Ethics issues, including that WP1 partners are responsible for obtaining ethical approval 

from their national institutions.  
(c) Multiple-user preferences & product profiling in RTB value chains – market interviews. 
(d) Qualitative data analysis session. 

 
• Preparation of guidance document entitled “Guidance analysis and reporting for Activity 3 – 

Gendered Food Mapping” by Lora Forsythe, Geneviève Fliedel, Hale Tufan, Ulrich Kleih. 
 

• Discussions with NextGen plant breeding coordinator (Dr Hale Tufan, Cornell University, 
USA) to harmonize RTBfoods and NextGen definitions of product profiles and interpretation 
of results. 
 

• NRI’s work with WP5 in year 2 is at its infancy. To date, materials developed under WP1 
have been shared with the WP5 coordination team.  
 

• NRI has made minor contributions to WP2 regarding the application of sensory 
methodologies. 

5.19.3 NRI geographic implementation / strategy 

In which countries (and sub-regions) is the PARTNER team conducting activities?  

As NRI is the overall coordinator of WP1 and contributor to WP5, in Year 2 we were providing a 
backstopping role to partners in all countries where WP1 is being implemented. However, 
NRI has also had direct involvement in activities in Nigeria, Benin, and France. In addition to 
providing virtual support to partners, the following direct activities have taken place within RTBfood 
countries with implementing partners: 

Partner 
Institution(s) 

Products Country  NRI direct country activities 

Project-wide RTBs Nigeria Content development and participation 
in training activities as part of WP1 
Capacity Strengthening and Sharing 
Workshop, organized as part of annual 
RTBfoods project meeting (March 
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Partner 
Institution(s) 

Products Country  NRI direct country activities 

2019). The emphasis was on data 
analysis of WP1 outputs. 

UAC / IITA Boiled yam, 
boiled cassava 

Benin Support on data analysis (April 2019) 

 

CGIAR, RTBfoods 
project partners 

RTBs France Participation in data management 
workshop (June 2019) 

 

NRI Product Profile participation  

In which product profiles the PARTNER team has been involved in Period 2? How & Where? 
As mentioned in the previous section, NRI is the overall coordinator of WP1 and contributor to WP5. 
In Year 2 we were providing a backstopping role to partners under WP1 (e.g. in the context of SOK 
reports, product profiles, and Activity 3 reports). 

5.19.4 NRI Personnel involved & Students activities 

NRI Staff  
Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 

NAME First Name Country 
of 
Residenc
e 

Permanen
t, Student 
OR 
Contractu
al  

WP
1 

WP
2 

WP
3 

WP
4 

WP
5 

All 
RTBfood
s 
products 

Lora Forsythe (maternity 
leave, Aug 2019 – May 
2020) 

UK Permanen
t (P) 

☒ ☐ ☐ ☐ ☒ ☒ 

Ulrich Kleih (cover of L 
Forsythe’s maternity leave) 

UK P until July 
2019, then 
Contractu
al 

☒ ☐ ☐ ☐ ☐ ☒ 

Aurelie Bechoff UK Permanen
t 

☒ ☒ ☐ ☐ ☐ ☒ 

Keith Tomlins UK Permanen
t 

☒ ☒ ☐ ☐ ☐ ☒ 

Adrienne Martin UK Permanen
t 

☒ ☐ ☐ ☐ ☐ ☒ 

Caroline Troy UK Permanen
t 

☒ ☐ ☐ ☐ ☐ ☒ 
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List of Students involved in RTBfoods activities in Period 2: Not applicable to NRI.  

Name Travel Cost Item Description 
(location and date) Purpose of Trip 

Ulrich Kleih Abuja, Nigeria Participation at annual RTBfoods 
project meeting (March 2019) 

Lora Forsythe Cotonou, Benin 
Support of UAC, FSA/IITA on data 
analysis (April 2019) 

Lora Forsythe 
Montpellier, France 

Participation in RTBfoods data 
management workshop (May 
2019) 

5.19.5 NRI Capital Equipment or investment (co-investments)  

List of equipment acquired on RTBfoods budget (e.g?. texturometer, RVA, pH meter, etc.) (For more 
accuracy you can refer to: Tab “3d) EQUIPMENT COSTS” of Partner Financial Report) 
No costs were incurred by NRI for equipment. 

