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Abstract

Background: Cassava (Manihot esculenta Crantz) is a major root crop grown in many countries worldwide,
particularly in West Africa. In Cote d’Ivoire, it is used to produce a variety of local foods such as attiékeé, foutou,
placali, and gari, destined for both national and regional markets. The maturity age of cassava strongly influences
its nutritional characteristics and bioactive compounds due to physiological changes occurring in the roots. This
study aims to examine the effect of maturity age on the organic and mineral composition of sweet and bitter cassava
varieties, and to interpret the technological and nutritional implications.

Six (06) sweet and bitter cassava varieties, classified as traditional or improved, and harvested at two maturity
ages (12 and 18 months), were analyzed. Organic and mineral composition was assessed using standard analytical
methods. The results showed that both variety and maturity age significantly influence the physicochemical and
mineral characteristics of cassava roots. Sweet varieties (A12F, Bonoua2) exhibited higher moisture, protein, and
starch contents, particularly at 18 months, while bitter varieties (Yacé, KA13) showed lower ash and moisture
contents in their flours but greater mineral stability, suggesting better suitability for flour processing and storage.

Protein, starch, and mineral contents (P, Zn, Cu) increased with maturity, whereas reducing sugars (glucose,
fructose) decreased, indicating a transition from soluble sugars to storage carbohydrates. A12F and Yacé were
richer in Ca, Mg, and P, while Bonoua2 and KA 13 accumulated more Zn and Cu at full maturity.

Overall, early-harvested sweet cassava is more appropriate for direct consumption, whereas late-harvested bitter
cassava provides higher starch yield and mineral density for industrial processing. These findings offer a scientific
basis for optimizing harvest timing and selecting varieties to enhance the nutritional quality and technological
performance of cassava-based products.

Keywords: maturity age of cassava, organic and mineral components, sweet and bitter cassava, Cote d’Ivoire
1. Introduction

Cassava (Manihot esculenta Crantz) is a major tuber crop cultivated in many countries worldwide, particularly in
West Africa (N’Zué et al., 2014). It is a vital food source for over 500 million people, especially in developing
regions, with Africa being the largest consumer (Otekunrin, 2024). Among starchy staples, cassava produces 40%
more carbohydrates than rice and 25% more than maize (Bayata, 2019). Its versatility enables its use across the
food, medical, chemical, and light industries, notably as a key raw material for starch-based products (Oyeyinka
et al., 2019). As highlighted by Adebayo (2023) and Scaria et al. (2024), cassava’s importance lies in its high-
energy, starch-rich composition. In Cote d’Ivoire, it is the second most important food crop after yam, providing
a major source of calories to nearly 26 million people (FAOSTAT, 2023). Cassava is processed into a variety of
traditional foods—including attiéke, foutou, toh, flour, starch, and gari—which contribute to both national
consumption and regional trade (N’Zué¢, 2009).
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The physicochemical composition of cassava roots, including their carbohydrate, protein, lipid, fiber, ash, and
cyanogenic compound contents, is central to their nutritional quality, processing potential, and food safety. Several
factors influence these components, among which plant age plays a crucial role (Ospina et al., 2024; Alamu et al.,
2023; Zidenga et al., 2017). The maturity age of cassava significantly affects the nutritional composition and
functional properties of the roots, due to important physiological changes during development (Adeola et al., 2020;
Oluwaniyi & Olandipipo, 2017). For instance, water, starch, and protein contents vary markedly with root maturity
(Diallo et al., 2013). Adeola et al. (2020) reported that cassava variety TMS 98/0505 harvested 12-15 months after
planting exhibited optimal carbohydrate levels. Similarly, Laya et al. (2018) demonstrated that the
physicochemical properties of gari depend strongly on both variety and harvest timing, highlighting the influence
of maturity on cassava root quality. Other factors, such as cultivar, maturity stage, and pre- and post-harvest
practices, also affect the properties of cassava flour (Akingbala et al., 2009).

