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ABSTRACT

Cassava (Manihot esculenta Crantz) is a major root crop in the tropics and its starchy roots are
significant sources of calories for more than 500 million people worldwide. Cassava breeders aim to
produce many clones rapidly with desired agronomic traits. Near-infrared spectroscopy (NIRS) is a
physical detection method that was developed in recent decades. This technique is based on the
correlation between chemical properties and the absorption of light at specific wavelengths in the
near-infrared region. A rapid and accurate method for determining dry matter (DM) content of
cassava root will be valuable and help the breeders in selecting clones with good traits. The
objectives of this SOP were to calibrate Near-infrared spectroscopy (NIRS) using a portable ASD
spectrophotometer for analysis of fresh intact and mashed cassava roots, and to make a comparison
between both methods so as to identify which gives the best prediction equation. Fresh intact and
mashed cassava roots were analyzed for dry matter content. The near-infrared (400-2400 nm)
spectra of the samples were measured. Calibration equation with cross validation were computed
using partial least squares method. The quality of prediction was evaluated by root mean square
(RMS) and r2 parameters between the predicted values from cross-validation. The dry matter
content was predicted with 95% confidence (r2 = 0.995) for the mashed roots which gave mean RMS
value of 19193 and 12135 for the two genotypes, and 77% (r2 = 0.771) for the intact roots which
gave a mean RMS values of 47686 and 42255 respectively.

Key Words: cassava, NIRS, dry matter, mean, root mean square
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1 SCOPE AND APPLICATION

This SOP discusses the method involved in NIRS analysis of fresh intact and mashed cassava root
samples using a portable ASD NIRS device. The quantity (g) of samples used in this SOP are done
to be representative of the whole lot of the samples to be analysed.

Fresh cassava root contains approximately 60 - 70% moisture, while the pulp accounts for about 10-
15% of the root (Thongkratok et al., 2010). Most processing procedure requires oven drying to
reduce the moisture content and improve the shelf life of the intermediate or the final products.
However, during quality traits phenotyping of cassava, the drying process before biochemical
analysis tends to increase the overall time taken for laboratory analysis. Modern breeding programs
require fast methods for analyzing samples. Hence, the feasibility of using intact fresh and mashed
roots for NIRS analysis has been examined, and a sampling and sample preparation protocol
developed.

2 DEFINITIONS

DM: Dry matter
G1: Genotype 1 (Game changer)
G2: Genotype 2 (Baba 70)

3 PRINCIPLE

Near infrared spectroscopy (NIRS) is one of the most important analytical techniques based on the
vibrational properties of atoms in molecules (Stuart, BH. 2004). The Near infrared (NIR)
spectroscopy is based on the absorption of electromagnetic (EM) radiation at wavelengths in the
range 350 - 2,500 nm. The light interacts with the sample and the detector measures its
transmittance and absorbance. Transmittance refers to the amount of light that passes completely
through the sample and strikes the detector. Absorbance is a measurement of light that is absorbed
by the sample. The absorptions measured by NIR spectroscopy correspond mostly to overtones and
combinations of vibrational modes involving C—H, O-H, and N-H chemical bonds (Osborne et al,
1993). Recording the electromagnetic radiation absorbed from those molecular bonds in the NIR
wavelengths produces spectra, which are unique to a sample acting as a “fingerprint”. The collected
spectrum includes data related to the chemical and physical properties of organic molecules in the
sample and, therefore, important information on sample composition (dos Santos et al, 2013).

4 APPARATUS

Portable vis/nirs device (qualityspec trek: s-10016) from ASD, PANalytical Products, Malvern
Panalytical B.V, Lelyweg 1 (7602 EA), PO Box 13, Almelo 7600 AA, Netherlands
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5 INSTRUMENTATION

5.1 Operating mode to Start instrument

e Turn on the instrument by pushing the start button at the right hand side of the instrument.
(The power LED turns green to show the device Is turning on).

A ]

Figure 1 ASD portable NIRS Device

¢ Place the white reference disk on the window of the portable ASD device and allow it run
for about 2 — 3 minutes while the instrument does internal configuration and calibration.

Figure 2 Reference disk Figure 3 Sampling cups with the white cover

e NIRS scan was conducted on intact and mashed cassava roots by placing the smooth
surface (pulp part) of each section (proximal, central and the distal) and the filled sampling
cups on the window of the portable ASD NIRS Instrument.

o After each scan, the window of the portable ASD device was cleaned with wet soft tissue.

5.2 Instrument Configuration

e Performance test was conducted for wavelength accuracy and noise level was conducted
prior to spectra data collection. Before the performance test is conducted, the device
operates a self-internal configuration and calibration. This takes about 2 — 3 minutes and is
observed by the different start-up display on the screen of the device. The performance test
is done by taking about two spectra of the white reference disk as a baseline for creating
diffuse reflectance. It is used to check instrumental noise of the instrument (the ratio
signal/noise).

Rt
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Stage 1: when the device was turned on,
asking for reference disk

Stage 2: Internal instrument calibration after
the reference disk is placed on the device.