5.19.6 NRI Training participations (within RTBfoods framework and 
other trainings) 

Training Title / Topic WP 
concerned  

Country Dates List of Participants 
NAMES 

Capacity 
Strengthening and 
Sharing workshop 
with all WP1 teams 

1 Nigeria March 2019 Ulrich Kleih; content 
development by Lora 
Forsythe 

Support of UAC, 
FSA/IITA on data 
analysis (April 2019) 

1 Benin April 2019 Lora Forsythe 

Reviews of SOKs, 
product profiles and 
reports 

1 All July – Dec 2019 Ulrich Kleih 

5.19.7 NRI Sub-awards & Consultants   

List of Sub-awards + WP concerned + Purpose. (For more accuracy you can refer to: Tab 3c) 
CONSULTANT COSTS and “3f) SUB AWARDS COSTS” of Partner Financial Report) 
Ulrich Kleih is an affiliate of NRI/University of Greenwich since 1 August 2019. As a result, a sub-
contract has been prepared.   
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5.19.8 NRI List of Publications, Conference communications, 
Manuals, Leaflets, Posters, etc. 

The following presentations were given by NRI on behalf of WP1 RTBfoods at the Capacity building 
workshop as part of the annual project meeting in Abuja, Nigeria, in March 2019: 

(a) First iteration of the product profile, including characteristics, indicators and codes 
through qualitative data analysis, and analyzing the data by priority (joint presentation by 
U Kleih and G Fliedel; preparation of presentation has been led by L Forsythe). 

(b) Ethics issues, including that WP1 partners are responsible for obtaining ethical approval 
from their national institutions (presentation by U Kleih). 

(c) Multiple-user preferences & product profiling in RTB value chains – market interviews 
(presentation by U Kleih). 

(d) Qualitative data analysis session (presentation by H Tufan and B Teeken, participation 
of preparation of presentation by L Forsythe). 

NRI led the collaborative development of the following documents: 

• Guidance analysis and reporting for Activity 3 – Gendered Food Mapping by Lora Forsythe, 
Geneviève Fliedel, Hale Tufan, Ulrich Kleih, and  

• Activity 3 product profile summary and interpretation document. 
NRI has contributed to the review and finalization of all partner WP1 SOK reports, Product profiles, 
and Activity 3 reports. 

Participation & Role in RTBfoods IJFST Special Issue: Methodology Paper - Consumers Have 
Their Say: Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And 
Implications For Breeding. 

5.19.9 NRI Gaps & Constraints faced  

Which challenges faced in implementation of RTBfoods project within the PARTNER institution? 
Risks identified & Risk mitigation proposed? 

WP1 Coordination was successful during this period, also due to contributions by PMU and WP1 
coordination team.  A number of challenges included delays by some project partners in meeting 
deadlines, mainly related to other demands on staff time and resources. 

The situation created a risk of late or suboptimal delivery of some outputs. Mitigation measures that 
have successfully addressed these included follow-up communication and monitoring, provision of 
timely advice and support from the Project Management Unit (PMU). This included renegotiating of 
deadlines with project partners and PMU as far as possible (including delivery of some outputs in 
year 3 of project). 

5.19.10 NRI Perspective Work Plan & Internal organization for 
Period  3  

As NRI is the overall coordinator of WP1 and contributor to WP5, in Year 3 we will continue to provide 
a backstopping role to partners in all countries where WP1 and WP5 are being implemented 
and therefore have indirect activities in each country (Benin, Cameroon, Côte d’Ivoire, Uganda 
and Nigeria). 
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Specific roles for NRI staff are as follow: 

Name Role Country/ Profile 

Lora Forsythe 
(maternity leave, 
Aug 2019 – May 
2020) 

WP1 Coordinator, Gender focal point, Activity 3 
focal point, responsibility for WP1 folder on 
RTBfoods platform, attendance of annual meeting in 
Nigeria, data analysis support; report writing support 

All 

Aurelie Bechoff  

 

Food science support for WP1 methodology, Data 
analysis support; Report writing support 

Cote d’Ivoire and 
possibly other 
countries  
(delayed into year 3). 

