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Abstract

The quality of attieké is a major factor influencing the adoption of improved
cassava varieties in Cote d’Ivoire. This study aimed to evaluate the stability of
the technological and sensory characteristics of 14 cassava varieties harvested
on different dates, in order to identify varieties suitable for attieké production.
The trial was conducted at the CNRA Food Crops Research Station in Bouaké,
using a lattice design with a split-plot arrangement and three replications.
Harvests were conducted at 9, 12, 15, and 18 months after planting. The tech-
nological parameters of the roots and the sensory characteristics of the attiéké
were evaluated. Stability was determined using the method of Francis and
Kannenberg (1978), based on means and coefficients of variation. The results
showed variability in performance depending on the harvest date. Bou fouh4
stood out for its stability in terms of cooking, taste, and fiber content. Bocou2,
Bocous6, Ess-akpl, Agbégré, and Bou fouh2 exhibited good stability in terms of
attiéké yield. Regarding sensory characteristics, Bou fouh2, Ess-akpl, Satmaci2,
and Yavo were stable across several parameters, while Agba blé3 and Bou
fouh4 maintained good quality for all evaluated characteristics. These varieties
are promising candidates for attiéké production.
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1. Introduction

Cassava (Manihot esculenta Crantz) is a major food crop in tropical regions and
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an important source of food and income. In Cote d’Ivoire, it is one of the main
food crops and the raw material for many traditional products, including foutou,
placali, attoukpou, gari, and especially attiéké. Despite advances in plant breeding
focused on yield and resistance to diseases and pests, the adoption of improved
varieties remains dependent on their culinary, technological, and organoleptic qual-
ities [1] [2].

Attieké, a fermented and steamed cassava semolina, plays an important role in
the Ivorian diet and economy. Its quality depends on both the variety and the pro-
cessing method. In particular, the dry matter content, fiber content, and charac-
teristics of the roots influence processing yield and the quality of the finished prod-
uct [3] [4]. Sensory properties, such as color, texture, gloss, flavor, aroma, and acid-
ity, also determine consumers’ acceptance of attiéké [4].

However, the technological and sensory characteristics of cassava can change
with age at harvest. The interaction between variety, environment, and harvest
date can affect dry matter yield and the roots’ suitability for processing [5]. As-
sessing the stability of performance across different harvest dates is therefore a use-
ful way to identify varieties capable of maintaining satisfactory quality throughout
the production cycle [6].

In this context, the present study aimed to evaluate the stability of the techno-
logical and sensory characteristics of 14 cassava varieties harvested 9, 12, 15, and
18 months after planting, in order to identify the highest-performing and most
stable varieties for attiéké production. The results will help guide variety improve-
ment programs and the dissemination of varieties that meet the needs of produc-

€IS, processors, and consumers.

2. Materials and Methods
2.1. Study Site

The study was conducted at the Food Crops Research Station (SRCV) of the Na-
tional Center for Agronomic Research (CNRA), located in Bouaké, in central Cote
d’Ivoire. The city of Bouaké is located at 7°46' north latitude, 5°06' west longitude,
and at an average elevation of 375 m [7] [8]. It lies in a transition zone between
the southern forest region and the northern savanna region [9]. The climate is of
the humid tropical type and is traditionally characterized by four seasons: a major
dry season (November through February), a major rainy season (March through
June), a minor dry season (July through August), and a minor rainy season (Sep-
tember through October). However, due to climate change, this seasonal pattern
has become less and less pronounced over the past few decades [10]. The vegeta-
tion is dominated by a wooded savanna composed mainly of species from the Po-
aceae family [11]. The station’s soils are primarily shallow, remolded, gravelly fer-
ralitic soils developed on weathered granite material and exhibiting a sandy-clay
texture [12]. The average annual rainfall is approximately 1200 mm [13], and the
average annual temperature is 25.73°C [9] and the average annual sunshine dura-

tion is estimated at 2200 hours [7]. During the two experimental campaigns (2020
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and 2021), climate data including temperatures and precipitation were recorded
by the station’s Sustainable Soil Management and Water Control (GDSME) pro-
gram. These data were used to develop ombrothermic diagrams (Figure 1), which
helped characterize the climatic conditions that prevailed during the experimental
period and assess their potential influence on plant development, as well as on the

agronomic performance and root quality of cassava.
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Figure 1. Ombrothermal diagrams for the city of Bouaké for the years 2020 (a) and 2021
(b) (Source: GDSME, CNRA).

