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ABSTRACT 
 

Introduction: In Côte d'Ivoire, there is an imbalance between the dietary intake and the nutritional 
requirements of school-aged children. The objective of this study was to analyze the effect of food 
diversification, namely sweet potato, soya and cowpea, on vitamin A, D and E profiles among 
school-aged children in Côte d'Ivoire.  
Methodology: This study was conducted over eight months (from October 2017 to May 2018). It 
included 240 school-aged children (6 - 12 years old) who were divided into four groups of 60 pupils. 
These children consumed food at school canteens in 12 localities of the Nawa region. Four types of 

Original Research Article 



 
 
 
 

Maurel et al.; EJNFS, 13(1): 136-147, 2021; Article no.EJNFS.65962 
 
 

 
137 

 

meals were proposed: rice with fish (Group 1 control), sweet potato porridge accompanied by 
green soybean (Group 2), sweet potato porridge accompanied by white cowpea (Group 3), and 
sweet potato porridge accompanied by cowpea with soya balls (Group 4). Three blood samples 
were collected: Phase 0 (prior to the consumption of the meals), Phase 1 (sampling taken three 
months later) and Phase 2 (sampling taken six months later). Blood assay for vitamins A, D and E 
was performed using high performance liquid chromatography (HPLC). 
Results: Before the children consumed food at the canteen (phase 0), a sufficient amount of 
vitamins A, D and E was observed, except for group 4 where a deficiency of vitamin D (<30 ng/mL) 
was noted. The levels of vitamins A and D decreased in groups 1, 2 and 3 from phase 0 to phase 
2. However, they increased in children of group 4 from 0.5 to 0.8 mg/L and from 22 to 28 ng/mL 
respectively. The vitamin E level increased in all groups from phase 0 to phase 2. The 
improvement in vitamin E status was more remarkable in the children of group 2 and group 4 with 
levels varying from 8.5 to 11.8 mg/L and 8.3 to 10.6 mg/L respectively. 
Conclusion: Improvements in vitamin A, D, and E status were more pronounced in children who 
ate sweet potato, soybean, and cowpea meal compared to their mean concentration at the 
beginning of the study. The sweet potato, soybean, and cowpea-based meal could be chosen as a 
means of food diversification in school canteens in order to improve the vitamin status of school-
aged children. 
 

 

Keywords: School canteen; Côte d’Ivoire; food diversification; cowpeas; sweet potatoes; soybeans, 
Vitamins. 

 

1. INTRODUCTION 
 
Malnutrition continues to be prevalent throughout 
the world, although hunger reduction is one of 
the Millennium Development Goals [1]. 
Malnutrition affects all age groups, but young 
children and women of reproductive age are 
among the groups at greatest risk [2]. Many 
children around the world, particularly those from 
low-income populations, begin school with 
stunted growth while being underweight and/or 
suffering from multiple micronutrient deficiencies 
[3]. 
 
In Côte d'Ivoire, malnutrition due to a lack of 
micronutrients is a public health problem 
because of its prevalence. It affects the capacity 
of school-aged children to learn and succeed 
academically [4]. In the agricultural sector, 
particularly in the Nawa region which is a cocoa-
growing area, the prevalence of malnutrition 
among school-aged children is 18.36% [5]. In 
2014, surveys conducted among cocoa-
producing populations and some primary schools 
in the Nawa region revealed that 80% of 
households had very little variety of food, based 
mainly on tubers and cereals [6]. According to 
field surveys, in school canteens of this region, 
only one type of meal is served twice a week 
without variation, which is often rice. As a result, 
a strong imbalance appears between the food 
intake and the nutritional needs of these school-
aged children. Therefore, the diets of school-
aged children should be diversified by providing 

foods rich in micronutrients [7], such as sweet 
potato [8], soybean [9] and cowpea [10].  

