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Abstract 

Plantain (Musa paradisiaca L.), like most tropical fruits, is a major starchy food for rural and urban populations. It is a 
highly perishable product. The objective of this study was to reduce postharvest losses of plantain by processing it into 
instant foutou flour. Fruits of the FHIA 21 variety, harvested 90 days after flower emergence, were processed into flour 
by incorporating cassava. The functional and sensory characteristics of the different composite flours were determined 
using reference methods. The analysis of the five flours showed that the highest values of tapped density (volumic mass) 
and foaming power were obtained with the FH1 formulation. The highest values of WAC and WSI were obtained with 
the FH2 formulation. Similarly, FH3 has the highest dispersibility rate of the five flours. At the sensory level, FH2 flour 
was the most appreciated by the panelists thanks to its sweeter taste, its more yellow color and its stickier adhesiveness. 
These instant foutou flours therefore constitute an alternative solution to reduce post-harvest losses of plantain in Côte 
d'Ivoire and can therefore be promoted to the local population. 
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1. Introduction

Plantain is an important source of food and income for all rural populations in the humid tropics of Africa [1]. In Côte 
d'Ivoire, its growing importance in the diet of populations makes it one of the main food crops [2]. It is the third most 
cultivated food crop after yam and cassava, with an estimated annual production of 2.12 million tonnes [3]. It is also a 
source of employment and income [4]. Despite the importance of plantain cultivation in Côte d'Ivoire, its fresh storage 
poses enormous post-harvest constraints. Plantain, like most climacteric tropical products, presents difficulties in fresh 
storage. In addition to its seasonal nature, plantain is a highly perishable product. Moreover, during periods of 
abundance, excess production leads to numerous post-harvest losses. 

To reduce post-harvest losses of plantain in production, collection and market places, many traditional [5] and modern 
[6, 7] fresh storage techniques have been developed. In addition to these fresh storage techniques, one of the 
alternatives to reduce post-harvest losses is the transformation often called transformation-preservation of plantain 
into finished products. 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://gsconlinepress.com/journals/gscbps/
https://doi.org/10.30574/gscbps.2025.32.3.0356
https://crossmark.crossref.org/dialog/?doi=10.30574/gscbps.2025.32.3.0356&domain=pdf


GSC Biological and Pharmaceutical Sciences, 2025, 32(03), 146–155 

147 

In Ivory Coast, several traditional dishes are made from plantain. Among these dishes, foutou is the most preferred 
method of consumption and the most preferred of all dishes made with plantain according to a consumption study 
conducted by [8] in Ivory Coast. However, to our knowledge, there are no studies conducted on the transformation of 
plantain into instant foutou flour whose characteristics would be close to the dietary requirements of consumers. This 
is why the transformation of part of the production into a finished product (instant foutou flour) is undeniable in order 
to significantly reduce the losses recorded in the plantain sector. The latter would make it possible to provide consumers 
with finished products corresponding to their eating habits. 

In order to contribute to the reduction of post-harvest losses of plantain in Ivory Coast by developing new products, we 
proposed in this work to produce instant flours based on plantain of the FHIA 21 variety and cassava of the Bonoua 2 
variety and to study their functional and organoleptic characteristics. 

2. Materials and methods 

2.1. Materials 

2.1.1. Plant Materials 

The plant material consisted of plantain banana bunches of the FHIA 21 variety, whose green (stage 1 or 2) and ripe 
(stage 4 or 5) fingers, and cassava roots of the Bonoua 2 variety were used. The plantain banana bunches were collected 
from a plantation in Azaguié-gare in the Agnéby-Tiassa region (Côte d'Ivoire), latitude 5° 37′ 60″ N and longitude 4° 4′ 
60″ W. The cassava roots were purchased at the Gonzagueville market in Port-Bouët (Abidjan, Côte d'Ivoire), latitude 
5°14ʹ24ʹʹN and longitude 3°53ʹ47ʹʹW. 

2.2. Methods 

2.2.1. Composition of composite flours based on plantain and cassava 

Green (stage 1 or 2) and ripe (stage 4 or 5) plantain fingers (FHIA 21) at the 75th day of maturity or flowering-to-cutting 
interval (FCI) and cassava roots were used to make the flours. 