==m) | Stage 3: Internal configuration of the
instrument

=) | Stage 4: Device ready for spectra capture after
the start up processes

Figure 4 Different stages of the device start up
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6 SAMPLE PREPARATION PROCEDURE

Mature, healthy and fresh roots of varying sizes; big, medium and small were selected for each
genotype to obtain a representative of the field plots. The fresh roots were washed and dried with a
paper towel to remove dirt. The intact roots were cut axially into proximal, middle and distal sections.
The dimension of each section is subjective depending on the length and shape of the root. However,
the stalk on the proximal end is cut off before dissecting into three parts. The surface of each section
was cut smoothly with a stainless-steel knife, and then tagged with a labelled ribbon then placed in
a clean whirl pack bag for analysis. NIRS scan using ASD Spectrometer was conducted by placing
the smooth face (pulp part) of each section (proximal, middle and the distal) against the window of
the portable ASD device. For the mashed cassava roots, 2 — 3 different quartz cups were filled with
the mashed cassava samples (of about 8 — 10g). The two/three cups are chosen to serve as
replicates for the samples during spectra collection. After filling the sampling cups, the already filled
sampling cups are covered with the white cover (came alongside the portable NIRS device) and
placed against the window of the portable NIRS device and scanned. Prior to scanning of the
samples, spectra of the white reference disc is always taken. This helps check the accuracy of the
spectrometer. (See fig 1 and 2 below).

6.1 Protocol of spectral measurement and sample
codification

e The appropriate codes were used for the samples. The code used for each sample does not
exceed 12 characters to prevent loss of sample codes when exporting spectra data. The
codes used in this SOP are as follows:

G1BP1: Genotype 1, Big Proximal 1
G1BP2: Genotype 2 Big Proximal 2
G1BM1: Genotype 1 Big Middle 1
G1BM2: Genotype 1 Big Middle 2
G1BM3: Genotype 1 Big Middle 3
G1BM4: Genotype 1 Big Middle 4
G1BD1: Genotype 1 Big Distal 1
G1BD2: Genotype 1 Big Distal 2
(Preceding genotypes continues.....G2, G3, G4 etc.).

o Duplicate spectra were collected for each of the mashed sample while twenty four (24)
spectra data were collected on the intact roots,

e Spectra data collection takes about 5 seconds per scan

6.2 Procedures for spectra storage

e Spectra data were exported to the WinISI software stored in. nir format on the computer’'s
hard drive. This was done by transforming the spectral data to log (1/R) using ViewSpec Pro
software through the following steps:
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e Select the input directory for the spectra files in the ViewSpec pro (the input directory is the
location where the spectra data files reside)

ViewSpec Pro Version 6.2
Fde Procesz Ve s-ﬂup Help
Input Directorny - C\Users\ Trek 1004 3Uses\ Documents!, TrekReadings),
Output Darectory - CAUsers\ Trek 10043Us e\ Documents, TrekReadings_Output

e Select the output directory for the spectra files (the input and output directories do not have
to be the same directory). The image below describes the interface after the output directory
has been chosen

A et Pathe C\Usets'\Trek) 0043 e Documents' TiskReadngs | L Outpad Pt C\Uweesh Tk ] 004 30 pee\D ccuments T sk Rlesdings_(Oulpad

e Select and open the ‘file’ icon on the main menu bar and then choose the files for post-
processing;

A ViewSpec Pro  Version 6.2

File Process View Setup Help

Open

Close

Bt

e The following dialog box will be displayed, which will automatically taking you to the directory
selected in the first step;

ok Select Input File(s) >
+ « Documents » TrekReadings v O Search TrekReadings P

Organize = MNew folder it - M o

| 18.CASS.PYT,52.1B_IBA-5_10043_0001.ASD
18.CASS.PYT.528_IBA-S_10043_0002.A50
18.CASS.PYT.52.1B_IBA-S_10043_0003.ASD
18.CASS.PYT 52.1B_IBA-S_10043_0004.A50
18.CASS.PYT.52.1B_IBA-5_10043_0005.450
| 18.CASS.PYT.52.18_IBA-5_10043_0006.ASD
18.CASS.PYT.52IB_IBA-5_10043_0007.A5D
18.CASS.PYT.SLIB_IBA-5_10043_0008.A50
18.CASS.PYT.52.18_IBA-S_10043_0009.A50
| 18.CASS.PYT.52.18_IBA-S_10043_0010.A50
18.CASS.PYT.52.IB_IBA-5_10043_0011.ASD

| 18.CASS.PYT.52.1B_IBA-5_10043_0012.A5D
| 18.CASS.PYT.52IB_IBA-5_10043_0013.A5D

18.CASS.PYT.52.1B_IBA-S_10043_0015.A50

| 18.CASS.PYT.52.1B_IBA-5_10043_0016.A5D
| 18.CASS.PYT.52IB_IBA-5_10043_0017.A5D
| 18.CASS.PYT.52IB_IBA-5_10043_D018.A5D
| 18.CASS.PYT.52.1B_IBA-5_10043_0019.A5D
| 18.CASS.PYT.52IB_IBA-5_10043_0020.ASD
| 18.CASS.PYT.52.1B_IBA-5_10043_0021.A5D
| 18.CASS.PYT.52IB_IBA-5_10043_0022.A5D
| 18.CASS.PYT.52.1B_IBA-5_10043_0023.A50D

File name: | 12.CASS.PYT.52/8_BA-S_10043 0001.ASD | | Al Files (")

- Select the file(s) from the list available in the directory

- After selecting, then click ‘open’

Do

golclo
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e Select all the files and from Process pull-down menu and then select log 1/R (1/T) option