 
Food diversification means ”Eat a variety of 
foods” based on the premise that consuming a 
wide variety of foods will ensure an adequate 
intake of essential nutrients and, in turn, will lead 
to better diet quality and optimal health outcomes 
[11]. The 2015–2020 Dietary Guidelines for 
Americans recommend choosing a variety of 
nutrient-dense foods across and within all food 
groups, with particular emphasis on variety of 
vegetables and protein sources [12]. The 
nutritional management of malnutrition is based 
on the optimal use of locally available nutrient-
rich foods to improve the nutritional status of 
children and prevent malnutrition [13]. In fact, 
Agbo et al. [6] have revealed that, among cocoa 
producers of the Nawa region, sweet potatoes, 
soya bean and Cowpea are well known, but they 
are not in their eating habits. Thus, within the 
framework of the “Vision for change” project, 
sweet potatoes, soybeans and cowpeas 
cultivation was introduced in agricultural 
cooperatives in order to supply school canteens 
in the Nawa region. Sweet potato (Ipomoea 
batatas Lam) provides energy and is rich in 
vitamins A and C, minerals (mainly potassium), 
dietary fiber, and proteins [14]. Soybean (Glycine 
max) is classified in the category of oilseeds 
owing to the richness of its seeds in 
macronutrients (proteins, lipids and 
carbohydrates), micronutrients (minerals and 
vitamins) and secondary metabolites [9]. Cowpea 
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(Vigna unguiculata L. Walp) represents an 
important source of protein [15] and is rich in 
micronutrients [16], including ß-carotene and 
vitamin E [17]. 
 

Nutritionally, tubers have a great potential to 
provide economical sources of dietary energy, in 
the form of carbohydrates. In general the protein 
content of tubers is low ranging from 1 to 2% on 
a dry weight basis. Moreover, tubers are deficient 
in most other vitamins and minerals but contain 
significant amounts of dietary fiber. However, 
Tubers contain some vitamin C and �-carotene 
[18]. A growing body of evidence highlights the 
nutritional quality of legumes. They provide a rich 
source of energy, protein, dietary fiber, and 
slowly digested carbohydrate, with a low 
glycaemic index [19]. Legumes are a good 
source of B-vitamins, niacin, folic acid, thiamine, 
and riboflavin, as well as an array of minerals 
such as iron, zinc, calcium, magnesium, 
phosphorous, and copper [20]. 
 

Micronutrients like vitamins are essential to 
human health [21]. During malnutrition, strong 
disruption in vitamin A, D and E status have been 
noted in school-aged children [22]. Vitamin A 
deficiency is a major public health problem, 
especially in developing countries. It is one of the 
leading causes of morbidity and mortality among 
those with insufficient dietary vitamin A intake 
[23]. Since vitamin D is essential for the 
regulation of the absorption of calcium and 
phosphates and therefore for normal bone 
metabolism, its deficiency leads to rickets [24]. 
Vitamin E deficiency leads to hemolytic anemia, 
cardiac arrhythmia, or progressive chronic 
neurological deficit which results in impaired 
reflexes, peripheral neuropathy, and blindness 
[25]. 
 

Despite the advocacy for health and nutrition 
services in primary schools, there is a clear lack 
of data on the actual nutritional status of children 
in this age group in developing countries [26]. 
The same is true for the effect of dietary 
diversification on them. This study aims to 
analyze the impact of the consumption of sweet 
potatoes, soybeans, and cowpeas on vitamin A, 
D, and E profiles in school-aged children in Côte 
d'Ivoire. 
 

2. MATERIAL AND METHODS  
 

2.1Study Population 
 

This is a longitudinal study conducted over one 
school year (nine months). This study took place 

in 12 localities involving four counties (Buyo, 
Gueyo, Meagui, and Soubré), all belonging to the 
Nawa region where the “Vision for change” 
project has established a cocoa rehabilitation 
program that integrates the assessment of the 
nutritional status of school-age children attending 
school canteens. To participate in the study, 
children needed to be aged between six and 
twelve years old. In addition, only students who 
provided their consent and that of their parents 
participated in the study. Pupils 0-5 years aged 
and those aged over 12 years, sick children and 
pupils with the refusal of parents were not 
included in this study. The general health of the 
children was certified by a health worker (nurse) 
of the health district of Soubré before the study 
was performed. 
 
