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Improvement of Nutritional Properties of Attiekeé by
Co-Fermenting Cassava Paste with three Local
Legume (Cowpea, Voandzou and Bean) Flours

ABSTRACT

Attiéké is a fermented and steamed cassava semolina made in Cote d'lvoire. It is an excellent source
of energy but contains low amounts of protein and micronutrients. This study was conducted to assess
the nutritional value and sensory properties of attiéké enriched with three legumes (cowpea, voandzou
and common bean). The attiéké enriched with legume flours was prepared in different proportions of
10%, 15% and 20%. The samples were produced by incorporating the flour of the three legumes into
the cassava paste in a single step (fermentation). The ferment content and fermentation time were
12% and 24 hours respectively. The chemical and sensory characteristics of the cowpea, voandzou
and common bean enriched attieké formulations were determined using standard methods. The results
showed that the protein (1.13-9.93%), fat (0.06-2.06%), ash (0.1-1.13%), fibre (2-6.33%) and energy
(353.747-372.06 Kcal/100 g) contents of the legume-enriched attiéké increased significantly with the
cowpea, voandzou and common bean content. In addition, the addition of legume meal induced a
significant increase in pH from 4.6 to 4.9. The incorporation of 10, 15 and 20% legume flours changed
the appearance, aroma, taste, colour, and overall acceptability of the enriched atti€ké compared to the
control attiéké which were less appreciated by consumers. Flours with 10% legumes added to the
cassava paste before the fermentation process yielded the most acceptable food compared to flours
with 15 and 20% legumes added. This work suggests that the addition of 10% legume flour to the
attiéké and proper fermentation improves both the nutritional value and sensory properties of the
attiéké enriched with legumes.
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1. INTRODUCTION

Cassava is one of Africa’'s most important root and tuber crops and is highly valued for its ease of
agronomic handling, high productivity and tolerance of poor soils and drought [1]. Cassava derives its
importance from its starchy tuberous roots, which are an excellent and inexpensive source of calories,
particularly in developing countries [2]. In sub-Saharan Africa, the main cassava-growing region,
cassava plays a vital role in food security. It is also a major source of income for millions of people [3,
4]. In Céte d'lvoire, cassava is the second most widely consumed foodstuff after yam and ahead of
rice, with production of 5 million tonnes per year [5].

In Cote d'lvaire, it is transformed into around ten dishes, the best known of which are attiéké, placali,
gari, attoukpou and tapioca[6]. However, cassava has three major drawbacks: toxicity due to the
presence of cyanogenic compounds, potentially responsible for neurological and metabolic disorders
[7]; post-harvest losses due to its short lifespan; and a very low protein content. It should also be noted
that the low protein content of cassava and derived products contributes to protein-energy malnutrition,
particularly in areas where cassava accounts for more than 60% of people's daily energy intake [8].
Attiéké, which is made by processing cassava [9], is one of the most popular traditional dishes eaten
(two or three times a day) in Cbéte d'lvoire households. Unfortunately, it's very low protein and




micronutrient content means that it does not meet the recommended daily requirements [8], despite its
availability and accessibility.

Although the first two constraints mentioned above have been partly resolved thanks to innovative
processing technologies and scientific research, the one linked to protein value remains a major
concern due to the persistence and increase in protein-energy malnutrition in developing countries
[10].

The lack of adequate supplies of animal proteins due to their high cost [11] and the negative effect of
cholesterol on health [12] justify the use of proteins of plant origin such as legumes. (red beans,
cowpeas and voandzou) which contain proteins of just as good quality as those from animal sources
[13]. These legumes are rich in protein, carbohydrates, calorific value, fibre, and vitamins. They are a
staple food in many countries [14]. The protein composition of these seeds more than covers human
requirements for essential and semi-essential amino acids. They are a major source of nutrients for the
population, being the leading plant protein source with a protein intake of 18.6g per day, compared with
13.8g for animal products [15]. Their economic uses make them the crops of choice to reply for food
security needs in developing countries [16]. Thus, the use of legumes as a strategy for enriching local
foods could help to improve the nutritional quality of these foods as recommended by the FAO[17].
Several studies have already been carried out to improve the nutritional properties of cassava-based
products. Oluwamukomi et al [18] fortified gari with soya, melon, and sesame seed flour. Adeniyi et al
[19] also worked on fortifying spaghetti and tapioca with soy flour. In the case of attiéké, this strategy
has been considered. To date, the only known fortification studies are those carried out by Djédji
Catherine's team on the fortification of attieké with soy flour alone [20]. It would also be useful to
consider enriching attiéké with other local legumes to diversify the supply. It is in this context that the
objective of this work is to contribute to the food security of populations by improving the nutritional
quality of attiéké.

