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Histological and biophysical changes
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Abstract

BACKGROUND: Retting is a key step of cassava processing into widely consumed foods (fufu, chikwangue, miondo and bobolo) in
sub-Saharan Africa. For some populations, retting ability is a major quality criterion that drives the adoption of new cassava
varieties. Despite this importance, the physiological basis associatedwith this process remains poorly understood, and should lead
to improved screening tools for breeding. Eight cassava varieties contrasting in retting ability properties were used in the present
study. Roots and soaking water were sampled during retting and characterized at both histological and biochemical levels.

RESULTS: Histological data highlighted the degradation of root cell wall during retting. The average pH of soaking water decreased
from5.94 to 4.31 and the average simple sugars decreased from0.18 to 0 g L−1, whereas the organic acids increased up to 5.61 g L−1.
In roots tissue, simple sugars and organic acid contents decreased from 22.9 to 0 g kg−1 and from 80 to 0 g kg−1, respectively. The
total pectin content of roots among varieties at harvest was similar, and decreased during the retting process. Overall, there was a
negative correlation between total pectins content and root softening, although this did not reach statistical significance.

CONCLUSION: Major histological and biochemical changes occurred during cassava root retting, with some of them associated
with the process. Retting affected starch pasting properties more than starch content. Although this process is characterized by
root softening and degradation of cell wall structure, the present study strongly suggested that pectin is not the only cell wall
component involved in these changes.
© 2023 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.

Supporting information may be found in the online version of this article.

Keywords: Manihot esculenta; retting process; root firmness; starch pasting properties

INTRODUCTION
Cassava plays amajor role in food security for the African population
with an average annual consumption of 100 kg of roots per capita,1

represented by a wide diversity of culinary recipes.2,3 Up to 70% of
cassava peasant production is processed,4 with fermentation repre-
senting the major unit operation.5 Retting is one of the major fer-
mentation procedures, consisting of soaking cassava roots in
water for a period of 3–7 days. This softens the cassava flesh (main
expectation of the processors) for malleability into further products
(bobolo, miondo, fufu, chikwangue etc.) and detoxifies the roots
from its cyanogenic glucosides.6 In addition, production of organic
acids confers these products with a characteristic typology.7,8

The retting process has already been the subject of numerous
studies focusing mainly on its kinetics and related factors9,10

and on the biochemical and microbiological characterization of
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involved enzymes.6,10-15 Optimization of the retting process
parameters was also investigated using suitable starters and
assessing their effect in the product12,13,16-19 to optimize and stan-
dardize the retting process, as well as the quality of the end-
products. Based both on its central position in cassava processing
and on biochemical phenomena involved in the process, retting
can influence the acceptability and the adoption of cassava varie-
ties, in terms of their retting ability. Indeed, a ‘high retting capac-
ity’ is one of themain quality traits expected by the end users from
new cassava hybrids as it influences the organoleptic properties
(color, aroma, texture) of the end products (fufu, miondo, min-
tumba, etc.) and their overall acceptance.20

Retting ability is a complex quality trait of which elaboration is
the result of a coercive action of several genetic and environmen-
tal factors. The improvement of such trait by breeding requires a
better knowledge of the physiological bases that govern their
components, as well as how the relatedmechanism are regulated.
Indeed, the malleability efficiency of cassava flesh expected by
processors on retting and the resulting effect of the latter on
organoleptic properties of end-products are linked to histological
modifications in cassava flesh, in that the structural disorganiza-
tion of cells during soaking both facilitates the malleability and
is assumed to enablemultiple interactions and chemical reactions
among the flesh components. Hence the interest in understand-
ing the histological changes on retting and, moreover, the physi-
ological base of retting process. This would provide biochemical
and molecular indicators that can be used as early phenotyping
and selecting tools of promising hybrids that meet consumer
expectations.
The present study focuses on the physiological bases associated

with retting in cassava roots, aiming to identify biophysical indica-
tors related to the retting ability.
To this end, a selected group of cassava genotypes, contrasting

in their retting ability, was used to undertake a comparative bio-
chemical characterization and histological analysis.