Despite this variability, a uniform practice of harvesting cassava at 12 months after planting remains common,
although it is unsuitable for all varieties. Some varieties reach physiological maturity earlier and may lose
significant dry matter if harvesting is delayed, whereas others are harvested prematurely before reaching their full
yield potential. Furthermore, the optimal harvest age depends on the intended end-use along the value chain (Nzola
et al., 2021). Nurdjanah et al. (2025) also confirmed that the physicochemical properties of cassava are strongly
influenced by harvest age.

Studying the effect of maturity age on the chemical composition of cassava is therefore essential to optimize
cultivation practices, harvest timing, and processing methods, to improve product quality and ensure consumer
safety. In this context, this study evaluates both sweet and bitter cassava varieties to compare their organic and
mineral compositions at different maturity ages. Specifically, this article aims to analyze the influence of maturity
age on the organic and mineral components of sweet and bitter cassava varieties, and to examine the resulting
technological and nutritional implications.

2. Materials and Methods
2.1 Mateériel

The plant material used in this study consisted of six cassava (Manihot esculenta Crantz) varieties, including both
sweet and bitter types, harvested at two stages of maturity: 12 and 18 months. The 12-month stage corresponds to
the normal maturity age for cassava harvest, while 18 months represents a late maturity stage. Samples were
collected from the research station of the Centre National de Recherches Agronomiques (CNRA) in Adiopodoumé,
Cote d'Ivoire, as presented in Table 1. Fresh cassava roots were immediately transported to the food processing
laboratory at Centre Suisse de Recherches Scientifiques en Cote d’Ivoire (CSRS) for subsequent chemical analyses.

Table 1. Characteristics of cassava varieties

Variétés Sweet varieties Bitter varieties
Traditional varieties Bonoua2 (12 et 18 mois) Yacé (12 et 18 mois)
Improved varieties ~ A12F (12 et 18 mois) KA 13 (12 et 18 mois)

2.2 Methods
2.2.1 Flour Production

Flour was prepared from the central portions of 3 kg of each cassava variety using the method described by Roux
(1994). These portions were peeled, rinsed, and cut into small cubic pieces (1 mm?) before being frozen at -20 °C.
The frozen pieces were then freeze-dried using a Christ Alpha 1-2 freeze-dryer (type 100200, Germany). The
resulting dry material was ground with a blender (Moulinex, model AY45RK/81Q-4603, Spain) and passed
through a 250 um mesh sieve. The flours were stored in polystyrene containers at room temperature until further
analysis.

2.2.2 Chemical Analyses
e Moisture content was determined by drying samples to a constant weight at 105 °C (AOAC, 2005).

e Total starch (TS) and resistant starch (RS) contents were measured following the method of Brighenti et
al. (1998) using a commercial kit (Megazyme, 2018).

e Free sugar content was analyzed by high-performance liquid chromatography (HPLC) according to
AOAC (2005), method 977.20.

e Fat content was determined using a Soxhlet apparatus according to AOAC (2005), method 920.39.
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2.2.3 Mineral Determination
e Ash content was measured according to AOAC (2005), method 923.03.

e Mineral contents were determined using Atomic Absorption Spectrophotometry, following AOAC (2005),
method 984.27.

2.2.4 Statistical Analysis

Data were analyzed using one-way ANOVA, and mean comparisons were performed with Tukey’s test at p < 0.05
using XLstat software.

3. Results
3.1 Effect of Maturity Age on the Organic Components of Cassava Varieties

The effects of maturity age (12 and 18 months) on the physicochemical characteristics of different cassava varieties
are presented in Table 2. Both variety and maturity age significantly influenced the biochemical composition of
the roots. The analysis distinguishes between sweet varieties (Bonoua2 and A12F) and bitter varieties (Yacé and
KA13).

Moisture content of cassava flour increased significantly (p < 0.05) with maturity age in most varieties, except for
the improved variety KA 13, where the change was not significant. Sweet varieties exhibited significantly higher
moisture content (p < 0.05) than bitter varieties, indicating that varietal type influences hygroscopicity. A12F and
Bonoua2 recorded the highest moisture content (7.5-8.8%), while Yacé and KA 13 had lower values (5.63-6.71%),
suggesting better stability during storage.