ViewSpec Pro  Version 6.2
File | Process View 5Setup Help
Reflectance (Transmittance)
Absolute Reflectance
Radiometric Calculation
Log 1/R (Log /T)
1st Derivative
2nd Derivative
Parabolic Correction
Splice Correction
Lambda Integration
Quantum Intensity
Interpolate
Statistics
MNEDL
ASCI Export

log 1/R (1/T) option Converts reflectance or transmittance to absorbance;
Absorbance = log(1/Transmittance.).
Now when this is done, all the .ASD files will be converted in to .abs files, as seen below:

il ViewSpec Fro Version 6.2
File Process View Setup Help

cwmw-wwmm&wﬂwﬁmi ﬁmkmf&s ERIE [BAS 10043 DOOTASD ok

AWhsersh Toek 10043 zer\D rek Readng:_Ouipu\18 CASS IB_IB&-5_ 10043 D002 50 abs
cwmmmmwumwumnmua CASS IB_IBA5_ 10043 0003 S0 mbe
g Tk 100U 3L s Dl stuments' Trek Reachngs_Dulput\ 18 CASS IB_IBA-5_ 10043 00048 ASD sbe
L \U:m\Tlnk]W’Jm\Dw:'ﬁTrdRm: Otpt\ 18 CASS BB_IBA-S_ 10043 0005 ASD abe
T\ ees\Trek 10043U ser\Documents\ Trek Readings_Dulpet\18.CASS IB_IEA-S_ 100430006 ASD abs
C AL mees! Toek 1 00430 ser\Documente’\TeskReading:_Dutpu 18 CASS 1B_IEA:S_10043_ 0007 ASD.abs

T e\ Toek 10043 sed'\Documents\ Trek Resdngs_Oulput\18.CASS |
Tl es Taek 100438 ser\Diocumentsh Trek Resdng:_Duput\18 CASS
C ez Tuek 10043 2er\Diocuments\ Trek Reading:_Dulpui\18 CASS
C\Uees\ ek 10043 00 \Diocument s\ Trek Reading: Duput\18 CASS
C W s Toek 10043 ser'\Documents\ Teek Readng:_Dupu\18.CA55
T\ s Tuek 10043 ser\Diocuments\ Trek Readng:_Dupu\18 CASS
-\ e Tk 1004 3U ser'Diocumentsh Trek Resdings_Duipuni18 CASS
C:\Lbawes\ Tuek 1004 3L 0 \Document s\ Trek Reading:_Dulpult18 CASS
L gwes'\ Toak 100430 v \Documents' Trek Reading:_Duipu\18 CASS
Cwmmmmmnwumnmwmuauss
ALz Tuek 1003, ser\Diocument s Trek Resding:_ Dulput\ 18 CASS |
O\ s\ Tuesk 10043 st \D ocumaent s Trek Readings Dulpul\ 18 CASS

BAS T0043 0008 ASD abe

s

31
sass
555
4443

i

5 10)11 wmsnm

£5
s
BEZ
'

82
:
:
4

s 10043 0078 A abe
£ 10043 DONSASD aba

g2
gs:
B
B

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂmﬁﬂk}ﬂ
EEERBRERABEEEE

FEEEFEEEPERR EEEEE EEFET

33333333333ZEEHHEHHHHEZ

S
CAU s\ Toeh 10043 ser\Documents\ TrekReadings_Dulpat\18.CASS -5_T0043_ 0027 ASD abs
AR eea' Toek 10043 sor'\D ocuments\Trek Readings_Outpai\18.CASS +5_T0043 002 ASD. abs
€\l mes’Taek 1004 3 ser\Document<\Trek Fnadings_Dutputt18 CASS PrT 52 1B_IBA-5_ 1004300271450 abe
C AL s Tk 10043 ser\Documents\Tosk Rieadng:_Outpat\ 18 CASS PrT 5218 _IRA-S_10043_0004 ASD sbs
C W serahTuek 10043 ser'\Documents\Took Reoding:_Dutput\ 18 CASS S2IB_IBA-S_00MI_DOZSASD aba
C: AL ses' Taek 1 0043 ser'\Document s\ Trek Rmacing:_Dutpuit18 CASS S2IB_IBA:S_T0043_ D025 ASD abe
CALtswes'\ Taek 10043 ser\Document:\Teek Reading:_Dutpat\18 CASS PrT.S2IB_IBA-S_10043_D027 ASD. abe
O\ Tk 1004 3Lt \D ocumante' Teak Reading:_Dulput\ 18 CASS S2 0B _IRA-S_ 10043 DR ASD sbe
cw-usxnmwwmww-wmw DM}:&E&:«%E Eﬂ! E_ F_E%E EL’“S »‘}Eﬂ abs

e Inthis step, Select all the. abs files and from ‘Process’ pull-down menu and choose ASCII
Export option. This process will now convert data files into ‘ASCII text files’.

Rt
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h ViewSpec Pro Verslon 6.2

File Proteds  View Setup Help
Reflectance (Transmitiance]
Absedute Reflectance
Radicmatric Caloulation
Log /R Leg 1/T)

111 Demvatree

2nd Derivative
Parabodic Cormection
Splhce Cornection
Lamnbeda Integration
Qb Ingensity
Interpolate

Sautigticy

HEDL

impont Asci X, ¥
BOAMP-DY Export
Brari= Lueishe
Colerimetry..

