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ABSTRACT

	Aims: Plantain (Musa paradisiaca L.) is an important starchy product for people living both village and city areas of Côte d'Ivoire. It is a highly perishable product. Because of its highly perishable nature, it is therefore necessary to transform plantain into instant foutou (pounded plantain with or without the addition of cassava) flour in order to reduce post-harvest losses. This study objective to determine the biochemical and phytochemical composition of instant flours foutou made from plantain with the addition of cassava grown in Côte d'Ivoire.
Place and Duration of Study: This study was carried out at the Laboratory of Food Biochemistry and Tropical Products Technology at Nangui ABROGOUA University Abidjan - Côte d'Ivoire, between November 2016 and July 2020.
Methodology: The fingers of the FHIA 21 variety, harvested 90 days after flowering, were processed into flour by additing cassava. The biochemical and phytochemical characteristics of the different composite foutou flours were determined using standardised and referenced tests.
Results: The results of the five composite flours indicated that these flours have a high dry matter content above 92%, reflecting a low moisture content. The highest total sugar content was observed in flour FH2 (21.30 ± 0.03%) and the highest starch content was obtained in formulation FH1. The pH values of the flours are around 5, reflecting their low acidity. The values of total polyphenols are between 355.49 ± 0.57% and 582.34 ± 0.00%). The composite flour FH2 has the highest value of total tannins, oxalates and total phytates and FH1 has the highest vitamin C content.
Conclusion: These instant composite foutou flours made from plantains (FHIA 21) with added cassava (Bonoua 2) can be promoted to local people as an alternative solution for reducing post-harvest losses of plantains in Côte d'Ivoire.
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1. INTRODUCTION

“Plantain is an essantial source of food and income in Côte d'Ivoire for all rural and urban populations” (Swennen, 2006). “In Côte d'Ivoire, its expanding importance in the people’s diet makes it one of the main food crops” (N'Guessan and Ganry, 1990). “It is the third most cultivated food crop after yam and cassava, with an average yearly production of 2.12 million tonnes” (CNRA, 2021, Silué, 2021). “It is also a source of jobs and economic activity” (Brou et al, 2017). “Despite the importance of plantain cultivation in Côte d'Ivoire, preserving it fresh creates enormous post-harvest challenges. Like most tropical climacteric products, plantainsare difficult to preserve in a fresh state. In addition to being a seasonal product, plantain is highly perishable Furthermore, in times of abundance, surplus production leads to numerous post-harvest losses”. (Koffi et al.2025)
“To limit post-harvest losses of plantains at the production, collection and market levels, numerous traditional” (Yao et al., 2014) and modern (Varoquaux et al., 2002; Lépengué et al., 2010) “technologies for preserving fresh produce have been developed. In addition to these fresh storage methods, another alternative for reducing post-harvest losses is processing, a process often referred to as preservation processing, of plantains into finished products. In Côte d'Ivoire, many traditional dishes are prepared using plantains. Among these dishes, foutou is the most popular and appreciated, accounting for 96.5% of plantain-based dishes according to a survey of Ivorian consumers”. (Assahoré et al., 2019). “However, to our knowledge, no studies have been conducted on the processing of plantains into instant foutou flour with characteristics that meet consumers' dietary habits. This is why processing part of the production into a finished product (instant foutou flour) is undeniable in order to significantly reduce the losses in the plantain sector. This would enable consumers to provide products that align with their dietary habits.In order to reduce post-harvest losses of plantains in Côte d'Ivoire through the development of new products, this study proposes to produce instant foutou flours based on plantains (FHIA 21 variety) with the addition of cassava (Bonoua 2 variety), and to study their biochemical and phytochemical properties”. (Koffi et al.2025)

2. material and methods 

2.1 Material
The plant material consisted of FHIA 21 plantain bunches with green fingers at stage 1 or 2, and ripe fingers at stage 4 or 5, as well as Bonoua 2 cassava roots. The plantain bunches were collected from a plantation in Azaguié-Gare (5°37′60″ N, 4°4′60″ W), in the Agnéby-Tiassa region of Côte d'Ivoire. The cassava roots were purchased at Gonzagueville market in Port-Bouët (5°14'24"N, 3°53'47"W), in the Autonomous District of Abidjan, Côte d'Ivoire.