2.2 Determination of the Sample Size 
 
The sample size was calculated using the Leslie 
Fischer formula below, considering the 
prevalence of chronic malnutrition as 18.36% 
among the children of this area [5]. 
 

n =
Ζ��(1 − �)

��
 

 

n =
(1,96)��0,1836	(1 − 0,1836)

(0,05)�
 

 
where n = 230 samples, 
n: minimum sample size for obtaining 
significant results at a fixed risk level, 
z: confidence level (the typical value for the 
95% of confidence level is 1.96), 
p: proportion of children suffering from 
chronic malnutrition estimated at 18.36% in 
the area [5] and 
i: margin of error or precision set at 5%. 

 
Based on a 10% margin of error, the sample size 
interval is [207; 253]. Therefore, the study 
included 240 pupils. 
 

2.3 Determination of Vitamins 
 
The determination of vitamins A, D, and E was 
carried out using UV detection in high 
performance liquid chromatography (HPLC) 
(Waters®, France) after the extraction of soluble 
vitamins from hexane, under shelter from the 
sunlight, according to the methods of Zaman et 
al. [27] and Catignani et al. [28]. Thus, 300 μL of 
serum were taken and collected in hemolysis 
tubes that were previously wrapped in aluminum 
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foil, into which 300 μL of retinyl acetate (internal 
standard: 1 mg/L) were introduced. After the 
addition of 300 µL of absolute ethanol, the 
mixture (serum, internal standard, and absolute 
ethanol) was homogenized by vortexing for 30 to 
40 seconds, and then, 1,200 µL of hexane was 
added thereto. The whole was vortexed again for 
50 seconds. After centrifugation at 3,500 turn/min 
for 15 minutes, 900 μL of hexane supernatant 
containing the fat-soluble vitamins were 
evaporated under a stream of nitrogen at a 
pressure of 0.5 bar. The final residue was taken 
up in 300 μL of methanol and placed in the 
chromatograph to be injected. A C18 reverse 
phase column of Waters ODS 2 type (4.0 mm × 
25 mm × 5 μm) was used as stationary phase. 
The mobile phase involved a methanol/water 
mixture (97/3; v/v) at a flow rate of 1 mL/min. The 
injection volume was set at 20 µL. Detection was 
carried out with UV-visible at a wavelength of 
280 nm. Chromatographic data analysis was 
performed with Breeze 2 software. 
 
The reference serum values for vitamins are as 
follows: Vitamin A (0.1- 0.5 mg/L) [29], vitamin D 
[Deficient (<20 ng/mL); Insufficient (20-29 
ng/mL); Sufficient (30-100 ng/mL); Toxicity (>100 
ng/mL)] [30], and vitamin E (7.8-12 mg/L) [31]. 
 

2.4 Sampling 
 
A standardized questionnaire survey was carried 
out on the socio-demographic data of the 240 
students from schools of 12 localities. The pupils 
were divided into four groups of 60 pupils per 
county. A total of three blood samples were 
taken from each participant. 
 
Phase 0: phase concerning blood collection 
before food consumption; 
Phase 1: phase concerning blood collection after 
three months of food consumption;  
Phase 2: phase concerning blood collection after 
six months offood consumption. 
 
2.5 Preparation of Meals 
 
Ina school calendar year, the students ate 
different meals made up of rice, sweet potato, 
soybeans, and cowpeas at the school canteens. 
The meals were prepared as follows: 
 
2.5.1 Rice with tomato stew and fish 
 
A total of 5 kg of rice were cooked for 30 minutes 
in a saucepan containing tap water, oil, and 
onions. The tomato stew was prepared by 

roasting the onions, garlic, and tomato paste in a 
little oil, and the whole was allowed to simmer for 
30 to 40 minutes with the addition of cooking salt, 
pepper, and nutmeg. 
 
2.5.2 Sweet potato porridge accompanied by 

green soybeans 
 
A total of 1 kg of green soybeans was soaked in 
hot water, then pre-cooked for 30 minutes in 
water with a little salt. Also, 10 kg of sweet potato 
were peeled and cut. The onions, tomato paste, 
and garlic were quickly fried in a little oil, to which 
the pre-cooked soybeans and water were added. 
The whole content was simmered for 20 to 30 
minutes, followed by the addition of sweet potato. 
The whole was left to cook for another 30 
minutes after being salted and seasoned with 
pepper and nutmeg. 
 