GRS Log

Cornnes Hull

When ASCII Export is selected, the following Dialog Box will be displayed:

ASCI Export

Data Format for . asd files only

O DN (O Reflectance O Radiance/lradance

O Log1/Mm Absolute Parabolic Correct

(®) Log 1/T () Transmittance
Drermvative

@Nonse O1st  O2nd | SetDerivative Gap |
Heaaders Data Organization

[ Print Header Information () Colunns

[C] Print DMLY Headsr Information @ Rows
HAsis -

21 Print 32 Fx Separator
@) Wavelength [7"
) Channel # B Dutput to a Single File
Fow Title
1 Prirt Row Title
(@) Print FileMamels) at Laft of Flow
() Prink Collect Timels) at Left of Row
[ Print Description/Note
oK Cancel

e Select log 1/T for Data Format for .asd files only

e Select None for Derivative

¢ Data organization should be Rows

e Under field separator check output to a single file option
e others will be left as default

e Click ok

Rt
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When these are done, a warning message will appear; then click yes.

ViewSpec Pro

for Mstlab.

Do you warnt b Contnue?

Data cutput in ROW organization is mon-standatd
and may ned impon wiell mbo progeasms like E0EL
Thin format bwithout header, axid and titse infio] is acoeplabile

w =]

After this, provide a name for the single file and click ok. It saves the file in the selected location;

o Select Asci File *
o i « Documents » TrekReadings QOutput - & sarch Trekfleading fput P
Organize « Mew folder - [ 9
Name : Saze o
| 18.CASS.PYT.S2IB_IBA-S_ 10043 0001.AS... 1KR
7 18.CASS.PYT.SLIB_(BA-5_10043_000Z.AS... ¥ KB
 1B.CASS.PYT52I18_IBA-5_10043_0003.AS.. 7 KB
7 18.CASS.PYT 5218_IBA-5_10043_0004.A5,.. 3 KB
7 18.CASS.PYT.52.18_IBA-5 10043 0D5.AS... KB
1 18.CASS.PYT 5218 IBA-5_ 10043 0005.A5... ; KE
7 18.CASS.PYT.52.18_IBA-5_ 10043 DOOT.AS... JKB
T 1B.CASS PYT 5218 _IBA-5_ 10043 _000B.AS... KB
7 18.CASS.PYT 5218 IBA-5_ 10043 0009.45... 1 M S Filie 3 KB
T 18.CASS.PYT 5218 IBA-5_10043_0010.45... 3019 3:2 . 3K
'.‘mr';,{r_nw €3 iR iRA-C 1AL AN A 1% (' (-] i
File name: | 18.CASS PYTS2IB complete w| AN Fies ) -
Cancel

Next, open the saved file in excel (this is done by dragging the file to excel). It will include Sample
number in the first column and spectra data for wavelength from 350 to 2500 in next coloumns as
shown below. Each row corresponds to individual spectra selected:

LB CASS.PYT.S2 08 IRA-S 10043 O008.ASD . ak5 CLITHSS0 DAT4TEL 0374074

11 ISCASS TSNS IRA-5 L0043 DO1RASD. 804 QLATLIST 0809505 DA0TEEL

1RCASSATAZIE_1RA-5_ 10043 D012.A50 a0 RAITRIS D519 DII0ET
18 CASSPYT 52 68 iBA-S 10043 O013.AS0 abka GLEAT1ST DLALEDES f4EE45D

4 8-

HBCASSPYT S208 IRA-S 10043 0015450 aba. QAT QANIT DA
%6 1B.CASSPYT.S2EE_IBA-S 10043 0015.ASD.abs CLAIIIE 416653 D417HM
T ARCASLPYTSIM AL 1904) 0017.ALD ks AT .AISI OA1ELDS
18 18.CASS.PYT.S2EE_IBA-5_10043_D018.A50.abs. CLEEETAS O.3ESTS 0153143
0 15.CASSPYT.SIE IRA-S 1004) CO10.AS0.aka CLEIOTED CLATINIE CLEIRM
20 18.CASSPYT.S2I8_IRA-5_10047_COMASD.abs. LI 0412130 0414150
31 1E.CASSPYT.SINE IBA-S 10041 DOFEASD.ak4 0909 0.37I058 0370013
28 IRCASSPYT.SRNE_I0A-5_10040_00F2.AS0 aba BLE40003  DADAIY D40H4T
23 18.CASS.PYT.SDEE IBAS L0043 DOJIASD.abs QIS OATIERL 0423353

18.CATS VT S100 (MA-S_1A04) 5034ALH ks GIRATT BATHS00 O3S

i

15 CASS.PYT. 5208 IBA-5 10043 0025.A50. 463 QLITHAEE DQIATTSSR DR

ARCREE FYTRE I8 _povmpds
L L PACE LAYOUS FOEMLL AL bafa W W
a1 i Wweelength
A ] - ] i ¥ G H

1 [wavelenges ] we i f] 11 e e ¥ E
2 1B.CASSPYTS2IE IBA-S_10043_COOLASD aba CUATIENT 0.ATIENT DATSTGH 0477454 0.455001 D.ESISO1 DABLES 0481719
| RCASPYTSIIE A5 1004 0002 ASD abs LGOI DA AT 0450410 0450745 DE4TISI OA4DSEY Q4G
4 1B.CASS.PYT.S208 IBA-S 10043 COG3ASD abs CUA0521 D.439755 DASKSLS 04731 0845418 0.ALITSS DALISE 0451841
5§ BCASLPYT.S208 INA-S 1004 0004 ASE.abs CLEERIGE CLATAITH QATIARD Q4BHMS QATISOT OATIN 047514 QATAZER
6 1BCASLFYT.SLIB 1BA-5 10043 CO0G.ASD.abs CLEINESS DAAMT D44I910 DUDE D4MM1 044391 04 QLA415T6
7 1S.CASSPYTSIIE IBAS 10043 CO06ASD.aks CLMSTTE 04348 (486115 DLA44568 CLA467S DUA46EN] 0451358 (L488017
B 1ECASSRYT.SLI8 INA-S 10041 COUALD abs QTSN AT QITITAT 007ENIT 0085134 0383153 C.OKIZIN 0I818TS