MATERIALS AND METHODS
Source and retting treatment of plant material
A set of eight cassava genotypes including hybrids developed by
the International Institute of Tropical Agriculture (IITA), with
improved agronomic and nutritional performance, were selected.
These genotypes comprised four with yellow-pulp (01/0040-27,
01/1797, I090593 and I071026; hereafter referred to as YP1, YP2,
YP3 and YP4, respectively) and four with white-pulp (LMR,
92/0326, I090616 and local variety; hereafter referred to as WP1,
WP2, WP3 and WP4) were used in the present study. The cassava
genotypes were grown in the research station of the Institute of
Agricultural Research for Development (IRAD) of Mbalmayo,
Cameroon (N 03°310, E 11°300, altitude: 335 m), in partnership
with IITA under the Agricultural Investments andMarket Develop-
ment Project (AIMDP) trials. Conventional cultural practices with-
out fertilizers or herbicides21 were followed. Cassava roots were
harvested 14 months after planting.
For each genotype, approximately 30 kg of roots were har-

vested from an average of 10 plants randomly selected in the
field. The roots where peeled, washed and divided into three
batches of approximately 10 kg each. Each batch was soaked in
an individual container containing tap water for 3 days
in accordance with the traditional retting method used by the
local populations.

The soaking water sample (approximately 2 mL) was filtered
through a 45-μm cellulose acetate membrane (Legallais, Montfer-
rier, France) and stored at 4 °C until analysis by HPLC. For roots,
two samples of approximately 100 and 250 g were collected
every 24 h from each fermentation batch for microscopy and bio-
chemical analysis, respectively. For microcopy analysis, the root
sample was stored at 4 °C in a fixing buffer (glutaraldehyde 3%,
phosphate buffer 0.1 M, pH 7.4) until used. The second root sam-
ple was freeze-dried, then ground with a hammer mill (Perten
Laboratory Mill 3100; Perking Helmer, Villebon-sur-Yvette,
France) and the resulting flours packaged in plastic bottles with
screw caps and stored at−20 °C for further biochemical and func-
tional analyses.

Physical characterization of cassava retting process
Soaking water pH measurement
The pH of soaking water was directly measured at room temper-
ature during retting using a portable pH meter (Multi 3630 IDS
SET; Xylem Analytics, Nanterre, France).

Roots histology analysis
The preparation of the samples for histology analysis was carried
out as described by Ngolong et al.8 except that cassava flesh sec-
tions were embedded in paraffin and stained successively with
Shiff reagent and methyl blue. The histology observations were
made at magnification 200× using an optical microscope
(Scientico STM-50; Leitz, Wetzlaz, Germany).

Softening measurement
Cassava root softness was assessed using a texturometer (TA-
XTPlus; Stablemicrosystems, Swantec, Gennevilliers, France) in
accordance with the method described by Mbéguié et al.22 The
softer the root, the lower its firmness. Measurement was per-
formed on root samples taken at 0, 24 and 48 and 72 h after
beginning of the retting process. Retting rate was defined as the
percentage loss of firmness calculated for a given sampling point.
It was calculated according to:

rr=
Fi−Ff
Fi

×100

where rr is the retting rate, Fi is the initial firmness valuemeasured
on fresh root and Ff is the firmness of fermented root at the sam-
pling point.

Biochemical characterization of cassava retting process
Fermentable sugars, alcohol and organic acids
Fermentable sugars and organic acids contents of soaking water
were quantified by analyzing the sample directly by HPLC accord-
ing to the procedure described by Hor et al.23 The equipment
used was a Dionex Ultimate 3000 HPLC system (Thermo Fisher,
Illkirch-Graffenstaden, France) equipped with an analytical auto-
sampler (WPS-3000 TSL; Thermo Fisher), an Aminex column
(Aminex HPX-87H 300 × 4.6 mm; Bio-Rad, Marnes la Coquette,
France) and an UltiMate 3000 diode array detector. For root flour,
fermentable sugars and organic acids were extracted as described
Mestres et al.24 and analyzed by HPLC as described above.

Pectin measurement
The total pectins of flours were extracted and quantified in accor-
dance with the method described by Mestre et al.25
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Starch content and amylose content
The determination of the starch content was carried out as
described by Jourda et al.26 according to the modified Holm enzy-
matic method.27 Glucose was quantified by HPLC as described
above. The amylose content of the cassava flour samples was
determined by differential scanning calorimetry (DSC) using a
DSC 8500 apparatus (Perkin-Elmer, Norwalk, CT, USA) in accor-
dance with the method described by Mestres et al.28

Pasting properties of cassava flours
A Rapid Visco Analyzer (RVA 4500; Perten Instrument, Newport,
NSW, Australia) was used to assess the pasting properties of
native and retted cassava flours in accordance with the method
developed by Batey et al.29 Peak (PV), breakdown (BD) and set-
back (SB) viscosities were the main parameters assessed.