Ulrich Kleih 
(providing 
maternity cover for 
L Forsythe) 

Markets and methodology /sampling focal point, 
Activity 3 implementation; attendance of annual 
meeting in Nigeria, data analysis support; report 
writing support 

All 

Keith Tomlins Advisory support relating to ethics and consumer 
preference 

All 

Adrienne Martin Advisory support relating to socio-economic studies All 

Caroline Troy Logistics support (e.g. travel, workshop 
organization) 

All 
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5.20 Annex 20: UAC-FSA Activities & Achievements in 
Period 2 

Staff commitment, Activities performed & Perspectives 

Main Author(s) (NAME First Name, Institution, Country): 
Noël Akissoé – UAC/FSA-Benin 
 
Collaborator(s): 
Laurent Adinsi,  
Alexandre Bouniol,  
Sounkoura Adetonah, 
 Joseph Hounhouigan,  
 
Focal Point (NAME First name, email, Skype ID, Country):   
AKISSOE Noël, noel.akis@yahoo.fr, Skype ID, noel.akis@yahoo.fr, Bénin  

5.20.1 Product Profile (BENIN) Involvement  

Partner Institute Product (Country) – Main PP in bold 
UAC-FSA 1-Boiled Yam (Benin) with IITA (Bénin), CIRAD (Montpellier) & INRA 

(France) 
2-Boiled Cassava (Benin) with IITA (Bénin) & CIRAD (Montpellier) 

5.20.2 UAC-FSA Summary Narrative 

Tell us the story of your Institute in Period 2 focusing on main Activities & Achievements (Dec. 2018 
to Dec 2019) by Product Profile (± 10 lines each). (NB: This section will be copied & pasted as is in 
the body of the RTBfoods Annual Report for Period 2). 

 
During the period of Dec. 2018 to Dec. 2019, UAC-FSA team (Bénin) has been working on boiled 
yam and boiled cassava and on WP1 and WP2 activities. In this respect the following activities were 
undertaken: 
 
Activities on Boiled Yam and achievements (Benin):  
WP1- Boiled Yam (Benin) 

1- Data collected during period 1 (last year) on activity 3 were currently (period 2) analyzed in 
accordance with the guidance. Two partial reports were written from these qualitative and 
quantitative analyses: the first on quality characteristics of yam tuber and boiled yam 
prioritized by gender and spatial difference (two regions) was delivered and validated by the 
WP1 coordination team; the second report on socio economic context and product 
preferences was submitted to WP1 coordination team for reviewing.  

2- Process characterization referring to activity 4 with focus on processing diagnosis of boiled 
yam pieces was achieved using six (6) varieties and six processors: the quality traits of boiled 
yam were collected through a participatory processing with 6 processors, and the report was 
submitted to WP1 coordination team for reviewing. 

3- Consumer acceptability with reference to activity 5 was achieved on 5 yam cultivars based 
on a panel of 301 ordinary consumers testing. Data analyses were achieved and report was 
written for reviewing and validating by WP1 coordination team.  
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WP2- Boiled Yam (Benin) 
 

Concerning WP2, The UAC-FSA team are working on development of a protocol for texture 
analysis, essentially on samples preparation and optimum cooking time; the related SOP will 
be submitted very soon to WP2 coordination team for reviewing. A work was done on NIRS 
(on six yam varieties) at Montpellier by our PhD student who obtained additional financial 
support and training from CIRAD 

 
Interactions with other Institutes working on Boiled Yam (Results & Protocols Shared, Staff, 
Equipment) 

Capacity building activity: Our research team was trained by a researcher from CIRAD 
(RICCI J.) on the use of rheometer financed by RTBFoods. In addition, a PhD student was 
trained at CIRAD Montpellier on NIRS methodology. Some members of UAC-FSA team were 
trained on qualitative data analysis and sensory data analysis at Abuja during the annual 
project meeting. Other collaborating activities with IITA-Benin, CIRAD Montpellier, INRA 
France, skype calls were established during this period.  

5.20.3 Activities on Boiled Cassava and achievements:  

WP1- Boiled Cassava (Benin) 
1- During the period 2, and following the same methodology as for “boiled yam”, the UAC-FSA 

team undertook all activities (3, 4 and 5) of WP1 on boiled cassava, the second product 
profile. Thus, all field activities were achieved on cassava boiled product. However, statistical 
analyses of the data collected from the survey (Activity 3) related to production, trading, 
processing and consumption are in progress.  

