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Abstract One of the principles of good nutrition for diabetics is a balanced diet rich in dietary fiber. However, the
carbohydrate food most consumed by diabetics in Cote d'lvoire is rice, known to be high in carbohydrates and low in
dietary fiber. The aim of this study was to develop rice- and cowpea-based dietary formulations, rich in dietary fiber,
for the dietary management of diabetic patients or people at risk of diabetes in Cote d'lvoire. To this end, two
cowpea varieties were blended with three rice varieties in different proportions (0, 25 and 50%). Macronutrient
compositions and starch, amylose and amylopectin contents were analyzed. Protein, fiber and amylose contents were
higher in the different cowpea varieties than in the rice varieties. Protein, fiber and amylose values were 24.34 + 0.04
to 25.37 + 0.05%; 4.78 + 0.01 to 6.33 + 0.02% and 22.59 to 23.1% respectively in red and white cowpeas. In
contrast, the three rice varieties recorded respective values of 7.32 + 0.12 to 8.84 + 0.01% protein; 1.55 + 0.06 to
1.86 + 0.01% fiber and 14.56 to 15.3% amylose. The addition of cowpea to rice significantly (P < 0.05) improved
the nutritional value of the formulations, with an increase in protein, fiber and amylose content compared to rice
varieties. This increase in content was a function of the rice-cowpea pairing (25% cowpea -75% rice and 50%
cowpea -50% rice). The protein, fiber and amylose contents of the formulations were respectively 10.45 + 0.02 to
18.54 + 0.02%; 3.06 + 0.005 to 5.8 + 0.61%; 24.61 to 30.08%. Daily consumption of a cereal/legume combination
would be beneficial in correcting and/or preventing metabolic diseases, in particular type 2 diabetes.
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1. Introduction

Diet has a considerable impact on the prevalence of
chronic diseases such as diabetes and hypertension, and is
thus a crucial aspect of overall diabetes management in
the Kimokoti and Millen study [1]. The diet prescribed for
diabetics must take into account not only caloric intake
but also the ability of foods to induce a high or low
glycemic response, according to Madhu [2]. According to
Sukar et al [3]. Cereal-based diets have proved effective in
controlling hyperglycemia. In West Africa, the promotion
of local cereals and legumes is a major challenge, given
the rapid increase in the population and their high demand
in both rural and urban areas, according to Bricas [4]. For
example, according to Beninga et al. [5], cereals and
legumes are not only the traditional staple diet, but also
important staple foods for the populations of northern
Céte d'lvoire (Sénoufo, Malinké and Mahouka) and
foreign populations emigrating from South-Sahelian
African countries. According to Ramdath et al. [6], several
scientific studies have shown that when cereals are eaten
with pulses in the same meal, the glycemic index of the

meal is lower than when cereals are eaten on their own. In
Cote d'lvoire, cereals account for 30 percent of the
population's food consumption, and are one of the main
sources of energy and nutrients for these populations,
according to MINADER [7]. Cereals contain mainly
carbohydrates in the form of starch, but also a sufficient
quantity of bioactive substances that could be effective in
controlling hyperglycemia in the work of Boudries-Kaci
and Robet et al. [8,9]. As for legumes, the interest in them
is linked to their low price and their high protein and
dietary fiber content. They are low in fat and are the
second most important source of food after cereals. Pulses
also contain a number of micronutrients and
phytochemicals which, according to the FAO [10], offer a
range of health benefits. According to a recent FAO study
[11], certain pulses such as cowpeas and Hechi beans have
antioxidant capacities. Among cereals, rice is the most
widely consumed in the world, with consumption
estimated at 105 kg/person/year according to Islam et al
[12]. This staple is consumed every day, often more than
three times a day, with different cooking methods
depending on the amount of water used. Cowpea (Vigna
unguiculata. F.) is one of the most widely consumed
legumes in West Africa. In a study by Kouakou [13], it
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was the main source of protein for rural populations.
Cowpea contains an average of 23-25 percent protein and
50-67 percent starch, giving it an important role in
combating protein deficiency among consumers). Some
research has shown that complementary food formulas for
young children containing 25 percent cowpea and 75
percent rice could have around 13 percent good-quality
protein, thanks to the contribution of the lysine contained
in cowpea and the methionine provided by rice in the
study by Sidibé et al. [14].