2.2. Plant Material

The plant material used in this study consisted of cuttings from 14 varieties of
cassava (Manihot esculenta Crantz) from the collection of the National Center for
Agricultural Research (CNRA). It included nine improved varieties (Bocou2,
Bocou5, Bocou6, Bocou7, 1083774, Yacé, Yavo, Bou fouh4, and Satmaci2) and five
local varieties (Bou fouh2, Bonoua34, Agba blé3, Ess-Akpl, and Agbégré). The tu-
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berous roots harvested from these varieties were processed into attiéké using the
standard traditional method. The resulting attiéké samples were then used to con-
duct sensory analyses aimed at evaluating the organoleptic characteristics of the

different varieties based on harvest dates.

2.3. Technical Materials

The technical materials used in this study included field tools, laboratory equip-
ment, and processing equipment. They consisted of dabas, machetes, a planting
rope, a tape measure, stakes, a notepad, a drying oven, aluminum foil, a weighing
pan, an electronic scale, a scale with a capacity of 100 kg, stoves, pots, knives,

charcoal, large cooking pots, colanders, and basins.

2.4. Method

2.4.1. Experimental Design

The experiment was conducted using a lattice experimental design with a split-
plot arrangement. Two factors were studied: variety (main factor) and harvest date
(secondary factor). The design included three replicates. Each replicate was sub-
divided into two blocks, which were in turn divided into four subblocks corre-
sponding to the four harvest dates. Each subblock contained the 14 cassava varie-
ties, with each variety constituting a single plot. Planting was carried out at a den-
sity of 15,625 plants/ha, corresponding to a spacing of 0.80 m x 0.80 m between
rows and between plants. Each elementary plot contained 48 plants, distributed
across 6 rows of 8 plants, covering an area of 30.72 m?. The replicates were spaced
2 m apart, the blocks and subblocks 1.5 m apart, while a 1-m interval separated
the individual plots to facilitate cultivation and observations. The trial was set up
in May 2020. Cuttings that failed to establish were replaced in June 2020 to en-
sure uniform density throughout the trial. Maintenance operations, particularly
weeding, were carried out as needed. In addition, varietal purification was car-
ried out throughout the growing cycle by removing off-type plants as soon as
they were identified, in order to preserve the genetic purity of the varieties under

study.

2.4.2. Root Harvesting and Sampling

Harvests were conducted 9, 12, 15, and 18 months after planting (MAP), corre-
sponding to February, May, August, and November 2021, respectively. On each
harvest date, the subplots corresponding to the given time point in each of the
three replicates were harvested. The harvested tubers were used to evaluate quality
criteria such as cookability, taste, and fiber content. The tubers harvested from the
three replicates of the same variety were then combined to obtain a homogeneous
sample. From this sample, two batches of 50 kg of fresh tuberous roots were se-
lected for processing into attiéké. Thus, for each harvest date, two 50-kg batches
were prepared for each of the 14 varieties, with each batch sent to one of the two
processing facilities to account for the effect of processing on the characteristics
of the attiéké.
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2.4.3. Observations and Measurements of Technological and Sensory
Characteristics

1) Cooking, Taste, and Fiber Content

For each variety, a sample of three fresh tubers was collected, peeled, and cut
into pieces. The pieces were then boiled in water in pots placed on charcoal stoves.
After a cooking time deemed appropriate, the cooking characteristics, taste, and
fiber content were evaluated by a panel of people. Cooking quality was rated on a
scale of 1 to 3: 1 = good, 2 = average, and 3 = poor. Taste was evaluated as follows:
1 = sweet, 2 = neutral, and 3 = bitter. The presence of fibers was rated as follows:
1 = no fibers, 2 = few fibers, and 3 = many fibers.

2) Weight of Peelings

The weight of the peelings was determined after peeling fresh tuberous roots of
a variety whose initial weight had been measured beforehand. The weight ob-
tained was then normalized to a base of 100 kg of fresh tuberous roots. The result
is expressed in kilograms of peelings per 100 kg of fresh tuberous roots.

3) Preparation of Attiéké

The fresh tuberous roots were peeled and washed before being ground. A starter
culture made from pieces of fresh tuberous roots of each variety was added during
the grinding process. To prepare the starter culture, pieces of fresh tuberous roots
were braised and then stored for 2 to 3 days in jute bags to promote the growth of
the microorganisms responsible for fermentation. The amounts of starter culture
and palm oil added during grinding were, respectively, 1/10 of the amount of fresh
tuberous roots used and 2.4 mL of palm oil per kilogram of tuberous roots. The
paste obtained after grinding was left to ferment for 12 hours, or overnight. It was
then drained, squeezed, and sifted to obtain the flour used to make the semolina.
The semolina was dried and then, if necessary, winnowed. The dried semolina was
steamed for 30 minutes at a temperature of approximately 100°C.

