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ABSTRACT: This study contributes to the exploration of the nutritional potential of under-exploited local resources (sesame and 

moringa) in weaning food. So, eight diets (MiS, MiSMo5, MiSG, MiSGMo5, MaS, MaSMo5, MaSG and MiSGMo5) were 

formulated from cereal flours (millet or maize), sesame seed (ungerminated or germinated) and moringa leaf. Commercial 

weaning foods (AT1 and AT2) were used as control. The biochemical composition and nutritional quality in growing Wistar rats 

of the various flours was determined. The results showed that the moisture, protein, ash, fat, fiber, carbohydrate and energy 

content of the formulations are within the recommended standard for weaning foods. Also, the formulated diets have induced 

weight gain of rats. The BMI of rats fed formulated diets (0.49 - 0.51 g/cm2) is similar to that of AT2 (0.46 g/cm2) control rats. 

The formulated diets had FER, PER, TD and BV values ranging from (0.18 - 0.23), (1.38 - 1.64), (85.18 - 93.55 %) and (86.64 - 

94.91 %) respectively. Any abnormalities were not identified as far as concern rat’s organs (liver and kidney). The total 

cholesterol and HDL blood cholesterol levels in rats fed the formulated diets are higher than those in rats fed the AT2 control 

diets. In addition, the LDL cholesterol levels are lower in rats fed the formulations compared to those in the AT1 and AT2 control 

diets. These results appear adapted within the framework of the fight against infantile malnutrition in the context of the local 

resources available. 
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1 INTRODUCTION 

From the age of 6 to 24 months, breast milk becomes insufficient to meet the nutritional needs of the infant. During this 

period, it is therefore necessary to give the child a liquid or semi-liquid food to supplement breast milk. These complementary 

foods should provide the child with key nutrients such as protein, fat and carbohydrates in a balanced proportion [1]. 

In developing countries, commercial weaning foods are available, but their cost remains high for people of low socio-

economic status, particularly in rural areas [2]. As a result, nannies prefer cereal-based complementary foods [3], [4]. However, 

several studies have reported that porridges that traditional cereal-based porridges have insufficient energy, protein, lipid and 

essential mineral densities to meet the energy needs of infants in weaning [5]. In addition, the protein contained in cereals has 

a low nutritional value because it is deficient in lysine and tryptophan, which are essential amino acids for the proper 

development of the child [6]. Despite their low content of essential nutrients for children, cereal-based food supplements 

remain the most affordable for low-income households [7]. It is therefore necessary to improve the nutritional density of these 

food supplements, while using accessible and cost-effective technology.  

In households, several simple and less expensive techniques are used to produce weaning foods adapted to children's needs 

[8]. Germination, fermentation and roasting of cereals are affordable and widely practiced processing techniques in Africa [9]. 

Fermentation is a process that improves the nutritional value of food by biosynthesis and bioavailability of vitamins and 

essential amino acids, reducing anti-anthinutritional factors. Germination increases nutrient bioavailability, energy density and 

food acceptability [10]. Roasting, on the other hand, reduces anti-nutritional factors, improves the taste and nutritional quality 

of the food product and reduces its moisture content, thus increasing its shelf life [9]. An integrated approach that combines a 
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variety of traditional food processing techniques in the preparation of weaning foods is more effective in eliminating anti-

nutrients in cereals, thereby improving nutrient availability [8]. In addition, the exploration of local food resources is one of the 

sustainable food approaches to address the nutrition-related public health problems of vulnerable groups [11]. 

In Côte d'Ivoire, sesame (Sesamum indicum) and moringa (Moringa oleifera) are available, but adults consume them in 

traditional form. However, their nutritional potential could be an asset in the fight against malnutrition. Indeed, some studies 

have shown that sesame seeds have proven to be good sources of edible oil, protein and minerals such as potassium, 

phosphorus, magnesium and calcium [12]. In addition, sesame oil contains high levels of unsaturated fatty acids, particularly 

oleic and linoleic acids, which are suitable for the body and cholesterol-free [13]. Moringa leaves are used to prevent or treat 

protein-energy malnutrition and other nutritional diseases [14]. They contain little fat and carbohydrates, but are an excellent 

source of vitamins, various antioxidant compounds, proteins and amino acids with all essential amino acids [14], especially 

sulphur-containing amino acids (methionine and cystine) which are often in insufficient supply in cereals and other plant foods 

[15]. 

This study contributes to the exploration of the nutritional potential of under-exploited local resources in infant weaning 

feeding. More specifically, the study aims to develop nutritious weaning flours from local cereals (millet and maize) and under-

exploited local resources (sesame and moringa) using traditional, simple and accessible processing techniques for 

disadvantaged households.  

2 MATERIALS AND METHODS  

2.1 MATERIALS 

2.1.1 MATERIAL FOR THE FORMULATIONS 

Millet (Pennisetum glaucum) and maize (Zea mays) seeds were purchased at the Abobo market (Abidjan, Côte d'Ivoire). 

The leaves of moringa (Moringa oleifera) have been obtained a producer in the locality of Abobo-Baoulé (Abidjan, Côte 

d'Ivoire), while sesame (Sesamum indicum) came from the Meagui family locality (south-western region of Côte d'Ivoire). Two 

commercial weaning food brand (AT1 and AT2) used as control was purchased from a local superstore. 

2.1.2 ANIMAL MATERIAL 

The wistar albino rats (Rattus norvegicus) were obtained from the animals’ barn of the Ecole Normale Supérieur (ENS) 

(Abidjan, Côte d’Ivoire). The average temperature of the room was (27 ± 2 °C) and the percentage of humidity was in range 

from 70 to 80 %, with 12 hours of daylight and 12 hours of darkness. 

2.2 SAMPLE PROCESSING 

2.2.1 PROCESSING OF MILLET AND MAIZE SEED FLOUR FERMENTED 

The millet and maize seeds were sorted to eliminate plant debris, defects and infested. Then sorted seeds were washed 

and one (1) Kg of seeds were soaked for 24 hours in 3 L of water separately. The soaked seeds were put again in water to start 

the fermentation for 3 days. The fermented seeds were washed with distilled water, dried in an oven at 45 °C for 2 days. Then, 

the dried seeds were milled and sieved through 0.25 mm wire mesh before packing in a sealed airtight plastic container and 

storage at 4 °C prior to formulation and analysis. 