2. MATERIAL AND METHODS
2.1. Raw materials

Fresh, healthy tuberous cassava (Manihotesculenta Crantz) roots variety IAC (Improved African
Cassava) were employed as raw material. They were harvested at Grand-Morié (5° 58' 60" N, 4° 7'
60"W), in Cote d'lvoire. The legumes Phaseolusvulgaris (bean), Vignasubterranea (voandzou) and
Pignaunguiculata (cowpea) were purchased from the “Gouro” market of Adjamé (Abidjan, Cote
d’lvoire).

2.2. Cassava paste and ferment preparation

The cassava roots (30 kg) were cut and reduced to cossettes. The resulting cossettes were ground to
form cassava paste, to which decolourised palm oil was added after heating at 100°C for 5 min in a
proportion of 0.8% (w/v).

For the ferment preparation, 5 kg of cassava roots were peeled and cooked in boiling water for 45
minutes, followed by cooling at room temperature for 30 minutes. The cooked cassava roots were then
packed in a polypropylene jute bag. The jute bag containing cooked cassava was then placed in a
container with a lid and stored in a confined atmosphere for 72 hours. The resulting traditional ferment
called magnan was cleaned of mould and rinsed with tap water.

2.3. Preparation of legume flours

The grains were then shelled, dehulled and dried at 50°C for 24 hours before being ground using a
blender and then sieved. Finally, the legume flours were stored in sterilised jars for further handling.

2.4. Preparation of attiéké enriched with legume flours

Different proportions (10%, 15% and 20%) of flour from the three legumes, namely red bean, cowpea
and voandzou were added to 500 g of cassava paste. To this mixture are added 12% ofpre-ground
ferment. Everything is then left to ferment for 24 hours at room temperature (about 25°C). After the co-
fermentation step, the attiéké is prepared according to the method describes by Assanvo[21].



Fermented doughs were pressed manually using a mechanic press. The compact pastes obtained
after pressing were crumbled then granulated in a basin. The grains were dried on a tablecloth for 10
min. After drying, the grains were winnowed to remove the fibres. Finally, the semolina was steamed
for 7 to 10 minutes in a couscous maker.

2.5. Proximate Composition Analysis

Dry matters were determined by drying in an oven at 105°C during 24 h to constant weight [22]. Crude
protein was determined using the Lowry et al.[23] method. Crude fat was determined by cold extraction
method in chloroform-methanol (v/v) according to Folch et al.[24]. Carbohydrate content was
determined through the method used by FAO[25]. Total ash was determined by incinerating in a
furnace at 550°C [22]. Method described by Dubois et al. [26] was used to determine total sugars. The
pH and the total titratable acidity are determined according to the method AOAC[22]. The energy
values of different attiéké formulations were evaluated using formula described by Atwater et
Rosa[27].Energy value (kcal/100g) = (4 x % protein) + (9 x % fat) + (4 x % carbohydrate). The starch
content is deduced from those of total carbohydrates and total sugars. Starch content = 0.9 (Total
carbohydrate content — Total sugar content).

2.6. Sensory evaluation

A hedonic test was also carried out according to the method described by Watts et al. [28]. The panel
of 66 people was recruited based on their availability. Each panelist, isolated from the others, received
samples of 20 g of each formulated atti€éké. The test consisted of rating each formulation on nine (9)
hedonic point scale ranging from extremely unpleasant (1) to extremely pleasant (9). The parameters
described were appearance, aroma, taste, colour, and overall acceptability.