Surveys of cereal-legume consumption levels and the
extent of metabolic diseases have shown that some Ivorian
communities consume these recipes with combinations of
75 percent rice and 25 percent cowpea, with a
consumption frequency of 3 to 4 times a week. The aim of
this study was to develop food formulations to improve
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the nutritional characteristics of recipes based on three
varieties of rice and two varieties of cowpea, with a view
to helping people with or at risk of diabetes.

2. Materials and Methods

2.1. Biologicals Material

Three rice varieties (black, white and brown) and two
cowpea varieties (red and white) constituted the biological
material. These foods were purchased respectively at the
market and in a supermarket in Abobo commune (Abidjan,
Cote d’lvoire).
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Figure 1. Rice preparation (a); Cowpea preparation (b)

2.2. Methods

2.2.1. Preparation of Rice and Cowpea Samples

Black, white and red rice samples were sorted
separately, washed and then cooked in water for around 20
min, at a rate of 250 g rice in 500 mL water. Similarly,
white and red cowpea samples were separately sorted,
washed and then soaked in tap water for three (3) hours
before being boiled in water for approximately 45 min, at
a rate of 250 grams of cowpea in 450 mL of water. These
foods were cooked at the Laboratoire de Biochimie
Alimentaire et Technologie des Produits Tropicaux
(LBATPT) (Figure 1).

2.2.2. Food Formulations

The different grains of cooked rice and cowpea were
oven-dried at 45°C for 48 h, then ground using a blender
(Moulinex, France). Binary formulations based on rice
and cowpea were produced using the method of Assita et
al [15]. The three rice varieties and the two cowpea
varieties were used to produce seven food formulations in
the proportions shown in Table 1. Samples of rice

varieties, cowpeas and food formulations were stored in
airtight boxes for biochemical analysis.

Table 1. Developing food formulations

Foods studied Composition
WR 100 percent white rice
BR 100 percent black rice
BRr 100 percent brown rice
RC 100 percent red cowpea
wC 100 percent white cowpea
50WR-50RC 50 percent white rice + 50 percent red cowpea
50WR-50WC 50 percent white rice + 50 percent white cowpea
75WR-25RC 75 percent white rice + 25 percent red cowpea
75WR-25WC 75 percent white rice + 25 percent white cowpea
50BR-50RC 50 percent black rice + 50 percent red cowpea
50BR-50WC 50 percent black rice + 50 percent white cowpea
75BR-25RC 75 percent black rice + 25 percent red cowpea
75BR-25WC 75 percent black rice + 25 percent white cowpea
50RBRr-50RC 50 percent brown rice + 50 percent red cowpea
50BRr-50WC 50 percent brown rice + 50 percent white cowpea
75RBr-25RC 75 percent brown rice + 25 percent red cowpea
75RBr-25WC 75 percent brown rice + 25 percent white cowpea

Note: BR: black rice; WR: white rice; BRr: brown rice; WC: white
cowpea; RC: red cowpea
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2.2.3. Biochemicals Analysis of Samples

Lipid, protein, crude fiber, ash and moisture contents
were determined according to AOAC standard methods
[16] in triplicate tests.

Lipid content was determined by the Soxhlet extraction
method. Protein content was determined by the Kjedahl
method. Carbohydrate content (% of dry matter) was
estimated by FAO differential calculation [18]. The
energy value (EV) was determined using the Merril and
Watt thermal coefficients [17] adopted by FAO.

Starch, amylose and amylopectin levels
determined using the Jarvis and Walkers method [18].

were

2.4. Statistical Analysis

Statistical analysis of the parameter data involved
calculating the mean and standard deviation. Statistical
differences between samples and measured parameters
were verified with ANOVA using XLSTAT software
version 2016.02.