2.2.2 PROCESSING OF MILLET AND MAIZE SEED GERMINATED FLOUR 

The millet and maize seeds were sorted, washed and soaked for 24 hours. The soaked seeds were kept on a cotton cloth 

and allowed to germinate in the dark at room temperature for 3 days for millet seeds and 5 days for maize seeds. Then the 

germinated seeds were dried in an oven at 45 °C for 2 days and degerminated by hand. The dried seeds were milled, sieved, 

packed and stored at 4 °C as before. 

2.2.3 PROCESSING OF SESAME UNGERMINATED SEED FLOUR 

The mature and dry sesame seeds were sorted to remove infested seeds and washed in clean tap water before draining at 

room temperature. Samples of seeds (200 g) were boiled in water (in stainless steel container) for 5 min, oven dried at 45 °C 

for 2 days. Then, the dried seeds were roasted (oven-cooking) for 10 min at a soft fire and cooled at room temperature. The 
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roasted seeds were ground into flour using a blender equipped with a 0.50 mm mesh sieve. The ground material obtained was 

stored at 4°C in a clean dry airtight sample bottle until required formulation and analysis. 

2.2.4 PROCESSING OF SESAME GERMINATED SEED FLOUR 

The mature and dry sesame seeds were sorted to remove infested seeds and washed in clean tap water before draining at 

room temperature. The drained seeds were soaked for 24 hours. The soaked seeds were kept on a cotton cloth and allowed 

to germinate in the dark at room temperature for 24 hours. Samples of germinated seeds (200 g) were boiled in water (in 

stainless steel container) for 5 min then drained and oven dried at 45 °C for 2 days. Then, the dried have been degerminated 

seeds by hand. The degerminated seeds were roasted (oven-cooking) for 10 min at a soft fire and cooled at room temperature. 

The roasted seeds were ground into flour using a blender equipped with a 0.50 mm mesh sieve. The ground material obtained 

was stored at 4°C in a clean dry airtight sample bottle until required formulation and analysis. 

2.2.5 PROCESSING OF MORINGA LEAF POWDER 

Moringa oleifera leaves were sorted and washed in clean tap water containing 1% NaClO. Then, they were dried at room 

temperature for 4 days, grounded into powder using a blender and sieved with a fine sieve of 0.25 mm. The resulting powder 

was packaged in black polyethene bags and stored in airtight plastic containers away in the dark until formulation and analysis. 

2.3 WEANING FOOD BLEND FORMULATION 

The weaning food blends containing millet or maize fermented, millet or maize fermented germinated, sesame 

ungerminated or germinated and moringa were formulated using different proportions of individual ingredients. The different 

composite flours, the reference commercial flours and their code as shown in Table 1. 

Table 1. Composition of designed formulations based on millet and maize 

 Formulations based on millet 

Ingredient (%) MiS MiSMo5 MiSG MiSGMo5 

Fermented millet flour  60 60 60 60 

Germinated millet flour 10 10 10 10 

Ungerminated Sesame flour 30 25 - - 

Germinated Sesame flour - - 30 25 

Moringa powder - 5 - 5 

 Formulations based on maize 

Ingredient (%) MaS MaSMo5 MaSG MaSGMo5 

Fermented maize flour  60 60 60 60 

Germinated maize flour 10 10 10 10 

Ungerminated Sesame flour 30 25 - - 

Germinate Sesame flour - - 30 25 

Moringa powder - 5 - 5 

 Reference commerciale flours 

AT1 Control diet 1 

AT2 Control diet 2 

2.4 METHODS OF PROXIMATE ANALYSIS  

Nutrient (moisture, ash, protein, fat, fiber and carbohydrate) content was determined according to standard methods of 

[16]. Carbohydrate content was determined by the difference that is by deducing the mean values of other parameters that 

were determined from 100. Energy value was estimated using the Atwater's conversion factors [17]. 
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2.5 BIOLOGICAL ASSESSMENT OF THE WEANING FOOD 

2.5.1 DIETS PREPARATION  

The porridges of the composite flours were cooked by introducing 100 g of flour into 100 mL of tap water. The cooking 

lasted 6 min over low heat. After 5 min of cooking, 10 % table sugar was added, then the cooking lasted 1 min. The resulting 

paste was reduced to a dumpling before being served to the rats.  

For the control flours (AT1 and AT2), 100 g were reduced to a dumpling in 100 ml of boiled tap water. 

2.5.2 RAT GROUPS CONSTITUTION AND EXPERIMENTAL PROCEDURE  

A total of 50 growing rats were used and fed diets. The young rats were divided into groups of 5 rats with homogeneous 

weights (60 ± 2 g). Thus eigth (8) groups were fed with the different formulations selected and 2 batches were fed with control 

flours (AT1 and AT2).  

The nutritional assessment was conducted according to the procedure described by [18]. It lasted 28 days and was divided 

into three (3) phases: an acclimatization phase, then a growth phase and a balance-sheet phase. During the acclimatization 

phase (72 h), the rats received water and granules from the SFACI society (Société de Fabrication d'Aliments Composés 

Ivoiriens), so that they would have the same diet at the beginning of the experiment. After this period, the animals were 

weighed and randomly divided into 10 groups with an average mass approximately the same (with a margin of ± 2 g) for the 

growth phase. The rats were housed individually in separate cabins in a metabolic cage with a facility to collect urine and faeces 

separately. Every morning, between 7 a.m. and 8:30 a.m., rats in the same batch were fed the same diet with 30 g of feed per 

rat to minimize waste. The water was distributed at will in bottles and renewed every 3 days. The quantities of fresh food are 

weighed before being served. The next day, the refusals (leftovers) are collected and weighed before being distributed again. 