2- Regarding activity 4, Data analysis and report are in progress. 
3- Consumer acceptance was conducted on five boiled cassava samples in 8 rural communities 

(n = 120 ordinary consumers) and in urban town (Porto-Novo, n = 120 consumers). Data 
analysis is in progress.  

 
Interactions with other Institutes working on Boiled cassava (Results & Protocols Shared, 
Staff, Equipment) 
 
We received protocols of SOP related to physicochemical analyses from CIRAD. Tests on texture of 
boiled cassava on the basis of protocol developed by CIAT are in progress.  
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5.20.4 UAC-FSA Staff  

Should be aligned with Financial Reporting (cf Excel Spreadsheet ‘3a) PERSONNEL COSTS’). 
NAME First Name Country of 

Residence 
Permanent, 
Student OR 
Contractual  

WP1 WP2 WP3 WP4 WP5 Boiled Yam 
(Bénin) 

Boiled 
Cassava 
(Bénin) 

Noël Akissoé Benin Permanent ☒ ☒ ☐ ☐ ☐ ☒ ☒ 
Joseph Hounhouigan Benin Permanent ☒ ☒ ☐ ☐ ☐ ☒ ☒ 
Laurent Adinsi Benin Permanent ☒ ☒ ☐ ☐ ☐ ☒ ☒ 
Laurenda Honfozo Benin Student ☒ ☒ ☐ ☐ ☐ ☒ ☒ 
Hotegni Francis Benin Student ☒ ☒ ☐ ☐ ☐ ☒ ☒ 
Ogni Ignace Benin Accountant ☒ ☒ ☐ ☐ ☐ ☒ ☒ 
Ahoton Yvette Benin Secretary ☒ ☒ ☐ ☐ ☐ ☒ ☒ 

List of Students involved in RTBfoods activities in Period 2 (including Student exchange): 

NAME First 
Name  
(+ Institute if 
not from 
UAC-FSA) 

Master 
Student 
or PhD 
or Post-
Doc 

Subject Title WP University 
of 
affiliation  

Fellowship 
Starting Date 

Fellowship 
Ending date 

Involvement in 
Complementary 
Projects 
(ex: NextGen, 
AfricaYam, BBB, 
SweetGAINS, CRP 
RTB)  

Tutor(s) in 
RTBfoods 
project  

Laurenda 
Honfozo 

PhD Structural and biophysical traits of 
cassava and yam affecting the 
quality and preference of derived 
boiled products 

1 & 
2 

UAC-FSA September 2018 November 
2022 

 Noël Akissoé 

Francis 
HOTEGNI 

Master Biophysical and texture 
characteristics of boiled yam 

2 UAC-FSA September 2018 February 2019  Noël Akissoé 
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5.20.5 UAC-FSA Activities & Achievements on Boiled Yam (Bénin) 

WP1 – Boiled Yam (Bénin)  
UAC-FSA Key Contact for WP1 on Boiled Yam (NAME First name): Noël Akissoé 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: The UAC-FSA team 
in collaboration with IITA team performed all activities of WP1 in period 1 but data processing and 
analysis are not completed.  In period 2, data analyses were achieved and report was written for 
reviewing and validating by WP1 coordination team. In this respect, data related to quality 
characteristics of yam tuber and boiled yam prioritized by gender and by region were firstly analyzed 
and reported for validation by WP1 coordination team. In addition, others data collected from survey 
were divided into two sections: socio economic context and product preferences (i) and market study 
(ii). Data from the section (i) were analyzed by the UAC-FSA team and the report was submitted to 
WP1 coordination team for review while data related to market study (section ii) is the responsibility 
of IITA-Benin team which has completed the reported. In summary, the reported of activity 3 is 
achieved.  
 
Activity 4 achievements – Processing Diagnosis: During the period 2, the UAC-FSA team has 
been working on boiled yam processing diagnosis. We gathered information on the quality traits of 
boiled yam through a participatory processing preparation/demonstration with 6 processors in a 
small urban center (Bohicon). Six (6) yam varieties with contrasting characteristics selected on the 
basis of previous survey (activity 3) were obtained from Africayam project collection (Benin) for 
activity 4. The quality traits were collected from raw yam tuber, during processing and from final 
product. The data were analyzed and the report was submitted to WP1 coordination team for review.  
 
