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Abstract

BACKGROUND: Consumers of boiled cassava in Africa, Latin America and Asia use specific preference criteria to evaluate its
cooking quality, in terms of texture, colour and taste. To improve adoption rates of improved cassava varieties intended for
consumption after boiling, these preference criteria need to be determined, quantified and integrated as post-harvest quality
traits in the target product profile of boiled cassava, so that breeding programs may screen candidate varieties based on both
agronomic traits and consumer preference traits.

RESULTS: Surveys of various end-user groups identified seven priority quality attributes of boiled cassava covering root prep-
aration, visual aspect, taste and texture. Three populations of contrasted cassava genotypes, from good-cooking to bad-
cooking, in three countries (Uganda, Benin, Colombia) were then characterized according to these quality attributes by sensory
quantitative descriptive analysis (QDA) and by standard instrumental methods. Consumers' preferences of the texture attri-
butes mealiness and hardness were also determined. By analysis of correlations, the consumers' preferences scores were trans-
lated into thresholds of acceptability in terms of QDA scores, then in terms of instrumental measurements (water absorption
during boiling and texture analysis). The thresholds of acceptability were used to identify among the Colombian and Benin
populations promising genotypes for boiled cassava quality.

CONCLUSION: This work demonstrates the steps of determining priority quality attributes for boiled cassava and establishing
their corresponding quantitative thresholds of acceptability. The information can then be included in boiled cassava target
product profiles used by cassava breeders, for better selection and adoption rates of new varieties.

© 2024 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
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INTRODUCTION

Boiling is one of the simplest ways of cooking and consuming cas-
sava. Boiled cassava is eaten in almost all cassava-growing regions
of Africa, Latin America and Asia.' Cassava cooking behaviour
depends not only on genotype? but also on genotype x environ-
ment interaction.® Cassava breeders are aware of these factors but
are focusing on the improvement of primarily agronomic traits
(yield, tolerance to pests and diseases). For instance, Akinwale
et al.* studied genetic variability among 43 cassava genotypes in
three agro-ecological zones of Nigeria through the evaluation of
cassava mosaic disease, plant height, root number, root weight
etc,; while Jiwuba et al.” highlighted the effect of genotype x envi-
ronment interaction on resistance to green mite and yield perfor-
mance of cassava. Research works that include end-users'
expectations as criteria for the selection of new varieties are still
relatively few,® as are evaluations of the impact of new varieties
in economic terms with respect to investment.” While the evalua-
tion of agronomic traits remains imperative, levels of adoption
could be improved with a better understanding of end-user
expectations for cooking quality attributes of cassava. The most
important consumers' quality attributes for boiled cassava are
known, including mealiness/crumbliness, hardness (with prefer-
ence for less hard textures), and sweet taste.®'" For breeders to
integrate and use these quality attributes for routine evaluation
of candidate clones, additional components are necessary. First,
the sensory thresholds of acceptability (acceptable range) of the
quality traits need to be available, based on consumer prefer-
ences and descriptive sensory analysis tests. Second, the sensory
thresholds need to be translated into robust and objective instru-
mental thresholds for more timely and cost-effective screening of
quality traits. Several studies have reported the relationship
between sensory and instrumental parameters of boiled cassava
but few have integrated sensory nor instrumental thresholds.”'®
As multi-environment and multi-year field trials are necessary to
comprehend genotype X environment interactions and identify
varieties with the best probability of adoption,? it is important to
employ methods for accurate screening of both agronomic cri-
teria and consumer quality traits as early as possible in the breed-
ing cycle, in order to minimize costs.

Breeding cassava for boiled consumption therefore presents
particular challenges. Improved genotypes should not only have
better agronomic traits (yield, tolerance to pests and diseases),
but also match or exceed the cooking quality of current varieties.
Consequently, selection of improved cassava genotypes for boil-
ing requires: (i) multi-environment testing; (ii) an accurate product
profile that reflects the expectations of farmers, processors and
consumers and their thresholds of acceptability; and (iii) sensory
or instrumental methods to measure the quality attributes
defined in the product profile. Accordingly, the objectives of this
study were to: (i) develop a product profile of cooking quality
traits for boiled cassava, including thresholds of acceptability;
(i) develop laboratory protocols (sensory and instrumental) to
characterize cooking quality of boiled cassava; (iii) investigate cor-
relations between quality attributes and laboratory methods in
order to validate that the laboratory methods are able to predict

quality attributes and can be used as accurate tools for breeding
selection.

