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Abstract 

Tofu is a 'vegetable meat' made from soybeans through coagulation of its proteins. In this study, a new food like tofu has been 

developed by processing a local legume, cowpea, into a 'vegetable meat' like tofu. Chemical characteristics, protein quality and 

antinutrient factors were studied and compared with it‟s traditional counterpart soy-based. Results showed that both types of 

'vegetable meat' displayed an excellent production yield of over 50% with an acidic pH. As regards proximal composition, the 

protein (14.06±1.4 7%), lipid (05.88±1.41%), fiber (00.79±0.02%) and energy (146.44±4.65 kcal/100g) contents of the new food 

were lower than those of the soy-based meat counterpart, but remained within the recommended norms for each parameter. A 

study of the amino acid profile of their proteins revealed the presence of the nine essential amino acids, at over 50% in both types 

of tofu like 'vegetable meat'. Of these nine essential amino acids, three were found to have higher levels in cowpea-based 

'vegetable meat': isoleucine (08.5±0.02%), leucine (08.6±0.0 3%) and tryptophan (08.6±0.14%). Similarly, the amino acids 

nutritional quality of tofu like cowpea 'vegetable mea was reflected by an essential amino acid index of 90.45% and biological 

value of 87.09% underlining the efficiency of such proteins in meeting children's amino acid needs. Furthermore, the low levels 

of oxalates (0.044 g/100g) and tanins (0.14 g/100g) recorded in cowpea based 'vegetable meat' compared to its traditional soy 

'vegetable meat' counterpart would enhance the bioavailability of these nutrients for children's bodies. Thus, the production of 

tofu-type 'vegetable meats' from cowpea, just as nutritious as tofu, could make it possible to offer them as substitutes for 

expensive animal proteins in a context of persistent protein-energy malnutrition. 
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1. Introduction 

The world's best indicator of a child's well-being is its 

growth. This indicator is very often disrupted by a combina-

tion of factors, namely infections, inadequate dietary practices 

and often both, which are detrimental to the child's physical 

growth and mental development [1]. This unfortunately leads 

to the cases of child malnutrition encountered in developing 
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countries, where one in three children under the age of 5. 

Among the nutritional problems most frequently encoun-

tered in developing countries, and particularly in sub-Saharan 

Africa, the form of malnutrition that remains of greatest 

concern is protein-energy malnutrition (PEM), with high 

prevalence among pre-school children. Indeed, of the 190 

million pre-school children suffering from PEM in developing 

countries, Sub-Saharan Africa alone accounts for over 50% of 

this prevalence [2]. This situation is unlikely to be resolved 

despite the many efforts being made, since the WHO Africa 

regional report on food and nutrition security [3] indicates that 

hunger has worsened since 2019 in Africa, with almost a third 

of children stunted in 2020. Côte d'Ivoire, a West African 

country, is no exception to this trend, as according to the 

summary study carried out by the National Multisectoral 

Nutrition Plan, the prevalence of child malnutrition, mainly 

protein-energy malnutrition, is 22.4% on average throughout 

the country [4]. This chronic malnutrition, linked to a situa-

tion of food insecurity, is mainly dependent on a diet of lim-

ited quality, quantity and diversity, due to the great poverty 

of the population, especially in rural areas [5, 6]. 

Nutritious foods such as animal protein sources (meat, 

eggs, milk), essential for a balanced meal, are beyond the 

financial reach of these populations. To find a sustainable 

solution to this problem of chronic malnutrition, we recom-

mend adopting a strategy of diversifying food sources, giv-

ing priority to local foods based on their availability and ac-

cessibility to all segments of the population [7]. It is in this 

respect that legumes could represent an opportunity in the 

establishment of nutritionally, organoleptically and culturally 

adequate diets. Indeed, legumes, which are one of the essen-

tial components of the human diet, have a higher protein 

content than most plant-based foods [8]. This richness makes 

these plants excellent high-quality protein sources, as they 

contain all the essential amino acids [9]. What's more, they 

are grown locally, notably white beans or cowpeas (Vigna 

unguiculata), and could therefore provide a sustainable al-

ternative to conventional animal protein sources by being 

transformed into “plant meat”, like tofu produced from soy 

proteins. This type of meat, derived from plant proteins of 

almost identical nutritional quality to its animal counterpart, 

could provide populations with new sources of protein at 

lower cost. 