2.2.2. Preparation of plantain chips 

Green (stage 1 or 2) and ripe (stage 4 or 5) plantain fingers were washed with water and blanched with the skin in 
boiling water for 10 minutes. After blanching, the fingers were peeled. The pulp was then boiled for 20 minutes. After 
complete cooking, the pulps were cooled for 25 minutes and cut into cubes and dried in a hot air dryer (MINERGY, 
France) at 60°C for 24 hours. 

2.2.3. Preparation of Cassava Chips 

The sweet variety cassava roots (cv. Bonoua 2) were washed in water. They were peeled. The roots were then cooked 
in boiling water for 20 minutes. After complete cooking, the roots were cooled for 25 minutes, cut into cubes, and dried 
in a hot air dryer at 60°C for 24 hours. 

2.2.4. Production of plantain and cassava flour from different formulations 

For each sample of composite foutou flour, after obtaining the different dried chips, the required proportions of plantain 
chips (green or ripe) and cassava were weighed. The weighed chips were then mixed and crushed using a hammer mill. 
The crushed chip mixture was ground using a miller (Forplex, France) containing a 50 μm sieve to obtain the foutou 
flour. 

Thus, five formulations of composite foutou flour were produced in the following proportions: 

• FH1 = 60% green plantain + 40% cassava (60:40); 
• FH2 = 60% ripe plantain + 40% cassava (60:40); 
• FH3 = 40% green plantain + 20% ripe plantain+ 40% cassava (40:20:40); 
• FH4 = 20% green plantain + 40% ripe plantain + 40% cassava (20:40:40); 
• FH5 = 30% green plantain + 30% ripe plantain + 40% cassava (30:30:40). 
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2.3. Functional and sensory characteristics of different foutou flour formulations 

The different composite flour formulations were analyzed to determine their functional and organoleptic 
characteristics. All measurements were repeated three times. 

2.3.1. Functional characteristics 

The dispersibility of the flours was determined according to the method described by [9]. The tapped density (TD) of 
the flours was determined according to the technique described by [10]. The water absorption capacity (WAC) and 
water solubility index (WSI) of the flours were determined according to the methods of [11]. The foaming capacity (FC) 
of the different composite flours of the three varieties was determined according to the method described by [12]. 

2.3.2. Sensory analysis 

Sensory analysis was performed using the quantitative descriptive analysis method [13]. It consists of evaluating and 
quantifying the appropriate descriptors (color, firmness, adhesiveness, smoothness, elasticity, sweetness, aroma, and 
general appreciation) according to a graduated scale. 

2.4. Statistical Analysis 

All measurements were performed in triplicate for biochemical, functional, and sensory analyses. Statistical analysis of 
the results was performed using Statistica 7.1 software. One-way analysis of variance (ANOVA) and Duncan's test were 
performed to compare the analyzed variables. Differences were considered significant for P values ≤ 0.05. 

To determine the sensory profile of the different plantain and cassava foutou flour formulations, the descriptive test 
was performed. Statistical data analyses were performed using TASTEL+ sensory analysis software, version 2013. One-
way analysis of variance (ANOVA) and the Newman-Keuls test were performed to compare the analyzed variables on 
the generated descriptors. Differences were considered significant for P values ≤ 0.05. 

3. Results 

3.1. Functional properties of foutou composite flours based on FHIA 21 

3.1.1. Dispersibility of FHIA 21 composite flour 

The dispersibility of the FHIA 21 composite foutou flour is shown in Figure 1. The dispersibility of the different flours 
FH1, FH3, and FH5 increases significantly between 0 and 140 min. Beyond 140 min, they tend to stabilize. As for FH2 
and FH4 flour, their dispersibility increases significantly between 0 and 160 min. After 160 min, they stabilize. FH3 flour 
is more dispersible than the other four formulated foutou flour. 