QI79793 0160 0379182 OENT DITH0SE

0 1BCASPYT SRS DA 10041 SO0 ASD aba BETET BATIIER CATIN DATISTY OARATIY OARLIRE O ATIMMY DLATISES

DALZE0T DARSIRS OA1LES] QALADED DA0EIL

18 CASSPYT 28 A5 10043 B011AD aba GSMGENY BSEHE DEBMI6 DSIRIET B.45004 OS41B4E 0540800 DLSE19E0

CA2E805 0534417 Q51008 QEIING 0527150
D.480051 D415 BLA4TETT OLASITH D4525M
CARRME QAN QAIIRE QARIIET DAFIOT
DALTINS 0423469 CA10TO4 0432231 0421059
OADE 0AIMI4 QENIID 041N 0418007
0391208 0395397 QLIMSGT 0355724 0392928
OALEOXY Q417D CLAII404 0413406 0415496
0.4LEESE D.AISI8] 4188 D400 D.415708
0370755 G.7SI1D CLITSEA O.3THITE 0.375T0
DARGES GA0006  D.A4 OAANREM D480E
0AII97 CAIGODY CLANC4ED QATITY DAMSEL
G755 0.57RIZE OGRS GITIO0N OAPETIS
0275598 079601 280150 D.IEITSD O.2806L

! K L o N o

i ne 10 el £ oy
0475400 D4THIOS OLATO4TSE DLAEOTEE DL4E5731 O4ESH
BALIET 045N O4S20Ee O ASIETE 0438454 045310
0454771 O45TTRE OLUSBO0E DLASST4T D575 D45911
OATEME O4TRT OAROTED OLATEDEl O4RMG3D O4d168
0441550 D4ABA23 QAS553 Q843051 Q51613 D451
Q44TITE 0440182 (L4284 DLATEIS Q451513 D450TY
DIR1117 O.I84T75 CUEBASER DJA17H QA0S 015450
038115 03751 DUEE23TE O3BIS71 Q3813E0 Q383
OARINSS QARTETH Q4THIL] S4TEONT DATIUXT Q47D
OALIGTE DALETES QLAIOSDH] Q50584 DALIST7 D413
O540E0 55EME4 G400 DSOBEL DGALASE Q4NN
050500 OR35S Q53199 QSIMIIT 05136 03005H
DA5308) 0457881 0456541 OLA5DAY] O454B30 0454
GATME OA4iIR 00155 QANTITE QANTROR 0450
0421712 DAITOS4 CLATSD0S DLATIFT OLATIGEL D4263!
OAZITEE Q406505 CQAETES C4F2e41 Q424030 04330
QIS 0.196819 OFG5AT 039018 Q355973 03881
0423811 0425158 CLAXITEE 0418406 0419090 041874
DALTA DA2LTES CATLEEE DIRG9 QA58 QA2
DA745TE O.ITRISY OLETOEIT OATATI? QATHOID ORELH
BASPHS 051050 OLEGET] QA4013A D4dTaRl 04400
DA2ETTS DA2GIES DLAMMELE DLAJIGAR QATINIS DA2ELY
GATIGRN APEATY G NVSESR SNTIENS QUMD OITELE
DI7T245  DI7T997 Q2SIES1 O.2B0M0E Q2EITE Daaasd

Now Winisi software accepts inputs in the following format;

. No heading information — the first row of the file has to be deleted,

Rifeads

Page 13 of 26



https://rtbfoods.cirad.fr/

RTBfoods-WP3

SOP: Protocol for NIRS Measurement on fresh intact and mashed cassava roots
using portable ASD Near Infra-Red Reflectance Spectrophotometer.

Date: 08/12/2021 Release: 1

. Sample number is a 12-character alpha/numeric identifier - add a new column with 12-
character Sample number and delete the original Sample numbers. (note : It is recommended to
save the original Sample number and changed Sample number in a separate file for future
reference).