2.2 Methods

2.2.1 Production of composite plantain foufou flour with added cassava
The flours were made using green (stage 1 or 2) and ripe (stage 4 or 5) FHIA 21 plantain fingers at 90 days after flowering, as well as cassava roots.

2.2.2 Preparation of plantain chips
The green fingers (stage 1 or 2) and ripe fingers (stage 4 or 5) plantain were washed and blanched in boiling water for 10 minutes, still in their skins. After blanching, the fingers were peeled. The pulp was then boiled for 20 minutes. Once fully cooked, the pulp was left to cool for 25 minutes before being cut into cubes and dried in a hot air dryer (MINERGY, France) at 60°C for 24 hours.


2.2.3 Obtaining Cassava Chips
The cassava roots (cv. Bonoua 2) were washed. They were peeled and washed again. The roots were then cooked in boiling water for 20 minutes. After 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 Obtaining composite plantain flour for foutou with cassava incorporated
To make composite plantain flour for foutou samples with cassava incorporated, the required proportions of plantain chips (green or ripe) and cassava were weighed after obtaining the various dried chips. These were then mixed and crushed together using a hammer mill. The crushed chip mixture was then ground using a Forplex mill (France) containing a 50 μm sieve to produce the flour.
Five formulations of composite flour (FC) 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).

2.2.5 Biochemical Characteristics
2.2.5.1 Dry Matter Content of Foutou Flour
Dry mater content was measured according to Brou et al. (2025) using an electronic moisture meter (METTLER TELEDO, France). Five grams of each composite flour sample were weighed and spread out on the tray of the measuring device, which was then closed. The indicated drying temperature was 150°C at the end of the process. Once the drying process was complete, an audible signal was emitted and the dry matter value was recorded on a printed sheet for each flour sample. 

2.2.5.2 Determination of pH
The pH of the samples was determined according to Soro et al. (2013). The pH of the samples was measured with a digital pH meter (HANNA HI2211, Romania). Ten grams of each plantain composite flour were dissolved in 50 ml of distilled water. The dissolved flour was centrifuged at 3000 rpm for 30 minutes. The supernatant was collected in a jar and the pH was read on a digital screen by dipping the pH meter electrode directly into the solution.

2.2.5.3 Total and reducing sugar content, starch content and protein content of FHIA 21 foutou composite flours
The total sugars in the composite foutou flours were determined using the method described by Dubois et al. (1956) using phenol. The reducing sugars in these flour formulations were quantified using the method described by Bernfeld (1955) using deoxy-nitrosalicylic acid (DNS). The starch content of the flours was determined using the method described by Faithful (1990) and modified by Abu and Abdaila (2007). The crude protein content of the different composite flours was determined by measuring the total nitrogen using the Kjeldahl method (Soro et al., 2013).

2.2.6 Determination of phytochemical characteristics
The total polyphenol content of the flours was determined using the method described by Singleton et al. (1999) using the Folin-Ciocalteu reagent. Tannins were determined using the assay method described by Baindridge et al. (1996) using vanillin. Phytates were also quantified using the method described by Latta and Eskin (1980), which is based on the discolouration of Wade's reagent by phytates. Finally, the oxalates content were determined using the method described by Day and Underwood (1986). 

2.2.6 Statistical Analysis
All biochemical and phytochemical analyses were performed in triplicate. The results were analysed statistically using Statistica 7.1 software. One-way analysis of variance (ANOVA) and Duncan's test were used to compare the analysed variables. Differences were considered significant for values P ≤ 0.05

3. RESULTS 
3.1 Biochemical composition of foutou composite flours
3.1.1 Dry Matter
The dry matter rates of the different FHIA 21 flours formulations was found to be  93.29%, 93.31%, 93.31%, 94.06%, and 93.69%, respectively for FH1, FH2, FH3, FH4, and FH5 (Table 1). These dry matter rates were virtually identical for the five formulations. However, statistical analysis of the data revealed significant differences (P ≤ 0.05) between the values of the different formulations. Thus, the highest dry matter content was recorded for FH4 flour (94.06%).