2.5.3 Sweet potato porridge accompanied by 
white cowpea 

 

A total of 1 kg of white cowpea was soaked in hot 
water, dehulled and then pre-cooked for 45 
minutes in water with a little salt. Moreover, 10 kg 
of sweet potato were peeled and cut. The onions, 
tomato paste, and garlic were swiftly fried in a 
little oil, to which the recooked cowpea and water 
were added. The whole content was simmered 
for 20 to 30 minutes, followed by the addition of 
the sweet potato. The whole was left to cook for 
another 30 minutes after being salted and 
seasoned with pepper and nutmeg. 
 

2.5.4 Sweet potato porridge accompanied by 
green soya and white cowpea 

 

A total of 1 kg of green soybeans was soaked in 
hot water and then pre-cooked for 30 minutes in 
water with a little salt. Also, 1 kg of white cowpea 
was soaked in hot water, dehulled and then pre-
cooked for 45 minutes in water with a little salt. 
Besides, 10 kg of sweet potato were peeled and 
cut. The onions, tomato paste, and garlic were 
quickly fried in a little oil, to which the pre-cooked 
cowpea and soybeans were added. The whole 
was simmered for 20 to 30 minutes, followed by 
the addition of the sweet potato. The whole 
content was left to cook for another 30 minutes 
after being salted and seasoned with pepper and 
nutmeg. 
 
2.6 Meals Distribution 
 
For six months, the different menus were 
consumed as lunch in the school canteen twice a 
week (on Monday and Thursday), in respect to 
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what is usually performed at the school canteens 
of the region. Each child received approximately 
300 g to 500 g of food. Thus, four groups were 
formed with three schools per group: 
 
- Group 1 (Control group): rice with tomato stew 
and fish. This meal is usually served in canteens; 
- Group 2: sweet potato porridge accompanied 
by green soybeans; 
- Group 3: sweet potato porridge accompanied 
by white cowpea; and 
- Group 4: sweet potato porridge accompanied 
by green soybeans and white cowpeas. 
 

2.7 Statistical Analyzes 
 
Statistical analyzes were performed using Graph 
Pad Prism 5 Demo software. Students’t test was 
used to compare the variances of the means. 
The relationships between data were assessed 
with the Pearson’s Chi2 test. A p value <0.05 was 
considered statistically significant. The data were 
presented as mean ± standard deviation of the 
mean. 
 

3. RESULTS  
 

The results of this study showed that the 
children’s vitamin A, D, and E levels are above 
the standard reference level, except for those of 
group 4 whose vitamin D level was below the 
standard level (<30 ng/mL). 
 

3.1 Vitamin A status of the Study 
Population 

 

Before the children consumed food at the 
canteen (phase 0), the concentration of vitamin A 
was 1.0 ± 0.07 mg/L, 0.7 ± 0.06 mg/L, 0.8 ± 0.09 
mg/L, and 0.5 ± 0.07 mg/L in children of groups 
1, 2, 3, and 4 respectively. Three months after 
food consumption (phase 1), the vitamin A levels 
in pupils in groups 2 (0.6 ± 0.05 mg/L), 3 (0.7 ± 
0.06 mg/L), and 4 (0.7 ± 0.10 mg/L) differed 
significantly (P<0.05) from that of the control 
group (group 1) (0.4 ± 0.05 mg/L). Six months 
later (phase 2), no variation in vitamin A level 
was observed among groups 1, 2, and 3. 
However, a significant difference was noted 
between the vitamin A level of pupils in group 4 
(0.8 ± 0.10 mg/L) and the control group (Fig. 1). 
 