3. Results

3.1. Macronutrient Content and Energy
Value of Samples

3.1.1. Rice and Cowpea Varieties Samples

The overall aim of this study was to contribute to
improving the nutritional values of rice- and cowpea-
based culinary recipes for the management of type 2
diabetes. The nutritional characteristics of the three rice
varieties (RB, RBr, RN) and the two cowpea varieties (NB,
NR) are presented in Table 2. The highest ash values were
recorded in the two cowpea varieties (2.2 and 2.85 percent)
and the lowest in the three rice varieties (1.03 to 1.06
percent). According to Mansouri and Ammouche [20,21],
these cowpeas are generally comparable to other legumes
such as chickpeas, lentils and rice. The two samples of
white and red cowpeas showed very high protein contents
of 25.37% and 24.34% respectively. Whereas the three
control rice samples (RB, RN and RBr) showed the lowest
protein contents, with values of 7.32, 8.57 and 8.84%
respectively. These results are in line with those reported
by Gongalves et al [22] who mentioned that cowpea is a
good source of protein, with content values ranging from
20.3 to 39.4% DM. Speaking of lipid content, the results
showed little variation for the different combinations, but
differed from sample to sample. The low lipid content of
legumes, more specifically cowpeas, could be explained
by their botanical origin. Also, rice, which is a
carbohydrate-based food, combined with cowpea did not
significantly increase lipid content in the formulated
samples. These results confirm those of Khalid et al [23],
who recorded a lipid content of around 2.1 + 0.1% in a
wholemeal cowpea flour in Sudan.

Table 2. Biochemical composition of rice and cowpea varieties

Humidity Ash Protein Lipids Fibers Carbohydrates (Kcal/li(\)/Og dry

(Percent) (9/1009) (9/1009) (9/1009) (9/100g) (9/1009) matter)
WR 9.6+0.2° 1.06+0.2° 7.32+0.12° 0.85+0.06" 1.55+0.06° 81.17+0.14% 355.44+ 0.63°
BR 11.27+0.5 1.03+0.0° 8.57+0.02¢ 0.95+0.01° 1.86+0.01° 78.18+0.46" 348.09+2.03%
BRr 11.9+1.1° 1.05+0.0° 8.84+0.01° 0.95+0.01° 1.69+0.01¢ 77.23+1.07° 346.33+4.55
RC 14.5+0.3 2.85+0.1% 24.34+0.04 1.73+0.07° 4.78+0.01° 56.57+0.22° 320+1.63°
WC 10.9+0.91% 2.2+0.3° 25.37+0.05°% 1.77+0.09° 6.33+0.02° 59.75+1.01¢ 331.18+2.97*

Note: BR: black rice; WR: white rice; BRr: brown rice; WC: white cowpea; RC: red

Carbohydrates are macronutrients that provide the body
with energy. Total carbohydrate contents in this work
ranged from 56.57 to 81.17%. The highest total
carbohydrate contents were recorded in the three rice
varieties (77.23 to 81.17% DM carbohydrate), and the
lowest contents in the two cowpea varieties, with
respective values of 56.57% for red cowpea and 59.75%
for white cowpea. These results are lower than those 115
reported by Goyon and Mestres [24] for rainfed rice, with

contents ranging from 87.98 to 90.96% DM.
Carbohydrates, particularly energetic substances, are
clearly in the majority in cereals. Carbohydrates,

particularly energetic substances, are clearly in the
majority in cereals. These carbohydrate contents in
cowpeas are in line with those found by Azaza et al [25],
who showed that legumes contain 25-60% starch
(carbohydrates). From an energy point of view, the three
rice samples studied ranged from 346.33 + 4.55 to 355.44
+ 0.63 Kcal/100g DM, with the highest energy values
compared to the two cowpea samples with values of 320 +
1.63 and 331.18 £ 2.97 Kcal/100g DM. In Aykroyd and
Doughty [26], the energy values for cowpeas range from

280.98 to 364.2 kcal. This indicates the energy richness of
varieties and species. The analytical data from this study
reveal non-similarity with those found by these authors.
These differences could be justified by the geographical
area in which the raw materials (rice and cowpea) are
grown, but also by the analytical methods used in the
present study.3.1.2 Food Formulations Samples Based on
Rice and Cowpea Varieties