Today's ready-to-use or ready-to-cook meat substitutes are 

mainly based on wheat and, above all, soy, due to their rela-

tively high-quality amino acid profiles. In fact, soy-based 

foods are known for their high protein content, and their 

consumption has been shown to bring specific health benefits 

[10]. Tofu (soybean curd) is one of the main food products 

made from soy protein. However, like soya, many local 

legumes such as cowpeas and white beans are under-exploited 

in terms of their potential for processing into 'vegetable meat'. 

It therefore seems important to consider processing these local 

legumes into vegetable meat as an alternative to the more 

expensive animal meats. It is in this context that this work was 

initiated, with the objective of contributing to the reduction of 

infant malnutrition through the valorization of tofu-type 

'vegetable meats' derived from local legumes (cowpea). 

2. Materials and Methods 

2.1. Plant Material 

Plant material used in the present study consisted of cow-

pea (Vigna Unguiculata) and soybean (Glycine max) seeds 

purchased at the Adjamé forum market (5°29′17″ North, 

4°01′56″ West) (Figure 1). These seeds were purchased at the 

large market in Adjamé from two wholesalers and transported 

to the Laboratoire of Biotechnologies of the Université Felix 

Houphouët-Boigny for the work. A quantity of 4 kg of seeds 

from each legume was used to prepare the vegetable meats. 

 
Legend: A: cowpea (Vigna unguiculata), B: soybean (Glysine max) 

Figure 1. Photograph of seeds from the two studied legume. 

2.2. Prepartion of Tofu-type 'Vegetable Meat' by 

Coagulation 

2.2.1. Preparation of Milk from the Studied Legumes 

(Cowpea and Soybeans) 

A 250 g mass of legume seeds (Cowpea and Soybean) were 

cleaned (sorted by hand to remove impurities and defective 

seeds, washed two or three times with tap water) and soaked 

overnight. After soaking, the seeds were collected and left to 

drain for three (3) min. The drained seeds were then depel-

leted. The cotyledons obtained were finely ground using an 

electric mixer with water for three (3) min. The crushed ma-

terial was filtered through a clean muslin cloth. The milk 

obtained was used to prepare the vegetable meat (Figure 2). 
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Figure 2. Flow chart of the legume milk preparation process. 

2.2.2. Milk Cooking and Coagulation of Legume 

Protein Extracts 

The milk obtained was poured into a stainless steel sauce-

pan and heated over low heat for around 30 à 45 minutes until 

the mixture simmered. Acid coagulant was then added to the 

mixture and the whole was homogenized. Once the protein 

clots had formed, they were filtered after cooling and shaped 

in a press mold to remove the water (Figure 3). 

 
Legend: A: tofu-type vegetable meat from cowpea; B: tofu-type vegetable meat from soybeans 

Figure 3. Flowchart of the process for preparing tofu-type vegetable meat from legume milk. 

2.3. Yield Determination of Tofu-type 'Vegetable 

Meats' Production 

The tofu yield was calculated on the basis of the mass of 

vegetable meat obtained from 250 g of the seeds of different 

types of legumes and expressed in weight of tofu or vegetable 

meat (g/100 g raw legumes) [11]. Yield is calculated accord-

ing to the following formula (1): 

R (%) = 
𝑀1

𝑀0
 X 100           (1) 

R%: Extract yield expressed in g/100g of dry matter. 

M1 (g): Quantity of Tofu-type 'vegetable meat' recovered 

M0 (g): Quantity of biological material used for extraction 

2.4. pH Determination of Tofu-type 'Vegetable 

Meats' 

The pH was determined according to the [12] method. 

One (1) g of sample was diluted in ten (10) mL of distilled 

water. The resulting solution was filtered through Whatman 

filter paper. The pH was measured directly by dipping the 

electrode of a calibrated pH meter (HANNA) into the filtrate 

obtained. 
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2.5. Moisture Content of Tofu-type 'Vegetable 

Meats' 

Moisture content was determined according to the [12] 

method by drying at 105°C to constant mass. Crucibles were 

pre-dried, then cooled in a desiccator. A 5 g sample was 

placed in an oven at 105°C, cooled in a desiccator for 30 

minutes and the mass of the crucible containing the dried 

sample determined. Moisture (% H) and dry matter (% DM) 

were calculated according to the following equation (2): 

H (%) = 
(𝑀1−𝑀2)

𝑀𝑒
× 100             (2) 

With: 

Me: mass (g) of fresh sample. 