Activity 5 achievements – Consumer Testing: Consumer acceptance was conducted on five (5) 
boiled yam subsamples obtained from the five (5) out of the six (6) yam cultivars used in activity 4. 
As for sampling, three hundred-one consumers were interviewed in different locations: 129 ordinary 
consumers in 8 rural communities of activity 3, 52 ordinary consumers in small town (Bohicon) and 
120 consumers in city (Cotonou). The data were analyzed and the report is submitted to WP1 
coordination team for review.  
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WP1 Synthesis Table for Activity 3, 4 & 5 on Boiled Yam (Bénin): 
Activities reported in Period 1 on 
Boiled Yam in Bénin  

Dates of Field Surveys Regions 
surveye
d 

List of Localities: 
Cities 
Small Towns 
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F Yes No 
ACTIVITY 3 Primary 

Country 
Bénin 11th June 

2018 
16th June 
2018 

Dassa DASSA II  KPEKOUTE 5 5 2 Y  
KERE IGOHO 5 5 2 Y  
KPINGNI  ADIHINLIDJI 4 6 2 Y  
LEMA LEMA 4 6 2 Y  

19th June 
2018 

23th June 
2018 

Djidja 
Centre 

DAN 
CENTRE  

HANNANGB
O 

1 9 2 Y  

LALO 2 8 2 Y  
DJIDJA 
CENTRE 

MANDJAVI 3 7 2 Y  
ZINKAMIN 5 5 2 Y  

Activities performed in Period 2 
on Boiled Yam in Bénin  

Dates of Field Surveys Regions 
surveye
d 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods platform 

start end M F Yes No 
ACTIVITY 4 Primary 

Country 
Bénin 26th January 

2019 
02th February 
2019 

Bohicon Bohicon - 6 0  No 

ACTIVITY 5 Primary 
Country 

Bénin 11th 
February 
2019 

22th February 
2019 

Dassa KPEKOUTE 10 5 0  No 
IGOHO 7 8 0  No 
ADIHINLIDJI 4 14 0  No 
LEMA 6 10 0  No 
HANNANGBO 4 15 0  No 
LALO 2 13 0  No 
MANDJAVI 8 9 0  No 

Djidja ZINKAMIN 6 8 0  No 
Bohicon Bohicon 27 25 0  No 
Cotonou Cotonou 100 20 0  No 
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WP2 – Boiled Yam (Bénin) 
UAC-FSA Key Contact for WP2 on Boiled Yam (NAME First name): Noël Akissoé 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: The UAC-FSA team participated in the revision of SOPs, in particular on the 
SOPs related to dry matter and sugars and organic acids on HPLC.  

Proof of Concept / Method Development: Our research team has been working on a protocol for 
preparation and cooking time of samples for texture; three types of measures have been tested: 
penetration, TPA and extrusion. Interesting results were obtained for two cultivars (Annex XX) 
showing (i) a good precision of the measures (mean coefficient of variation was of 11% for the 
penetration test, with 6 tubers) and (ii) that the distal part of the tuber has a much lower firmness. 
This has to be taken into consideration for the sensorial test for which all tuber parts will be mixed 
otherwise this variability will be included in the sensorial response. The SOP for preparation and 
texture is in the process of completion for submission to WP2 coordination team for review 

Sensory Analyses: Regarding the initial workplan for period 2, the sensory analysis should be done 
in the course of September-October but due to unavailability of raw materials, it was postponed in 
December-January. However, a plot of land was planted with yam cultivars to overcome this 
situation. The same varieties tested in activities 4 and 5 of WP1 will be used for this activity. The 
procedure of sampling was established in agreement with colleagues of CIRAD involved in WP2. 
Accordingly, three parts of tubers (i.e. proximal, central and distal will be tested. In total, fifteen 
samples obtained from five varieties will be evaluated by a trained panel.  

Texture Analyses: The texture analyses were done from period 1 up to now in order to establish 
the SOP. Biophysical Routine Analyses & WP2 Database Mngt: Apart from dry matter, no analyses 
were performed 

Others (equipment purchase): The rheometer was bought and installed in UAC-FSA laboratory 
with the technical assistance of CIRAD. 
 