The nutritional characteristics of the food formulations
developed are presented in Table 3. The ash content in
the samples based on 50% rice and 50% cowpea showed
a significant increase compared to the samples based on
75% rice and 25% cowpea. In fact, the ash content of the
50% rice/50% cowpea and 75% rice/25% cowpea
samples was significantly richer in minerals than that of
rice alone (100% rice). A greater improvement in protein
content was observed in formulations based on 50% rice
and 50% cowpea, but also significant for those based on
75% rice and 25% cowpea. These contents ranged from
10.62+0.03% to 18.54+0.02%. Research by Sidibé et al
[14] has shown that complementary food formulas for
young children containing 25% cowpea and 75% rice
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could have around 13% good-quality protein thanks to
the contribution of the lysine contained in cowpea and
the methionine provided by rice. The white cowpea (NB)
sample and the 50% brown rice/50% white cowpea
formulation showed the highest differences in crude fiber
content (p < 0.05), ranging from 5.8% for the 50%
brown rice/50% white cowpea formulation to 6.33% for
the white cowpea (NB) variety. Analysis of the results
revealed remarkably different fibre contents for the 50%
rice and 50% cowpea formulations, ranging from 4.53 to
5.8%, and also for those based on 75% rice and 25%
cowpea, compared with the three control rice varieties.
In line with the work of AFSSA [27], the presence of
fiber in foods intended for human consumption is
favorable to the reduction of post-prandial glycemia and
insulinemia. The carbohydrate contents of formulations
based on 75% rice and 25% cowpea are closer to those
of the three rice varieties, ranging from 71.60 to 75.58%,
with statistically significant differences (p < 0.05)
between samples. The 50% rice and 50% cowpea
combinations had lower carbohydrate contents than the
75% rice and 25% cowpea formulations, with values
ranging from 64.86 to 70.86%. This difference between
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the samples would be due to the proportion of cowpea
added to rice, as cowpea and rice are different species
whose main component is starch. Thus, the addition of a
large quantity of cowpea not only reduced the total
carbohydrate content, but also improved the fiber and
protein content, both of good nutritional quality.
Analysis of variance showed a significant difference in
energy values between formulations based on 50% rice
and 50% cowpea and those based on 75% rice and 25%
cowpea, but differed for all combined samples (rice-
cowpea). Also, the highest energy values were recorded
for those combined with 75% rice and 25% cowpea. The
high energy value for samples with 75% rice and 25%
cowpea is due to the high carbohydrate content of rice.
Energy in cereals and legumes comes mainly from
carbohydrates, of which starch is the major component.
This difference in macronutrient content differs from one
region to another due to environmental and 116 climatic
conditions, according to the study by N'guessan et al [28].
Thus, regular or moderate consumption of these
combinations could help less active people or those
suffering from metabolic diseases to have less energy-
dense diets.