Ash content generally increased with maturity, except in KA13. Sweet varieties (A12F and Bonoua2) showed
higher ash content, whereas bitter varieties, particularly KA13 (<1.3%), had lower ash levels, reflecting a cleaner
flour suitable for bread and pastry production. These results indicate that both moisture and ash contents are
influenced by maturity age, with sweet varieties reaching peak levels at 18 months.

Protein content was also significantly affected by both variety and maturity age, increasing with root maturation
(p < 0.05), which reflects gradual protein accumulation during development. The highest protein contents were
observed in A12F 12 (1.94%), A12F 18 (2.60%), and KA13 12 (2.35%).

Regarding simple sugars, glucose and fructose contents decreased significantly (p <0.05) with increasing maturity,
peaking at 12 months. The improved varieties A12F and KA 13 exhibited the highest glucose (1.15% and 1.13%)
and fructose (0.83% and 0.96%) contents, highlighting the strong influence of genotype and maturity on soluble
sugar composition. In contrast, sucrose content increased significantly (p < 0.05) with both maturity and variety,
with the highest levels observed in the bitter varieties KA13 (7.11%) and Yacé (3.47%) at 18 months, indicating
progressive carbohydrate accumulation until full maturity. Lipid content, however, was not influenced by variety
or maturity.

Total starch content increased significantly (p < 0.05) with maturity in A12F (79.05% to 88.63%) and Yacé (73.22%
to 92.79%), reflecting normal physiological development. In contrast, Bonoua2’s starch content remained
relatively stable, while KA13 showed a decrease with maturity. Resistant starch content was significantly higher
(p < 0.05) in Bonoua2 12, Yacé 12, and KA13 12 (>3.8%), which is favorable for a low glycemic index and
functional nutrition.

Overall, these results demonstrate that both variety and maturity age significantly affect the main organic
components of cassava. Sweet varieties are characterized by higher hygroscopicity, whereas bitter varieties,
particularly KA 13, exhibit greater stability and a composition suitable for industrial processing. Observed changes
in protein, sugar, and starch content reflect the biochemical transformations associated with physiological
maturation of the roots.
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Table 2. Organic components of cassava varieties

Cassava varieties with Humidity ~ Ash Protein Glucose Fructose Sucrose Lipid Total starch ~ Resistant
maturity age (%) (%) (%) (%) (%) (%) (%) (%) starch (%)
Bonoua2 12 7,58 £0,04° 1,64 +0,03¢ 1,25+0,01% 0,58 £0,00* 0,48 £0,01¢ 2,26 +0,05¢ 0,55=+0,08¢ 76,07 +6,94* 4,14 +0,39?
Bounoua2 18 8,82+0,01* 1,93+0,02* 1,65+0,01° 0,21+£0,01¢ 0,13+£0,00° 2,32 +0,05¢ 0,63 +£0,09*¢ 76,97 £0,76 3,00 £+ 0,30"
Al12F 12 7,53 £0,05* 1,79+0,02> 1,94+022* 1,15+£0,01* 0,83 +0,01* 1,37+0,00 0,450,019 79,05+ 1,83" 290+ 0,25"
Al12F 18 8,67+0,03* 1,81+0,01® 2,60+0,02* 0,28+0,02¢ 0,14=0,00° 3,09 +0,10" 0,44 +£0,08" 88,63 +4,76* 2,79 £ 0,08"
Yace 12 5,63+0,09¢ 1,25+0,03¢ 1,21 +0,01% 0,64 +0,08" 0,53 +£0,06° 2,35+0,36° 0,74+0,03> 73,22+4,09* 3,88 +0,29?
Yace 18 6,05+0,019 1,28 +0,00% 1,06+0,03¢ 0,54+0,08¢ 0,40 +0,059 347 +0,44> 0,440,069 92,79 £3,22* 3,03 +0,26"
KA13 12 6,59 £0,35¢° 1,30+0,00¢ 1,96+0,01* 1,13£0,01* 0,96+0,01* 0,93 +0,00¢ 0,92=+0,13* 7831+4,25" 2,68+0,58"
KA13 18 6,71 £0,14° 0,88 +0,017 1,30+£0,03¢ 0,62+0,01" 0,33 0,009 7,11 £0,24* 0,26 £0,02° 73,66+ 0,63" 3,94 +0,212