M1: mass (g) of (crucible + fresh sample) before steaming. 

M2: mass (g) of crucible + dried sample after steaming. 

2.6. Proximate Composition Determination of 

Tofu-type 'Vegetable Meats' 

The proximate composition of the tofu like 'vegetable 

meat' was evaluated by the analysis of ash content in the dry 

method by incinerating in a furnace at 550°C, crude fat con-

tent by continuous extraction in a Soxhlet apparatus for 8 h 

using hexane as solvent, crude protein (N×6.25) content by 

Kjeldahl method and Total fiber content in triplicate accord-

ing to the Standard method described by the Association of 

Official Analytical Chemists procedures [12]. Total carbohy-

drate content of foods was calculated by difference according 

to the method recommended by [6]. 

The energy value of these vegetables meat samples was 

calculated on the basis of the energy coefficients defined by 

[6] according to the following formula (3): 

EV (kcal/100 g) = 4*C (%) + 9*L (%) + 4*P (%)   (3) 

With EV, C, L and P refer to the energy value, carbohy-

drate, lipid and protein contents respectively. 

2.7 Amino Acid Determination of Tofu-type 

'Vegetable Meats' 

2.7.1. Amino Acid Profil Determination 

Amino acid levels in 'vegetable meat' samples were de-

termined according to the method described by [13]. For 

amino acid extraction, 4 g of vegetable meat was dissolved in 

20 mL sodium citrate (0.2 N, pH 2.3) and diluted in 10 mL 

hydrochloric acid (6 N) after 25 min stirring at room temper-

ature. The mixture was heated to 110°C for 24 h, then the acid 

evaporated. The sample was dissolved in 10 mL ethanol (70%) 

and filtered to 0.45 μm. An aliquot of 20 μL was injected into 

an HPLC (Waters Alliance e2695). Separation was performed 

with two Lichrospher 100 RP18 columns, and detection car-

ried out by spectrofluorimetry (Excitation 340 nm; Emission 

450 nm). Elution was carried out with two eluents, A (sodium 

acetate, distilled water, triethylamine, tetrahydrofuran) and B 

(sodium acetate, distilled water, acetonitrile, methanol). 

Concentrations were determined by chromatogram and ex-

pressed in mg/100 g. 

2.7.2. Essential Amino Acid Index Evaluation 

The EAAI was calculated using formula (4) described by 

[14]. 

EAAI (%)=100* √(100𝑎 ∗ 100𝑏. . . . .100ℎ)/ (𝑎𝑣 ∗ 𝑏𝑣. . . . .100ℎ)𝑛                     (4) 

Where n is the number of essential amino acids: a, b,....., h 

are the concentrations of the essential amino acids (his, iso, 

leu, lys, met, phe, threo, val) in the the vegetable meat sample, 

and av, bv, cv,...hv are the concentrations of the essential 

amino acids (%) in standard protein (casein). 

Biological value evaluation 

The biological value was calculated using formula (5) 

described by [14] 

BV (%) = 1,09 ∗ EAAI − 11,7          (5) 

2.8. Antinutrient Factors Determination in 

Tofu-type 'Vegetable Meats' 

2.8.1. Oxalate Determination 

Oxalates content was determined by the methods descibed 

by [15]. Two (2) g of vegetable meat sample (MS) were 

weighed and placed in a beaker containing 25 mL sulfuric 

acid (3M). The mixture was stirred for one hour, then filtered 

through Whatman paper. The filtrate obtained was titrated 

under heat with a solution of potassium permanganate (0.05M) 

until it turned pink (Latta and Eskin, 1980). The amount of 

oxalates in 100 g of 'vegetable meat' was determined by the 

following formula (6): 

Oxalates (mg/100g)  =
2,2×𝑉𝑒𝑞×100

𝑚𝑒
        (6) 