4) Attiéké Yield

The attiéké yield was determined based on the ratio of the weight of the attiéké
obtained after processing to the weight of the fresh, unpeeled tuberous roots used
in its preparation. The yield is expressed as a percentage using the following for-
mula:

Attiéké yield (%) = (Weight of the attiéké obtained/Weight of the fresh tu-
berous roots used) x 100.

5) Evaluation of the Sensory Properties of Attiéké

The sensory evaluation of attiéké was conducted with 60 regular consumers at
each harvest date. Each taster evaluated the different samples based on six sensory
criteria: color, flavor, grain size, texture, presence of fibers, and aroma. The crite-
ria were rated on a scale of 1 to 5, as follows: 1 = very poor, 2 = poor, 3 = accepta-
ble, 4 = good, and 5 = very good. For each sample and for each of the six sensory
criteria evaluated, the ratings assigned by the tasters were aggregated, and the av-
erage score was calculated. The resulting average values may therefore include

decimal places, even though the individual scores were assigned on a whole-num-
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ber scale from 1 to 5. These averages reflect the tasters’ average level of apprecia-

tion for each sensory criterion.

2.5. Statistical Analysis

The performance of the 14 cassava varieties was evaluated based on the means and
coefficients of variation (expressed as a percentage) calculated for the various
technological and sensory parameters, which are: peel weight, attiéké yield, cook-
ability, taste, presence of fibers, and the organoleptic characteristics of the attiéké.
Varietal stability was evaluated using the method of [14], which is classified as a
Concept 1 stability method as defined by [15]. This approach is based on a joint
analysis of the mean and the coefficient of variation for each variety. For each trait
studied, a scatter plot was constructed by plotting the mean of each variety against
its coefficient of variation. The values of the overall mean and the mean coefficient
of variation were used as thresholds to delineate the four quadrants of the graph.
For the sensory parameters (color, flavor, grain size, texture, presence of fibers,
and aroma) and the attiéké yield, stable varieties were defined as those with a mean
greater than the overall mean and a coefficient of variation less than the average
coefficient of variation. For the technological parameters (cooking characteristics,
taste, and fiber content) as well as peel weight, stable varieties were those with a
mean below the overall mean and a coefficient of variation below the average co-
efficient of variation, with lower values corresponding to better performance. It
should be noted that the stability results obtained using the method described by
Francis and Kannenberg (1978) are descriptive in nature. They make it possible
to identify varieties that exhibit both favorable performance levels and low relative
variability. All statistical analyses and graphical representations were performed
using XLSTAT software.

3. Results

3.1. Cassava Varieties with Stable Cooking Characteristics, Taste,
and Fiber Content

Scatter plots generated from data on cooking characteristics, taste, and fiber con-
tent allowed us to identify groups of varieties with the best performance and good
stability for these traits. For each of these traits, varieties with a coefficient of var-
iation below the overall average and a score below the overall average were con-
sidered the highest performers. Indeed, for these traits, a low score indicates better
culinary quality and greater consumer preference for the variety. Based on these
criteria, certain varieties proved to be stable for at least two of the three traits eval-
uated. The Bou fouh4 variety stood out in particular, demonstrating good stability
for all three traits: cooking characteristics, taste, and fiber content. The Yavo va-
riety proved to be stable in terms of cooking characteristics and fiber content,
while the Agbégré and Bonoua34 varieties showed good stability in terms of cook-

ing characteristics and taste (Figures 2-4).
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Figure 2. Position of cassava varieties in the plane defined by the cooking times of the
tubers and the coefficients of variation. Varieties in bold are stable for this trait, OM =
Overall Mean, MCV = Mean Coefficient of Variation.
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Figure 3. Position of cassava varieties in the plane defined by the taste values of the tubers
and the coefficients of variation. Varieties in bold are stable for this trait, OM = Overall
Mean, MCV = Mean Coefficient of Variation.
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Figure 4. Position of cassava varieties in the plane defined by the values for fiber content
in the tuberous roots and the coefficients of variation. Varieties in bold are stable for this
trait, OM = Overall Mean, MCV = Mean Coefficient of Variation.
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3.2. Cassava Varieties with Stable Peel Weight

The scatter plot generated from the peel weight data identified varieties exhibiting
good stability for this trait. The varieties Bocou2, Yavo, Bocou6, Satmaci2, and
1083774 belong to the group characterized by an average peel weight below the
overall average estimated at 31 kg per 100 kg of fresh tubers as well as a coefficient
of variation below the overall average of 10.72%. These varieties can therefore be
considered the most stable for this trait. Their average peel weight ranges from
29.00 to 30.63 kg per 100 kg of fresh tubers (Figure 5).