The dry matter of fresh feed and refusals is also measured according to method of AOAC [16]. Also, the rats were weighed 

every three (3) days and the increase in animal mass was recorded. During the last seven (7) days of the experiment, faeces 

and urine with a few drops of dilute hydrochloric acid (0.1N) were collected daily, weighed and stored at -10°C for nitrogen 

determination [16].  

2.5.3 DETERMINATION OF NUTRITIONAL PARAMETERS 

The Feed intake, Protein intake, Feed efficiency ratio (FER), Protein efficiency ratio (PER), Apparent digestibility (AD), True 

digestibility (TD), Net protein retention (NPU), Biological value (BV) were estimated by the method of [18]. The body length 

and body mass index (BMI) were determine according to methods of [19]. 

2.5.4 COLLECT OF BLOOD SAMPLES  

At the end of the 28 days experiment, the rats were fasting for 16 hours before the blood sample was taken. This sampling 

was performed after ether anesthesia, according to the procedure described by [20]. Blood samples were collected in 

hemolysis tubes and immediately stored in a cooler containing ice (+2 °C) before being sent for biochemical parameter analysis.  

2.5.5 DETERMINATION OF SERUM BIOCHEMICAL PARAMETERS 

Once in the laboratory, the tubes were centrifuged at 3000 rpm for 5 min to obtain the serum, which will be stored at -20 

°C. These serum were stored in eppendorf tubes, on which biochemical analyses were performed using an automated Coulter 

ACT diff 2 system. 

These parameters, built-in the automatic analyser, were tested according to the methods below: blood glucose was tested 

by method of [21]; total proteins were evaluated according to [22] methods; creatinine was evaluated according to the 

colorimetric method of [23]; urea was evaluated according to [24]; total cholesterol (TC) was determinated by method of [21]; 

triglycerides (TG) were determinated using method described by [25]; HDL-cholesterol (HDL-C) was determined following the 

[26]method and LDL-cholesterol (LDL-C) was calculated as per the method described by [27]. 

2.5.6 ORGAN SAMPLING AND WEIGHING 

The organs were collected after the various blood samples were taken, the animals were dissected and the various organs 

(hearts, livers and kidneys) were collected quickly [1]. 
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2.6 STATISTICAL ANALYSIS  

The statistical analysis of data was done by one-way Analysis of Variance (ANOVA) using the STATISTICA Software version 

7.1. Differences between means values were carried out using Duncan’s Multiple Range Test (P<0.05).  

3 RESULTS AND DISCUSSION 

3.1 BIOCHEMICAL COMPOSITION 

The mean values of proximate chemical composition and energy values of flours studied are given in Table 2.  

The moisture content of the samples is 3,34 ± 1,36 and 5,92 ± 0,09 % for composite flours and that of the AT1 and AT2 

control flours is 7.60 ± 0,05 and 5.68 ± 0.27 % respectively. These water content are significantly different (p ≤ 0.05). However, 

the moisture content for all the diets studied are lower than the 10% recommended for long storage of flour [28]. Aslo, the 

low moisture content of complementary foods increase the nutrient composition and inhibits microorganism activities [29]. 

The protein content in composite flour was in range from 13.08 ± 0.76 to 15.29 ± 0.01 % DW. The commerciale flours use 

control AT1 and AT2 content respectively 8.46 ± 0.58 and 15.67 ± 0.18 % DW of protein contents. The results indicate that 

formulate flours are significantly different (p ≤ 0.05) and included between than commercial ET1 and AT2 flours. The variations 

in the crude protein content may be due to the ingredients used in their formulations [30]. The protein contents that all 

composite flours have higher than commercial AT1 flour. The presence in composite flour of moringa leaf powder and/or 

sesame germined seed flour are inscreases the protein content of formulated diets. This might be due to the protein content 

of the incorporated moringa leaf powder [31]. Aslo, the increase in protein content could be due alterations of other 

components (starch, lipids) which might have altered the proportion of the protein on dry weight basis during soaking and 

germination [32]. However, except for control diet AT1, the protein content of the studies diets within the recommended range 

(11-21%) [33]. Proteins play a role in the body defending and cover nitrogen expenditure caused by the renewal of tissues and 

the synthesis of some compounds involved in the proper body functioning (enzymes, hormones) [34]. 

The addition of moringa leaf powder and sesame seed flours improved the ash content of formulated diets. The value 

content of the weaning food samples ranged between AT1 (0.33 ± 0.01 % DW) to MaSMo5 (2.52 ± 0.04 % DW). The commercial 

reference flour AT2 has 2.28 ± 0.03 % DW. However, the value of all the formulated studies were within the recommended 

norms for weaning food (≤ 3 %) [35]. The values obtained in this study indicate that diets contain appreciable amount of 

important minerals for best development of children. 

The fat content in the formulated (18.17 ± 0.04 – 21.56 ± 0.06 %DW) was higher (P < 0.05) as compared to references flours 

AT1 (1.77 ± 0.30 % DW) and AT2 (9.53 ± 0.09 % DW). This could be attribute to the inclusion of sesame seed in the different 

formulations. Indeed, the fat content of formulated diets decreases significantly (P ≤ 0.05) with incorpored moringa leaf 

powder and subtitution of the sesame seed ungerminated flours (S) by the sesame seed germinated flours (SG). This decreasing 

could be attribute on the one hand to the weak contents in lipids of moringa leaf powder [31] and on the other hand of soaking 

and germination may be due to the action of lipolytic enzymes which utilized the fats present. However, the fat content 

obtained in this study fall within the recommended norms for infants (10 - 25 %) [35]. Fat is important in diets because it is a 

high-energy nutrient and promotes fat-soluble vitamins absorption [4]. In addition, the oil of sesame contains importante oleic 

acid, linoleic acid and antioxydant believed to promote cell integrity and healthy fonction of body tissues [13]. 

Concerning the fiber contents in studied flours, the lowest values statistically (P ≤ 0.05) are obtained from the two 

commercial reference flours AT1 and AT2 with 1.52 ± 0.15 and 2.09 ± 0.03 % DW respectively. The formulated flours fiber 

contents varied statistically from 3.82 ± 0.04 (MaS) to 5.07 ± 0.09 (MiSGMo5) % DW. However, all formulated diets have values 

conform to that recommended (≤ 5%) [35]. The fibres contribute to the maintenance of the healthy intestinal flora [36]. In 

general, the health benefits of dietary fibre consumption include the prevention, reduction and treatment of nutritional 

diseases (constipation, colon cancer, diabetes, obesity and gallstones) [36]. 