Analysis by group showed that group 1 was 
characterized by a reduction in the concentration 
of vitamin A. This decrease was significant 

(P<0.05) in phase 1 (0.4 ± 0.05 mg/L) and phase 
2 (0.6 ± 0.04 mg/L) compared to phase 0 (1.0 ± 
0.07 mg/L). In groups 2 and 3, the level of 
vitamin A also decreased from 0.7 to 0.6 mg/L 
and from 0.8 to 0.7 mg/L respectively. However, 
no significant difference was observed between 
the phases. In group 4, the vitamin A level 
increased from 0.5 to 0.8 mg/L. The level of 
vitamin A in phase 2 differed significantly from 
that of the other phases (Fig. 1). 
 

3.2 Vitamin D status of the Study 
Population 

 
Before the pupils consumed food at the canteen 
(phase 0), the concentration of vitamin D was 
normal in all groups except in group 4 where the 
vitamin D level (22 ± 2.92 ng/mL) was below the 
normal standard reference value and significantly 
different from other groups. However, in phase 1, 
an increase in vitamin D concentration was noted 
in groups 2, 3, and 4 compared to group 1 (21 ± 
3.18 ng/mL). This increase in the concentration 
of vitamin D was significant in group 2 (41 ± 5.10 
ng/mL), very significant in group 3 (43 ± 4.93 
ng/mL), and not significant in group 4 (28 ± 3, 75 
ng/mL). In phase 2, no significant difference in 
vitamin D levels was found among the groups 
(Fig. 2). 
 
Analysis by group showed that group 1 was 
characterized by a reduction in the concentration 
of vitamin D from phase 0 to phase 1 and then by 
an increase in phase 2. This decrease was very 
significant in phase 1 (21 ± 3.18 ng/mL) and not 
significant in phase 2 (35 ± 4.37 ng/mL) 
compared to phase 0 (47 ± 4.66 ng/mL). On the 
other hand, in group 2, the vitamin D level 
increased insignificantly to 41 ng/mL from phase 
0 to phase 1 and then decreased, still 
insignificantly (P>0.05), to 34 ng/mL in phase 2. 
In phase 1, (41 ± 5.10 ng/mL) and by a non-
significant reduction in the concentration of 
vitamin D in phase 2 (34 ± 4.21 ng/mL) 
compared to phase 0 (47 ± 4.66 ng/mL). 
Likewise, group 3 was characterized by a non-
significant increase in the concentration of 
vitamin D in phase 1 (43 ± 4.93 ng/mL) and by a 
non-significant decrease in phase 2 (29 ± 4.19 
ng/mL) compared to phase 0 (35 ± 4.66 ng/mL). 
In children of group 4, there was a gradual 
increase in vitamin D concentration from 21 to 28 
ng/mL. Vitamin D levels between phases did not 
differ significantly (Fig. 2). 
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Fig. 1. Variation in vitamin A concentrations during the study 
ns: not significant compared to phase 0 (P>0.05). * not very significant compared to phase 0 (P<0.05). ** 

significant compared to phase 0 (P<0.05). *** very significant compared to phase 0 (P<0.05).
aa 

not significant 
compared to group 1 (P>0.05). 

ab 
not very significant compared to group 1 (P<0.05). 

ac 
significant compared to 

group 1 (P<0.05). 
ad 

very significant compared to group 1 (P<0.05). Vitamin A (Ref: 0.1 - 0.5 mg/L) 

 
3.3 Vitamin E status of the Study 

Population 
 
Before the pupils consumed food at the canteen 
(phase 0), the mean vitamin E concentration was 
normal in all groups 1 (9.1 ± 0.50 mg/L), 2 (8.5 ± 
0.44 mg/L), 3 (10.2 ± 0.61 mg/L), and 4 (8.3 ± 
0.34 mg/L). Three months after the meals were 
consumed, the average vitamin E concentration 
was still normal in all groups. However, the 
results showed a non-significant decrease in the 
concentration of vitamin E in group 1 (7.8 ± 0.44 
mg/L) and a very significant increase in the 
concentration of vitamin E in group 2 (10.3 ± 0.54 
mg/L) and 3 (11.6 ± 0.63 mg/L). Six months later, 
a non-significant decrease in vitamin E 
concentration was noted in group 3 (10.3 ± 0.55 
mg/L) compared to an increase in groups 1 (9.8 
± 0.58 mg/L), 2 (11.8 ± 0.66 mg/L), and 4 (10.6 ± 
0.56 mg/L) (Fig. 3). 
 