20
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weight of peelings per 100 kg of root vegetables

Figure 5. Position of cassava varieties in the plane defined by the values of peel weight per
100 kg of tubers and the coefficients of variation. Varieties in bold are stable for this trait,
OM = Overall Mean, MCV = Mean Coefficient of Variation.

3.3. Cassava Varieties with Stable Yields for Attiéké

Analysis of the data on attiéké yield, presented as a scatter plot, identified four
groups of varieties based on their yield levels and stability. The group with a yield
above the overall mean of 49.33% and a coefficient of variation 11.40% lower than
the overall average was considered the group of highest-performing and most sta-
ble varieties. This group includes the varieties Bocou2, Bocou6, Ess-akpl, Agbégré,
and Bou fouh2. Their attiéké yield ranges from 49.75 to 53.75 percent, reflecting
both a high yield level and good stability for this trait (Figure 6).

3.4. Cassava Varieties with Stable Quality Parameters for Atiéké

3.4.1. Color, Grain Size, and Presence of Fibers

Scatter plots created from data on the color, grain size, and presence of fibers in
attiéké made it possible to identify the groups of varieties with the best perfor-
mance and the greatest stability. For these three traits, varieties with a coefficient
of variation below the overall average and a score above the overall average were
considered the best. Indeed, a high score reflects a more favourable assessment of
the trait by the tasters. In terms of color, the varieties Satmaci2, Ess-akpl, Bou

fouh4, Yacé, Yavo, and Agba blé3 proved to be stable. In terms of grain size, the
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Figure 6. Position of cassava varieties in the plane defined by the attiéké yield values of the
tuberous roots and the coefficients of variation. Varieties in bold are stable for this trait,
OM = Overall Mean, MCV = Mean Coefficient of Variation.
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Figure 7. Position of cassava varieties in the plane defined by the color values of the tuber-
ous roots used to make attiéké and the coefficients of variation. Varieties in bold are stable
for this trait, OM = Overall Mean, MCV = Mean Coefficient of Variation.

12 Bocoub
[ ]
B 7

10 oc?u Yavo
§ 8 Satmaci2
£ MCV
g 6 og377a 50”0.‘133‘ Ess-akpl  Agba blé3
3 o PocOu Bou fduh2
E 4 Agbégre avo o
E;::'_)' Bocou5 \. Bou fouh4 e
8 2 °
@)

0

3.2 3.3 3.4 3.5 OM 3.6 3.7 3.8

Note on the size of the grains in the attiéké

Figure 8. Position of cassava varieties in the plane defined by the grain size values of the
attiéké made from the tuberous roots and the coefficients of variation. Varieties in bold are
stable for this trait, OM = Overall Mean, MCV = Mean Coefficient of Variation.
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Figure 9. Position of cassava varieties in the plane defined by the fiber content values in
the attiéké made from the tuberous roots and the coefficients of variation. Varieties in bold
are stable for this trait, OM = Overall Mean, MCV = Mean Coefficient of Variation.

varieties Ess-akpl, Bou fouh4, Bou fouh2, Agba blé3, and Yavo showed good sta-
bility. Regarding fiber content, the varieties Ess-akpl, Bou fouh4, Yacé, Agba blé3,
and Yavo stood out for their stability (Figures 7-9).

3.4.2. Aroma, Texture, and Flavor

The scatter plots for aroma identified several varieties with good stability, includ-
ing Bou fouh2, Bou fouh4, Agba blé3, Satmaci2, Bocou5, Bocou7, and Yavo. In
terms of texture, the varieties Ess-akpl, Bou fouh4, Bou fouh2, Yavo, Agba blé3,
and Satmaci2 proved to be stable. Regarding flavor, the varieties Yavo, Agba blé3,
Satmaci2, Bocou5, Bou fouh2, and Bou fouh4 exhibited good stability. This sta-
bility is characterized, on the one hand, by average scores higher than the overall
averages 3.48 for aroma, 3.41 for texture, and 3.48 for flavor and, on the other
hand, by coefficients of variation lower than the overall averages, estimated at
6.70% for aroma, 7.48% for texture, and 7.72% for flavor (Figures 10-12).
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Note on the Aroma of Attiéké