2.7. Statistical analysis

The results were subjected to variance analysis (ANOVA) carried out with the IBM SPSS Statistics
20.0 software. In the event of a significant difference, Duncan's test made it possible to identify the
means responsible for the difference observed at the 5% level.

3. RESULTS AND DISCUSSION

3.1. Physicochemical composition

3.1.1. pH and titratable acidity

It is well known that the fortification of foods leads to a modification of the biochemical composition.
However, the proportions of these different constituents shown great variability depending on the food
formulated. Thus, the quality of formulated attiéké can only be demonstrated by determining their
physicochemical characteristics. The proximate analysis of different attiéké formulations showed that
they are acidic with pH values sited between 4.6 and 4.9 (Fig 1). These values agree with the pH range
indicated for a good quality of attiéké as defined by Codinorm[29], which is between 4 and 5. As for the
titratable acidity (Fig 2), it evolves in the opposite way at pH. The enriched attiéké (pH 4.7 to 4.9) are
less acidic than the control attiéké (pH 4.6). This pH variation observed with the enriched formulations
would be linked to the incorporation of legume flours in the cassava paste. Similar results were
obtained by Ogunlakin et al. [30] in their study of enrichment of gari with soybeans up to 20%. The high
rate of titratable acidity of control and formulated attiéké would be because these foods are fermented.
Emireand Buta[31] reported in their studies that fermentation increases acidity. Indeed, during
fermentation, microorganisms, including lactic acid bacteria, produce organic acids [32], responsible of
food acidity. Note that the pH values and the high level of acidity obtained would make the attiéké more
resistant to deterioration by microorganisms.
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Fig. 1. pH of the different attiéké formulations

45,00 a
40,00 ¢ c b d
35,00 e
30,00 R
2500 | h
20,00 —
15,00
10,00
5,00
0,00

Titrable acidity
(meq/100 g)

r§\° }\Qu\o
> 2 > N
g & ¢
F T U & L
A W

Attiéké samples

e

8 r&g\e '\Qn\_u \{,g\n qS)D
Qo o Qo

72 Yol
& &
b\j o

Fig. 2. Titratable acidity of the different attiéké formulations

3.1.2. Moisture, dry matter and ash contents

The determination of the moisture content is essential in the analysis of a food to express the values in
relation to a fixed base which is the dry matter. Also, it significantly affects the shelf life and growth of
microorganisms. The moisture contents of the various attiéké formulated (Table 1) are between 44 and
51.90%. The control attiéké has the highest moisture content. It seems that the incorporation of legume
flours contributed to increasing the dry matter content of the enriched attiéké. The moisture content
values are close to those of Krabi et al.[33] whose contents are respectively 46.60% and 50% for fresh
attiéké. The high moisture content of fresh attiéké would increase their perishability. Indeed, a high-
water content would promote the growth of microorganisms [34]. In addition, attiéké enriched with 20%
red beans and 20% voandzou would have the best conservation potential given their low water content
compared to other formulations. In addition, the enrichment of attiéké with legumes considerably
increases their ash content ranging from 1 to 1.4%. Attiéké with 20% red bean has the highest ash
content (1.4%) (Fig. 3). As for the total ash content, the values obtained are like those of Guira [8] who
had found 0.31 to 1.61% for atti€ké made from dough imported from Cote d'lvoire to neighbouring
countries. However, the values obtained for enrichedattiéké with cowpea, red bean and voandzou are
higher than those (0.45+0.01) produced with sweet cassava called "Bonoua" [35]. The values recorded
(1 to 1.4%) agree the value recommended by Codinorm[29] which is 1.4% of dry matter. This high ash
content of enriched attiéké could be advantageous because their consumption would provide more
mineral elements.