The carbohydrates have an essentially energetic role, they are the energy source that can be rapidly used by the body and 

are involved in the anabolism of proteins [34]. The carbohydrate of the formulated flours ranged between 57.81 ± 0.14 and 

60.97 ± 0.22 % DW. The control commercial flour AT1 (87.92 ± 1.26 % DW) and AT2 (70.44 ± 0.35 % DW) provides the highest 

value statistically (P ≤ 0.05) compared to formulated flours. However, the carbohydrate of the formulated flours close to the 

recommended value (64 ± 4%) according [35]. 

The energy density of the samples depends on the values of fat, protein and carbohydrate of the diets. According the Table 

2, the flours studied provide energy values that range 401.49 ± 0.90 to 483.50 ± 1.07 kcal/100 g DW. However, composite flours 

have statistically higher (p > 0.05) energy values (460.91 ± 0.03 - 483.50 ± 1.07), to those of the commercial reference flours 
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AT1 and AT2 (401.49 ± 0.90 and 430.23 ± 0.48 kcal/100 g DW respectively). All the diets studied have energy values close to 

those of the recommended (400-425 kcal/100 g) by [35]. This is desirable in infants and children, because low energy density 

foods tend to reduce total energy intake and the use of other nutrients [37]. 

Table 2. Proximate composition of formulated diets 

Parameter (% DW) 

Diets Moisture (%) Protein Ash Fat Fiber Carbohydrate Energy (Kcal/100g DW) 

MiS 3.77 ± 1.30 e 13.08 ± 0.76 b 1.79 ± 0.02 b 21.56 ± 0.06 g 4.30 ± 0.17 e 59.28 ± 0.64 d 483.50 ± 1.07j 

MiSMo5 3.54 ± 0.65 a 13.48 ± 0.07 c 2.04 ± 0.01 d 18.72 ± 0.05 e 4.80 ± 0.10 h 60.97 ± 0.22 g 466.23 ± 0.13f 

MiSG 3.35 ± 0.42 a 13.82 ± 0.07 d 1.93 ± 0.03 c 20.98 ± 0.16f 4.43 ± 0.15 f 58.85 ± 0.35 c 479.47 ± 0.35h 

MiSGMo5 4.29 ± 0.91 b 14.99 ± 0.59 g 2.09 ± 0.05 d 18.39 ± 0.70d 5.07 ± 0.09 i 59.48 ± 0.09 e 463.41 ± 3.60d 

MaS 3.34 ± 1.36 a 14.29 ±0.59 c 2.17 ±0.02 e 20.99 ± 0.13f 3.82 ± 0.04 c 58.72 ± 0.69 b 480.95 ± 0.79i 

MaSMo5 4.57 ± 0.73 c 14.92 ± 0.36 g 2.42 ± 0.05 g 18.47 ± 0.05d 4.50 ± 0.11 g 59.70 ± 0.47 f 464.70 ± 0.90e 

MaSG 4.22± 0.19 b 14.66 ± 0.01 f 2.27 ± 0.03 f 20.90 ± 0.20f 4.37 ± 0.10 f 57.81 ± 0.14 a 478.01 ± 1.29g 

MaSGMo5 5.92 ± 0.09 d 15.29 ± 0.01 h 2.52 ± 0.04 h 18.17 ± 0.04 c 4.96 ± 0.10 i 59.06 ± 0.08 d 460.91 ± 0.03c 

AT1 7.60 ± 0.05 e 8.46 ± 0.58 a 0.33 ± 0.01 a 1.77 ± 0.30a 1.52 ± 0.15a 87.92 ± 1.26i 401.49 ± 0.90a 

AT2  5.68 ± 0.27 d 15.67 ± 0.18 i 2.28 ± 0.03 f 9.53 ± 0.09b 2.09 ± 0.03b 70.44 ± 0.35h 430.23 ± 0.48b 

Values are mean ± standard deviation of triplicate measurements and those bearing different letter within a columns are significantly different 

(P ≤ 0.05).  

MiS: 60% Millet fermented, 10% Millet germinated and 30% Sesame; MiSMo5: 60% Millet fermented, 10% Millet germinated, 25% Sesame 

and 5% Moringa; MiSG: 60% Millet fermented, 10% Millet germinated and 30% Sesame germinated; MiSGMo5: 60% Millet fermented, 10% 

Millet germinated, 25% Sesame germinated and 5% Moringa; MaS: 60% Maize fermented, 10% Maize germinated and 30% Sesame; 

MaSMo5: 60% Maize fermented, 10% Maize germinated, 25% Sesame and 5% Moringa; MaSG: 60% Maize fermented, 10% Maize germinated 

and 30% Sesame germinated; MaSGMo5: 60% Maize fermented, 10% Maize germinated, 25% Sesame germinated and 5% Moringa; 

AT1 :Control diet 1, AT2 : Control diet 2 

3.2 BIOLOGICAL EVALUATION OF DIETS  

3.2.1 GROWTH PERFORMANCE AND ANTHROPOMETRICAL PARAMETERS 

Analysis of the results obtained shows a mass gain in rats fed formulated and commercial diets (AT2) (Figure 1; Table 3). In 

addition, the average mass of the batch of rats subjected to the AT2 control diet increased slightly compared to rats fed flours 

formulated with a markdown from day 6 of the experiment. Moreover, depending on the treatment applied to sesame seeds 

(S or SG) and the presence or absence of moringa leaf powder (Mo) in the diet administered to rats, a difference was observed 

in the evolution of the masses of the rat batches. The high growth of rats fed diets containing germinated sesame seed (SG) 

powder and moringa leaves would confirm the impact of leafy vegetables and seed germination on their nutritional value in 

food [38],[39]. Also, the growth of these rats could therefore indicate a regular development of the cellular metabolism of rats 

[40]. In addition, the diet of rats fed the AT1 control diet showed a loss of mass from day 6 until the end of the experiment. 