MATERIALS AND METHODS

Determination of the product profile of boiled cassava

We determined the boiled cassava product profile by following
five key steps of an interdisciplinary methodology'? to identify
preferred quality attributes among diverse end-user groups along
a given food value chain. The high quality attributes from each
step were prioritized and organized into three categories: attri-
butes of the raw product, processing and end product. This part
of the study was done in Uganda, where a large breeding collec-
tion of contrasted African cassava varieties is available.

Characterization of boiled cassava by sensory analysis
Quantitative descriptive analysis (QDA) was undertaken by
trained panellists at UAC-FSA (Benin), NaCRRI (Uganda) and CIAT
(Colombia) following steps highlighted in Iragaba et al® and
Adinsi et al."® In each country, 13 to 15 panellists participated in
the QDA tests. Based on consumers surveys, 21 possible sensory
attributes were pre-selected. To avoid panellists fatigue, priority
attributes were selected, reducing the number to respectively
10, 7 and 5 in Uganda, Benin and Colombia. Local differences in
appreciation of boiled cassava resulted in the selection of differ-
ent priority attributes among the three countries. Two sensory
attributes describing texture were common to the three coun-
tries: mealiness and hardness, and two more (stickiness and
sweetness) were common to two of the three countries. The
panellists scored the randomly coded boiled cassava samples
for each sensory attribute on a 0-10 unstructured linear scale,
which was considered as quantitative. Additionally, at NaCRRI a
consumers preference test was also conducted, for which the
panellists evaluated the samples for liking according to each sen-
sory attribute using a 1-9 hedonic scale, where 1 and 9 repre-
sented extremely dislike and extremely like, respectively. Results
obtained with such scale are categorical but can be converted
into numbers (1 to 9) and treated as quantitative for statistical
analyses.'*'> Combining results from the consumers preference
test and QDA, the thresholds of acceptability of the texture attri-
butes mealiness and hardness were then defined.

Characterization of boiled cassava by instrumental
measurements

Dry matter content (DM) was assessed in triplicate by oven
drying,'® on samples of fresh cassava roots and of cooked cassava
roots after 30 min boiling. Total cyanide content was assessed in
triplicate by the procedure of Essers'” slightly modified: the lina-
marase was replaced by betaglucosidase. Penetration, compres-
sion and texture-extrusion tests were performed at UAC-FSA,
NaCRRI and CIAT according to Adinsi et al.,'® Tran et al.*'® respec-
tively using a texturometer (model TA-XT plus, Stable Micro Sys-
tems, Godalming, UK). For each test, at least six replications
were performed per sample, and up to 18 replications when pos-
sible for better representativeness — for example, in the case of
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texture—extrusion. Water absorption after boiling 30 min (WA30)
was evaluated at CIAT.2

Cassava root materials and cooking protocols for sensory
and biophysical/texture analyses

In Uganda, 25 cassava genotypes were grown at NaCRRI
(Namulongue) and harvested at 10 months after planting (MAP).
Ten roots per genotype were collected, peeled, washed and cut
into cylinders (6 cm long, 5-5.5 cm diameter), then boiled for
55 min in banana leaf wraps.?® The boiled samples were charac-
terized by sensory QDA and instrumental hardness using a
penetrometer.

In Benin, seven cassava landraces named Agric, Alanmandou,
Attinwéwé, Dossi, Hombété, Koléahonmeé and Ofégué were har-
vested from two rural districts named Bonou (6° 53’ N, 2° 27’ E)
and Dangbo (6° 34’ N, 2° 33’ E) at different physiological stages.
The roots were harvested at 6 MAP (Alanmandou 6, Attinwéwé
6 and Koléahonme 6), at 8 MAP (Hombété 8 and Ofégué 8), and
at 9 and 12 MAP (Agric 9, Agric 12, Dossi 9 and Dossi 12). Nine
and 12 months represent optimum and late harvesting time,
respectively. Samples were collected at different maturity stages
and from different growing areas, and thus were considered as
independent samples. Roots were cut into half cylinders (5 cm
long and 5 cm in diameter) and processed as boiled cassava by
steam cooking for 45 min."® The boiled samples were character-
ized by QDA, penetration, compression and texture—extrusion,
DM after boiling and cyanide.