Statistical analysis
All analyses were performed at least in triplicate and the results
expressed as the mean ± SD. Analysis of variance of the means
made it possible to compare the influence of the sources of vari-
ation (genotype and retting time) on the responses measured.
Tukey's test was used to rank significantly different means
(P = 0.5), using XLSAT software 2021 (XLSAT, Paris, France).

RESULTS
Physical characterization of contrasting cassava varieties
after retting of roots
After 24 h of retting, the soaking water of all cassava varieties
resulted in an acidic pH value of around 4.5 (see Supporting infor-
mation, Fig. S1). Marked softening changes were observed at the
same time on roots, considered as an indicator of their retting
ability. According to the percentage of firmness loss after 24 h,
YP1 and WP1 appeared as fast-retting rate varieties (90.46% and
85.08%, respectively), whereas varieties WP2, YP2, YP3, YP4
and WP3 were medium-retting rate (50–70%) and WP4 demon-
strated a slow-retting rate (37.70%) (Fig. 1).
In an attempt to assess the putative relationship between roots

softening and changes of root cell wall structure, histological anal-
ysis was performed and the results are shown in Fig. 2. At harvest
stage and regardless of genotype, all cells except those from the
xylem exhibited a consistent structure and contained the starch
granules (red color). Xylem cells were larger with a thick wall sur-
rounded by companion cells. At this stage, except WP4, which
exhibited plasmolyzed cells (Fig. 2Hh), cells from all varieties had
also a turgid appearance (Fig. 2A–G). After 72 h of retting, there
was a loss of integrity of the root tissue and root cell wall degrada-
tion, leading to the observed loss of firmness (Fig. 2, right). This
degradation was more pronounced in some varieties than in
others. Indeed, the integrity of the cell structure was completely
lost for YP1, YP4 and WP4, with a total disappearance of the cell
walls and a disintegrated structure with starch granules as the
main visible element. Genotypes WP3 and YP2 presented a cohe-
sive cell structure with continuous cell walls, whereas WP1 pre-
sented a structure with cells that dissociated from each other
with the intracellular starch granules, revealing clearly defined cell
limits.
Because of the contrasting softening behavior observed for

different varieties, YP1 and WP1 were considered as those which
retted quickly and two others (WP2 and YP2) were selected from
the group of varieties with medium softening speed. These four

genotypes were further used as contrasting models for advanced
biochemical analysis.

Biochemical characterization of cassava retting process
Changes of sugar, alcohol and organic acids during the retting
process
The kinetics of fermentable sugars in the soaking water and
flours during retting is summarized in Fig. 3 and that of organic
acids is shown in Fig. 4. Neither maltose, nor glucose was
detected in the soaking water or in the flours after 72 h of ret-
ting. These sugars were more concentrated in the soaking
water of genotypes YP1 and WP1 after 24 h of retting. Fructose
and mannitol decreased in the flours and accumulated in the
soaking water after 72 h of retting (Fig. 3). The main organic
acids determined both in the soaking water and in the flours
were lactate and acetate, with the former being more concen-
trated in the soaking water than any other compound analyzed.
Unlike acetate, lactate was not detected in flours from unfer-
mented roots (Fig. 4). The two acids accumulated differentially
in soaking water and roots: lactate accumulated transiently in
roots and continuously in soaking water. The acetate content
in roots decreased during the retting, whereas it increased in
soaking water. Butyrate appeared in the soaking water after
48 h of retting, regardless of the variety. Ethanol also evolved
increasingly during retting. Butyrate and ethanol were not
detected in the roots.