This loss of mass in rats fed the formulated and control AT2 diets could be explained by the high protein content of the flours 

(8.46 ± 0.58 % DW). According to [1] the protein requirement of growing rats varies from 9 to 18 %.  

The body mass index (BMI) of rats fed the formulated diets ranges from 0.45 ± 0.02 to 0.51 ± 0.07 g/cm2 (Table 3). Those 

of rats fed the AT2 control diets are 0.46 ± 0.06 g/cm2. However, rats in the AT1 control diet (0.36 ± 0.03 g/cm2) had the lowest 

BMI. In addition, the statistical analysis did not show any significant difference (p ≥ 0.05) between the formulated and AT2 

control regimes. They would indicate that rats exposed to the different formulated foods would not show signs of obesity. 

These values are within the range (0.38 to 0.68 g/cm2) of normal rats described by [19]. Consequently, the formulated diets 

could have a health benefit on the child's body during weaning. 
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Fig. 1. Weight variation of rats fed composite and control flours 

Table 3. Weight gain, body length and body mass index (BMI) 

Experimental diets Initial weight (g) Final weight (g/d) Weight gain (g/d) Final length (cm) BMI (g/cm2) 

MiS 60.86 ± 7.62a 93.13 ± 11.55b 1.15 ± 0.17b 13.60 ± 0.96b 0.50 ± 0.01b 

MiSMo5 60.82 ± 7.53a 99.70 ± 11.25c 1.39 ± 0.17c 14.50 ± 0.50d 0.47 ± 0.03b 

MiSG 61.60 ± 7.50a 98.16 ± 10.82c 1.31 ± 0.15b 14.50 ± 0.79d 0.47 ± 0.00b 

MiSGMo5 60.31 ± 7.61a 106.29 ± 14.74c 1.64 ± 0.29e 15.34 ± 1.25f 0.45 ± 0.02b 

MaS 60.82 ± 7.34a 98.15 ± 10.23c 1.33 ± 0.12b 13.88 ± 0.95b 0.51 ± 0.07b 

MaSMo5 61.12 ± 7.35a 106.05 ± 11.81c 1.60 ± 0.20d 14.70 ± 0.67d 0.49 ± 0.06b 

MaSG 61.29 ± 7.44a 96.89 ± 11.86c 1.27 ± 0.19b 14.00 ± 0.79c 0.49 ± 0.03b 

MaSGMo5 60.51 ± 7.60a 110.44 ± 11.85d 1.78 ± 0.18e 15.18 ± 0.73e 0.48 ±0.06b 

AT1  60.88 ± 8.68a 54.54 ± 8.98a -0.23 ± 0.02a 12.28 ± 0.97a 0.36 ± 0.03a 

AT2  59.82 ± 10.49a 127.27 ± 10.19e 2.40 ± 0.43f 16.58 ± 0.76g 0.46 ± 0.06b 

Values are mean ± standard deviation of triplicate measurements and those bearing different letter within a columns are significantly different 

(P ≤ 0.05). 

3.2.2 FEED CONSUMPTION RATE AND PROTEIN QUALITY OF DIETS 

The feed efficiency ratio (FER) of the formulated and control diets (AT1 and AT2) differs significantly at the 5% threshold 

(Table 4). The formulated and control AT2 diets were well assimilated by rats with FER of (0.18 ± 0.03 and 0.23 ± 0.03) and 0.26 

± 0.05 respectively. This could be explained by the high fat and protein content of flours that would improve the aroma, flavour 

and palatability of these diets [41]. However, the AT1 control diet (-0.05 ± 0.00) was poorly assimilated by rats. The protein 

efficiency ratio (PER) of the formulated diets ranges from 1.38 ± 0.20 to 1.64 ± 0.29. The AT2 control regime recorded a PER of 

1.66 ± 0.30. However, the statistical analysis did not show any significant difference (p ≥ 0.05) between the formulated diets 

and the AT2 control diets (Table 4). In addition, the protein efficiency coefficients of the composite flours and the AT2 control 

feed are within the range of 1.5 to 2 reflecting the good quality of a food protein. Indeed, the quality of a protein is poor if the 

PER is less than 1.5; good if it is between 1.5 and 2 [42]. The content of the PER obtained in this study demonstrates the 

advantage of using sesame seeds and moringa leaves in infant feeding. In addition, observation of the results showed that the 

rats' bodies used the proteins contained in the AT1 trade regime (-0.54 ± 0.04), which could justify the loss of mass in these 

rats. 
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Table 4. Feed intake, Protein intake, FER (Feed efficiency ratio) and PER (Protein efficiency ratio) of formulated diets and controls 

Experimental diets Feed intake (g/j) Protein intake (g/j) FER PER 

MiS 6.39 ± 1.40b 0.84 ± 0.03b 0.18 ± 0.03b 1.38 ± 0.20b 

MiSMo5 6.50 ± 0.64b 0.88 ± 0.00c 0.21 ± 0.03c 1.59 ± 0.20b 

MiSG 6.42 ± 0.86b 0.89 ± 0.00c 0.20 ± 0.02c 1.47 ± 0.17b 

MiSGMo5 6.65 ± 1.05b 1.00 ± 0.03e 0.22 ± 0.05d 1.64 ± 0.29b 

MaS 6.16 ± 1.26b 0.88 ± 0.03c 0.21 ± 0.03c 1.45 ± 0.22b 

MaSMo5 7.05 ± 1.15c 1.05 ± 0.02f 0.23 ± 0.03d 1.53 ± 0.19b 

MaSG 6.42 ± 1.41b 0.94 ± 0.00d 0.21 ± 0.02c 1.42 ± 0.12b 

MaSGMo5 7.60 ± 1.65d 1.16 ± 0.00g 0.23 ± 0.02d 1.53 ± 0.15b 

AT1 4.93 ± 1.41a 0.42 ± 0.03a -0.05 ± 0.00a -0.54 ± 0.04a 

AT2 9.24 ± 1.09e 1.45 ± 0.02h 0.26 ± 0.05e 1.66 ± 0.30b 

Values are mean ± standard deviation of triplicate measurements and those bearing different letter within a columns are significantly different (P ≤ 0.05). 