 

Figure 1 Dispersibility of different composite flour from FHIA 21 foutou 
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• FH1: 60% FHIA 21 green plantain + 40% cassava, 
• FH2: 60% FHIA 21 ripe plantain + 40% cassava, 
• FH3: 40% FHIA 21 green plantain + 20% FHIA 21 ripe plantain + 40% cassava, 
• FH4: 20% FHIA 21 green plantain + 40% FHIA 21 ripe plantain + 40% cassava, 
• FH5: 30% FHIA 21 green plantain + 30% FHIA 21 ripe plantain + 40% cassava. 
• Statistical analyses were performed at the 5% level using Duncan's test. Means ± standard deviation 

3.1.2. Tappeded density (TD) 

The tapped density values of the various composite foutou flours formulated with FHIA 21 are shown in Table 1. Thus, 
the tapped density values of the various composite FHIA 21 flour range from 0.94 to 0.97 g/mL. The different tapped 
densities of the five instant flour are 0.97 g/mL; 0.94 g/mL; 0.97 g/mL; 0.95 g/mL and 0.95 g/mL for FH1, FH2, FH3, 
FH4 and FH5 respectively. Statistical analysis did not reveal any significant difference at the 5% level between the values 
of the five foutou flours from the FHIA 21 variety. 

3.1.3. Foaming Capacity 

The foaming capacity of Musa spp. plantain foutou flours (FHIA 21) is shown in Table 1. All five FHIA 21 composite 
flours studied have low foaming capacity. The foaming capacity of the FHIA 21 variety flours ranges from 2.87% to 
5.85%. The foaming capacity values of the different FHIA 21 flours are 5.85%, 2.87%, 4.28%, 2.87%, and 2.88% for FH1, 
FH2, FH3, FH4, and FH5, respectively (Table 1). The foaming capacity of FH1 and FH3 flours is higher than that of FH2, 
FH4, and FH5. Statistical analysis reveals significant differences between the different formulated flour. On the other 
hand, no difference is observed between flours FH2, FH4 and FH5 but between FH1 and FH3 the foaming capacity values 
differ statistically at the 5% threshold. 

3.1.4. Water absorption capacity (WAC) and Water solubility index (WSI) 

Table 1 presents the WAC and WSI values of the five foutou flours of the FHIA 21 cultivar studied. 

The WAC values of the formulated flours of the FHIA 21 variety range from 647.54 to 695.39% (Table 1). The WAC 
values are 647.54, 695.39, 673.81, 680.28, and 685.30% for FH1, FH2, FH3, FH4, and FH5, respectively. These values 
are generally similar. Statistical analysis revealed significant differences (P ≤ 0.05) between them. The WSIs of the 
different formulations of foutou flours of FH1, FH2, FH3, FH4 and FH5 are respectively 21.74%, 26.86%, 25.34%, 
24.40% and 22.25% (Table 1). However, statistically significant differences exist between the different ISEs of the five 
flours. 

Table 1 Functional properties of FHIA 21 foutou flours 

 FH1 FH2 FH3 FH4 FH5 

TD (g / mL) 0.97 ± 0.01 a 0.94 ± 0.01 a 0.97 ± 0.01 a 0.95 ± 0.01 a 0.95 ± 0.01 a 

FC (%) 5.85 ± 0.20 c 2.87 ± 0.02 a 4.28 ± 0.00 b 2.87 ± 0.02 a 2.88 ± 0.04 a 

WAC (%) 647.54 ± 0.00 a 695.39 ± 0.15 e 673.81 ± 0.00 b 680.28 ± 0.01 c 685.30 ± 0.01d 

WSI (%) 21.74 ± 0.01 a 26.86 ± 0.00 e 25.34 ± 0.01 d 24.40 ± 0.00 c 22.25 ± 0.02 b 

Means ± standard deviations followed by the same lowercase letter on a line are not significantly different at the 5% level according to Duncan's 
test; FH1: 60% green plantain FHIA 21 + 40% cassava, FH2: 60% ripe plantain FHIA 21 + 40% cassava, FH3: 40% green plantain FHIA 21 + 20% 

ripe plantain FHIA 21 + 40% cassava, FH4: 20% green plantain FHIA 21 + 40% ripe plantain FHIA 21 + 40% cassava, FH5: 30% green plantain FHIA 
21 + 30% ripe plantain FHIA 21 + 40% cassava.; PD = Packed density; FC = Foaming capacity; WAC = Water adsorption capacity; WSI = Water 

Solubility Index 

3.1.5. Foam Stability 

The foam stability of the various composite flours of FHIA 21 foutou decreases over time for all flours. However, this 
decline in stability is more rapid between 0 and 5 min. The foam stability values of the FHIA 21 flours remain virtually 
stationary after 5 min (Figure 2). 
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Figure 2 Evolution of foam stability (FS) of FHIA 21 foutou flours 