Table 1.Moisture and dry matter content of the different attiéké formulations

Samples Moisture (%) Dry Mater (%)




Control 51.90+0.32% 48.10+0.32"

Cowpeal0% 49.00+0.36° 51.00+0.36'
Cowpeal5% 46.8620.13' 53.13+0.13°
Cowpea20% 46.067+0.25° 53.930.25°
Voandzou10% 49.96+0.36" 50.03+0.36°
Voandzoul5% 48.8620.31° 51.13+0.31'
Voandzou20% 46.133+0.49° 53.8620.49°
Red bean10% 47.9620.49° 52.030.49°
Red bean15% 47.1620.60° 52.83+0.60"
Red bean20% 44.967+1.06" 55.03+1.06%

Values are mean * standard deviation of three measurements (n = 3). The different case letters (a, b,
¢) in the column indicate significant differences (p< 0.05) in the respective values.
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Fig. 3. Ash content of the different attiéké formulations

3.1.3. Protein content

Fig. 4 depicts the results of protein contents. These protein contents increased significantly due to the
enrichment of attiéké with legume flours. The control attiéké showed a very low protein content
(1.133%) than those of the enriched attiéké which vary from 4.002% (for the attiéké enriched with 10%
cowpea) to 9.93% (for the attieké enriched with 20% red bean and 20% voandzou). Indeed, the
addition of legumes in the atti€ké improves considerably its protein content. The enriched attiéké with
the proportions of 20% red bean and voandzou have the highest protein values 9.9% and 9.93% DM,
respectively. The protein amounts obtained are very satisfactory and can provide 80% of the
recommended daily protein requirements. The results obtained agree with those of Kouakou et al. [20]
who reported an increase in protein content with the addition of soy flour. Attiéké enriched with 20%
beans and 20% voandzou could therefore be recommended as growth foods given their high protein
content [36]. Moreover, the consumption of these attiéké could largely contribute to covering the
protein needs of children over 2 years old, which are estimated between 12 to 13.5 g/day [37]. Also,
according to Kasprowicz-Potocka et al. [38],legume proteins are generally rich in essential amino acids
particularly in lysine. Therefore, the incorporation of cowpea, voandzou and red bean could improve
the quality of attiéké protein content. Increasing the protein content of attiéké would prevent protein-
energy malnutrition.
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Fig. 4. Protein content of the different attiéké formulations

3.1.4. Crude fat content

Enrichment of attiékéincreases their lipid content compared to the control. The highest lipid contents
are formulations with 10%, 15% and 20% of voandzou (1.9, 1.96 and 2.06%) while the enrichedattiéké
with 10% of cowpea and 10% of red bean, although having higher values than the control, have lower
lipid contents (0.1 and 0.133% of DM) compared to the other formulations (Fig. 5). These results agree
the values recommended (1 to 3%) by Codinorm[29].
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Fig. 5. Lipid content of the different attiéké formulations

3.1.5. Total sugar, total carbohydrate, and starch contents

Concerning the total sugar contents and the energy values of the enriched attiéké, they gradually
increase compared to the control. The highest values of total sugars (from 0.833% to 0.9%) were
obtained with the formulations red bean 15%, cowpea 15% and 20% of all legumes (Fig. 6).

The carbohydrate contents of formulated attiéké decrease gradually compared to the control. the
formulation with the lowest total carbohydrate content was attiéké enriched with 20% voandzou
(78.139/100 g DM) (Fig.7). Also, the addition of legume flours gradually influences the amount of
starch contained in the attiéké. Indeed, the higher the level of enrichment, the lower the starch content.
The starch contents of the different enriched attiéké formulations vary from 69.79 to 77.91%
respectively for the formulation with 20% voandzou and the control attiéké. (Fig.8).
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Fig. 6. Total sugar content of the different attiéké formulations
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Fig.7. Total carbohydrate content of the different attiéké formulations
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Fig. 8. Starch content of the different attiéké formulations

3.1.6. Energy value




The enrichment with legume flours allowed us to obtain energy values varying from 353.75 to 372.06
Kcal /100 g DM (Fig. 9). The results corroborate those (377.20 and 414 Kcal / 100 g) of Kouakou et al.
[20] determined during a study of attiéké fortification with soy in Cote d'lvoire. So, the values obtained
are higher than those (156.46 and 215.26 Kcal/100 g) of Guira [8] who worked on the evaluation of the
nutritional and health values of attiéké in Burkina Faso.
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Fig. 9. Energy value of the different attiéké formulations