The group analysis showed that in the pupils of 
group 1, the vitamin E level decreased from 9.1 

to 7.8 mg/L from phase 0 to phase 1 and then 
increased to 9.8mg/L in phase 2. There was no 
significant difference between the vitamin E 
levels in each phase. On the other hand, for the 
students of group 2, there was an increase in the 
level of vitamin E from 8.5 to 11.8 mg/L from 
phase 0 to phase 2. The increase in phases 1 
and 2 differs significantly in the level of vitamin E 
from phase 0. There was an increase in the level 
of vitamin E from 8.5 to 11.8 mg/L from phase 0 
to phase 2. The increase in phases 1 and 2 
differs significantly from the level of vitamin E in 
phase 0. With regard to group 3, the level of 
vitamin E increased from 10.2 to 11.6 mg/L from 
phase 0 to phase 1. But in phase 2, the level 
decreased to 10.3 mg/L. However, there is no 
significant difference in vitamin E levels among 
the three phases. Finally, group 4 was 
characterized by an increase in the concentration 
of vitamin E. This increase was not significant in 
phase 1 (8.9 ± 0.43 mg/L) but very significant in 
phase 2 (10.6 ± 0.56 mg/L) compared to phase 0 
(8.3 ± 0.34 mg/L) (Fig. 3). 
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Fig. 2. Variation of vitamin D concentrations during the study 
ns: not significant compared to phase 0 (P>0.05). * not very significant compared to phase 0 (P<0.05). ** 

significant compared to phase 0 (P<0.05). *** very significant compared to phase 0 (P<0.05). 
aa 

not significant 
compared to group 1 (P>0.05). 

ab 
not very significant compared to group 1 (P<0.05). 

ac 
significant compared to 

group 1 (P<0.05). 
ad 

very significant compared to group 1 (P<0.05). Vitamin D [Deficient (<20 ng/mL); Insufficient 
(20-29 ng/mL); Sufficient (30-100 ng/mL); Toxicity (>100 ng/mL)]. 

 

4. DISCUSSION 
 

Vitamin A is one of the most important nutrients 
needed by children [32]. Before the children 
consumed food at the canteen (phase 0), their 
vitamin A level was within the normal standard 
(0.1 and 0.5 mg/mL), which suggests that there 
is no issue with vitamin A in these children at the 
beginning of this study. The follow-up on children 
in group 1, who consumed rice with tomato 
sauce and fish as a control food since they are 
consumed in most school canteens, revealed a 
decrease in the level of vitamin A in phases 1 
and 2. Hence, a slightly varied diet, especially 
one that is not consumed at home, does not 
improve the micronutrient status in general and 
vitamin A concentration in particular. In addition, 
if the cereals consumed are not associated with 
vegetables that are rich in carotenoids as 
indicated by Agbo et al. [6], the risk of vitamin A 
deficiency is very high because the cereals are 
devoid of carotenoids [33]. In groups 2 and 3, the 
level of vitamin A decreased in phase 1 and 
stabilized in phase 2. The fact that the levels of 

vitamin A remained stable may be due to the 
orange-fleshed sweet potato that contains. 
Indeed, tubers are rich in carotenoids [34]. This 
decrease in the level of vitamin A in these groups 
could be explained by its bioavailability [35] 
which is highly variable and influenced by factors 
related to food and diet [36]. Studies have shown 
that food matrices considerably affect the 
bioavailability of vitamin A [37]. In contrast, in 
group 4, the vitamin A level increased from 
phase 0 to phase 2, which could be due to the 
fact that the students in this group consumed 
sweet potatoes, soybeans, and cowpeas. The 
type of diet provided in this group could therefore 
be beneficial for children thanks to its main 
nutrients such as carbohydrates, proteins, fats, 
minerals, and vitamins [38]. The consumption of 
sweet potato associated with soy beans seems 
to be an important source of β-carotene [34]. 
Therefore, it is necessary to increase the 
consumption of plant-based foods [39] that are 
potentially rich in carotenoids [40] which, after 
ingestion, are converted into retinol (i.e. - say in 
vitamin A) [41].  
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Fig. 3. Variation of vitamin E concentrations in the study 
ns: not significant compared to phase 0 (P>0.05). * not very significant compared to phase 0 (P<0.05). ** 