3.2.3 DIGESTIBILITY, BIOLOGICAL VALUE (BV) AND NET PROTEIN UTILIZATION (NPU) 

The apparent digestibility (AD) of the diets studied showed a significant difference at the 5% threshold (Table 5). Analysis 

of the results indicated that the highest level was obtained with the AT2 control regime (93.01 ± 0.12 %). The lowest was 

recorded with the MiS scheme (81.47 ± 0.31 %). Apart from the latter, the AD values recorded in the rats subjected to the diets 

studied are statistically identical or higher (p ≤ 0.05) than those of the commercial control flour AT1 (83.05 ± 0.04 %). In addition, 

diets containing 5% of moringa leaf powder (Mo) have high values compared to diets containing sesame seed powder treated 

under the same conditions. In addition, the true digestibility (TD) of the diets studied differs significantly (p ≤ 0.05) (Table 5). 

The TD of the formulated diets ranges from 85.18 ± 0.31 to 93.55 ± 0.02. The values for the AT1 and AT2 control regimes were 

90.48 ± 0.04 % and 95.15 ± 0.12 %, respectively. However, more than 80% of the diet proteins were actually retained by rats. 

According to [43], an digestibility of more than 70 % is desired in foods intended for children of weaning age. These results are 

similar to those of [44] which obtained 87.82 - 97.57 % respectively. In addition, the relatively high digestibility values of diets 

containing germinated sesame seed powder (SG) and moringa leaves (Mo) would indicate the importance of raw material 

treatments and flour supplementation in improving the nutritional value of foods. Moroever, the actual digestibility values of 

the different diets are higher than the apparent digestibility. This observation was also made by [44]. 

The biological value (BV) of a food's protein reflects its bioavailability in the body [45]. The values recorded in this study 

oscillate between those of the AT1 (78.66 ± 1.62 %) and AT2 (95.57 ± 0.05 %) controls. The content of the formulations ranges 

from 83.51 ± 0.56 to 94.91 ± 0.00 %. The statistical analysis showed that there is a significant difference between control 

regimens (AT1 and AT2) and formulated regimens. In addition, the presence of sesame germinated seed (SG) and moringa leaf 

(Mo) powder increased the BV of the formulated diets tomore than 80%. Thus, 80% of the proteins contained in formulated 

foods would be assimilated by the body. In addition, the consumption of flours incorporated into the powder of germinated 

sesame seeds (SG) and moringa leaves (Mo) has a VB of more than 90%. This rate is similar to [46] which obtained by 88.31 - 

100 respectively. In addition, the incorporation of germinated seeds and moringa leaves in infant flours improves the 

nutritional quality of the diet [8], [47].  

Table 5. Digestibility (AD and TD), protein utilization (NPU), biological value (BV) and protein retention (PRE) of the formulated diets 

and controls 

Experimental diets 
Parameter (%)  

AD TD NPU BV PRE (g/d) 

MiS 81.47 ± 0.31a 85.18 ± 0.31a 73.79 ± 1.08b 86.64 ± 0.65c 0.62 ± 0.03b 

MiSMo5 85.18 ±0.15e 88.72 ± 0.15d 80.79 ± 0.07d 91.06 ± 0.04e 0.71 ± 0.00d 

MiSG 84.20 ± 0.11c 87.69 ± 0.11c 77.61 ± 0.08c 88.51 ± 0.05d 0.69 ± 0.00c 

MiSGMo5 89.02 ± 0.10g 92.13 ± 0.10f 86.69 ± 0.37f 94.10 ± 0.18f 0.86 ± 0.03f 

MaS 83.22 ± 0.10b 86.75 ± 0.10b 72.44 ± 0.81a 83.51 ± 0.56b 0.64 ± 0.03b 

MaSMo5 87.57 ± 0.21f 90.52 ± 0.21e 82.60 ± 0.30e 91.26 ± 0.17e 0.87 ± 0.02f 

MaSG 84.68 ± 0.17d 87.97 ± 0.17c 77.25 ± 0.01c 87.81 ± 0.00d 0.73 ± 0.00e 

MaSGMo5 90.89 ± 0.02h 93.55 ± 0.02g 88.79 ± 0.01g 94.91 ± 0.00g 1.03 ± 0.00g 

AT1 83.05 ± 0.04b 90.48 ± 0.04e 71.16 ± 1.98a 78.66 ± 1.62a 0.30 ± 0.03a 

AT2 93.01 ± 0.12i 95.15 ± 0.12h 90.94 ± 0.11h 95.57 ± 0.05h 1.32 ± 0.02h 

Values are mean ± standard deviation of triplicate measurements and those bearing different letter within a columns are significantly different (P ≤ 0.05). 
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3.2.4 BIOMETRIC VALUES OF RATS FED WITH DIETS 

Biometrics of the organs (kidneys, liver and heart) of rats in the formulated and control diets (AT1 and AT2) are recorded 

in Table 6. One technique for assessing food quality is the measurement of organ biometrics [45]. Indeed, this measure makes 

it possible to detect anomalies in the organs implicated in nutritional metabolism [18]. The kidneys are extremely important 

and effective organs for the functioning of the body, but they are also extremely sensitive to various substances that can cause 

abnormalities. The kidney weights of rats on the formulated diets range from 0.70 ± 0.08 to 0.79 ± 0.09 g and those of rats on 

the AT2 diet from 0.76 ± 0.03 g. The analysis of the results did not show any significant difference (p ≥ 0.05) between the 

formulated and control AT2 diets. These results are in the range of 0.77 - 0.90 g of rats fed with dockounou obtained by [48]. 

This observation would attest to the safety of diets formulated on normal kidney function. In addition, the low kidney mass 

obtained with rats in the AT1 control diet (0.49 ± 0.04 g) may be due to low dietary intake by rats. Similar observations have 

been reported by [49], on fed rats with a dietary restriction. 