Interactions with other Institutes working on Boiled Yam (Results & Protocols Shared, Staff, 
Equipment) 
IITA (Bénin): UAC-FSA in collaboration with IITA-Bénin have been working on survey of activity 3, 
data analysis and report.  
 
CIRAD (Montpellier): The CIRAD provided technical assistance to buy and to install the rheometer. 
In addition, the training support was given to the UAC-FSA laboratory members. The CIRAD 
received our PhD student for training on NIRS methodology and some specific biophysical analyses.  
 
INRA (France): INRA team in collaboration with CIRAD team and UAC-FSA team work on the 
protocol for determination of pectin in boiled yam.  
 
Bowen University (Nigeria) on Pounded (& Boiled) Yam: UAC-FSA team discussed with Bowen 
university team on the methodology and results of the activities 3, 4 and 5 of WP1. Both institutes 
will collaborate on the manuscript to submit at IJFST  
 
NRCRI (Nigeria) on Pounded (& Boiled) Yam: No collaboration 
 
IITA (Nigeria) on Pounded (& Boiled) Yam: No collaboration 
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5.20.6 UAC-FSA Activities & Achievements on Boiled Cassava 
(Bénin) 

WP1 – Boiled Cassava (Bénin)  
UAC-FSA Key Contact for WP1 on Boiled Cassava (NAME First name): Noël Akissoé 

15- 25 lines Narrative on Activities performed & Progress including Software Acquisition, Narrative 
on Data Processing/Analysis, Product profile consolidation & Challenges faced. 

SOK: The report on state of knowledge of boiled cassava from literature review and key informant 
interviews will be submitted very soon to WP1 collaboration team.   
 
Activity 3 achievements – Gendered Food Mapping/ Preference Surveys: The survey was 
completed; Analysis of the data collected from the survey related to cassava production, selling, 
processing and consumption in 8 rural communities is in progress and will delivered in January 2019.   
 
Activity 4 achievements – Processing Diagnosis:  The quality traits of boiled cassava were 
collected through a participatory processing preparation/demonstration with 6 processors in two 
regions of activity 3 (Dangbo and Bonou). Six (6) varieties selected on the basis of results of activity 
3 were collected from farmers for processing diagnosis. Data analysis is in progress.  
 
Activity 5 achievements – Consumer Testing: Consumer testing was conducted in 8 rural 
communities of activity 3 (n = 120 consumers) and in urban town (Porto-Novo, n = 120 consumers). 
Five (5) of six (6) varieties used for activity 4 were processed into boiled cassava. The data analysis 
is in progress and the report will delivered in January 2019 
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WP1 Synthesis Table for Activity 3, 4 & 5 on Boiled Cassava (Bénin):  

Activities performed in Period 2 
on Boiled Cassava in Bénin 

Dates of Field Surveys Regions 
surveyed 

List of Localities: 
Cities 
Small Towns  
Villages 

Nb of 
Individual 
Interviews  

Nb of 
Focus 
groups  

Questionnaires 
uploaded on 
RTBfoods 
platform 

start end M F start end 
ACTIVITY 
3 

Spillover 
Country 

Bénin 22-10-
2018 

26-10-
2018 

BONOU Agbomanhan 4 6 2 No  
Adido 5 5 2 No  
Ouegbossou 3 7 2 No  
Atchonsa 6 4 2 No  

29-10-
2018 

02-11-
2018 

DANGBO Fingninkanmè 5 5 2 No  
Zounta 5 5 2 No  
Hommè 7 3 2 No  
Akpamè 6 4 2 No  

ACTIVITY 
4 

Spillover 
Country 

Bénin 17-06-
2019 

20-06-
2019 

Dangbo 
Bonou 

Dangbo centre urbain 0 3  No  
Bonou centre urbain 0 3  No  

ACTIVITY 
5 

Spillover 
Country 

Bénin 15-07-
2019 

24-07-
2019 

BONOU Agbomanhan 7 9  No  
Adido 6 9  No  
Ouegbossou 6 11  No  
Atchonsa 13 0  No  

DANGBO Fingninkanmè 4 14  No  
Zounta 7 9  No  
Hommè 5 11  No  
Akpamè 7 9  No  

     Poro-
Novo 

Porto-Novo 62 52  No  
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WP2 – Boiled Cassava (Bénin) 
UAC-FSA Key Contact for WP2 on Boiled Cassava (NAME First name): Noël Akissoé 
15-20 lines Narrative on Activities performed & Progress including Equipment purchase, Standard 
Operating Procedures (SOPs) developed, Method Development, Proof of Concept, Sensory & 
Texture Analysis.  