Veq: volume (mL) of KMnO4 poured at equivalence 

me: mass (mg) of sample 

2.8.2. Tanins Determination 

Tanin determination was carried out using the method of 

[16], in which tannins react with vanillin in a sulfuric medium 

to form a yellow complex, the intensity of which is propor-

tional to the quantity of tannins. For methanolic extraction, 1 g 

of 'vegetable meat' was homogenized in 10 mL of 70% 
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methanol, then centrifuged at 5000 rpm for 10 min. The su-

pernatants were combined and made up to 50 mL with dis-

tilled water. Next, 0.5 mL extract was mixed with 2.5 mL 

vanillin, allowed to stand for 30 min in the dark, and OD 

measured at 500 nm. Tanin content was determined using a 

tanic acid standard (2 mg/mL). 

2.9. Statistical Analysis 

All data were analyzed using one way Analysis of variance 

(ANOVA). Results were presented as mean ± SD and 

software Statistica version 7.1 used to assess differences be-

tween plant meat variables. In the event of significant dif-

ferences, Duncan's test was used to rank the means. A signif-

icance level (α) of 0.05 was applied: values below 0.05 are 

significant, while those above are not. 

3. Results and Discussion 

The development of a new food requires an assessment of 

its production yield and the nutrients it contains, in order to 

evaluate its profitability and nutritional quality. 

3.1. Production Yield and Physico-chemical 

Characteristics of Tofu-type 'Vegetable 

Meats' 

The results relating to production yield, pH, water content 

and ash content of samples of vegetable meat produced from 

cowpea and soybean control are shown in Table 1. These 

results revealed significant differences (P ˂ 0.05) between the 

plant meats studied with regard to yield, pH value and water 

content, in contrast to ash content, for which no significant 

difference was found. 

As far as yield is concerned, both types of 'vegetable meat' 

showed values above 50% with traditional counterpart V1 

(69.54±2.35) made from soybean recording the highest yield 

(table 1). This production yield of over 50% underlines the 

performance of the process employed and the advantages of 

producing this type of 'vegetable meat' from cowpeas. 

Table 1. Production yield, moiture and ash content and pH value of tofu-type 'vegetable meats' from the various legumes studied. 

 Yield (%) Moisture (%) Ash (g/100g) pH 

VM1 57.53±1.57b 68.77±1.13a 01.18±0.10a 04.81±0.01b 

VM2 69.54 ±2.35a 55.34±0.55b 01.00±0.00a 05.07±0.02a 

High values are in bold and low values are underlined. Values on the same line assigned different alphabetical letters are significantly different 

according to Duncan's test at the 5% threshold; those assigned the same letter are not. VM1: 'vegetable meat' from cowpea; VM2: 'vegetable 

meat' from soybeans. 

In the case of pH, the values of 4.81±0.01 for cowpea 

vegetable meat and 5.07±0.02 for its usual soybean 

counterpart reflect the acidic character of these preparations. 

This is due to the use of vinegar to coagulate protein extracts 

during the vegetable meat preparation process [17]. 

The ash content of a food is a valuable indicator of its 

mineral potential. Thus, the almost similar ash contents of 

1.18±0.10 (V1) and 1.00±0.00 (V2) obtained for these two 

types of vegetable meat reflect their good mineral potential. 

Ash, mineral constituent of meat, is very important for human 

health. In fact, these elements are generally involved in the 

constitution of the body, where they are stored in various parts 

such as teeth and bones (calcium, phosphate, magnesium) 

[18]. It would therefore be advisable to draw them from food 

sources that have them, such as vegetable meats and 

particularly cowpea meats, in order to avoid mineral 

deficiencies that can lead to health problems [19, 20]. 

As concern moisture content, the analysis revealed the 

existence of a significant difference (p≤ 0.05) between the two 

vegetable meats with cowpea-derived vegetable meat 

displaying the highest moisture content compared to its usual 

soybean-derived counterpart (55.34±0.55). However, it is 

important to emphasize that these values were found to be 

lower than the previous study which mentioned that moisture 

content of regular tofu was ranging from 81, 82±0.51 to 

82.20±0.09% [21]. Under these conditions, vegetable meats, 

especially those prepared from niebe, could have a longer 

shelf life than conventional tofu. 