Note: 1. Values in the same column with the same letters are not significantly different at the 5% threshold according to Duncan's test.
2. The resistant starch value is included in the total starch value

Cassava varieties with maturity age, ex, Bonoua? is the variety, and 12 is the maturity age

Bonoua2, A12F: sweet varieties

Yacé, KA13: bitter varieties
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3.2 Effect of Maturity Age on the Mineral Components of Cassava Varieties

The mineral content of cassava varieties is presented in Table 3. The results indicate that both variety and maturity
age significantly influence mineral composition. The A12F and Yacé varieties are notable for their high calcium
(Ca), magnesium (Mg), and phosphorus (P) contents, whereas the Bonoua2 variety shows higher zinc (Zn)
concentrations, particularly at 18 months (0.86 mg/100 g). Maturity at 18 months appears to favor increased
accumulation of phosphorus and certain trace elements, reflecting the physiological maturity of the roots.

Calcium content increased significantly (p <0.05) with maturity in Bonoua2 (26.19 to 37.53 mg/100 g) and KA 13
(26.57 to 42.18 mg/100 g). In contrast, A12F showed a significant decrease (50.14 to 40.12 mg/100 g), while Yacé
remained relatively stable (~40 mg/100 g). These differences highlight varietal variation in calcium accumulation,
likely influenced by genotype-specific physiological traits.

Magnesium content also varied by variety. At 12 months, Yacé and A12F exhibited particularly high Mg levels,
indicating substantial mineral presence at typical maturity. With increasing age, Mg content rose significantly
(p <0.05) in Bonoua2 (31.91 to 48.13 mg/100 g) and KA13 (34.31 to 38.66 mg/100 g) but decreased in A12F
(65.27 to 48.30 mg/100 g) and Yacé (68.15 to 66.40 mg/100 g). These opposing trends suggest distinct
physiological strategies for Mg accumulation, likely related to root energy and enzymatic metabolism.

Phosphorus content was significantly affected by maturity (p <0.05), showing a gradual increase from 12 to 18
months across all varieties. This trend reflects the progressive accumulation of organic phosphates in storage
tissues as roots reach full maturity. The highest phosphorus levels were recorded in A12F (157.75 mg/100 g) and
Yacé (155.83 mg/100 g), confirming their high mineral nutrient potential.

For trace elements, zinc and copper exhibited marked inter-varietal differences. Bonoua2 contained the highest
zinc at 18 months (0.86 mg/100 g), whereas KA 13 had the highest copper content at the same age (0.44 mg/100
g). These results indicate a gradual accumulation of micronutrients during maturation, likely associated with
enhanced enzymatic activity and mobilization of trace elements to storage tissues at advanced maturity.

Table 3. Mineral component of cassava varieties

Cassava varieties with Ca Mg P Zn Cu

maturity age

Bonoua2 12 26,19 £4,28¢ 31,91 +£0,28% 116,53 £9,90°* 0,56 +0,04* 0,23 +0,07%"
Bonoua2 18 37,53 +£0,73* 48,13 +0,68% 131,16 +5,51** 0,86 +0,27* 0,41 +0,30?"
AI12F 12 50,14 £5,11* 65,27 +£0,11¢ 121,19+ 1,85* 0,62 +0,02*> 0,32 +£0,05%
AI12F 18 40,12+ 0,65 48,30+0,009 157,75+4,69* 0,42 +0,02°> 0,26 + 0,00
Yace 12 40,88 + 1,53 68,15+0,16* 99,91 +8,21° 0,43 +£0,08* 0,19 +0,01%"
Yace 18 40,91 +0,49* 66,40 +0,07° 155,83 +38,02* 0,44 +0,05> 0,16 +0,00°

KA13 12 26,57 £1,59¢ 34,31 +£0,30" 115,27 +£32,78* 0,37+0,05> 0,30 + 0,002
KA13 18 42,18 £ 3,70 38,66 +0,68¢ 142,17 £10,98* 0,45+0,03> 0,44+ 0,032

Note: 1. Values in the same column with the same letters are not significantly different at the 5% threshold
according to Duncan's test.