Contribution to SOPs: No contribution  

Proof of Concept / Method Development: No activity 

Sensory Analyses: Sensory analysis should be done in November with the same panel used for 
boiled yam sensory analysis according to recommendation of PMU. As boiled yam sensory analysis 
was postponed in December-January because of the unavailability of raw material, the boiled 
cassava sensory analysis was also postponed in February. A plot of land was planted with cultivars 
which are expected to be tested. 

Texture Analyses: The first tests of boiled cassava texture on the basis of protocol developed by 
CIAT are in progress.  

Biophysical Routine Analyses & WP2 Database Mngt: No activity 

Others (equipment purchase): the same as for boiled yam.  
 
Interactions with other Institutes working on Boiled Cassava (Results & Protocols Shared, 
Staff, Equipment) 
IITA (Bénin): little interaction with IITA Benin on the activities of boiled cassava 
 
CIRAD (Montpellier): Up to now, no interaction with CIRAD in the case of boiled cassava 
 
NaCRRI (Uganda): Both institutes will collaborate on the manuscript to submit at IJFST 
 
CIAT (Colombia): CIAT team sent to the UAC-FSA the protocol they developed for extrusion grid 
and for preparation of samples, cooking time for texture; and NIRS analyses boiled cassava.  

5.20.7 UAC-FSA cross-WP interactions 

Describe collaborations between WP teams within your institute. How is internally organized 
communication / coordination between WPs? Frequency of interactions between WPs? Type of 
information/data transferred? Any Roadblocks & Challenges? 

WP1 with WP2 on Boiled Yam: The UAC-FSA research team works on both WP1 and WP2 using 
the same staff. So, collaborations within research team members are obvious facts. Some data 
(varieties, their characteristics) encountered/cited during WP1 are used in WP2 activities. 
 
WP1 with WP2 on Boiled Cassava: Idem (same as for yam) 
 
Are the (4 to 8) varieties used within WP1 for processing diagnosis (WP1 Activity 4) and tested with 
consumers (WP1 Activity 5) also used for WP2 sensory profiling with trained panelists and 
biophysical analyses to be able to establish correlations? YES: 
For Boiled Yam: The six (6) yam cultivars selected from the results of survey (activity 3) were used 
for the activities 4 and 5. At the end of field activities of WP1, theses varieties were grow in Africayam 
center (Benin) to continue activities of WP2; Planting will be carried out each year in order to have 
the raw material for the project duration.  
For Boiled Cassava: As for yam, six varieties of cassava selected from activity 3 were used for the 
activities 4 and 5. At the end of field activities of WP1, theses varieties were grown by one champion 
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farmer at Dangbo (one region of activity 3) based on contract note. Planting will be carried out each 
season in order to have the raw material for the project duration 
 
What is your sampling strategy in practice to ensure that the same samples are used for WP2 
texture analysis and WP2 biochemical analysis? 
First of all, we guarantee the homogeneity of cultivars by planting them on a plot of land; that is so 
in the case of yam and cassava; we are sure that we work on relatively same material. The samples 
used for WP2 texture analysis will be dried at 50°C and stored at 4°C up to carried out the biochemial 
analysis.  
 
Do you freeze dry or lyophilize sub-samples in the perspective of new methods coming in to 
characterize quality traits (based on WP1 findings)? Are you in capacity to freeze dry and/or 
lyophilize? 
We don’t have the freeze dryer in our laboratory. The small one we have is for microbiology purpose. 
In our case, the samples will be oven dried at appropriate temperature.  