Figure 10. Position of cassava varieties in the plane defined by the aroma values of the
attiéké made from the tuberous roots and the coefficients of variation. Varieties in bold are
stable for this trait, OM = Overall Mean, MCV = Mean Coefficient of Variation.
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Figure 11. Position of cassava varieties in the plane defined by the consistency values of the
attiéké made from the tuberous roots and the coefficients of variation. Varieties in bold are
stable for this trait, OM = Overall Mean, MCV = Mean Coefficient of Variation.
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Figure 12. Position of cassava varieties in the plane defined by the attiéké flavor values of
the tubers and the coefficients of variation. Varieties in bold are stable for this trait, OM =
Overall Mean, MCV = Mean Coefficient of Variation.

Although some varieties proved to be stable for one or more specific attiéké
quality traits, analyzing the combination of the various scatter plots made it pos-
sible to identify the varieties exhibiting greater overall stability. Thus, Bou fouh2,
Ess-akpl, Satmaci2, and Yavo proved to be stable for the majority of the traits
evaluated. Furthermore, Agba blé3 and Bou fouh4 maintained satisfactory perfor-
mance across all quality traits of attiéké, regardless of the harvest date. These va-
rieties thus appear to be the most promising in terms of the overall stability of
attiéké quality. Finally, Yacé, Bocou7, and Bocou> also exhibited good stability for
one or two quality traits.

4. Discussion

The results show variability among the 14 varieties for the technological and sen-

sory traits evaluated, with varying levels of stability depending on the trait. For the
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culinary traits of the roots, Bou fouh4 stood out for its simultaneous stability in
cooking, taste, and fiber content. Yavo was stable in cooking and fiber content,
while Agbégré and Bonoua34 were stable in cooking and taste. This diversity in
varietal responses is consistent with the work of [16], which shows that texture,
taste, and cooking properties are important criteria in consumers’ appreciation of
cassava and should be incorporated into breeding objectives. Similarly, [17] report
that consumers are looking, in particular, for cassava that is mild, easy to cook,
low in fiber, and has a pleasant texture, while bitterness and stringiness greatly
reduce its acceptability. The stability of Bou fouh4 and Yavo for several of these
traits is therefore of interest for the breeding of varieties for culinary uses.

The weight of the peelings also made it possible to differentiate between varie-
ties. Bocou2, Yavo, Bocou6, Satmaci2, and 1083774 had values below the overall
average of 31 kg per 100 kg of fresh roots, with low variability. This trait is of
technological interest, since a high volume of peel results in greater losses of raw
material and can increase the labor required for processing. [18] demonstrated
that peelability varies greatly among genotypes and depends, in particular, on skin
characteristics, its adhesion to the flesh, and the presence of fibers. In a study spe-
cifically focused on attiéké, [4] also observed significant varietal differences in
peeling yield. The varieties identified in our study thus hold potential for reducing
losses during this operation.

In terms of attiéké yield, the varieties Bocou2, Bocou6, Ess-akpl, Agbégré, and
Bou fouh2 combined a yield 49.33% higher than the overall average with low var-
iability, ranging from 49.75% to 53.75%. This result confirms the existence of ge-
netic variability in processing suitability. [4] demonstrated that overall attiéké
yield varies by variety and depends primarily on the yield obtained after fermen-
tation and pressing. These authors also note that the final yield results from sev-
eral losses occurring during the process, particularly those related to peeling, sift-
ing, and the presence of fibers. Thus, the strong performance of Bocou2 and
Bocou6, which also showed stability in peel weight, suggests promising techno-
logical suitability for attiéké production.

The sensory characteristics of attiéké also revealed interesting differences among
the varieties. In terms of color, Satmaci2, Ess-akpl, Bou fouh4, Yacé, Yavo, and
Agba blé3 were consistent; in terms of grain size, the Ess-akpl, Bou fouh4, Bou
fouh2, Agba blé3, and Yavo varieties stood out; while Ess-akpl, Bou fouh4, Yacé,
Agba blé3, and Yavo were consistent in terms of fiber content. These results are
consistent with the work of [4], who identified color, fiber content, and grain char-
acteristics as attributes that can be used to distinguish between attiéké samples.
The authors show, however, that shine, texture, and acidity are more directly as-
sociated with consumers’ overall evaluation. A consumer study conducted in Cote
d’Ivoire by [19] also indicates that high-quality attiéké is characterized by rounded,
slightly cohesive grains, a bright color, good malleability, and low fiber content.
The Ess-akpl, Bou fouh4, Agba blé3, and Yavo varieties, which demonstrate con-