2. The resistant starch value is included in the total starch value
Cassava varieties with maturity age, ex: Bonoua? is the variety and 12 is the maturity age
Bonoua?2, AI12F': sweet varieties

Yacé, KA13: bitter varieties

4. Discussion

This study aims to evaluate the influence of maturity age on the physicochemical and mineral components of sweet
and bitter varieties of cassava. Analysis of the results revealed that the moisture content of cassava flour varies
significantly (p < 0.05) depending on the variety and physiological maturity age of the roots. This variation,
observed in the A12F and Bonoua?2 varieties, could be explained by the greater capacity of these genotypes to
absorb and retain moisture, linked to their starch composition and cell matrix structure. Similar work such as those
by Kouadio et al. (2020), Falade and Akingbala et al. (2011), have shown that the moisture content of cassava flour
depends on the maturity of the roots and the type of variety. Conversely, the stability observed in the Yacé variety
reflects low hygroscopicity, which is favorable for flour preservation and technological suitability.

The ash content increases overall with the maturity age of the varieties, except for the KA 13 variety, suggesting a
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gradual accumulation of minerals during maturation. This trend is particularly marked in sweet varieties. The low
ash content recorded for the KA13 variety (< 1.3%) indicates a flour of good purity, comparable to those reported
by Nauluvula et al. (2025); Akingbala et al. (2011) and particularly sought after in bread and pastry making for the
whiteness of the finished product.

The comparatively low ash and moisture contents observed in the bitter cassava varieties in our study are not only
agronomically interesting but also confer real advantages for industrial processing. Recent studies reinforce the
potential of such composition for both bakery and starch-based industries. Such low moisture is beneficial because
it reduces water activity, a key factor for microbial growth, thereby enhancing storage stability and extending shelf
life (Wambua et al. 2024; Ogichor & Ikenebomeh, 2006)

Moreover, low ash content indicating fewer minerals, has been shown to correspond to higher purity flour or starch.
Low ash and low moisture together improve functional properties of cassava flour: they contribute to better dough
behavior and quality, more predictable baking performance, and more consistent crumb and texture in composite
breads where cassava flour replaces or complements wheat flour (Robinson & Tas. 2025; Chimphepo et al., 2021)

Protein content increases significantly (p < 0.05) with maturity age for all varieties, reflecting an accumulation of
nitrogen compounds in storage tissues. This trend is consistent with the observations of Charles et al. (2005), who
reported an increase in protein in cassava roots as photosynthesis and nitrogen metabolism intensify during
maturation. Varieties A12F and KA 13 have the highest contents, demonstrating the improved nutritional potential
of the selected genotypes. Regarding simple sugars, glucose and fructose levels decrease with maturity age, while
sucrose levels increase. This inverse trend reflects the metabolic conversion of reducing sugars into sucrose or
starch, a phenomenon typical of the physiological maturity process described by Montagnac et al. (2009). The
accumulation of sucrose observed in KA13 and Yacé at 18 months indicates increased mobilization of reserve
sugars at maturity, reflecting the ability of these varieties to store complex carbohydrates (Wang et al., 2016).

The total starch content increases significantly with maturity age, particularly in the A12F and Yacé varieties,
confirming normal physiological maturation of the roots. These results are consistent with those of Zidenga et al.
(2012), who showed that starch accumulation intensifies up to an optimal maturity age before stabilizing or
decreasing depending on the variety (Gomez et al., 1985, Hongbete et al., 2011; De Souza Fernandes et al., 2019).
Williams et al. (2019), found starch yields ranging from 18-29%, with the highest yield recorded in the 10th month
after planting. Ebah-Djedji et al. (2012) observed peak starch yields for most varieties at 13 months after planting,
typically around 20%.