Totals pectin content
Evolution of the total pectins content is described in Table 1. The
yields of total pectin in flours were significantly influenced by
genotype (data not presented) and always decreased significantly
(P < 0.05) during retting. Flours from YP1 and WP2 had higher
levels of total pectin compared to that from YP2. WP1 showed
an atypically high increase in pectin content from 0 to 24 h, fol-
lowed by the expected decrease through 72 h, whereas that of
YP1 remained relatively unchanged during the retting process.
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Figure 1. Percentage loss of firmness of cassava roots of different geno-
type taken after 24 h of retting. Genotypes considered are hybrids with
yellow flesh (YP1, YP2, YP3 and YP4), hybrids with white flesh (WP3 and
WP2) and traditional varieties (WP1 and WP4).
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Figure 2. Light microscope histological sections of fresh and 72 h retted roots. cw, cell wall; cc, companion cell; xc, xylem cell; sg, starch granule. (A) YP1,
(B) WP1, (C) WP2, (D) YP2, (E) YP4, (F) YP3, (G) WP3 and (H) WP4. (A–H) Fresh and retted roots sections, where (a) to (h) represent magnified portions of the
regions indicated by dashed-line boxes in (A) to (H). Scale bar = 25 μm.
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Figure 3. Changes of sugars content in the roots (A) and soakingwater (B) during retting. Sugar components were extracted twice from each root sample
(two samples per data point), whereas, for soaking water, samples were analyzed directly. Each data point is the mean of the values obtained from four
and six replicates of roots and soaking water samples, respectively. Vertical bars indicate the SD. When no bar is shown, the SD is lower than represented
by the symbol.
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Starch and amylose content of roots
The histological data suggested that retting affects the cell
wall more than the physical structure of starch granules. There-
fore, starch content and amylose contents were measured only
on cassava roots taken at harvest time. The results presented in
Table 2 show that the starch content varied significantly
among genotypes, from 75.87% (WP2) to 80.33% (WP1),

whereas the amylose content ranged from 13.28% (WP1) to
15.79% (YP2).

Pasting properties of cassava flours
The pasting indicators, namely PV, BD and SB of flours from differ-
ent cassava varieties taken at different retting stages (Fig. 5), dis-
played a wide genetic diversity, depending on retting duration
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Figure 4. Changes in organic acids and alcohol content in the roots (A) and soaking water (B) during retting. Sugar components were extracted twice
from each sample root (two samples per data point), whereas, for soaking water, samples were analyzed directly. Each data point is themean of the values
obtained from four and six replicates of roots and soaking water samples, respectively. Vertical bars indicate the SD. When no bar is shown, the SD is lower
than represented by the symbol.
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and indicator considered. For gelatinization (Fig. 5A), retting did
not affect significantly the swelling amplitude (represented by
PV) of YP2 or YP1. WP1 tended to increase in PV, whereas that of
WP2 tended to decrease after 24 h of retting. However, PV values
for an extended retting period (72 h) tended to be similar to those
of unretted roots, with the exception of WP2. The ability of gelati-
nized cassava starch to withstand high temperature (represented
by BD) is genotype- and retting duration-dependent (Fig. 5B). In
unretted cassava roots, WP2 displayed a high BD, characteristic
of low resistance of its gelatinized starch to heat treatment at
90 °C. After 24 h of retting, the BD viscosity of gelatinized starch
from WP1 and YP1 were higher (low resistance to heat). Their
resistance to heat was improved (low BD values) after 72 h of ret-
ting with values close to those of unretted roots. After 72 h of
retting, gelatinized starch of all cassava varieties converged
towards relatively low BD values (i.e. high resistance to heat).
Upon cooling to 50 °C (Fig. 5C), gelatinized starch from YP1 and
WP1 varieties presented high SB values after 24 h of retting, char-
acteristic of high susceptibility to retrogradation. However, when
the retting time increases, all varieties displayed relatively low SB

values (low tendency to retrogadation), close to those of unretted
roots for YP1 and WP1.

DISCUSSION
In the process of fermented cassava products, one of the key
steps is the production of cassava dough, obtained after the
root retting. The quality and/or quantity of the dough impacts
the quality of the ready-to-eat product (i.e. fufu, miondo, chikw-
nague, muntumba, bobolo). Indeed, a cassava genotype with
poor and/or low retting ability will give a low dough yield with
poor quality. Such a genotype will be systematically rejected
by end users because ready-to-eat products will not meet the
expected sensory qualities (taste, texture in the mouth, aroma,
etc.). With the prospect of increasing the rate of adoption of
new hybrids from breeding program, an early and effective
selection of hybrids that meet consumer expectations is a chal-
lenge that requires the availability of physiological indicators
(biochemical and molecular) associated with the relevant qual-
ity trait of the consumer and usable as early selection filters for
breeders.
In the present study aiming to understand the physiological

bases associated with the retting process, we characterized the
biochemical and histological changes during retting of different
cassava genotypes.