The liver is an organ involved in the metabolism of nutrients. The liver performs three vital functions such as purification 

function (cholesterol elimination, transformation of ammonia into urea, etc.), synthesis function (synthesis of coagulation 

factors and cholesterol synthesis, etc.) and storage function [48]. However, liver enlargement is an indicator of a treatment-

related abnormality [45]. The liver mass of rats fed the formulated and control diets (AT1 and AT2) differs significantly at the 

5% threshold. The lowest mass was recorded with rats in the AT1 control diet (2.18 ± 0.26 g) and the highest mass with those 

in the AT2 control diet (4.04 ± 0.20 g). The liver masses of ras subjected to the formulated diets range from 3.43 ± 0.21 to 3.87 

± 0.39 g. However, with the exception of rats fed the MaSMo5 diet (3.43 ± 0.21 g), the liver weights of rats fed the formulated 

diets are statistically identical (p ≥ 0.05) to each other. However, the liver weights of rats fed the formulated diets are similar 

to (3.13 - 3.70 g) obtained by [48]. Thus, the consumption of the formulated diets may not have a negative impact on the 

functioning of this organ. In addition, the low liver mass in rats on the AT1 control diet (2.18 g) is believed to be due to the 

dietary reduction observed by rats. Such results have been reported by [49].  

Table 6. Organs weight of rats fed with formulated diets and controls 

Experimental diets 
Weight (g) 

Kidneys Liver Heart 

MiS 0,74 ± 0,05b 3,63 ± 0,43c 0,42 ± 0,05c 

MiSMo5 0,76 ± 0,03b 3,43 ± 0,21b 0,40 ± 0,03b 

MiSG 0,74 ± 0,06b 3,73 ± 0,36c 0,42 ± 0,03b 

MiSGMo5 0,70 ± 0,08b 3,60 ± 0,49c 0,41 ± 0,04b 

MaS 0,75 ± 0,08b 3,87 ± 0,39c 0,42 ± 0,03b 

MaSMo5 0,76 ± 0,06b 3,81 ± 0,31c 0,45 ± 0,05c 

MaSG 0,73 ± 0,09b 3,86 ± 0,44c 0,43 ± 0,03c 

MaSGMo5 0,79 ± 0,09b 3,57 ± 0,26c 0,40 ± 0,03b 

AT1 0,49 ± 0,04a 2,18 ± 0,26a 0,29 ± 0,04a 

AT2 0,76 ± 0,03b 4,04 ± 0,20d 0,48 ± 0,05d 

Values are mean ± standard deviation of triplicate measurements and those bearing different letter within a columns are significantly different 

(P ≤ 0.05). 

3.2.5 Biochemical Parameters Studies 

The levels of glucose, total protein, urea and creatinine in young rats subjected to the selected formulations and commercial 

control flours are recorded in Table 7.  

The variation in blood glucose levels is one of the first approaches to detecting possible kidney dysfunction and diabetes in 

an individual [50]. This study, blood glucose levels in rats fed food preparations ranged from 55.10 ± 7.54 to 68.05 ± 2.55 mg/dL. 

These values range from 50 to 135 mg/dL recommended by [51] in normal rats. In addition, these values did not vary 

significantly from the controls in lot AT2. As a result, the consumption of the different diets formulated had no effect on the 

blood sugar levels of young rats. However, the hypoglycemia observed in rats subjected to the AT1 (41.00 ± 4.41mg/dL) control 

diet is explained by a state of protein-energy malnutrition leading to Kwashiorkor [52]. These results are consistent with those 

of [49] in rats with dietary restrictions. 

The serum total protein levels are between those of rats on the AT1 (4.53 ± 0.21 g/dl) and AT2 (7.38 ± 0.86 g/dl) control 

diets. In addition, rats fed formulations containing germinated sesame seed powder (SG) and moringa leaf powder (Mo) 

significantly increased (p ≤ 0.05) the serum total protein level in rats. Indeed, serum protein level is a parameter strongly 

influenced by the protein content of the diet [53]. Their importance results from the beneficial effect on health by maintaining 
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osmotic pressure, transporting molecules, purifying plasma, strengthening the immune system and coagulating blood [48]. 

Serum protein levels in rats on the elaborate diets are relatively low compared to the AT2 control lot. However, these values 

are consistent with the range (5.5 and 7.7 mg/dL) described by [54] in normal rats. In addition, the hypoproteinemia observed 

in rats fed the AT1 control diet is thought to result from insufficient protein intake, leading to protein malnutrition in the 

subjects [49]. As a result, consumption of these formulated foods would be able to meet the body's protein needs and maintain 

a healthy infant during weaning. 

Creatinine and urea are excellent markers of kidney function, their increasing reflects kidney dysfunction [55]. However, an 

increase in plasma urea does not specifically indicate kidney impairment. Indeed, plasma urea concentration depends not only 

on kidney function but also on diuresis, dietary nitrogen intakes and endogenous protein catabolism [55]. Creatinine currently 

remains the most commonly used test for assessing kidney function, as it is essentially eliminated by the kidney route by 

glomerular filtration [56]. Creatinine highest value was recorded with rats on the AT1 diet (0.69 ± 0.02 mg/dL), followed by 

those on the AT2 control diet (0.60 ± 0.05 mg/dL). Moreover, a significant decrease in creatinine content is observed when 

diets are enriched with sesame germinated (SG) and moringa (Mo) seed powder. [57] showed that the presence of antioxidant 

compounds in plants conferred them a nephroprotective activity. In addition, the serum creatinine concentration (0.48 - 0.64 

mg/dL) of rats in the formulated diets is consistent with that of [54] which is 0.2-0.6 mg/dL required in young growing rats. 

Furthermore, the results obtained in this study are low compared to those (1.51-1.71 mg/dL) of [58]. These observations 

demonstrate the safety of the various foods formulated on kidney function. 