Table 3. Biochemical composition and energy value of processed food formulations

Differents food Humidity Ash Protein Lipids Fibers Total carbohydrates VE
formulation (9/100g) (9/100g) (9/100g) (9/100g) (9/100g) (9/100g) (Kcal/100g MS)
75BR-25WC 11.8+0.8° 1.63+0.02° 10.62+0.03¢ 0.62+0.01° 3.64+0.27° 75.33+0.81° 334.83+4.15°
75BR-25RC 12.8+0.8° 1.14+0.04¢ 13.51+0.09° 0.95+0.06° 3.18+0.02° 71.60+0.78° 336.25+2.99°
50BR-50WC 12 +0.2° 2.54+0.02° 18.54+0.02* 1.83+0.03% 4.91+0.71° 65.09+0.18° 331.36+2.90™
50BR-50RC 12.7+0.3° 1.87+0.12° 17.41+0.02° 1.01+0.11° 5+ 0.64% 67.01+0.27¢ 326.74+2.12°
75WR-25WC 12.5+0.5% 1.36+0.09° 11.04+0.02° 0.92+0.07° 3.06+0.005" 74.18+0.08° 336.95+1.91°
75WR-25RC 11.9+0.9% 1.22+0.03° 10.45+0.02° 0.88+0.02° 3.39+0.15° 75.58+0.87° 338.12+3.10°
50WR-50WC 11.3+0.1° 1.97+0.08% 14.67+0.14% 1.19+0.02° 4.53+0.42° 70.8620.45¢ 334.75+1.94°
50WR-50RC 12.9+0.3° 1.77+0.02° 14.8+0.14% 1.55+0.03% 5.01+0.01° 68.97+0.36° 329.02+1.35°
75BrR-25WC 12.2740.41°  1.17+0.02° 12.64+0.02> 0.55+0.01¢ 3.87+0.02° 73.38+0.39° 333.54+1.57°
75BrR-25RC 12.2+0.2™ 1.2+0.03° 11.53+0.05° 0.72+0.02° 3.35+0.05¢ 74.35£0.2° 336.6+0.98"
50BrR-50WC 14.13+0.61% 2.05+0.03° 16.94+4.06° 1.18+0.04% 5.8+0.61° 65.70+4.08° 317.99+2.66°
50BrR-50RC 13.53+0.15®  2.23+0.04* 18.32+0.33% 1.05+0.04° 4.64+0.63° 64.86+0.36" 323.62+0.91°
Note: BR: black rice; WR: white rice; BRr: brown rice; WC: white cowpea; RC: red cowpea
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Figure 2. Starch, amylose and amylopectin contents of rice and cowpea varieties

3.2. Starch, Amylose and Amylopectin
Contents of samples

3.2.1. Rice and Cowpea Varieties Samples

The starch, amylose and amylopectin contents of rice
and cowpea varieties are shown in Figure 2. Amylose and
amylopectin contents in rice and cowpea samples ranged

from 1456% to 23.1% and 41.07% to 61.18%
respectively. The three rice varieties had the highest starch
and amylopectin contents, ranging from 74.2 to 76.18%
and 57.09 to 61.18% respectively, compared with the two
cowpea varieties. The two cowpea varieties had starch and
amylopectin values of 64.19% and 41.07% respectively
for white cowpea and 64.96% and 42.37% for red cowpea.
On the other hand, amylose levels are higher in cowpea



104

samples than in the three rice varieties. Amylose contents
ranged from 14.56 to 23.10%. According to Massaux et al
[29], this difference is due to the size and structure of the
starch granules, their botanical origin and even their
content. This difference could be justified by the type and
variety of cereal used.

3.2.2. Food Formulations Samples Based on Rice and
Cowpea Varieties

Figure 3 shows the different starch, amylose and
amylopectin contents of formulations based on rice and
cowpea varieties. Whatever the rice and cowpea variety,
amylose contents were higher in the 50% rice and 50%
cowpea formulations than in the 75% rice and 25%
cowpea formulations followed by the three rice varieties.
These contents ranged from 24.61 to 30.08%. Conversely,
amylopectin levels are higher in formulations with 75%
rice and 25% cowpea than in those with 50% rice and 50%
cowpea. Conversely, starch and amylopectin contents are

American Journal of Food and Nutrition

higher in formulations based on 75% rice and 25%
cowpea and those based on 50% rice and 50% cowpea.
These contents range from 76.18% to 69.09% and 61.61%
to 44.43% starch and amylopectin respectively for all
formulations (Figure 3 a, b, c). This difference could be
explained by the type and variety of cereal used. In
addition, the amylose and amylopectin contents in the 12
formulated recipes are a function of the type and ratio of
cowpea to rice. The lower amylopectin content was
observed in formulations with 50% rice and 50% cowpea,
compared with those formulated with 75% rice and 25%
cowpea. Also, the lower amylopectin content in these 50%
rice and 50% cowpea formulations showed an increase in
amylose content. In fact, most of the carbohydrates in
cereals are in the form of starch, with a high proportion of
amylopectin. According to Copeland et al [30], amylose
and amylopectin are the main constituents of starch,
representing 98-99% of the dry weight of granules.
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Figure 3. Starch, Amylose and Amylopectin Contents of food formulation based on brown rice and cowpea varieties (A), black rice and cowpea

varieties(B) and white rice and cowpea varieties (C)
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4. Conclusion