Physical characterization of retting process
The pH values of cassava soaking water obtained in the present
study are in accordance with those previously reported.30 This
drop in pH was concomitant with the loss of root firmness, which
correlated with the increase of organic acids that occurred in
soaking water.30

Table 1. Accumulation of total pectin content in flour during retting process of cassava roots from different genotype

Retting time

Total pectin (g kg−1 dry matter)

01/0040-27 (YP1) 01/1797 (YP2) 92/0326 (WP2) LMR (WP1)

0 h 6.54 ± 0.54 a 5.35 ± 0.36 a 6.07 ± 0.44 a 5.56 ± 0.46 a
24 h 6.08 ± 1.40 a 5.99 ± 0.08 a 5.97 ± 0.40 a 5.28 ± 0.46 a
72 h 5.29 ± 1.05 a 4.62 ± 0.38 b 5.72 ± 011 a 3.95 ± 0.75 b

Note: Each value corresponds to the mean ± SD of total pectin content. For each column, the means with the same lowercase letters are not statis-
tically different at the 5% level (Tukey's test).

Table 2. Starch and amylose content in fresh cassava varieties

Varieties Starch (%) Amylose (%)

01/0040-27 (YP1) 77.47 ± 0.64 b 13.33 ± 0.49 b
LMR (WP1) 80.33 ± 1.13 a 13.28 ± 0.19 b
92/0326 (WP2) 75.87 ± 1.01 b 14.83 ± 1.27 ab
01/1797 (YP2) 77.47 ± 0.94 b 15.79 ± 0.88 a

Note: Each value corresponds to the mean ± SD of the compound
concerned. For each column, the means with the same lowercase let-
ters are not statistically different at the 5% level (Tukey's test).
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Histological analysis of cassava roots at harvest shows a struc-
ture similar to that already reported in cassava.6,8 A change of root
tissue structure during retting strongly indicates that the process
mainly affected the cell wall, leading to root softening. However,
based on integrity of starch granules, there was no apparent
change in the starch macrostructure, even after 72 h of retting.
In summary, retting appeared to affect the integrity of the cell
walls without a marked effect on the starch granules. Probably,
as suggested by Silva et al.,30 72 h of fermentation was insufficient
to cause drastic changes in the granules of cassava starches.

Biochemical characterization of the retting process
Kinetics of sugar, alcohol and organic acids
The high concentration of sugars (maltose, glucose) observed
after 24 h in the soaking water of YP1 and WP1 roots was coupled
with rapid softening observed in these varieties at this stage of
retting. This resulted in a negative correlation (r = −0.95)
observed between firmness and maltose content (see Supporting
information, Table S1). A negative correlation was also detected
between softening and ethanol content (r = −0.96), indicating
that the loss of firmness was accompanied by the release of solu-
ble sugars, which underwent anaerobic fermentation by different
microorganisms in the soaking water, leading to a production of
ethanol and lactate.31 This fermentation also likely explains the
total disappearance of fermentable sugars (maltose and glucose)
in the flours and soaking water after 72 h of retting. The high con-
centration of lactate in soaking water and its relative abundance
in all genotypes confirms the predominance of lactic acid bacteria
activities during the retting process, as previously reported.13,32,33

Lactic acid fermentation was followed by that of acid-tolerant
yeasts. Ethanol is therefore the secondmost concentratedmetab-
olite in soaking water.10

Organic acids accumulated differentially in the soaking water
and in the flour. Lactate content accumulated transiently, a pat-
tern corroborating the one previously reported by Brauman
et al.10 However, in the present study, higher lactate levels were
obtained. Acetate content of the flour decreased continuously
during retting, probably as the result of leaching into soaking
water. This result is in contrast to that of Brauman et al.,10 who
reported a transient accumulation of acetate content, with a
decrease 72 h after the beginning of retting. Organic acidsmetab-
olism during retting is probably a function both of genotype and
microbial population involved, considering that both the study by
Brauman et al.10 and the present study were conducted in differ-
ent areas and with different genotypes. The late appearance of
butyrate in the soaking water confirms the assertion that the
microorganisms responsible for their production may be strict
anaerobes such as Clostridia.34 These organic acids improve the
aroma, flavor, texture and shelf life, and further contribute to pre-
serving the quality of the products by inactivating the Enterobac-
teria and other infectious pathogens that produce toxins of food
origin.35

Total pectin content
Previous studies revealed that the softening observed during cas-
sava retting is the result of the degradation of cell wall pectin
compounds.8,33 Overall, there was a negative correlation between
total pectin content observed during retting, and softening of the
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roots (see Supporting information, Table S1), which failed to reach
statistical significance probably as a result of the small size of the
dataset. Similarly, the degree of softening of roots from the differ-
ent genotypes was not linked to the initial levels of pectin concen-
tration. Additionally, in YP1 andWP1, which had already lost more
than 85% of their firmness after 24 h of retting, the lowest total
pectin content was reached after 72 h of retting.
The main changes in wall polysaccharide composition during

retting concern specific pectin polymers such as galactan, homo-
galacturonan and arabinan.8 Thus, root softening during retting
would not only be the result of pectin degradation, but also the
distribution of methyl groups on the homogalactan skeleton,
the degree of methylation or other cell wall component such as
hemicellulose. All of them are known to affect cell wall stiffness33

and therefore these component should be considered for further
studies.