5.20.8 Data Management at UAC-FSA 

UAC-FSA RTBfoods Data Manager (NAME First name): Noël Akissoé 
WP1 data correspondent (NAME First name): Laurent Adinsi 
WP2 data correspondent (NAME First name): Laurent Adinsi 

5.20.9 Ethical Clearance  

Describe Process implemented in your country (ies) of implementation: Responsible Institute, 
Institutions contacted & Material provided (ex: Methodological Manuals), Next Steps 

Bénin: The responsible institute is “Centre national d’éthique pour la recherche en santé” (CNERS), 
website http://www.ethique-sante.org/. We contacted the secretary for complementary information. 
Now we are collecting all documents exigibles/claimables: we wrote a small protocol that was 
submitted to two experts for reviewing; we already got their feedback and their CV required by 
CNRES. A copy of the documents was submitted to the secretary of CNERS. They will evaluate 
compliance with their requests, and after their approval, UAC-FSA team will provide sixteen copies 
of the document for in-depth evaluation by the CNRES team.  

5.20.10 UAC-FSA Travels: Participation to RTBfoods meetings & 
International Events on RTBfoods budget  

Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3b) TRAVEL COSTS’). 
 Title /Training Objective WP City, Country NAME(S) of 

Participants 
RTBfoods Meetings 1st annual meeting 1&2 Abudja, 

Nigeria 
Noël Akissoé 
Laurent Adinsi 
Laurenda Honfozo 

RTBfoods Trainings Product profile data 
analysis 

1 Abudja, 
Nigeria 

Laurent Adinsi 
Laurenda Honfozo 

International / 
Regional 
Conferences  

    

Scientist Exchanges Development of method 
for NIRS  anlalysis 

2 Montpellier, 
France 

Laurenda Honfozo 
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5.20.11 UAC-FSA Capital Equipment or Investment (co-investments) 

List of Equipment purchased on RTBfoods Budget (ex: texturometer, RVA, pHmeter, etc.).  
Should be aligned with Financial reporting (cf Excel Spreadsheet ‘3d) EQUIPMENT COSTS’) 
The rheometer was purchased in period 2.  

5.20.12 UAC-FSA Other Sources of Support for RTBfoods activities 

Which complementary / partner projects (other source of funding) contributed to RTBfoods 
activities in Period 2? (ex: Institute contribution, NextGen, AfricaYam, BBB, SweetGAINS, 
CRP RTB, USAID, others) 
Please, describe Complementarities including Precise Activities & WP(s) concerned.  

AfricaYam center (Benin) supports the WP1 and WP2 RTBfoods activities by the provision of yam 
tubers for the activities 4 and 5 and by accepting to plant six yam varieties, identified during WP1, 
which constituted the raw material for WP2.  

5.20.13 UAC-FSA Publications  

List of Publications linked to RTBfoods, Conference communications, Manuals, SOPs, Leaflets, 
Posters, etc. 

Staff Participation & Role in RTBfoods IJFST Special Issue: Consumers Have Their Say: 
Assessing Preferred Quality Traits of Roots, Tubers And Cooking Bananas, And Implications 
For Breeding. 
The UAC-FSA team is involved in the two manuscripts to be submitted to IJFST special issue: they 
are related to our two product profiles, eg quality traits of boiled yam in collaboration with Bowen 
University (Nigeria) and quality traits of boiled cassava with NACRRI (Uganda).  

5.20.14 Gaps & Challenges faced at UAC-FSA 

Any Challenges faced in implementation of RTBfoods activities? Risks identified & Risk Mitigation 
proposed. 

The real challenge is the availability of the raw material throughout the year. Yam tubers can be 
stored but the resulting quality changes while cassava roots cannot be stored. For example, the 
sensory analysis is postponed due the lack of raw yam which will be harvested on December; so we 
must to wait up to December. 
UAC-FSA Perspective Work Plan & Internal organization for Period 3 

5.20.15 Main Activities planned for Period 3 by Product profile, for all 
WPs. 

Globally: We will focus on WP2 activities. The sensory panel and texture and biophysical will be 
done.  
 
Boiled Yam (Bénin): The deliverables related to processing diagnosis and consumer testing (WP1) 
will be validated. The sensory analysis and the texture and biophysical analyses will be done (WP2).  
 
Boiled Cassava (Bénin): Data collected from the activities 3, 4 and 5 will be analyzed and the 
reports will be provided to WP1 coordination team.  The sensory panel and the texture and 
biophysical analyses will be done.   
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