In Colombia, 15 cassava varieties with contrasted cooking
behaviours were grown at CIAT (Palmira) in 2021-2022 and har-
vested at 9, 10 and 12 MAP (45 samples in total). For each sample,
12 roots of suitable dimensions (minimum 25 ¢cm long and 5.5 cm
in diameter) were collected from four to six plants, cut into half-
cylinders (6 cm long and 5-5.5 cm diameter) and boiled in excess
water.? The boiled samples were characterized by QDA, texture—
extrusion, water absorption after 30 min (WA30) and dry matter
after 30 min (DM30). In the three countries, dry matter of all the
fresh roots samples was also measured.

Statistical analyses

Sensory and biophysical data were subjected to analysis of vari-
ance (ANOVA) followed by the least significant difference (LSD)
Fisher post hoc tests. Pearson correlation, principal component
analysis (PCA) and multifactorial analyses were performed to
identify the relationship between and within sensory attributes
and biophysical parameters. All analyses were performed using
XLSTAT (version 2016.02.28451, Addinsoft, Paris, France).

RESULTS

Product profile of boiled cassava

Among several quality attributes generated during interviews and
focus groups with end users in Uganda, seven were classified as
high-priority or value-added for acceptability of boiled cassava
(Table 1), and can be included in the boiled cassava product pro-
file. Three were related to fresh roots and root processing: white
colour of the flesh; sweet taste (meaning not bitter, which is
related to low content of cyanogenic compounds); and ease of
peeling. Four were related to sensory perception during con-
sumption: cassava aroma; white colour of the flesh after boiling;
not hard/easy to break; and mealiness. Additionally, cassava vari-
eties from the NaCRRI collection that possess these preferred attri-
butes were identified and could be used as benchmark varieties

or progenitors during development of new varieties (Table 1).
The assessment from G+ product profile tools®' revealed that
each of the identified attributes either had positive benefits or
did no harm to youth, men and women or any other social cate-
gory included in the study. The detailed product profile and gen-
dered impact assessment can be found at https://doi.org/10.
18167/DVN1/AJNOHS.

Sensory mapping of boiled cassava

Descriptive statistics of QDA data were comparable across Benin,
Uganda and Colombia. For most attributes, the whole scale was
used (minimum 0.5-3.8; maximum 5-8.5), confirming that the
genotypes selected for the study had contrasted properties and
covered a wide range of cooking behaviours. Pooling together the
datasets showed a significant and negative correlation between
the attributes mealiness and hardness, common to the three coun-
tries (R*> = 0.63; Fig. 1). Two other attributes - sweetness and
stickiness — were common to Uganda and Benin and to Colombia
and Benin, respectively, but could not be interpreted due to the lim-
ited variations among samples in Uganda (range 0.4-2.8 for sweet-
ness) and Benin (range 2.1-5 for stickiness).

QDA data from Uganda were well correlated with overall liking
scores, with consumers preferring mealy and less hard samples
(Supporting Information, Table S1 and Fig. 2; R = 0.80 and 0.70,
respectively). We defined thresholds of acceptability as the mean
of the minimum and maximum scores used by consumers
(Table 2). Using the linear regression equations between overall
liking and QDA scores (Fig. 2), the corresponding ranges of
acceptability on the QDA scale were 5.8-10 for mealiness and 0-
4.9 for hardness.

QDA in Benin showed significant differences (P < 0.05) in sensory
attributes among landraces, except for sticky and cassava aroma
(Supporting Information, Table S2). Three genotypes - Agric
12, Dossi 9 and Dossi 12 — met the thresholds of acceptability for
mealiness (=5.8) and hardness (<4.9), and thus were identified as
good candidate varieties for breeding for cooking quality. Sweet
taste (i.e,, non-bitter) was scored highest in Dossi 12, Agric 12 and
Attinwéwé 6, and lowest in Koléahonme 6, which appeared mark-
edly different, with a sweetness score of only 0.7 (Table S2).