After editing the sample codes, you save the file as .txt

NCASEPYTI I, comgits - Lol Tl -

1] - S GATANVEIGESEINIG

A ] c o i v [ " ' i X L ] [ o [ Q )
CATEROT CATEENT OATITEL OATIALS O4EI0E] 0421900 0481306 OARITIS OAT401 O.4TE19S O4TMM 0480084 (485731 048509 CLABOEDE 0473144 O4801)1
Ddd5iid  DALEO8 QEIGAYE QAMCMIT 0.AS0M4Y DA4TI5) OASUSES QULABSTRE 045043 O45AESD O4L2300 DASISTE O4MGA5S 0ASRI04 Q.A4OTIT CASNIAT Q4NEGE
0440521 D.AMITIS O.845545 04873 0445418 0484755 DA4ESE4 0451481 OLESTH] OASTTTE 0453006 D.4SSTT 0.45TISE OWASDILT OLAS0074 O.LELIGT 046341
0468104 D.ATAITE] DLATIEST GLOGHBS GATIIGD 0.47I00) CLATSIE DWTEIEE CATBOLO QLATATET ABITED 0ATERE] 0.4H2) DARISEE D.ERNOT CLATOTIA QK26
DAISE9F Q44387 QA4IPLE Q440648 DAL Q84390 Q486 QUUAREIE Q843997 0843413 084951 DAL09L 045IG1) OWASRESE QARITGE OQASITT Q41T
CASEY7Y OL44R148 O.S46KI5 Q444548 0446751 0486810 OASIGE OAROLT O.847074 C.S403E2 O 84840 QA4TGEIE 0451521 OASOVST C.AMET O.S46604 L4400
0.375500 0.379324 Q.ITITAT QITESIT 0.AFSLM 0333153 0383218 CUALETE QRELINT Q3BATYS QAAGAE  OELTE 0343506 0384507 CLRALEV CABAIT1 QIS
0375859 O.3T4YA1 OATAOTE QATHTHE OIRINGS OIPHLED OIRMOY GIVOOGE ORELINS OBEIULE O3ANITI 03RISTH 0321380 O 3A3SE ORENGOE O.BEIEGE O0.3ENY
DATEET OATHINE OATII6 QATINTZ QABATI) QANIZER 0475709 QATSISE OENLIAE QAKINTD QATSIIL DATENN? OATTVZT DUIDISA OATTED] 0877110 Q4TI
D4L135) OA0R505 QUA0REI1 412107 OA15LE 0411860 0414050 QU041 Q812621 0414749 Q410001 DA0SSCA 04LISTT QuANBMB]1 QUAILE34 Q811209 Q108X
D.5MERUL CLABRAST DLAMSGLE QSIPUED 0545364 0.S81341 0.SS0536 DSA190) 0540760 0552068 549010 DSSLNRD DSSSESE 0SISM5D O.S4STEE 545185 Q5451
OSITELS DI2LD Q51T Q5ISESS 0534417 0533034 0520186 D5SITIS] DSI0HA1 051656 051150 DSIENNT 0.SIND6 DSIN056 051790 DSNES 053K
O.44F0F CLAASESE OLA4B45D QLALDOSE 04416 OASTATI Q453094 DASFEZE OLASMGED OASTEIL 0456541 QASIAM (4S4HDR (45434 OMS5681 CLASA1S OL4E5TH]
DAIZIE] CAILIIT QAR QAMINCE QIOES DAITHS DARVIGT QAIN0T 0AITOZ 0847188 QAE0LES DAITITE 0AITIUE DARBNT CLMMIE Q.S40D8T] Q4N
OALMIE OAI6E50 QAIP934 Q417105 0422469 0419704 0421231 Q421009 QANTIR OAXMOSY Q42000 DAIDSY 0423551 (LAQG3SH QLAITORS O.4TIEID QLATES43
0415571 DAI5I2E OEIR1S6 O4P0E0 O4TIENd 04DOON O4TIOE OMIRINT CAXITE] QATSESH O4RATI) D4ZiG4E 0424000 GARNIAS CLAJEER} 0.434TIS QLTSN
CISETAS CLIESTO4 DIEDI1A3 QIREI0N 0I9SHET 004957 DI95TI4 DIGRSI4 039165 O.396BI0 0NG4T 0305618 0395971 0USEII) O.BSATT O.¥SGSD OUITH
DAJOTEY CLATLEEE 0.40KME QALSOYE OLAIPTY 0AZD04 Q4LE406 DAISAD6 QLAXIENE OLAJSIEIR O42IT4A Q416805 GLARDIDR QUEIETEL OLAJOOO4 0417408 041675
GALIGIL 0402101 QAIA1SE QA1AEGG 0419281  DALEE Q20604 QULLTOR QAITTLE QEITIO QAZIGN QAISGIS QA5 QAXXEE QUAIZIG1 QA58 QAICI
0.IM0E 0371958 ONTOME QITOTSS O.ITHIAY 0374400 0.37EITE GUIVESTE ONPESDE ONTAXSE OUITISIT OITETRY 0.37SGAY 0 3816E OBELES] O.BEOTIS OUIELEY
O3l 0AREES QLE408AT QLAiPRiG DAGE000  OuldTd O.AL0RD DubBID O.ed9Pel CaBLISE QAeSOT] OAAILER O4TED1 CubdBOGh 0644373 Qad1)Pe d4d2dld
DU2ISAL D.AJIEA] QAI3ISE DWZIST 0426009 DARGIES 0423579 DAISGL D.AI6TTS LAI6139 O4PMS16 0421943 (L1135 OAIGIG C.AJEBIS 0.822811 D263
0.ITELTT Q371500 Q060651 QATITH OI71NM 0368490 0073003 CUITEYRE C7HUOY QATEST? QIT405A 007N OQITEMMD CPRIOE CLATM41 0.37522 QUITEE)
DIPSABL OITTHAT Q2TGHME DTN 0075601 0280151 08175 GUIEDGR] QATTME  DUPRST 0282831 080608 0.181078 0.1E3651 O.2HI581 O.ITH451 Q28081
0064701 O.BSE5E5 O.PS6144 O2G6TIE O 76EF16 02GESR04 0.160R1Y GUMEHOT ORS&1A4 OITROGT OIFISED DITOPER GYMASTY GIV1I04 OBGGED OXNMEN GIFIOTY
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Then go to winisl, Open the Winisi software, create a new project.