significant compared to phase 0 (P <0.05). *** very significant compared to phase 0 (P <0.05). 
aa 

not significant 
compared to group 1 (P >0.05). 
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not very significant compared to group 1 (P <0.05). 
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significant compared to 

group 1 (P <0.05). ad very significant compared to group 1 (P<0.05). Vitamin E (Ref: 7.8 - 12 mg/L) 

 
Before the children consumed food at the 
canteen (phase 0), the concentration of vitamin D 
was normal in all groups except in group 4 where 
insufficiency was observed. Unlike other fat-
soluble vitamins that have a food source, vitamin 
D’s main source (Calciferol) is cutaneous thanks 
to ultra-violet solar rays [42]. Consequently, the 
children in groups 1, 2, and 3 had a good supply 
of vitamin D at the beginning of this study. The 
reduction in vitamin D concentration observed in 
group 1 from phase 0 to phase 1 could be due to 
the use of the vitamin D reserve to meet the 
physiological needs of children; the half-life of 
vitamin D in serum being 45 days [43]. Six 
months later, an improvement in vitamin D 
concentration was noted in group 1 from phase 1 
to phase 2, which expresses a renewal of vitamin 
D reserves in the children of group 1. For the 
pupils of groups 2 and 3, there is an increase in 
the level of vitamin D in phase 1 but a decrease 
in phase 2 which may be due to a lack of 
synthesis of the vitamin [44] or its increased use 

in erythropoiesis in individuals with inflammatory-
type anemia. The association with inflammatory-
type anemia is supported by studies that show 
that vitamin D could support erythropoiesis by 
reducing pro-inflammatory cytokines and 
increasing the proliferation of erythroid progenitor 
cells [45]. However, in the children of group 4, 
the vitamin D level increased from phase 0 to 
phase 2, which could be due to the fact that the 
food consumed could promote better synthesis of 
vitamin D. 
 
An improvement in vitamin E status after food 
consumption in groups 2, 3, and 4 compared to 
group 1 (control group) was observed. This 
improvement was more pronounced in children 
who consumed the meal based on sweet potato, 
soya, and cowpea (Group 4). This increase 
corresponds to an intake of vitamin E from sweet 
potato [46], soybean [9] and cowpea [10]. The 
alpha-tocopherols contained in these foods are 
thought to improve the nutritional status of 
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children as essential nutrients and lipophilic 
antioxidants that prevent the oxidation of 
unsaturated fats from acids [47]. Lobo et al. [48] 
reported that increasing serum α-tocopherol 
concentrations promotes better growth and 
reduces morbidity in children. Vitamin E 
enhances the humoral and cell-mediated 
immune response, including the production of 
antibodies, phagocytic and lymphocyte 
responses, and resistance to viral and infectious 
diseases [49]. It controls the activity of blood 
platelets responsible for thrombosis and 
performs a protective action on red blood cells, 
which could prevent cardiovascular diseases of 
atheromatous origin [50]. 
 

5. CONCLUSION 
 
In this study, the levels of vitamins A, D, and E 
were within the normal standard values, except 
in group 4 which was characterized by a low 
level of vitamin D. An improvement in the status 
of vitamins A, D, and E was more pronounced in 
the children who consumed the meal containing 
sweet potato, soya, and cowpea compared to 
their mean concentration at the beginning of the 
study. However, the vitamin D levels of children 
who consumed this meal remained below the 
normal standard level. The sweet potato, 
soybean, and cowpea-based meal could be used 
as a means of dietary diversification in school 
canteens in order to improve the vitamin status of 
school-aged children. However, further studies 
are required to determine the effect of this meal 
on the anthropometric, hematological, and 
biochemical parameters of these children. 
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