3.1.2 Hydrogen Potential (pH)
The pH levels of the individual FHIA 21 foutou flours are practically identical, at 5.57; 5.11; 5.34; 5.23; and 5.22 for FH1, FH2, FH3, FH4, and FH5, respectively (Table 1). The different flours composed of FHIA 21 are acidic. These pH values differ statistically from each other at the 5% level.

3.1.3 Total Sugars
The total sugar levels of the different foutou flour formulations made from plantain and cassava of the FHIA 21 variety are shown in Table 1. The total sugar levels vary depending on the incorporation rate of green and ripe plantains in the formulation. Table 1 shows that the total sugar levels of the different flours made from the FHIA 21 variety range from 10.78% to 21.30%. Formulation FH2 has the highest total sugar level, while the lowest total sugar level is observed in flour FH1, made from green plantain and cassava. The statistical analysis of the data revealed significant differences in the total sugar content of the various formulations. 
3.1.4 Reducing Sugars
The reducing sugar levels of the different foutou flour formulations are different depending on the formulations made up (Table 1). These levels are respectively 0.027; 2.06; 0.32; 0.90 and 1.63% for FH1, FH2, FH3, FH4 and FH5. Formulation FH2 has the highest reducing sugar level which is 2.06% while the lowest level is observed at the level of formulation FH1 which is 0.02%.

3.1.5 Starch
Table 1 presents the starch levels of the various FHIA 21 foutou flour formulations. These starch levels vary widely regardless of the foutou flour formulated. Starch levels vary from one formulation to another. Starch contents range from 43.43% to 60.76%. However, FH2 has the lowest starch content and FH1 has the highest starch content.
3.1.6 Protein
Table 1 shows the protein levels of the different plantain foutou flour formulations with added cassava. The respective protein rates of the FH1, FH2, FH3, FH4 and FH5 flour formulations are 3.06%, 3.93%, 2.88%, 1.83% and 1.13%. Statistical analysis revealed significant differences (P ≤ 0.05) between the various FHIA 21 flour mixtures.


Table 1: Biochemical composition of composite flours of foutou from FHIA 21

	
	FH1
	FH2
	FH3
	FH4
	FH5

	Dry matter (%)
	93.29 ± 0.04 a
	93.31 ± 0.09 a
	93.31 ± 0.04 a
	94.06 ± 0.01 c
	93.69 ± 0.02 b

	pH
	5.57 ± 0.01 e
	5.11 ± 0.01 a
	5.34 ± 0.00 d
	5.23 ± 0.00 c
	5.22 ± 0.00 b

	Total sugars (%)
	10.78 ± 0.00 a
	21.30 ± 0.03 e
	18.48 ± 0.03 b
	20.93 ± 0.01 d
	20.85 ± 0.02 c

	Reducing sugars (%)
	0.02 ± 0.00 a
	2.06 ± 0.00 e
	0.32 ± 0.00 b
	0.90 ± 0.00 c
	1.63 ± 0.00 d

	Starch (%)
	60.76 ± 0.10 e
	43.43 ± 0.20 a
	50.17 ± 0.10 d
	45.50 ± 0.50 b
	47.15 ± 0.27 c

	Proteins (%)
	3.06 ± 0.61 c
	3.93 ± 0.61 c
	2.88 ± 0.37 bc
	1.83 ± 0.12 ab
	1.13 ± 0.37 a



Means ± standard deviation followed by the same lowercase letter on the same 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.