Starch and amylose content of roots
In the present study, the level of starch and amylose content was
different according to the genotypes. They were between 75.87
± 1.01% and 80.33 ± 1.13% for starch, which is within the range
of levels generally obtained in cassava root harvested after
12 months of growth in the field. The significant difference
observed for starch at this stage between the varieties confirms
the effect of genotype on the starch content of cassava as previ-
ously shown.36 The level of amylose content ranged between
13.28 ± 0.19% and 15.79 ± 0.88% for amylose, which is lower
than those previously reported.37,38 One of the characteristics of
cassava retting process is the cell wall degradation and root disin-
tegration leading to the slight loss of material including starch
released into the quenching water, which becomes cloudy and
whitish. Regardless of the genotype, no significant difference in
terms of starch and amylose content was observed during retting,
suggesting that the material released into the soaking water has
little impact on the starch and amylose content. This could be a
result of the pasty properties of starch brought out by soaking
in water. Our data also suggest that the retting process is not asso-
ciated with a significant starch degradation, although recent stud-
ies reported the production by microorganisms of amylase.39

Pasting properties of cassava flours
The present study confirms the apparent stability of starch struc-
ture during retting, as observed on histological cross-sections of
roots. The retting process affected mainly starch pasting proper-
ties rather than starch granule structure. Moreover, the above
findings indicate that the pasting behavior of cassava starch is
genotype-dependent. This finding was similar to those previously
reported in several studies.36,40 The pasting behaviour of cassava
starch was also retting-duration dependent, as previously
reported.40,41 This pasting behaviour is probably linked to the rate
of softening of the roots during retting. Indeed, an apparent cor-
relation was observed between pasting behavior and the soften-
ing rate of cassava genotypes because the samples of each of the
two selected groups (YP1/WP1) as fast retting speed and
(WP2/YP2) as medium retting speed have comparable pasting
behavior.
It is obvious that other cassava components and characteristics,

such as polyphenols and pectin structure and composition,
sugars, and starch structure and composition, may be involved
in the pasting and cell wall behavior as recently suggested.42-44

Therefore, these components need to be investigated in relation

with cell wall degradation and pasting property changes that
occur during the retting process.
Mapping cassava genotypes based on their retting ability

assessed using loss of firmness and biochemical characteristics
of flours and soaking water after 24 h of retting clearly discrimi-
nate the four genotypes (Fig. 6). The first two principal compo-
nents were responsible for 80.00% of total variance. The WP1
variety presented the lowest firmness and more concentrated
organic acids in the soaking waters, which is a symbol of effective
fermentation, and, above all, a high swelling rate of flour resulted.
Accordingly, it can be considered as the best in terms of retting
ability after 24 h of retting. The WP1 variety was opposed in the
principal component 1 (45.91%) to YP2 in which fermentation
was very weakly established after 24 h of retting with weak soft-
ening. The YP1 was driven by principal component 2 (34.09%)
and characterized by the metabolites contained in the roots. This
could reflect a more advanced fermentation in the roots than in
the soaking water as a result of the high pH of the roots. Flour
of WP2 variety (driven by principal component 3) was most resis-
tant to prolonged heating and less susceptible to retrogradation
after 24 h of retting, making it suitable for fufu production.
The data reported in the present study represent a substantial

contribution towards understanding the physiological basis of
the retting process through biochemical and histological studies.
Histological and biochemical changes in the soaking water and in
the roots were highlighted. The level of maltose decreased during
retting in both soaking water and roots, whereas acetate content
decreased in soaking water and increased in roots. This study also
showed that (i) the retting process affects the functional proper-
ties of starchmore than its content and that (ii) the loss of firmness
shown by cell wall degradation is not well correlated with the evo-
lution of total pectin content. This suggests the involvement of
other cell wall compounds (e.g., hemicellulose, methylated forms
of pectin and polyphenols) that warrant further research.
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