Table 7. Glucose, total protein, urea and creatinine of rats fed with food formulations and controls 

Experimental diets Glucose (mg/dL) Total protein (g/dL) Urea (mg/dL) Creatinine (mg/dL) 

MiS 62.18 ± 5.56c 5.16 ± 0.10b 4.40 ± 0.60b 0.56 ± 0.05c 

MiSMo5 55.10 ± 7.54b 5.68 ± 0.56c 3.94 ± 0.69a 0.51 ± 0.01b 

MiSG 68.05 ± 2.55d 5.44 ± 0.44c 5.08 ± 0.84f 0.57 ± 0.06d 

MiSGMo5 56.40 ± 6.92b 6.25 ± 0.22d 4.91 ± 0.65e 0.48 ± 0.04a 

MaS 63.75 ± 10.40c 4.98 ± 0.60b 4.82 ± 0.28d 0.64 ± 0.02f 

MaSMo5 61.05 ± 4.82c 5.32 ± 0.61b 4.53 ± 0.48c 0.58 ± 0.03d 

MaSG 64.30 ± 9.67c 5.38 ± 0.73c 5.97 ± 0.31i 0.57 ± 0.05d 

MaSGMo5 61.63 ± 4.83c 6.44 ± 0.10d 5.19 ± 0.43f 0.51 ± 0.04b 

AT1 41.00 ± 4.41a 4.53 ± 0.21a 5.92 ± 0.73h 0.69 ± 0.02g 

AT2 63.53 ± 1.45c 7.38 ± 0.86e 5.62 ± 0.76g 0.60 ± 0.05e 

Values are mean ± standard deviation of triplicate measurements and those bearing different letter within a columns are significantly different 

(P ≤ 0.05).  

In order to explore the value of a diet composed of a mixture of cereal (millet and maize), sesame and moringa on the 

health status of the animals tested, the levels of total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides were 

determined (Table 8). 

For total serum cholesterol, the analysis of variance indicates that the lowest value is recorded in rats on the AT1 control 

diet (0.69 ± 0.04 g/L), while the highest value is observed in the blood of rats on the AT2 control diet (0.90 ± 0.06 g/l). In 

addition, in rats fed the formulated diets, the total cholesterol content (0.80 ± 0.04 - 0.85 ± 0.06 g/L) is lower compared to that 

of rats fed the AT2 control diet. This could be due to the fact that plant-based foods would have little or no cholesterol. Also, 

the presence of fibres and tannins in diets would promote the reduction of cholesterol in the blood by its faecal excretion or 

by decreasing its synthesis by the liver [59]. In addition, the HDL cholesterol (good cholesterol) (0.41 ± 0.01- 0.60 ± 0.05 g/L) 

and LDL cholesterol (0.09 ± 0.02 - 0.19 ± 0.04 g/L) content in rats fed the formulated diets are comparable to those reported 

by [58] which are approximately 0.55 g/L and 0.15 g/L respectively for Wistar rats. This would suggest that the consumption of 

elaborate formulations would not pose a risk of hyperlipidemia or cardiovascular disease in children. In addition, the low total 

cholesterol/HDL-cholesterol ratio (1.39 - 2.04) compared to the maximum limit of 3 in animals that ingested the formulations 

would confirm the health benefits of consuming these flours [60]. 
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Table 8. Lipid profile and atherogenic indices of rats fed with formulated diets and controls 

Experimental diets 
Parameter (g/L)   

TG CT HDL-C LDL-C CT / HDL-C LDL-C/HDL-C 

MiS 1.18 ± 0.10h 0.84 ± 0.07c 0.42 ± 0.01d 0.18 ± 0.06c 1.98 0.42 

MiSMo5 0.97 ± 0.11f 0.83 ± 0.05c 0.50 ± 0.01h 0.14 ± 0.03b 1.67 0.28 

MiSG 1.08 ± 0.06g 0.85 ± 0.06c 0.45 ± 0.03e 0.18 ± 0.03c 1.86 0.39 

MiSGMo5 0.90 ± 0.09d 0.80 ± 0.04b 0.51 ± 0.02h 0.11 ± 0.05b 1.56 0.21 

MaS 1.18 ± 0.09h 0.83 ± 0.06c 0.41 ± 0.01c 0.19 ± 0.05c 2.04 0.46 

MaSMo5 0.97 ± 0.03f 0.84 ± 0.03c 0.48 ± 0.06g 0.16 ± 0.08b 1.75 0.34 

MaSG 0.93 ± 0.06e 0.84 ± 0.03c 0.46 ± 0.04f 0.19 ± 0.04c 1.83 0.43 

MaSGMo5 0.72 ± 0.04b 0.83 ± 0.03c 0.60 ± 0.05i 0.09 ± 0.02a 1.39 0.15 

AT1 0.53 ± 0.04a 0.69 ± 0.04a 0.24 ± 0.02a 0.35 ± 0.03d 2.87 1.43 

AT2 0.80 ± 0.06c 0.90 ± 0.06d 0.40 ± 0.07b 0.34 ± 0.05d 2.27 0.87 

Values are mean ± standard deviation of triplicate measurements and those bearing different letter within a columns are significantly 

different (P ≤ 0.05).  

4 CONCLUSION 

The formulated flours have a high content of protein, fat, ash, fibre and an energy value that complies with the standards 

for complementary food. As well, the incorporation of sesame germinated seed (SG) powder into flours to optimize these 

parameters. Nutrition tests of enriched formulated flours (sesame and moringa) and the AT2 control diet in growing rats 

showed better dry matter intake. Also, the food and protein efficiency coefficient of the formulated diets is similar to that of 

the control diet AT2. This finding resulted in weight gain in rats fed these diets as opposed to rats fed the AT1 control diets. In 

addition, no obesity was detected in rats on the formulated diets. Moreover, the analysis of the results showed that the 

consumption of diets formulated by rats did not induce an abnormality on the organs (kidneys, liver and heart). Blood 

biochemical parameters (glucose, urea, total protein and creatinine) generally showed good functioning of rat organs. 

Consumption of the formulated diets showed good accumulation of blood lipids (total cholesterol, HDL-cholesterol, LDL-

cholesterol and triglycerides) in rats. These formulations could therefore be offered to mothers in rural areas and those on low 

incomes. 
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