3.2 Phytochemical Composition and Antioxidant Activity of Foutou Flour Formulations
3.2.1 Total Polyphenols 
Table 2 shows the total phenolic compound (TPC) contents of the different FHIA 2 foutou flour formulations. The TPC contents of FHIA 21 are 503.97, 582.34, 451.39, 494.71, and 355.49 mg/100 g for the FH1, FH2, FH3, FH4, and FH5 composite flours, respectively.
3.2.2 Total Tannins
The total tannin contents of FHIA 21 foutou flours are presented in Table 2. The tannin content of the various FHIA 21 flour formulations is 129.58 mg/100 g for FH1, 317.04 mg/100 g for FH2, 174.06 mg/100 g for FH3, 331.94 mg/100 g for FH4 and 385.32 mg/100 g for FH5. The tannin content of the different flours varies significantly. These differences are significant at the 5% threshold between the various composite flour formulations.

3.2.3 Total Oxalates
Table 2 presents the total oxalate contents of FHIA 21. The oxalate contents of the blended flours based on the FHIA 21 variety are 88.00, 93.5, 77.00, 77.00, and 88.00 mg/100 g for FH1, FH2, FH3, FH4, and FH5, respectively. Data analysis revealed significant differences (P ≤ 0.05) among the various types of foutou flour.
3.2.4 Total Phytates
The total phytate contents of the various formulations of FHIA 21 foutou flours are presented in Table 2. These contents of the formulations FH1, FH2, FH3, FH4 and FH5 are 48.61; 50.51; 49.50; 47.03 and 47.92 mg/100 g respectively. Data analysis showed statistically significant differences at the 5% threshold between the different foutou flour formulations
Table 2: Phytochemical composition of composite flours of foutou from FHIA 21

	
	FH1
	FH2
	FH3
	FH4
	FH5

	Polyphenols (mg/100 g m.s)
	503.97 ± 0.00 d
	582.34 ± 0.00 e
	451.39 ± 0.00 b
	494.71 ± 0.57 c
	355.49 ± 0.57 a

	Tannins (mg/100g m.s)
	129.58 ± 0.32 a
	317.04 ± 0.32 c
	174.06 ± 0.19 b
	331.94 ± 0.19 d
	385.32 ± 0.19 e

	Oxalates (mg/100 g m.s)
	88.00 ± 0.00 b
	93,50 ± 7.78 b
	77.00 ± 0.00 a
	77.00 ± 0.00 a
	88.00 ± 0.00 b

	Phytates (mg/100 g m.s)
	48.61 ± 0.12 c
	50.51 ± 0.14 e
	49.50 ± 0.07 d
	47.03 ± 0.00 a
	47.92 ± 0.07 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.