4]
Filez Score  Plied  Calibeste  Monor  Help

EH-w-E) -

Frogect Fath Fie e
Wil & gemg L Pragram Fley ISP infrascft Inematoral Wnil | &500 e
SO0 rer
BLE_TESTNR
o I
ug Peoject Detads X

Project Details
Pogeci Mamw | LBCASS PTT 8218 ]
Prpect Foir |G "\Linerw\ Trek, D00 DUper Deabtog 18 CASS FTT 5280

o Canoed

Select ‘Convert’ from Files pull-down menu
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13 WinliS1 Project Manager

Mew Project

Edit Project

Delete Project
Open with Fileview

Standardization ¥

Reduce
Trim

Corvert

Exit

| Files '_ Score  Plot  Calibrate  Monitor  Help

] - (ol - [E¥Y -

Prosect Path
C:\Program Files (xBE)\Irfrasc
o\ Umers ' Tnekc 1004 3 sar Dy

Select the input file (.txt) and give output file name and directory to save

1M WinlSI File Conversion

Input filename|s)

Input directory

Directory files
18.cass.pyt52.ib_com pII iseridocumentsitrekreadings_outp utl 18.cass.pyt.52.ib_iba-s_~

wildcards may be used

Output filename(s)

cass.pyts2.ib_co mpltldl IF:1

W

18.cass.pyt.52.ib_iba-s_
| 18.cass.pyt.52.ib_iba-s_
18.cass.pyt.52.ib_iba-s_
18.cass.pyt.52.ib_iba-s_

18.cass.pyl.t
18.cass.pyth2.ib compl

Output format  Directory

Output directory

WinlSI (T e O U RITETT D a0 cAusersitrek10043userddeskiopyl B.[l
NSAS cAprojectslisifiles
IRIS c\projectslisifiles [ ~
ASCII UNSCRAMBLER  c\projects\isifiles [~
ASCIl c\projectslisifiles [B]
JCAMP c\projects\isifiles I[E)I]
IF1 v
Begin Conversion Set Output Directory Preferences Exit Program

Filecon

e ]

0 &re sample numbers present in the file?

Ho

Do

golclo

A prompt to check if the sample number is present in the file will pop up, select ‘Yes’
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Enter number of Constituents — 0

B ' Enter number of constitu... X
Enter a value:
D

(1] 4 Cancel

Enter the number of X data (wave length) : 2151 (as it is from 350 to 2500)

B ' Enter the number of X da... X

Enter a value:
2151|

oK Cancel

Enter the number of scannings : 3

B ' Enter the number of scan... X

Enter a value:
3

OK Cancel

Enter the first wavelength : 350
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B ' Enter the first wavelength X

Enter a value:
35()

oK Cancel

Enter the wavelength increment : 1

B ! Enter the wavelength incr... X

Enter a value:
f

OK Cancel

Enter the last wavelength : 1000

' Enter the Last wavelength X

Enter a value:
1000

OK Cancel

Enter the first wavelength : 1001

B ' Enter the first wavelength X

Enter a value:
oo

OK Cancel

Enter the last wavelength : 1800
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B ! Enter the Last wavelength X

Enter a value:
1800

OK Cancel

Enter the first wavelength : 1801

B ! Enter the first wavelength X

Enter a value:
h1801

OK Cancel

Enter the last wavelength : 2500

B ' Enter the Last wavelength X

Enter a value:
PS00

OK Cancel

Fileconv X

1 file(s) converted successfully.
28015 file(s) converted unsuccessfully.
See fileconv.log for details.

OK

Ry fendts (olslo

Then finally, a File converted prompt displays to show the file has been converted successfully
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Stace 1: Randomization of fresh healthv roots for selection

Stage 2: Selection of Big, Medium, and Small
root per genotype

Stage 3: Cut roots into proximal (top),
central and distal (bottom)

Stage 4: Smoothen the surface with knife

Stage 5: Label with ribbon and
ready for scanning

Stage 6: Scanning with the portable ASD
device

Figure 5 Work flow of intact cassava roots measurements using portable ASD device
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Stage 1: Randomization of fresh healthy roots for
selection

Stage 2: Selection of Big, Medium, and Small
root per genotype

Stage 3: Stainless steel knife for
peelina the roots

Stage 4: Peeled roots ready for
blendina

Stage 5: Blending of Cassava roots

m==) | Stage 5: Blended fresh Cassava roots

(= L R R TR T

e
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Stage 6: Collecting spectra on blended
sample with portable ASD NIRS

Figure 6 Work flow of mashed cassava roots measurements using portable ASD device

/ LIMITS FOR SPECTRA REPEATABILITY

7.1 Method of calculation and formulae

The repeatability test must be carried out by taking at least ten readings on the intact/ mashed roots
(the measurements must be taking from the same part and point). And, the average of 10 spectra
are obtained and compared between them. The mean (X) and standard deviation (s) of the
absorbance for the average spectra were calculated for each wavelength, and the root mean square
error (RMS) was calculated using the equation below:

> (Xi- Xi)?
P

RMS(i) =

Where:

X average of absorbance of wavelength |
pnumber of wavelengths (j variate from 1 to p ).
Xij is an absorbance value of spectra i for wavelength |

250000

A Gl
200000 - A B G2
[ | meanG1
150000 |m A —meanG2
[ ]
100000 =
u - ‘ -, ‘F
50000 —a——at n 4,512 uF
AW A g L A ]
A,s . m AA®E A " A .
0
N O < N O N0 O O A AN N < 1D ON 00 0O O d N MM <
99939998937 d3z33833232a28d88
22222z2z2zz22sg8gg8g8282¢2¢¢<¢
X @£ £ £ X £ X X X X X X X x o

Figure 7 Scatter plot for the RMS values of the different portions of the intact roots
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The graph (Fig.7) presented above shows the root mean square (RMS) values of the different
portions of the intact roots. From the graph, the result shows that the total mean and standard
deviation for genotype 1 (G1) gave 47686 and 42255 respectively while the total mean and standard
deviation for genotype 2 (G2) gave 69378 and 49059. The overall mean values for the two genotypes
analysed gave 58532 while the overall standard deviation gave 45657.