Among the 15 genotypes analysed in Colombia, two met the
thresholds of acceptability for mealiness and hardness
(COL1516, VEN77) and two nearly met them (CR63, PER368),
based on the average QDA scores over the three harvests
(9, 10 and 12 MAP). Younger plants tended to cook better than
older ones, with 6, 5 and 0 genotypes meeting the two thresholds
of acceptability at 9, 10 and 12 MAP, respectively (Supporting
Information, Table S3). Thus, under the growing conditions in
Colombia, 9-10 MAP seems to be optimum harvest time for cook-
ing quality, after which roots became less desirable. The main
change was in mealiness, with all genotypes failing to meet the
5.8 acceptability threshold at 12 MAP, while some genotypes
remained below the 4.9 threshold for hardness.

A PCA of the sensory QDA data from Colombia and Benin
revealed a similar structure of the sensory attributes space: hard-
ness and mealiness were opposite (negative correlation r=
—0.85 and — 0.98, respectively) (Fig. 3), also in line with the
Uganda dataset (Table 4); while stickiness was independent.
According to the Benin dataset, softness/easy to chew attribute
was used by panellists in the same way as mealiness (r = 0.95);
and stickiness was correlated with sweetness (r = 0.74) (Table 6).
The attribute hardness/hard to break was strongly and negatively
correlated with mealiness and soft/easy to chew (r = —0.98 and
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Table 1. Key attributes of boiled cassava food product along with examples of Ugandan varieties that possess such attributes
Attribute High-quality
category attributes Indicator of the attribute End-user group(s) Priority Key benchmark varieties
1. Raw cassava Sweet taste Break the root and taste. Farmer, Processor, Must-have Bao, TME 14, NASE 14,
roots It is sweet but not like Retailer, Consumer Njule, NAROCASS 1,
sugar NASE 19, Alanyo Der
Colour (white White like paper when Farmer, Processor, Value added Bwanjule, Alanyo Der,
flesh) fresh root is cut Retailer, Consumer Nabwangu, Bao
2. Processing Ease of peeling Self-retracting peel. Processor, Retailer, Value added Bao, NAROCASS 1, NASE 14
Outer peel is soft Consumer
3. Final cooked Nice aroma Cassava aroma Processor, Retailer, Must-have Bwanjule
product Consumer
Colour (white Boiled cassava is white Processor, Retailer, Value added Bao, TME 14, NASE 14,
flesh) like paper or Consumer Njule, NAROCASS 1,
paracetamol tablet NASE 19, Alanyo Der
Soft (not hard, Boiled cassava can easily Processor, Retailer, Must-have Bwanjule, Bao
easy to break) be broken. The finger Consumer
can easily go through
when pressed. Soft as
one chews
Mealy Boiled cassava is cracked. Processor, Retailer, Must-have Bwanjule, Nabwangu
When chewing, it feels Consumer
powdery in the mouth
9 large quantities as fresh, wax-coated roots. On the other hand,
e . o the glassiness attribute was associated with poor-cooking sam-
. " ples which take on a translucid appearance after boiling, as
7 : s opposed to the more opaque appearance of other samples.
2 6 *ue® e = . Glassy samples (e.g., VEN177B, CM6370-2) tended to absorb less
% R - . .-t R i water, as indicated by lower DM30 (Supporting Information,
£° * ® ama A"maL. o, =009 Table S3). Nevertheless, and apparently contradictorily, they were
g 4 . = LRI :‘ also perceived as more moist. Glassy samples were also among
é R L] the hardest (Table 3) and tended to break under the tooth into
o3 a® " & ot pieces that retained perceptible edges, in contrast to softer sam-
2 = =am " ples, which tended to produce rounder pieces under the tooth,
3 - ° or even melt into a paste without producing noticeable pieces.
Results from Uganda also revealed strong positive correlations
0 among various sensory attributes such as mealiness in the mouth
0 1 2 3 4 5 6 7 8 9

QDA score Mealiness

Figure 1. Correlation between sensory attributes mealiness and hardness
of boiled cassava. Triangles, circles and squares represent the QDA data-
sets from Uganda, Benin and Colombia, respectively.

— 0.96, respectively). White colour was associated with more
mealy samples, although the reason for this connection between
a visual and a textural attribute is not clear. According to the
Colombia dataset, the attributes moisture and glassiness were
also closely correlated (r = 0.904, Table 3). On the PCA biplot, this
translated as a distribution of the five sensory variables over the
four quadrants with moisture and glassiness together, then hard-
ness, stickiness and mealiness (Fig. 3). The right-hand side of the
biplot represented samples perceived as having a harder texture
and in some cases as more glassy/moist; and the left-hand side
represented samples perceived as mealy and/or sticky. A typical
mealy genotype was CR63, which is one of the main varieties pro-
duced in Costa Rica for its good cooking quality and exported in

with mealiness by touch (r = 0.95, Table 4).