sistency across several of these criteria, therefore appear particularly promising.
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In terms of aroma, texture, and flavor, the stable varieties were, respectively,
Bou fouh2, Bou fouh4, Agba blé3, Satmaci2, Bocou5, Bocou7, and Yavo for aroma;
Ess-akpl, Bou fouh4, Bou fouh2, Yavo, Agba blé3, and Satmaci2 for texture; and
Yavo, Agba blé3, Satmaci2, Bocou5, Bou fouh2, and Bou fouh4 for flavor. This
stability is particularly noteworthy since [4] demonstrated that texture and acid-
ity, along with aromatic characteristics, are among the main determinants of at-
tieké’s acceptability. Furthermore, [20] demonstrated that the harvest date can al-
ter certain sensory characteristics of attiéké, notably acidity, fiber content, homo-
geneity, and odor. In our study, the stability of several varieties with respect to
these traits therefore suggests greater consistency in sensory quality across differ-
ent harvest dates.

Overall, the combination of sensory traits shows that Bou fouh2, Ess-akpl,
Satmaci2, and Yavo exhibit stability across several parameters, while Agba blé3
and Bou fouh4 maintain good quality for all the sensory traits studied. These va-
rieties are therefore of particular interest for breeding programs focused on attiéké
quality. However, the profiles obtained show that the best variety for one charac-
teristic is not necessarily the best for the others. It therefore seems appropriate to
prioritize, in breeding programs, genotypes that combine good attiéké yield, low
peeling losses, and stability across several sensory attributes, rather than selecting
based on a single trait. This approach aligns with recent recommendations aimed
at simultaneously integrating processing properties and consumer preferences

into cassava variety improvement.

5. Conclusion

To identify cassava varieties with good stability in terms of the technological and
sensory characteristics of attiéké, fourteen improved and traditional varieties were
evaluated at the CNRA Food Crops Research Station in Bouaké at four harvest
dates, ranging from 9 to 18 months after planting. The results showed variability
in performance among the varieties for the different traits studied. Bocou2, Bocous6,
Ess-akpl, Agbégré, and Bou fouh2 stood out for their attiéké yield, which was higher
than the overall average, and good stability, while Bocou2, Yavo, Bocou6, Satmaci2,
and 1083774 exhibited low peel weight and good stability. Regarding the culinary
traits of the roots, Bou fouh4 showed stability in cooking, taste, and fiber content,
while Yavo, Agbégré, and Bonoua34 were stable for at least two of these traits.
Regarding the sensory quality of the attiéké, Bou fouh2, Ess-akpl, Satmaci2, and
Yavo were consistent for most traits, while Agba blé3 and Bou fouh4 maintained
satisfactory performance for all sensory traits evaluated. Thus, Yavo and Bocou2
are of particular interest due to their combination of several processing and sen-
sory traits, while Bou fouh4, Agba blé3, Ess-akpl, and Bou fouh2 are distinguished
primarily by the stability of the sensory quality of the attiéké. These varieties rep-
resent valuable resources for attiéké production and could be utilized in plant
breeding programs aimed at developing genotypes that combine good processing

suitability, sensory quality, and stability across different harvest dates.

DOI: 10.4236/ajps.2026.1710061

1033 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2026.1710061

A. C. Koffi et al.

Acknowledgements

The authors extend their sincere thanks to the National Center for Agronomic

Research (CNRA) for its institutional support and for providing the resources

necessary to carry out this study. They also thank the RTBfoods project, funded

by the Bill & Melinda Gates Foundation, for its financial support, which made this

study possible. The authors would like to extend special thanks to all those who

contributed to the implementation of this study’s activities. These include, in par-

ticular, the researchers, technicians, and interns from the Root and Tuber Crops

program, as well as the female processors; their availability, commitment, and col-

laboration greatly contributed to the completion of this work.

Author Contributions

Conceptualization: Dominique Duffou and Boni N°Zué.

Methodology: Adjo Christiane Koffi.

Investigation: Adjo Christiane Koffi and Emma Tanoh Kanga.

Formal Analysis: Adjo Christiane Koffi and Niambet Jean-Michel Koffi.

Writing—Original Draft: Adjo Christiane Koffi.
Writing—Review and Editing: Brice Sidoine Essis and N’Nan Affoué Sylvie
Diby.