3.2. Proximate Composition of Tofu-type 

'Vegetable Meats' 

The proximate composition of the two 'vegetable meat' is 

shown in the table 2. The results highlight the existence of 

significant differences (P ˂ 0.05) within these two studied 

vegetable meats in terms of crude protein, crude lipid, total 

carbohydrate, crude fiber and energy content (table 2). 
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Table 2. Macronutrient and energy content of tofu-type 'vegetable meats' from the studied legumes in 100 g (wet basis). 

 Proteins (g) Lipids (g) carbohydrates (g) Fiber (g) Energie kcal/100g 

VM1 14.06±1.47b 05.88±1.41b 09.32±0.34a 00.79±0.02b 146.44±4.65b 

VM2 20.31±2.55a 16.26±2.25a 04.98±0.66b 01.66±0.00a 251.55±3.54a 

High values are in bold and low values are underlined. Values on the same line assigned different alphabetical letters are significantly different 

according to Duncan's test at the 5% threshold; those assigned the same letter are not. VM1: 'vegetable meat' from cowpea; VM2: 'vegetable 

meat' from soybeans. 

Protein content is one of the most important nutrients 

required during children's growth period. Of the two types of 

vegetable meat studied, the highest protein content 

(20.31±2.55% on a fresh basis) was observed in traditional 

soybean vegetable meat, while cowpea vegetable meat 

showed the lowest value (14.06±1.47%). In any case, these 

values were well above the range of values (12.08 to 14.00% 

wet basis) obtained by various researchers for tofu-type 

vegetable meats based on fermented soybeans [22] and 

unfermented soybeans [17]. What's more, this protein content 

was well above the minimum value of 14% specified in the 

Codex Alimentarius standards for maximum amino acid in-

take in growth-promoting foods [23]. Thus, these two form of 

tofu like 'vegetable meat' formulation satisfy the protein de-

mands like usual meat. The adequate intake of protein is es-

sential for meeting the growing demand of children especially 

during this critical stage of growth. It would therefore be wise 

to recommend the consumption of vegetable meats produced 

from niebe in view of its protein potential and its availability 

at lower cost compared with more expensive animal meats 

[24]. Promoting these plant proteins, especially those derived 

from cowpea, could help maintain children's well-being 

insofar as they have the ability, like soy, to lower serum 

concentrations of total cholesterol and triglycerides, unlike 

animal proteins [25]. 

The results about the crude fat content of the differents 

vegetable meat are shown on table 2. Their analysis revealed 

that, as previously, vegetable meat from cowpea had the 

lowest content (5.88 g/100g), in contrast to its traditional 

counterpart (16.26 g/100g) from the soybean. These values 

are within the range (10-25%) of value of the dietary 

requirements for and young children foods, recommended by 

[26]. Fat is essential for supplying energy in the body, 

facilitate absorption fat soluble vitamins and provide essential 

fatty acids indispensable for normal brain development [27]. 

The results for total dietary fibre are shown in table 2. Also 

in this respect, vegetable meat from cowpea has the lowest 

content (0.79±0.02%), in contrast to its traditional counterpart. 

Furthermore, the contents of both types of vegetable meat are 

in the range (0.36-1.03%) reported for raw tofu [27, 28]. 

Dietary fiber is considered one of the most important 

ingredients in the human diet [28] and helps make us full and 

keeps things moving in the digestive tract [29]. 

Energy value and carbohydrate content are depicted on 

table 1. As observed in this table, both types of the studied 

vegetable meat displayed inverse levels of these parameters. 

Indeed, 'vegetable meat' from niebe has the highest 

carbohydrate content (09.32±0.34%) and the lowest energy 

value (146.44±4.65%), compared with its traditional 

soy-based counterpart. Energy from diet is recommended to 

be adequate to meet the physiological requirement of the body. 

Unfortunately, the values displayed by these vegetable meats 

are below the recommended values (400-450 Kcal) for 

children's diets [26]. However, meeting the recommended 

daily energy requirements depends on the frequency of meals, 

the quantity of food consumed and the energy density of the 

food. 