Instrumental characterizations of boiled cassava
Phenotyping data from Benin, Uganda and Colombia illustrated
the variability of biochemical and biophysical parameters in
boiled cassava samples (Supporting Information, Tables S1, S2
and S3). DM ranges were 41.4-45.3%, 31.0-40.3%, 30.7-41.3%
(wet basis, wb), respectively, among the three countries, with no
significant difference among samples. Texture—extrusion parame-
ters (maximum force and area under the texture-extrusion curve)
were also comparable in samples from Uganda, Benin and
Colombia (ranges 5126-11937 g and 44 554-106 640 g mm;
5737-10 845 g and 63 372-125 169 g mm; 7514-29 198 g and
82 966-291 010 g mm, respectively), confirming the reproduc-
ibility of the method across different laboratories. In all three
countries texture measurements evidenced statistically signifi-
cant differences among cassava genotypes, which enabled dis-
criminating between genotypes with good and poor cooking
quality.
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Figure 2. Correlation between overall liking and QDA scores of mealiness and hardness of boiled cassava (Uganda dataset).

A PCA of the biophysical data from Colombia indicated signifi-
cant correlations among several parameters (Table 5), in particular
between WA30 and gradient (r = —0.744, Fig. 4) and distance at
maximum force (r = 0.571), indicating that WA30 may be used
to predict texture parameters. Several texture parameters were
also strongly correlated, indicating that they give similar informa-
tion on hardness of boiled cassava samples (Table 5): maximum
force, area, linear distance, end force and, to a smaller extent, gra-
dient. In the same way, the parameters distance at maximum
force and end force:maximum force ratio were also strongly corre-
lated. In Benin, the three texture methods (compression, penetra-
tion and extrusion) gave equivalent results, as indicated by
positive correlations (r from 0.65, (P-value = 0.057) to 0.80 (P-
value = 0.009), Table 6) among maximum forces.

Prediction of cassava sensory attributes and acceptability
using biophysical measurements

Compression force for phenotyping hardness of boiled cassava in
Uganda was positively correlated with sensory hardness
(r = 0.60). Similarly, maximum force data from compression and
penetrometer in Benin were significantly and positively correlated
with the sensory attribute hardness/hard to break (r > 0.82), and
negatively with mealiness and easy to chew (r< —0.80)
(Table 6). Regarding data from Colombia, the gradient (initial
slope of the texture-extrusion curve) was also related to sensory
hardness (r = 0.544) (Table 7, Fig. 6). These results imply that dif-
ferent texture methods (penetrometer, compression, texture—
extrusion) can equally be used to predict sensory hardness of
boiled cassava roots.
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In addition to hardness, mealiness is a key parameter for con-
sumer acceptability of boiled cassava. Water absorption (WA30)
and gradient (texture-extrusion method) were good candidates
for instrumental evaluation of mealiness, with correlations

Table 2. Translation of overall liking scores for mealiness and hard-
ness into sensory and instrumental thresholds of acceptability
Mealiness  Hardness
Minimum overall liking score used by 5.1 47
consumers
Maximum overall liking score used by 8 8
consumers
Range of overall liking scores 29 33
Threshold of acceptability at 50% of the >6.6 <64
range of liking scores
Threshold of acceptability in terms of QDA >5.8 <49
scores
Threshold of acceptability in terms of >36 —
WA30 (%)
Threshold of acceptability in terms of <302 <794
gradient (g mm)
6 -
5 r Hardness
4 L
3 L
2 L

X St'cfness CM594811
—_ COL2627 A A

Q LOL26 IND129  cOL2246_24
a PER234 — N
~ CM6370-2
w CM7436-7

-1 A

VEN1178B
-2
3 Moisture
Mealiness
[ Glassiness

_5 L
4 3 =2 -1 o0 1 2 3 4 5
F1(84.03 %)

r=0.594 and — 0.608, respectively (Table 7, Fig. 6). Distance at
maximum force may also be an appropriate indicator of mealiness
(r = 0.491; Table 7); however, a larger dataset would be needed to
confirm these correlations. WA30 is of particular interest as an
indicator of overall cooking quality of boiled cassava because, in
addition to mealiness, WA30 is also correlated with texture
parameters (gradient, distance at maximum force) and optimum
cooking time;? besides, WA30 is suitable as a medium-throughput
phenotyping (MTPP) method, faster and simpler to implement
than texture analysis.