• FH1: 60% green plantain FHIA 21 + 40% cassava, 
• FH2: 60% ripe plantain FHIA 21 + 40% cassava, 
• FH3: 40% green plantain FHIA 21 + 20% ripe plantain FHIA 21 + 40% cassava, 
• FH4: 20% green plantain FHIA 21 + 40% ripe plantain FHIA 21 + 40% cassava, 
• FH5: 30% green plantain FHIA 21 + 30% ripe plantain FHIA 21 + 40% cassava. 
• Statistical analyses were performed at the 5% level using Duncan's test. Means ± standard deviation 

3.2. Sensory Analysis of the composite flours of FHIA 21 foutou 

Figure 3 shows the evolution of some organoleptic parameters of the different formulations of composite flours of FHIA 
21 foutou. The different flours present significant differences (P ≤ 0.05) in the various sensory characteristics studied. 
However, there is no significant variation (P > 0.05) in firmness, smoothness, elasticity, and plantain aroma for the 
different composite flours studied according to the statistical analysis. 

In terms of color, all five foutou formulations based on the FHIA 21 variety show statistically significant variations at 
the 5% level. The yellow color is more pronounced in the FH2 formulation. 

In terms of stickiness, the different formulations show significant differences (P ≤ 0.05). Formulations FH2 and FH4 are 
significantly different from formulations FH1, FH3, and FH5. 

The sweetness of the different foutou flours shows a significant difference. This difference is more pronounced in the 
FH2 formulation, which consists of ripe banana and cassava. 

The overall appreciation differs significantly at the 5% level between the different flour composed of reconstituted 
foutou. Thus, there is a significant difference between the different reconstituted flours. However, the FH2 formulation 
was the most appreciated of the five composite flours. 
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Figure 3 Sensory profiles of different formulations of plantain composite flour 

• FH1: 60% FHIA 21 green plantain + 40% cassava, 
• FH2: 60% FHIA 21 ripe plantain + 40% cassava, 
• FH3: 40% FHIA 21 green plantain + 20% FHIA 21 ripe plantain + 40% cassava, 
• FH4: 20% FHIA 21 green plantain + 40% FHIA 21 ripe plantain + 40% cassava, 
• FH5: 30% FHIA 21 green plantain + 30% FHIA 21 ripe plantain + 40% cassava. 
• Statistical analyses were performed at the 5% level using the Newman-Keuls test. Means ± standard deviation 

4. Discussion 

Plantain is one of the floury products highly valued and consumed by rural and urban populations, thus contributing to 
food security in Côte d’Ivoire [14]. It is the preferred food of most households in production areas and major urban 
centers in Côte d’Ivoire [8]. The functional properties provide information on future applications in food formulations 
[15]. 

The dispersibility of a flour is an indicator of its reconstitution power in water. According to [16], it is a useful functional 
parameter in the formulations of various food products. The dispersibility percentages of flours formulated from FHIA 
21 foutou increase. The increase in flour dispersibility is explained by the gelatinization of flour, which increases the 
water binding capacities [17]. The higher the dispersibility, the greater the flour's capacity to reconstitute in water to 
give a fine and coherent paste [9]. The dispersibility percentages of formulated foutou flours are lower than those of 
local Nigerian rice (56-66%) reported by the work of [18]. 

The difference between the tapped density of the different formulations of instant foutou flours from FHIA 21 is due to 
the fact that cooking reduced the air spaces in the pulp of bananas (green or ripe) and cassava for the formulated flour. 
According to [19], flours resulting from cooking have higher inter-particle bonding, thus resulting in a higher tapped 
density. This observation is also in agreement with those of [20] and [21] who showed that the tapped density of flour 
from cooked Artocarpus communis and Artocarpus altilis pulp respectively is higher than that of uncooked pulp. The 
values of the tapped density of flours composed of foutou of FHIA 21 are higher than that of yam flour (0.49 to 0.63 
g/cm3) [22], unfermented pulp of Artocarpus altilis (0.57 g/cm3) [23] and that of wheat flour (0.80 g/cm3) [24]. 
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According to [25], tapped density is a measure of the weight of the flour. According [26], the tapped density helps 
determine the suitability of a flour to be easily packed and packaged, which would facilitate the transportation of a large 
quantity of food. 