The results of the biochemical properties of the
formulations developed (ash, proteins, lipids, fibers,
starches, amyloses and amylopectins) showed that the
contents of these compounds varied significantly
according to the rate of cereal-legume combination,
whatever the variety of cereal and legume. In general, the
preparation of rice and cowpea-based recipes resulted in
an increase in these nutrient compounds compared with
individual rice consumption. Daily consumption of the
cereal/legume pair would therefore be beneficial in
correcting and/or preventing metabolic diseases, in
particular type 2 diabetes. The study of the glycemic index
will enable us to better understand the impact of these
recipes on blood sugar levels, to help diabetics achieve
their desired health goals.

List of Abbreviations

FAO = Food and Agriculture Organization of the
United Nations;

MINADER = Ministry of Agriculture and Rural

Development;
AFSSA = French Food Safety Agency;
AOAC = Association of Official Analytical Chemists

Ethics Approval and Consent to
Participate

Not applicable.

Human and Animal Rights

No animals/humans were used in the studies that are the
basis of this research.

Consent for Publication

Not applicable.

Availability of Data and Materials

All the data and materials are included in this paper.

Funding

The author(s) reported that there is no funding
associated with the work featured in this article.

Conflict of interest

The authors declare no conflicts of interest, financial or
otherwise.

105

Acknowledgements

Declared none.

References

(1]
(2]
(3]

[4]
5]
(6]
[7]
(8]

(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]
[17]
(18]
[19]

[20]

[21]

[22]

Kimokoti RW, Millen BE. Nutrition for the Prevention of Chronic
Diseases. Med. Clin. North Am 2016; 100 (6): 1185-1198.

Madhu SV. Glycaemic index: challenges in translating concept to
practice. Int. J. Diabetes Dev. Ctries 2017; 37(4): 377-378.

Sukar KAO, Abdalla RI, Humeda HS, Alameen AO, Mubarak EI.
Effect of Pearl Millet on Glycaemic Control and Lipid Profile in
Streptozocin Induced Diabetic Wistar Rat Model. Asian J Med
Health 2020; 18(3): 40-51.

Bricas N. (2011). Suivi des facteurs de risques de crise alimentaire.
Cirad. cirad.fr/ actualites http://www. Défis sud n° 100- Bimestriel.
Beninga MB, Assamoi AF, Kone L. La prospection du sorgho.
Bouaké, Cote d’Ivoire. IDESSA/DCV 1990; 7 p.

Ramdath D, Renwick S, Duncan AM. The Role of Pulses in the
Dietary Management of Diabetes. Can J Diabetes 2016; 40: 355-63.
MINADER. Résultats des bilans alimentaires de la cote d’ivoire.
Direction Générale de la Planification, des Statistiques et des
Projets, Direction des Statistiques, de la Documentation et de
I”Informatique 2017; 66p.

Boudries-Kaci. Caractérisation des amidons de sorgho et de mil perlé
cultivés dans le Sahara algérien. Thése de doctorat agroalimentaire
biotechnologie de I’université de Belgique 2017; 228p.

Robet EJ, KB, Amoikon KE. Comparative study of nutritional
value of wheat, maize, sorghum, millet, and fonio: some cereals
commonly consumed in Coéte d’lvoire. European Scientific
Journal 2020; 21(16): 118- 131.

FAO Rapport Spécial - Mission FAO/PAM d’évaluation des
récoltes et de la sécurité alimentaire & Madagascar 2018. (Rome,
Italy: FAO).

FAO. Les bienfaits pour la santé des légumineuses. 2016;
fao.org/pulses-2016, 4p.

Islam MS, Farah N, Stafford TS. Factors associated
withsecurity/cybersecurity audit by internal audit function: an
international study”, Managerial Auditing Journal 2018; 33(4):
377-409.