Pearson correlation analysis of the combined sensory and bio-
physical data of boiled cassava samples from Benin revealed addi-
tional associations (Table 6). Sensory hardness was significantly
and positively correlated with two of the instrumental texture
parameters for hardness: penetration and compression forces
(r =0.82 and 0.87, respectively), indicating that sensory hardness
can accurately be evaluated by instrumental texture. Sensory
mealiness and whiteness scores showed a negative correlation
with all instrumental parameters (except L*), with significant cor-
relations in the range —0.85 < r < —0.62 and —0.74 < r < —0.40,
respectively. For instance, lower dry matter after boiling and lower
penetration and compression forces were all linked with higher
mealiness (r = —0.69, —0.80 and — 0.85, respectively), indicating
that sensory mealiness may be predicted by these instrumental
parameters. A multifactorial analysis (Fig. 5) indicated that

Sticky

Sweet taste

Hard to break
Agric_ 9 2
.

Ofégué_ Cassava aroma

Attinwéwé_6| fHombete_8

F2 (17.27 %)

Alanmandou_6 Dossi_12
. I

5

pgricla 3 y
gric— White colour

-1

. =2 Mealiness
Koléahonmeé_6

Soft / easy to chew

F1(68.17 %)

Figure 3. Biplot of PCA of sensory variables and observations of boiled cassava, Colombia (left) and Benin (right).

Table 3. Pearson correlations among sensory attributes of boiled cassava, Colombia

Variable Friability/mealiness Glassiness Hardness Moisture Stickiness

Friability / mealiness 1

Glassiness —0.700 1

Hardness —0.853* 0.660 1

Moisture —0.705* 0.904 0.723 1

Stickiness 0.789 —0.804 —0.845* —0.828* 1

The attribute Moisture means the perception of moistness of the sample by panellists during tasting.

*P < 0.05.

il nlinalib oy com/jsf, © 2024 The Authors. i Food Agric 2024; 104: 4561-4572
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Table 4. Pearson correlations among sensory attributes of boiled cassava, Uganda

Yellow White Hardness_M Smoothness_M Mealiness_M Stickiness_M Mealiness_T Stickiness_T Sweetness Cassava_aroma

Yellow 1

White —-0.75%* 1

Hardness_M 051 -0.27* 1

Smoothness_M —0.62 0.25 —0.56** 1

Mealiness_M —0.68 0.51 —0.69%* 0.76%* 1

Stickiness_M -0.14 0.14 —0.47%* 0.22%* 0.44 1

Mealiness_T -0.71 0.52 —0.67*%* 0.72%* 0.95%* 0.53%* 1

Stickiness_T —0.02 0.12 —0.38 —0.21 0.09 0.49%* 0.22% 1

Sweetness —-0.22 0.07 —0.09 0.65 0.57* 0.24 0.46* -0.5 1
Cassava_aroma —0.03** 0.06 0.02 0.39 0.28 —0.09 0.2** -0.29 0.41 1
_Mand _T indicate sensory attributes evaluated by mouth and by touch, respectively.

*P < 0.05.

**P < 0.01.

Table 5. Pearson correlations among biophysical parameters of boiled cassava, Colombia

RIGHTS LI MW HA

DM fresh WA30 ocT DM30 Gradient Max. Distance at max. Area

Variable (% whb) (%) (min) (% wb) (g mm™") force (g) force (mm) (g mm)

WA30 (%) 0.164 1

OCT (min) —0.222 —0.602* 1

DM30 (% wb) 0.470* —-0.730* 0.406* 1

Gradient (g mm™") -0.079 —0.744* 0.593* 0.545* 1

Max force (g) 0.124 —0.394* 0.299* 0.419* 0.531* 1

Distance at max. force 0.433* 0571*  —-0.501* -0.128 —0.615* —0.245 1

(mm)