3.3. Nutritional Quality of Vegetable Meat 

Proteins 

The development and use of a new nutritious food from 

available and affordable food products is an approach that is 

being encouraged as part of efforts to reduce infant morbidity 

and mortality [30]. The analysis of vegetable meat produced 

from cowpea allowed to determine, in qualitative and 

quantitative terms, the adequacy of this vegetable meat with 

the recommended nutritional requirements of essential amino 

acids in children. 

3.3.1. Amino Acid Profile of Vegetable Meat Proteins 

The amino acid profile is essential for assessing the quality 

of the dietary protein source and also makes it possible to 

determine the proportion of available amino acids, in 

particular the essential amino acid content of a protein source, 

which largely influences the quality of that protein [31]. 

Table 3 presents the amino acid composition of the 

studied tofu-type vegetable meat made from sorbeans end 

cowpae. 

 

http://www.sciencepg.com/journal/ijnfs


International Journal of Nutrition and Food Sciences http://www.sciencepg.com/journal/ijnfs 

 

7 

Table 3. Amino acid content of tofu-type 'vegetable meats' from the studied legumes (g/100g). 

 Amino acids VM1 VM2 RDA%* 

EAA Histidine 03.3±0.03b 05.0±0,03a 01.00 

 Isoleucine 08.5±0.02a 08.5±0,02a 02.00 

 leucine 08.6±0.03a 08.1±0,01a 03.90 

 lysine 08.4±0.00b 10.6±0,04a 03.00 

 Methionine 02.0±0.04b 02.6±0,03a 01.50 

 Phenylalanine 04.9±0.02b 05.2±0,04a 02.50 

 Threonine 03.0±0.01b 08.9±0,02a 01.50 

 Tryptophane 08.6±0.14a 07.3±0,01b - 

 Valine 05.5±0.00b 06.8±0,01a 02.60 

NEAA Glutamic acid 04.2±0.02b 07.7±0,05a  

 Arginine 04.4±0.02b 06.2±0,02a  

 Proline 03.3±0.01b 03.0±0,01a  

 Alanine 03.1±0.02b 03.3±0,01a  

 Serine 03.6±0.03b 04.8±0,02a  

 Tyrosine 03.0±0.04b 04.4±0,02a  

 Cysteine 03.1±0.01b 03.5±0,02a  

Total AA (%) 79.90 89.6 - 

Total EAA (%) 52.80 63.00 - 

Total NEAA (%) 27.10 26.60  

High values are in bold and low values are underlined. Values on the same line assigned different alphabetical letters are significantly different 

according to Duncan's test at the 5% threshold; those assigned the same letter are not. 

VM1: 'vegetable meat' from cowpea; VM2: 'vegetable meat' from soybean. *RDA%=recommended dietary allowanced [32]. 

As concern EAA, the total percentage obtained for the 

vegetable meat made from cowpea is 52.80% while that of the 

traditional soy-based meat counterpart is 63.00%. These two 

legume vegetable meats diplayed higher TEAA than 36% 

considered for an ideal protein [32]. Among these essential 

amino acids, leucine and lysine content were higher in both 

type legume 'vegetable meats' than the recommended dietary 

requirements [32] while the methionine content was the 

lowest amino acid in these legume vegetable meats (table 3). 

This difference in content could be attributed to the initial 

composition of these essential amino acids in the native 

legumes used to produce these vegetable meats [31]. 

Both studied vegetable meats were found to be rich in the 

other EAA such as valine, phenylalanine, histidine etc. These 

amino acids has multiples roles including that in protein 

interactions, repair and tissue growth, cell growth and 

differenciation [33] and antioxidant defense [34]. 

Recent evidence has highlighted the dietary essentiality of 

amino acids traditionally considered non-essential 

(dispensable). Indeed, there is a lack of in-depth research into 

the hypothesis that nutritionally non-essential amino acids are 

adequately synthesized in human beings to meet their basic 

needs [35]. 

These amino acids, known as functional amino acids, 

include aspartic acid, serine, glutamic acid, alanine, proline 

and glycine, and also play an important role in intestinal 

integrity [36], immune responses [37] and others. 

Among the AANEs, glutamic acid and arginine have the 

highest content in both types of meat studied (table 3), 

followed by serine and tyrosine. It should be pointed out that, 

the difference in amino acid content of the proteins observed 

in the different vegetable meats could be attribue to the 

difference in the kind of seed. 