3.2. Sensory characteristics of enriched attiéké

It has been observed that consumers generally judge the attiéké quality based on its appearance,
colour, aroma, and taste. The addition of 10, 15 and 20% legume flours modifies the appearance,
aroma, taste, colour and overall acceptability of the formulations compared to the control. Fig.10 shows
that the formulations are generally appreciated when 10% legume flours are used for the fortification of
attiéké. On the other hand, the addition of 15% and 20% pulse flours to attiéké is less appreciated.
Enrichments with 10% flour are those whose taste is accepted. Those with rather pleasant aromas are
the samples with 10% cowpea flour and 10% red bean compared to the control. However, the samples
with 15% and 20% of the flours have neither unpleasant nor pleasant aromas. The samples whose
colour and appearance are appreciated are those with 10% red bean flour. As far as colour is
concerned, the samples with 10, 15 and 20% of cowpea flour and 10 and 15% of voandzou flour as
well as with 15% of red bean flour were moderately appreciated. As for the 20% cowpea samples, 15
and 20% voandzou and red bean had an appearance not appreciated by the panel. Samples with 10%
flour are closest to the witness in terms of all sensory parameters. The observations made during our
studies differ from the conclusions of Oluwamukomi et al[39] who found that there was no difference
between the witness and gari enriched with soy flour up to 10%, and Banjo and Ikenebomeh [40] up to
15% enrichment.

Enrichment with cowpea, voandzou and red bean flour in this study reduced the score of the panel
showing that they were less accepted than the control sample. The average of the panel scores is 7.64
for the control attiéké and ranges from 4.45 to 6.62 for the formulations enriched with legume flours.
The formulation enriched with 20% of the voandzou flour had the lowest score of 4.45 for appearance.
Regarding scores, the control was the best, followed by formulations enriched with 10% red bean,
cowpea and voandzou flours, then formulations enriched with 15% and 20% of these flours. It seems
that, the higher the enrichment level, the more the colour intensity increases. Taste is the main factor
that determines the acceptability of a product [41]. The incorporation of flours also influences the
flavour of formulated foods. The flavour of the enriched atti€ké was significantly different from that of
the control. Based on overall acceptability, the control attiéké was found to be the best, followed
closely by the attiéké enriched with 10% flours. Formulations with 20% legume flours are the least
accepted. These observations are like those made by Oluwamukomi and Adeyemi[42].
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CONCLUSION

This study showed that the incorporation of legume flours at 10, 15 and 20% improves the nutritional
properties of attiéké. The enrichment of attiéké with legume grain flours made it possible to significantly
increase the physicochemical and biochemical parameters (proteins, lipids, energy value). Attiéké
enriched with 20% red bean and voandzou presented the highest levels of protein and energy value.
However, there was a slight decrease in total carbohydrates and starch of the fortified formulations
compared to the control formulation. Regarding sensory parameters, the attiéké produced with 10%
flour are the most appreciated after the control as concerned colour, appearance, taste, and aroma.
The red bean flour incorporated into the attiéké before fermentation gave the best sensory aspect of
the enriched attiéké. The enrichment of attiéké would make it possible to fight against protein
deficiencies and provides 80% of the recommended daily protein needs.

REFERENCES

1. Burns AE, Bradbury JH, Cavagnaro TR, Gleadow RM. Total cyanide content of cassava food
products in Australia. J.Food Compos. Anal. 2012; 25:79-82.

2. Fauquet C M, Tohme J. Global cassava partnership for 21st century for genetic improvement. In
annual meetings abstracts. Danforth Plant Center, ILTAB, St. Louis, USA. 2008; 14 p.

3. Sanni LO, Ayinde IA. Consumer acceptance and economic feasibility of dried fufu production in
Nigeria. ASSET-An Int Journal. 2002; 3:107-115.

4. Amani NG, Kamenan A, Rolland-Sabaté A, Colonna P. Stability of yam starch gels during
processing. Afr J Biotech. 2005; 4 (1): 94-101.