4. DISCUSSION
The dry matter content of the various formulations of FHIA 21 foutou flours with added cassava is very high. These high values of dry matter contents of the different formulations of foutou flour would explain their energy richness (Akubor et al., 2023The results obtained are similar to those of Akubor et al. (2023) regarding the quality assessment of noodles produced using unripe plantain flour.. Also, the high dry matter contents of the different formulated foutou flours reflect a low moisture content of the formulated flours of the plantain variety studied. Indeed, the moisture contents are well below 12%. These low moisture contents of these different composite foutou flours are favorable for long-term storage (Aryee et al., 2006; Akubor et al., 2023). According to these authors, low moisture contents limit microbial growth such as mold. Similarly, Okereke et al. (2021) and Edelmiro et al. (1977) reported that flour with a moisture content of 10% or less is ideal for long-term storage.
The pH of the various formulated flours of foutou of FHIA 21 are acidic. This observation was mentioned in the work of Ayo-Omogie et al. (2010) on plantain flours during ripening in Nigeria. The values obtained are same to those reported by Emperatiz et al. (2008) with green plantain flours and Ayo-Omogie et al. (2010) with plantain flours at different stages of ripening. The pH values obtained are lower than those reported by Amankwah et al. (2011) for plantain flour from the French, Horn 1 and FHIA 21 cultivars
The values of total and reducing sugars of the different formulated foutou flours are higher in the formulations where the rate of ripe plantain is higher compared to the flour containing green plantain. This difference in the rate of these sugars (total and reducing) in the different flours could be explained on the one hand by the different percentages of incorporation of ripe plantains because during the ripening of the plantains, the starch is converted into sugar and on the other hand under the action of heat during cooking in water the starch grains subjected to a high temperature and an excess of water swell then gelatinize and solubilize. Thus, the hydrothermal attack disorganizes the crystalline structure of the starch of the plantain pulps releasing amylose, amylopectin and soluble sugars (Bjorck et al., 1984, Assemand et al., 2012).
The protein contents of the different flours composed of foutou based on the variety of the FHIA 21 plantain obtained are significantly different from one formulation to another depending on the rates of ripe or green plantain. These values are lower than those obtained by Adeniji et al. (2007) for plantain plantain flour. The protein values obtained in this study are significantly higher than those reported by Ayo-Omogie and Ogunsakin (2013) in their work on the formulation of dessert plantain and maize flour-based feed in Nigeria and are substantially equal to the values obtained by Asouzu et al. (2020) (2.20% to 4.20%) in their study on the functional properties and chemical composition of composite flour of cooking plantain (Musa Paradisiaca) and yellow maize (Zea Mays) in Nigeria.
“The various foutou flours formulated with plantains and cassava contain significant amounts of total polyphenols and total tannins. This suggests that these different foutou flour formulations are rich in phenolic compounds. These compounds, by their function, have antioxidant properties that neutralize free radicals. This would therefore have a beneficial effect on human health by reducing the risk of cardiovascular disease and cellular disorders leading to various degenerative diseases” (John et al., 2005).
The tannin content of the various formulated foutou flours differs depending on the incorporation rates of ripe plantain. The values obtained are higher than those reported by Adeniji et al. (2007) in their study of plantain flours.
Like phenolic compounds, the total phytate contents of the different formulations of foutou flour are significantly higher than the values found in the literature. They are more than 1000 times higher than those obtained by Adeniji et al. (2007) during their work on the nutritional and anti-nutritional composition of flour made from plantain and plantain hybrid pulp and peel mixture in Nigeria. Onomi et al. (2004) recommend a phytate content of between 25 and 35 mg per 100 g of food for good health. Abdoulaye et al. (2011) suggest that an intake of more than 800 mg of phytate per day is not recommended. This suggests that composite plantain foutou flour (FHIA 21) is not harmful to human health.
The results show that the total oxalate content of the different formulated foutou flours varies between 77 and 132 mg / 100 g of dry matter. These quantities of oxalates evaluated in these different flours are similar to the values reported by Soudy (2011) on the nutritional value and toxicity of taro flours in Chad. The oxalate contents are lower than those found by Adeniji et al. (2007) (640-880 mg / 100 g of dry matter). The values obtained are much lower than those obtained by Nip et al. (1989) on taro varieties grown in the Samoa Islands (America), where the content varies from 2.05 to 4.21 g/100 g of dry matter. The quantities of total oxalates obtained in the different foutou flours nevertheless remain lower than those evaluated in several studies. Thus, the composite flours of foutou from FHIA 21 present less risk to health. Indeed, according to Derivaux and Liégeois (1962), total oxalates can be considered as a violent fatal poison when the lethal dose is between 10 and 15 g in adult humans. However, the oxalate values of the five composite flours are well below the lethal dose and therefore do not present a danger to human health.

5. CONCLUSION
This study aimed to reduce post-harvest losses and contribute to food security in Côte d'Ivoire by producing a composite flour from plantain (FHIA 21) and cassava for use in preparing instant foufou adapted to local dietary habits. Overall, this study demonstrated that the five different composite foufou flour formulations based on plantain and cassava exhibited notable biochemical and phytochemical properties. Thus, the FH2 formulation, containing 60% ripe plantain and 40% cassava, exhibited higher levels of biochemical and phytochemical compounds compared to the other four flours.
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