Water absorption capacity (WAC) is an index of the maximum amount of water that a food product would absorb and 
retain [27]. This property is important for some product characteristics, such as product rehydration and flour 
retrogradation [28]. WAC is one of the criteria that determine the sensory quality, in particular, the texture of food 
products [29]. The high WAC values of foutou composite flours from cooked plantain and cassava pulp are thought to 
be related to flour gelatinization, which increases water binding capacities [17]. According to [30], the presence of lipids 
in large quantities in a flour reduces the binding capacity of water to particular substances, thus limiting the WAC. 
Indeed, water retention would be due to the presence of hygroscopic constituents possessing hydrophilic groups. For 
these different plantain flours (FHIA 21), these hygroscopic constituents would essentially be carbohydrates 
(possessing free hydroxyl groups: – OH) and proteins (having hydrophilic groups: = CO, – NH –), because these flours 
contain these compounds. These same observations were reported by [31] in his work on rice flour in Madagascar. By 
the presence of these hydrophilic groups, these compounds can therefore bind with water molecules by hydrogen bonds 
[31]. WAC is related to the amorphous nature of flour and its amylopectin content [32]. The WAC values of formulated 
flours are within the range of that of cassava (171.3% - 551.2%) [33] and that of precooked taro (562.5%) [34]. The 
WACs of different composite foutou flours are higher than those of uncooked and cooked rice (225% and 250% 
respectively) [35], uncooked and cooked plantain flours (118.5 – 125.5%) [36] and flours of six varieties of taro 
(Colocasia esculenta L. Schott) (242.5% - 374.9%) obtained by [37]. According to [38], WAC is an important property of 
flours used in pastry making. It allows for the addition of a lot of water to the dough while improving its handling. 

The water solubility index (WSI) reflects the extent of starch degradation because hydrothermal cooking degraded the 
starch grains [37]. The high WSI percentages of the different foutou flours show that cooking had an effect on starch 
degradation. The results obtained are higher than those recorded by [22] for cooked yam (Dioscorea spp) flours 
(15.31%). The ISE percentages of flours composed of foutou are lower than those of cooked breadfruit flours (20.70% 
to 42.68%) [21] and clearly equal to those of raw taro flours (18% to 27%) [37]. 

Foaming capacity (FC) and foam stability (FS) improve the texture, uniformity and appearance of the food [39]. The FC 
decreased significantly with cooking. The FS decreases over time at room temperature until stabilization. According to 
[40], foam formation and stability depend on pH, viscosity, proteins and processing methods. Heat treatment of banana 
pulp in water denatured its proteins promoting the formation of protein aggregates [41] hence the decrease in FC and 
FS. The FC of flours composed of foutou (2.87% to 5.86%) is lower than that of cassava flour (13.70%) [42]. 

The study of the organoleptic characteristics of plantain banana foutou flour formulations with cassava incorporation 
from FHIA 21 shows that the FH2 formulation is the most appreciated. This appreciation is favored by the quantities of 
green and ripe banana in the foutou flour formulations. Indeed, the FH2 flour contains 60% ripe plantain and 40% 
cassava. Also, this appreciation of the panelists would be due to the sweeter character and the more pronounced yellow 
color of this formulation. Thus, the sweet taste is due to the use of ripe plantains whose flour is hydrolyzed into sugars 
during ripening, which would increase the sweetness of these formulations. Similar observations were reported by [43] 
on the biochemical characterization of plantain fruits (Musa paradisiaca L.) variety French from Ivory Coast and the 
sensory evaluation of its derived products. According to these authors, the preference for foutou was due to their 
tenderness and sweeter character. This observation corroborates the results obtained in our study regarding the sweet 
flavor and stickiness of FC2, FH2 and FP2 flours reconstituted into foutou. 

5. Conclusion 

The objective of this study was to reduce post-harvest losses in order to contribute to the food security of the Ivorian 
population by transforming plantain (FHIA 21) into a composite flour with cassava incorporation for the preparation of 
an instant foutou adapted to our eating habits. Overall, this study showed that the five different formulations of 
composite foutou flour based on plantain and cassava presented significant functional and sensory characteristics. Thus, 
formulation FH2 was the most appreciated by the panelists, probably due to its sweeter taste, its more pronounced 
yellow color, its plantain aroma and its stickiness. 
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