3.3.2. Nutritional Quality of 'Vegetable Meat' 

Proteins 

The values for the nutritional quality of the proteins in both 

vegetable meats derived from legumes are shown in table 4. 
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Table 4. Protein quality of tofu-type vegetable meats from the studied legumes. 

parameters cowpea-based vegetable meat soybeans-based vegetable meat 

Total amino acids 79.90 89.6 

Total EAA 52.80 63.00 

Total NEAA 27.1 26.6 

Total EAA/Total AA (%) 66.08 70.31 

Total NEAA/Total AA 33.92 29.69 

EAAI (%) 90.45 95.34 

Biological Value (%) 87.09 97.66 

Total EAA: total essential amino acids; Total NEAA: total non essential amino acids; Total EAA/Total AA: ratio total essential amino acid on 

total amino acid; Total NEAA/Total AA: ratio total non essential amino acid on total amino acid; EAAI: essential amino acid index 

As shown in Table 4, vegetable meat from cowpea 

(66.08%) and its counterpart from traditional soybean 

(70.31%) both showed a high ratio of essential amino acids 

to total amino acids of over 50%, indicating the dominance 

of these essential amino acids. In addition, the essential 

Amino acid values found in the two types of vegetable meats, 

and in particular in the one from cowpea, were above the 

reference value of 26% for ideal protein food for children 

and 11% for adult [38]. 

The chemical index (EAAI) evaluates the proportion and 

digestibility of essential amino acids contained in a protein 

compared to a reference protein. Both types of vegetable meat, 

especially cowpea with EAAI between 80 and 90%, are 

considered to be of good nutritional quality [39]. 

As for the Biological Value, this index expresses the 

quantity of amino acids in dietary protein (after ingestion) that 

will be used for protein synthesis in the body. In this respect, 

the values obtained of 87.09% (vegetable meat from cowpea) 

and 97.66% (vegetable meat from soybeans) underline once 

again that these protein-based foods are of good nutritional 

quality as the obtained values were as high as 70 and up to 

100%. Moreover, these high values are indicative of good 

digestibility and effective utilization of these proteins in the 

body [39]. 

3.4. Antinutrient Factors 

Legumes, the main ingredients in cowpea and soy-based 

'vegetable meat' formulations, naturally contain an-

ti-nutritional factors, notably tanins and oxalates, which limit 

the bioavailability of minerals [40]. This is of particular 

concern in young and older children, where the irreversible 

consequences can lead to deficiencies during their develop-

ment [41]. 

Figure 4 depicted the content in these anti-nutrients factors 

in the different studied 'vegetable meat'. 

 
Figure 4. Oxalate and tanin content of tofu-type vegetable meats 

from studied legumes. 

Legend: VM1: 'vegetable meat' from cowpea; VM2: 'vegetable meat' 

from soybeans. 

As observed in figure 4, oxalates (0.044±0.00 g/100 g) and 

tanins (0.14±0.00g/100g) contents registered by the vegetable 

meat from cowpea are significantly (p<0.05) lower than those 

of traditional counterpart vegetable meats. The low values 

recorded in the vegetable meat from cowpea are an 

undeniable advantage, since low contents of these factors 

improve the digestibility of the feed. In fact, low oxalate 

levels are a major advantage, as non-complexed bivalent 

elements will be bioavailable to these children. Similarly, low 

tanin levels limit the complexation of proteins, carbohydrates 

and other minerals, making them bioavailable [42]. Thus, the 

low content of anti-nutritional factors recorded for these 

vegetable meats, mainly that from cowpea, points to the nu-

tritional quality of the vegetable meats studied [28]. 

4. Conclusion 

This study has highlighted that it is possible to prepare to-
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fu-type 'vegetable meat' from other types of legumes such as 

cowpeas with good production yields. This 'vegetable meat', 

which is of good nutritional quality in terms of protein, lipids, ash 

and fibre, meets the essential amino acid requirements of the diet. 

In addition, the low tanin and oxalate content will undoubtedly 

improve nutritional status and thus help reduce malnutrition. It 

would therefore be advisable to introduce this 'vegetable meat' 

into the diet of populations, particularly children. 
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