Kouakou C., Harold Roy-Macauley, Mame Coudou Gueye, Marie
Claire Otto, Jean- Frangois Rami, Ndiaga Cissé. Diversité
génétique des variétés traditionnelles de niébé [Vigna unguiculata
(L.) Walp.] au Sénégal: étude préliminaire. Plant Genetic
Resources Newsletter 2007; 152: 33-44.

Sidibe S, Coulibaly A, Koné D, Doumbia M. Amélioration de la
viscosité et de la densité énergétique des bouillies infantiles
préparées a partir de farines composées a base de riz, de niébé, de
soja et d’arachide. Agronomie Africaine Sp 2017; 29(1): 53-61.
Yao A, Gbakayoro JB, Tan C, et al. Glycemic Responses of Food
Formulations Based on White Rice and White Bean. Food and
Nutrition Sciences 2023; 14: 225-232.

AOAC. Official methods of analysis, 15th Edn. Association of
Official Analytical Chemists 1990; Washington 774p.

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

Merill AL, Watt BK. Energy value of foods basis and derivation.
Agricultural Research Service 1975; 74: p. 136.

Jarvis CE, Walker JR. Simultaneous, rapid, spectrophotometric
determination of total starch, amylose and amylopectin. Journal of
the Science of Food and Agriculture 1993; 63(1): 53- 57.

Mansouri M. Effet des traitements thermiques sur les facteurs
antinutritionnels et la valeur alimentaire de trois légumineuses
(Phaseolus wvulgaris, Cicer Arietinum, Lens esculenta). Thése
Magister. INA, Alger 1983; 102p.

Hammouche Z. Etude biochimique et de la valeur nutritive de
quelques légumineuses (féve, féverole et pois chiche): possibilité
d'incorporation dans les produits céréaliers. Thése de magister en
technologie. Option: Technologie Alimentaire et Nutrition
Humaine. INA Elharrache 2002; 38-39.

Gongalves A, Goufo P, Barros A, Dominguez-Perles R, Trindade
H, Rosa EA. Cowpea (Vigna unguiculata L. Walp), a renewed
multipurpose crop for a more sustainable agri-food system:



106

[23]

[24]
[25]

[26]

American Journal of Food and Nutrition

nutritional advantages and constraints. Journal of the Science of
Food and Agriculture 2016; 96:2941-2952.

Khaldi A, Meddah B, Moussaoui A, Benmehdi H, Gouri S.
Screening phytochimique et effet antifongique de certains extraits
de plantes sur le développement in vitro des moisissures.
European Journal of Scientific Research 2012; 80: 311-321.
Goyona A and Mestres C. Le riz: bénéfices et risques pour la santé.

Cahiers de nutrition et de diététique 2017; CND-366: No. of Pages 8.

Azaza MS., Wassim K., Meni F., Abdelmouleh A., Brini B et
Kraiem MM. Evaluation of faba beans (Vicia faba L. var. minuta)
as a replacement for soybean meal in practical diets of juvenile
Nile tilapa oreochromis niloticus. Aquaculture 2019; 174-179

Aykroyd et Doughty. Les grams de légumineuse dans

I'alimentation humaine. Deuxiéme Edition. n°20 FAO. Rome 1982.

[27]

(28]

[29]

[30]

AFSSA. Fiche de description de dangers transmissibles par les
aliments:  Salmonella spp. AFSSA 2002; 6p. http://
www.infectiologie.com.

N'guessan KA., Kouakou KE., Alui KA et Yao A. Stratégies et
pratiques paysannes de gestion durable de la fertilité des sols dans
le département de Korhogo au nord de la Céte d'lvoire. Afrique
Sciences 2019; 15: 245-258.

Massaux C., Bodson B., Lenartz J., Sindic M., Sinnaeve G.,
Dardenne P., Falisse A et Daroanne C. L’amidon natif du grain de
blé: un composé naturel a valoriser par la connaissance de ses
propriétés technofonctionnelles. Livre blanc « Céréales » F.U.S.A.
et CRA-W Gembloux 2006; 7P.

Copeland L, Blazek J, Salman H, Tang MC. Form aand
functionality of stearch. Food Hydrocolloids 2009; 23(6): 1527-
1534.

© The Author(s) 2024. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