Supervision: Boni N’Zué and Assanvo Simon-Pierre N’Guetta.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

(1]

(5]

N’Zué, B., Zouhouri, P. and Sangare, A. (2009) Performances Agronomiques De
Quelques Varietes De Manioc (Manihot esculenta Crantz) Dans Trois Zones
Agroclimatiques De La Cote d’Ivoire. Agronomie Africaine, 16, 1-7.
https://doi.org/10.4314/aga.v16i2.1646

Thiele, G., Friedmann, M., Campos, H., Polar, V., Bentley, J. W., Flis, J., et al. (2021)
What Is the Variety Replacement Rate of Root, Tuber and Banana Crops and How
Can It Be Accelerated? Global Food Security, 28, Article ID: 100439.

Djeni, N.T., N’Guessan, K.F., Toka, D.M., Kouame, K.A. and Dje, K.M. (2011) Qual-
ity of Attieke (a Fermented Cassava Product) from the Three Main Processing Zones
in Cote d’Ivoire. Food Research International, 44, 410-416.
https://doi.org/10.1016/j.foodres.2010.09.032

Diby, N.A.S., Deffan, K.P., Adinsi, L., Bechoff, A., Kanon, A.L., Bouniol, A., et al
(2024) Use of Sensory and Physico-Chemical Parameters to Understand Consumer
Perception of attiéké, a Fermented Cassava Product. Journal of the Science of Food
and Agriculture, 104, 4596-4605. https://doi.org/10.1002/jsfa.13141

Enesi, R.O., Hauser, S., Pypers, P., Kreye, C., Tariku, M. and Six, J. (2022) Under-
standing Changes in Cassava Root Dry Matter Yield by Different Planting Dates,
Crop Ages at Harvest, Fertilizer Application and Varieties. Furopean Journal of Agron-
omy, 133, Article ID: 126448. https://doi.org/10.1016/j.eja.2021.126448

N’Zué, B., Cissé, B., Djédji, B.C., Kouakou, A.M., Dibi, K.E.B., N’Guetta, A.P.S. and

DOI: 10.4236/ajps.2026.1710061

1034 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2026.1710061
https://doi.org/10.4314/aga.v16i2.1646
https://doi.org/10.1016/j.foodres.2010.09.032
https://doi.org/10.1002/jsfa.13141
https://doi.org/10.1016/j.eja.2021.126448

A. C. Koffi et al.

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

Zohouri, G.P. (2017) Stability Study of Some Cassava (Manihot esculenta Crantz)
Varieties Relative to the Harvest Period in Cote d’Ivoire. Journal of Global Agricul-
ture and Ecology, 7, 16-24. https://ikprress.org/index.php/JTOGAE/article/view/2515
Fondio, L., Djidji, H., Kouame, C. and Traore, D. (2009) Effet de la date de semis sur
la production du gombo (Abelmoschus spp.) dans le centre de la Cote d’Ivoire.
Agronomie Africaine, 15, 13-27. https://doi.org/10.4314/aga.v15i1.1626

Nzi, J., Kouamé, C., N'guetta, A., Fondio, L., Djidji, A. and Sangare, A. (2010)
Evolution des populations de Bemisia tabaci Genn. selon les variétés de tomate
(Solanum Iycopersicum L.) au Centre de la Cote d’Ivoire. Sciences & Nature, 7, 31-
40.

https://doi.org/10.4314/scinat.v7i1.59918

Traoré, K., Sorho, F., Dramane, D.D. and Sylla, M. (2013) Adventices hotes alternatifs
de virus en culture de Solanaceae en Cote d’Ivoire. Agronomie Africaine, 25, 231-
237.

Brou, Y.T., Akindés, F. and Bigot, S. (2005) La variabilité climatique en Cdte d’Ivoire:
Entre perceptions sociales et réponses agricoles. Cahiers Agricultures, 14, 533-540.

Seka, K., Diallo, A.H., Kouassi, N.K. and Ake, S. (2009) Incidence du Yam mosaic
virus (YMV) et du Cucumber mosaic virus (CMV) sur des variétés de Dioscorea spp.
cultivées dans les régions de Bouaké et de Toumodi en Cote d’Ivoire. International
Journal of Biological and Chemical Sciences, 3, 694-703.
https://doi.org/10.4314/ijbcs.v3i4.47179

N’Cho, B.S. (1991) Modélisation de I’accés des racines de mais (Zea mays) a I'azote.
Expérimentation au champ en Centre Cote d’Ivoire. Mémoire de DIAT-ESAT, 22 p.