Area (g mm) —0.023 —0.668* 0.514* 0.559*% 0.821* 0.833* —0.585* 1

*P < 0.05.
. of boiled cassava’, above) all belonged to this second group of
g 1o : & samples, while the other varieties were associated with the first.
% 1200 — Using the QDA thresholds of acceptability for mealiness (>5.8)
g e, and hardness (<4.9) defined in the section on ‘Sensory mapping
5 1000 T . . s of boiled cassava section’, above (Table 2) and the linear regres-
% 500 "A--AYA__,A__ * . sion equations linking sensory QDA scores with gradient and
@ s . N N WA30 (Fig. 6), the following instrumental thresholds of acceptabil-
£ 00 4 A4 4 yojgmsxemion ity can be defined (Table 2): WA30>36% and gradient
£ S . R*=0.5529 < 302 g mm. As gradient is correlated with both sensory meali-
E 100 S & o I ness and hardness, resulting in two possible acceptability thresh-
B 200 Pl X olds (302 and 794 g mm, respectively), we selected the most
G stringent criteria (302 g mm) as threshold. These thresholds can

0 5 i 56 - io 5 then be integrated into the target product profile of boiled

WA30 (% initial weight)

Figure 4. Linear regression between instrumental parameters WA30 and
gradient (boiled cassava, Colombia).

samples with high sensory hardness were characterized by high
penetration and compression forces, confirming the correlation
observed in Table 6. An opposite trend was observed for samples
described by QDA as mealy, easy to chew, sticky and white. The
varieties identified as meeting the thresholds of sensory accept-
ability (Agric 12, Dossi 9, Dossi 12; section on ‘Sensory mapping

cassava and used by breeders as selection criteria for screening
cooking quality in candidate cassava genotypes, in addition to
well-established agronomic criteria such as yield, plant architec-
ture and tolerance to pests and diseases. These WA30 and gradi-
ent criteria for boiled cassava are quite stringent, as only 13.3%
and 11.1% (six and five genotypes out of 45, respectively) of the
cassava population (Colombia) characterized in the present study
would pass the selection. This may reflect the high expectations
by consumers regarding mealiness of boiled cassava, and under-
lines the importance of using mealiness among the criteria used
for screening new cassava genotypes.

I Coi Eand Anvi- 7014. 104: 4561-4572
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Table 7. Pearson correlations among sensory attributes and instrumental measurements of boiled cassava, Colombia
Variable Friability/mealiness Glassiness Hardness Moisture Stickiness
DM fresh (% wb) 0.374* —-0.567* —-0.169 —0.536* 0.424*
WA30 (%) 0.594* -0.210 —0.492* —0.323* 0.300*
OCT (min) —0.433* 0.082 0.445% 0.157 -0.307*
DM30 (% wb) -0.249 —0.205 0.255 —0.089 0.063
Gradient (g mm™") —0.608* 0.207 0.544* 0.231 —0.435*
Max force (g) -0.112 —-0.015 0.157 —-0.011 —0.041
Distance at max. force (mm) 0.491* -0.326* —0.394* —0.391* 0.495*
Area (g mm) —0.393* 0.070 0.364* 0.136 —0.245
Linear distance (mm) -0.271 0.065 0.294* 0.106 -0.193
End force (g) —0.066 —0.034 0.119 —0.041 0.011
End force: max. force (%) 0.294 -0.163 -0.233 -0.210 0.295*
*P < 0.05.
1 1.5 -
Hombete®
0.75 Extrusion force | 1 8 months
Cassava aroma )
Agric_9
0.5 months o
05 1 Dossi_9 Dossi_12
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0 (o] Q Alanmandou_
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Figure 5. Multifactorial analysis of sensory attributes, biochemical and biophysical parameters of boiled cassava samples.

DISCUSSION

Hedonic scores and QDA for key sensory traits describing boiled
cassava (hardness, mealiness and taste) can guide breeders in
breeding varieties with sensory properties above the minimum
acceptability thresholds of end users and consumers. Thanks to
a standardized operating protocol for QDA, it was possible to pro-
duce comparable sensory datasets on boiled cassava from
Uganda, Benin and Colombia, and to identify similar correlations
between sensory and instrumental measurements in the three
countries, in particular regarding the evaluation of textural attri-
butes. Previous research works established correlations between
sensory attributes and instrumental measurements of boiled cas-
sava in Benin,”'% in Nigeria® and in Cameroon'' but, to our knowl-
edge, this is the first time datasets from different countries have
been combined to draw robust conclusions on sensory and instru-
mental characterization of boiled cassava. The present study
brings together hedonic, QDA and instrumental methods

(WA30, texture analysis) as a demonstration of the complete
approach to define acceptability thresholds for MTPP laboratory
methods. A similar experimental approach had previously been
applied to dessert banana.*?