100000
90000
80000
‘S 70000
D 60000
£ 50000
v 40000 mG1
E 30000 G
20000
10000 I l
0
Big Medium Small
Size

Figure 8 Histogram showing the RMS of the different sizes of the intact roots

The graph (Fig.8) presented above shows the histogram presentation of the root mean square values
(RMS) for the different sizes of the intact roots. From the graph, the result shows that the total mean
for the big, medium and small sizes of genotype 1 (G1) are 3114, 48495 and 54463 respectively.
For genotype 2 (G2), the total mean for the big, medium and small sizes are 91333, 25023 and
39806 respectively.

DM intact Cassava Root average spectra

45 R*2=0.771 ° ]
g ® e .. ®
= 'Y
o ..
T 40 e o
- ]
= ® ) ®
[m]
o
35
35 40 45
DM NIRS

Figure 9 Scatter plot predicted on DM by NIRS versus reference on DM for intact roots
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The scatter plot (fig.9) above shows the prediction of DM by NIRS versus the reference on the DM.
The intact cassava root gave a good prediction (R?) values of 0.771. This indicates the level of
accuracy of using the intact root method for trait prediction on cassava.

® Gl
o © GLRWVS3 62
38331 meanG1
meanG2
3 ® Gl RMSE;
3 . .
= G2; RMS1; &
g o —5— bRk ﬁneanGl,—R-MSb;eanGl,—RMSB)eanG'l,-HWﬁéanGﬁsRGN%S;
19 .
2 G998 G1; RS9 19193 19198 11k,

meanG2-RMS ipfagiidoRiNs mean G 2-RiviS BypagioRa tME EABMENISE;

12135 35 12135 35 124685
113714 G2; RIMS3:8867 11387
G2; RMIS6; 7455

® ® G1;RMS4;2793
Figure 10 Line graph for the RMS of the mashed cassava genotypes

The graph (Fig.10) above shows the line graph presentation of the root mean square values (RMS)
for the different sizes of the mashed roots. From the graph, the result shows that the mean for the
big, medium and small sizes of genotype 1 (G1) range from 15940 to 19633, 2793 to 38331 and
14799 to 23663 respectively. For genotype 2 (G2), the mean for the big, medium and small sizes
ranges from 11371 to 21353, 8867 to 11307 and 7455 to 12458 respectively.

45

" Mashed Cassava Root e
43
= 4 2
% R - 0'995 ...'.*‘."'.
5 41 . :
0 N
8 a0 «
>
N 39 *.
38
38 39 40 41 42 43 44 45
DM NIRS

Figure 11 Scatter plot predicted on DM by NIRS versus reference on DM
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The scatter plot (fig.12) above shows the prediction of DM by NIRS versus the reference on the DM.
The mashed cassava root gave a high prediction (R?) values of 0.995. This indicates the level of
accuracy of using the mashing method for trait prediction on cassava.

8 RESULTS AND DISCUSSION

From the results, it could be seen that the RMS values of the twenty-four spectra representing the
different portions of the intact root, from 400 nm to 2400 nm acquired on Genotype 1 (G1) of the
intact fresh roots ranged from 9681 to 190249 pabs with a mean value of 47686 pabs, and 15915 to
195978uabs with a mean value of 42255 pabs acquired on Genotype 2 (G2) for the different portions
of the intact fresh cassava. However, the RMS values ranged between 2793 and 38331 pabs with a
mean value of 19193pabs for the Genotype 1 (G1); and between 7455 to 21353 with a mean value
of 12135pabs for Genotype 2 for the six spectra representing the different sizes of the cassava roots
from 400nm to 2400nm collected on the blended fresh cassava roots. According to these two
measurements, it could be seen that the RMS values for the mashed cassava roots were much lower
than that for the intact roots. In addition, the R? value of the DM for NIRS versus reference of the
mashed root genotypes (0.995) was seen to be higher than that of the intact root genotypes (0.771).
Although the intact root gave a good R? value, the mashed cassava roots SOP could be used for
more accurate prediction of traits on the crop.

O CRITICAL POINTS OR NOTE ON THE PROCEDURE

Ensure that good and healthy fresh cassava roots are selected for the analysis.
2. The roots sub-sampled should be the right representative of the lot to be evaluated.

It should be made sure that sharp knives are used to cut the cassava roots to get good
surfaces for good spectra.

The surface of the roots to be scanned must be smooth to avoid light scattering

There must be precautions to ensure quantitative transfer of the content after blending into
the NIRS sample cup

6. Ensure that the surfaces of the roots to be scanned are well placed against the window of
the NIRS device (for both the mobile handheld and stationary NIRS devices) so as to get
good spectra.

7. The window of the NIRS device must be wiped with mild solvent intermittently as the spectra
are being collected.
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