5. Trazié B A Y. Consumer preferences and the attiéké industry in Ivory Coast. Impacts of a
geographical indication (GI) approach. Rev int study development 2019; 3 (239): 89-114.

6. Diallo Y, Gueye TM, Sakho M, Darboux GP, Kane A, Barthelemy JP, Lognay G. Nutritional
importance of cassava and prospects for basic food in Senegal (bibliographic summary). Biotechnol
Agron Soc Environ. 2013; 17(4): 634-643.

7. Mlingi NLV, Assey V, Swai A, Mc Larty D, Karle H, Rosling H. Determinants of cyanide exposure
from cassava in kunzo-affected population in northern Tanzania. J Food Sci Nutr. 1993; 44:137-144.



8. Guira F. Evaluation of the nutritional and health values of atti€ké from different cassava pastes
imported or produced locally from different ferments. Diploma of Advanced Studies in Biotechnology,
Burkina Faso. 2013; 79p.

9. Assanvo JB, Agbo GN, Behi YEN, Coulin P, Farah Z. Microflora of traditional starter made from
cassava for “Attiéké” production in Dabou (Cbte d’lvoire). Food Control. 2006; 17(1): 37-41.

10. Stupak M, Vanderschuren H, Gruissem, W, Zhang P. Biotechnological approaches to cassava
protein improvement, Trends Food Sci Technol. 2006; 17 (12): 634-641.

11. FAO. The State of Food Insecurity in the World Addressing food insecurity in protracted crises
Keymessages. Notes. 2010 Retrieved from http://www.fao.org/docrep/013/i1683e/i1683e.pdf

12. Mananga M-J, Eyili NJK, Kotue TC, Kouandjoua NBD, Fokou E. Effect of Different Processing
Methods on the Nutritional Value of Red and White Bean Cultivars (Phaseolus vulgaris L.). J Food Nutr
Sci. 2022; 10 (1): 27-35.

13. Rajeev B, Karim AA. Exploring the Nutritional Potential of Wild and Underutilized Vegetables.
Compr Rev Food Sci Food Saf. 2009; 8:305-331.

14. Duru F, Ohaegbulam P, Chukwudi K, Chukwu J. Effect of different processing methods on the
chemical, functional and phytochemical characteristics of velvet beans (Mucuna pruriens). Int J Agric
Res Food Prod. 2020; 5:55-73.

15. Berger J. Enrichment of foods with micronutrients: part of an integrated strategy to combat
micronutrient deficiencies, particularly iron, in developing countries, 2nd International Workshop, Food
pathways to improve nutritional situations. Ouagadougou. 2003; pp. 564-576.

16. Appiah F, Asibuo JY, Kumah P. Physical and functional properties of bean flours of three cowpea
(Vigna unguiculata L. walp) varieties in Ghana. Afr J Food Sci. 2011; 5 (2):100-104.

17. FAO. Legumes nutritious seeds for a sustainable future. 2016; 6p.

18. Oluwamukomi MO. Chemical and Sensory Properties of Gari Fortified with Sesame Seed Flour
(Sesamum Indicum L.). FUTA J Res Sc. 2015; 11(1): 123-131.

19. Adeniyi P, Obatolu VA, Bakare AD, Lawal SB, Bolaji AT, Banjo OA. Fortification of Carbohydrate-
rich Foods (Spaghetti and Tapioca Pearls) with Soybean Flour, a Timely and Evergreen Necessity. J
Food Secur. 2017; 5 (2): 43-50.

20. Kouakou CM, Gbogouri GA, Ebah-Djedji C. Enhancement of Nutritional Value and Sensory
Properties of Fermented Cassava Semolina (Attieké) Enriched with Soy Flour. Amer J Food Sci
Technol. 2018; 6(4): 138-144.

21. Assanvo B.J. Investigations into the production and consumption of traditional Ivorian attiéké and
physicochemical, microbiological and organoleptic characterization of attiéké from 4 varieties of
cassava. Doctoral thesis, University of Cocody-Abidjan (lvory Coast). 2008; 199 pp.