Akassimadou, E.F. and Yao-Kouamé, A. (2014) Caractéristiques morphopédologiques
et potentiels d’'un sol de bas-fond secondaire développé sur granitogneiss en région
de savane guinéenne (Centre de la Cote d’Ivoire). Journal of Applied Biosciences, 79,
6968-6982. https://doi.org/10.4314/jab.v79i1.17

Francis, T.R. and Kannenberg, L.W. (1978) Yield Stability Studies in Short-Season
Maize. I. A Descriptive Method for Grouping Genotypes. Canadian Journal of Plant
Science, 58, 1029-1034. https://doi.org/10.4141/cjps78-157

Lin, C.S., Binns, M.R. and Lefkovitch, L.P. (1986) Stability Analysis: Where Do We
Stand? Crop Science, 26, 894-900.
https://doi.org/10.2135/cropscil986.0011183x002600050012x

Iragaba, P., Adinsi, L., Delgado, L.F., Nanyonjo, A.R., Nuwamanya, E., Wembabazi,
E., et al. (2024) Definition of Sensory and Instrumental Thresholds of Acceptability
for Selection of Cassava Genotypes with Improved Boiling Properties. Journal of the
Science of Food and Agriculture, 104, 4561-4572. https://doi.org/10.1002/jsfa.13363

Moyo, A., Amoah, F. and van Eyk, M. (2023) Consumer Behavior Research on Tra-
ditional Foods in Africa: A Scoping Review. Cogent Business & Management, 10, Ar-
ticle ID: 2213532. https://doi.org/10.1080/23311975.2023.2213532

Bouniol, A., Ceballos, H., Bello, A., Teeken, B., Olaosebikan, D.O., Owoade, D., et al.
(2023) Varietal Impact on Women’s Labour, Workload and Related Drudgery in Pro-
cessing Root, Tuber and Banana Crops: Focus on Cassava in Sub-Saharan Africa.
Journal of the Science of Food and Agriculture, 104, 4498-4513.
https://doi.org/10.1002/jsfa.12936

Ebah Djedji, C.B., N’Nan Diby, A.S., Kouadio, K.K., Kanon, A.L., Adinsi, L., Bouniol,
A., Bechoff, A. and Fliedel, G. (2022) Participatory Processing Diagnosis of Attiéké
in Cote d’Ivoire. Understanding the Drivers of Trait Preferences and the Develop-
ment of Multi-User Product Profiles. RTBfoods Project Report, CI-RAD-INRAE, 23

DOI: 10.4236/ajps.2026.1710061

1035 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2026.1710061
https://ikprress.org/index.php/JOGAE/article/view/2515
https://doi.org/10.4314/aga.v15i1.1626
https://doi.org/10.4314/scinat.v7i1.59918
https://doi.org/10.4314/ijbcs.v3i4.47179
https://doi.org/10.4314/jab.v79i1.17
https://doi.org/10.4141/cjps78-157
https://doi.org/10.2135/cropsci1986.0011183x002600050012x
https://doi.org/10.1002/jsfa.13363
https://doi.org/10.1080/23311975.2023.2213532
https://doi.org/10.1002/jsfa.12936

A. C. Koffi et al.

p- https://agritrop.cirad.fr/603470/

[20] Gnamien, A.C.A., Simon, A.T.L., Martial-Didier, A.K., Siméon, B.K. and Kablan, T.
(2021) Influence of the Cassava Harvest Month on the Sensory Parameters of Attiéké.

Journal La Lifesci, 2, 15-26. https://doi.org/10.37899/journallalifesci.v2i3.389

DOI: 10.4236/ajps.2026.1710061 1036 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2026.1710061
https://agritrop.cirad.fr/603470/
https://doi.org/10.37899/journallalifesci.v2i3.389

	Stability of the Technological and Sensory Performance of 14 Cassava Varieties According to Harvesting Date
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Site
	2.2. Plant Material
	2.3. Technical Materials
	2.4. Method
	2.4.1. Experimental Design
	2.4.2. Root Harvesting and Sampling
	2.4.3. Observations and Measurements of Technological and Sensory Characteristics

	2.5. Statistical Analysis

	3. Results
	3.1. Cassava Varieties with Stable Cooking Characteristics, Taste, and Fiber Content
	3.2. Cassava Varieties with Stable Peel Weight
	3.3. Cassava Varieties with Stable Yields for Attiéké
	3.4. Cassava Varieties with Stable Quality Parameters for Atiéké
	3.4.1. Color, Grain Size, and Presence of Fibers
	3.4.2. Aroma, Texture, and Flavor


	4. Discussion
	5. Conclusion
	Acknowledgements
	Author Contributions
	Conflicts of Interest
	References