Seven key attributes for consumer acceptability of boiled cas-
sava were identified: white colour of the flesh of fresh cassava
root; sweet taste (not bitter); ease of peeling; cassava aroma; white
colour of the flesh after boiling; not hard/easy to break; and mealy.
Most of the attributes of boiled cassava in this study matched up
with those of previous works that reported them as the major
quality characteristics of boiled cassava.®?* In addition, easiness
of peeling was reported for yam as one of the main purchasing cri-
teria of fresh tubers,?* and is also important in the case of cassava
as it strongly impacts drudgery and productivity during proces-
sing.?> A glassy sensory attribute evaluated in Colombia revealed
additional information: glassiness was associated with moistness
as perceived by sensory panellists, but at the same time with

1 Cri Cand /I\,..‘., 7N14-104: 4561-4572
- 1

‘s © 2024 The Authors.
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Figure 6. Linear regression among key sensory attributes and instrumental parameters describing boiled cassava (Colombia).

lower water absorption. This is likely because the water that was
present in the samples after cooking was not fully absorbed by
the starch fraction and instead remained on the surface and in
the interstitial spaces, resulting in quicker release into the mouth
upon biting, and hence a more moist perception. Combining
results from consumer preference tests and sensory QDA, thresh-
olds of acceptability were defined for the attributes of texture
mealiness and hardness, while thresholds for the other attributes
are still being investigated. To improve adoption rates of new cas-
sava varieties, the sensory attributes and their acceptability
thresholds can be included in the target product profile of boiled
cassava alongside agronomic selection criteria such as yield, plant
architecture and tolerance to pests and diseases. This is in agree-
ment with the findings of Bechoff et al.” and Alene et al.*® who
pointed out consumer liking as a driver or inhibitor of varietal
adoption, and potentially the main constraint to stimulate the
adoption of cassava varieties.

As sensory QDA is slow and requires large quantities of materials,
instrumental methods for faster characterization of cooking quality
of boiled cassava were developed. In the present study, water
absorption (WA30) and texture analysis proved suitable to evaluate
the texture attributes mealiness and hardness; and the acceptabil-
ity thresholds of these sensory attributes were translated into
instrumental acceptability thresholds (Table 2). Mealiness being a
key quality trait for consumer adoption, identifying this relationship
between mealiness and instrumental measurements implies that
large-scale rapid and accurate phenotyping of mealiness of boiled

cassava roots is no longer a major limitation for the effective devel-
opment of varieties with adequate mealiness. This is a significant
progress achieved over the course of the RTBfoods project, made
possible by a multidisciplinary approach involving consumer pref-
erence scientists, food scientists and breeders.

These methods can be considered MTPP, allowing screening of
40-60 clones per day. For a full integration of cooking quality cri-
teria in the screening of large progeny populations, further meth-
odological developments are needed to increase the screening
rate to several hundreds of clones per day (high-throughput phe-
notyping). To this end, prediction of cooking quality by near-
infrared spectroscopy (NIRS) is being explored, as NIRS has proven
successful in predicting various compositional traits of cassava
such as dry matter, carotenoids and starch,>’° with an analysis
time 1-2 min per sample.

The information generated is important for breeders to develop
target product profiles (TPP) that integrate robust, evidence-
based consumer acceptability traits. There remains a need to col-
lect more data (sensory and instrumental) in order to obtain more
robust correlations, and thus increase the accuracy and reliability
of the instrumental thresholds of acceptability. The MTPP labora-
tory methods presented in this paper with their associated
acceptability thresholds can then be applied by breeders for vari-
etal selection integrating both agronomic and consumer prefer-
ence criteria. Ultimately, these criteria can be normalized and
combined into a joint selection index, leading to a more inte-
grated and effective varietal selection process.

silosinnlinaliheans 2om/jsfa
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