22. AOAC. Official Methods of Analysis of AOAC International, (17th 505 Edition). Gaithersburg:
Association of Official Analytical Chemists, Inc. 2003; 506.

23. Lowry O H, Rosebrough N J, Farr A L, Randall R J. Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 1951; 193 (1): 265-275.

24. Folch J, Lees M, Sioane-Staniey G A. A simple method for isolation and purification of total lipids
from animal tissues. J Biol Chem. 1957; 266:497-509.



25. FAO. Food energy-methods of analysis and conversion factors. FAO Ed, Rome. 2002; 97 p.

26. Dubois M, Gilles K, Hamilton J, Rebers P, Smith F. Colorimetric methods for determination of
sugars and related substances. Analyt chem. 1956; 28:350-356.

27. Atwater W, Rosa E. A new respiratory calorimeter and the conservation of energy in human body Il
physics. Rev, 1899; 9:214-251.

28. Watts BM, Ylimaki GL, Jeffery LE, Elias LG. (1989) Basic methods for the sensory evaluation of
foods. International Development Research Center. 1989; pp. 159.

29. Codinorm Guide to good practice in the manufacture of attiéké. Ivory Coast Standardization. NI
484.2013; 9 p.

30. Ogunlakin GO, Olanipekun BF, Okpor JM, Ajayeoba TA. Effect of Soybeans Treatment on Some
Quality Parameters of Soy-Gari. Donnish. J Food Sci Technol. 2015; 1 (1): 001-005.

31. Emire SA, Buta MB. Effects of Fermentation on the Nutritional Quality of QPM and Soybean Blends
for the Production of Weaning foods. J Food Proces Technol. 2015; 6 (11): 2-6.

32. Guira F, Tankoano A, Savadogo A. African cassava Traditional Fermented Food: The
Microorganism's Contribution to their Nutritional and Safety Values-A Review. Int J Cur Microbiol Appl
Sci. 2016; 5 (10): 664-687.

33. Krabi ER, Assamoi AA, Ehon AF. Production of attiéké (couscous made from fermented cassava) in
the city of Abidjan. Eur Sci J. 2015; 111 (5): 277-292.

34. Gnagne A BG, Koffi K E, Assanvo B J, Soro S. Influences of freezing and drying of attiéké on its
physicochemical and organoleptic characteristics. Int J Biol Chem Sci. 2016; 10 (2): 808-819.

35. Yéboué K H, Amoikon K E, Kouamé KG. Nutritional value, organoleptic properties of attiéké,
attoukpou and placali, three cassava-based dishes commonly consumed in Ivory Coast. J App Biosci.
2017, 113:11184-11191.

36. Lawton JW. Zein: A history of processing and use. J Food Process Technol. 2002; 79:1-18.

37. Hulin M, Sirot V, Jean J, Héral V, Traore T, Mahé A, Riviére G. French study of total infant nutrition:
main results and recommendations. Nutrition and Dietetics Notebooks. 2019; 54 (5): 275-285.

38. Kasprowicz P M, Borowczyk P, Zaworska A, Nowak W, Frankiewicz A, Gulewicz P. The Effect of
Dry Yeast Fermentation on Chemical Composition and Protein Characteristics of Blue Lupine Seeds.
Food Technol Biotechnol. 2016; 54:360-366.

39. Oluwamukomi MO, Adeyemi IA, Oluwalana IB. Effects of soybean supplements on physiochemical
and sensory properties of gari. Appl Tropic Agric. 2005; 10:38-50.

40. Banjoh NO, Ikenebomeh M J. Comparison of 3 methods for the preparation of Sesame gari from
cassava and sesame bean mash. J Food Sci Technol. 1996; 33 (4): 440-442.

41. Banureka VD, Mahendran T. Formulation of wheat-soybean biscuits and their quality
characteristics. Tropic Agric Res Ext. 2009; 12 (2): 62-66.

42. Oluwamukomi MO, Adeyemi IA. Physicochemical Characteristics of “Gari” Semolina enriched with
different types of Soy-melon supplements. Eur J Food Res Rev. 2013 3; (1): 50-62.