On the other hand, the stability observed in the Bonoua2 variety and the decrease in the KA13 variety could be
explained by the mobilization of starch to other metabolic pathways, particularly respiration or the synthesis of
secondary compounds. The high resistant starch content observed in the Bonoua2 12, Yacé 12, and KA13 18
varieties (> 3.8%) gives these flours a low glycemic index, making them particularly interesting from a nutritional
standpoint for dietary or functional formulations. This result is consistent with the observations of Oladunmoye et
al. (2014), according to which resistant starch in cassava has properties that are beneficial to metabolic health.

The study of mineral composition shows that variety and maturity age have a combined influence on the
accumulation of macro- and microelements. The A12F and Yacé varieties are distinguished by higher Ca, Mg, and
P contents, confirming their mineral richness, while Bonoua?2 is characterized by a notable accumulation of zinc
at 18 months. This trend corroborates the work of Chavez et al. (2005), who highlighted the role of genotype in
the mineral variability of cassava roots. Calcium levels increased significantly with maturity age in the Bonoua2
and KA13 varieties, reflecting gradual absorption linked to root mobilization and structural reinforcement of
tissues. On the other hand, the decrease observed in the AI2F variety could be explained by intracellular
redistribution of calcium to other metabolic functions. Similar observations were made by Oyeyinka et al. (2019)
on African cassava varieties. Magnesium content varies depending on the variety and maturity age of development.
The high initial values (12 months) for the Yacé and A12F varieties indicate early mineral availability, while the
late increase observed in Bonoua2 and KA 13 suggests a gradual accumulation linked to maturation. Magnesium
plays a central role in chlorophyll synthesis and in many enzymatic reactions, which explains these physiological
differences (Adejumo et al., 2011). The phosphorus content increased significantly between 12 and 18 months for
all varieties, reflecting a continuous accumulation of organic phosphates in the storage tissues. This trend is
consistent with the work of Cardoso et al. (2005), who demonstrated that phosphorus availability is essential for
starch formation and root biomass increase. As for trace elements, zinc (Zn) and copper (Cu) contents show marked
inter-varietal variability. The highest concentrations of zinc (Bonoua2 18: 0.86 mg/100 g) and copper (KA13 18:
0.44 mg/100 g) suggest a gradual accumulation of these elements during maturation. These trace metals are
involved in oxidative-reductive enzyme activity and antioxidant defense, as reported by Nweke et al. (2015). Their
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presence, therefore, enhances the nutritional and physiological value of flours produced from these varieties.

Overall, the variation in the organic and mineral parameters of cassava varieties is strongly influenced by genotype
and maturity age. The improved varieties A12F and KA13 stand out for their superior nutritional performance,
while Yacé has a technological stability that is favorable for processing. These results confirm that varietal
selection combined with harvesting at the optimal physiological maturity age (18 months) produces flours of better
nutritional and functional quality that meet the requirements for industrial processing of cassava.

5. Conclusion

This study demonstrated that both variety and maturity age significantly affect the physicochemical and mineral
composition of sweet and bitter cassava roots. The sweet varieties (4/2F, Bonoua?2) exhibited higher moisture,
protein, and starch contents, particularly at 18 months, while the bitter varieties (Yacé, K413) showed lower ash
and moisture of flours but higher mineral stability, reflecting better suitability for flour processing and storage.

Protein, starch, and mineral contents (P, Zn, Cu) increased with increasing maturity, whereas reducing sugars
(glucose, fructose) decreased, indicating a shift from soluble to storage carbohydrates. A12F and Yacé were notably
richer in Ca, Mg, and P, while Bonoua2 and KA13 accumulated more Zn and Cu at full maturity.

Overall, sweet cassava harvested earlier is best suited for direct consumption, whereas bitter cassava harvested
later provides higher starch content and mineral density for industrial processing. These findings provide a
scientific basis for optimizing harvest timing and varietal selection to improve nutritional quality and technological
value of cassava-based products.
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