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Abstract 

In developing countries, malnutrition represents a public health problem, which aff ects 
many children under fi ve, during their complementary feeding period. One way to overcome 
this problem is through the supplementation of complementary fl ours with locally available food 
resources, such as  Moringa oleifera leaf (MOL). An experimental study was conducted from June 
through November 2019 in the southern-Benin, with moderately acutely malnourished (MAM) 
children, using a porridge made of a mixture of corn, malted sorghum, soybean, peanut, milk, 
and moringa leaf powder. A total of 150 MAM children aged 12-59 months were recruited and 
divided into two groups, an intervention group (48) and a control group (75). The intervention 
group received the test food, a porridge made of maize fl our supplemented with Moringa 
oleifera leaf fl our (MOL-fl our), at least 5 times/week for 6 months. The control group, whose 
mothers received nutritional education sessions on food diversifi cation as well as the diff erent 
ways of preparing MOL meals. Sensory evaluation, anthropometric and dietary diversity data 
were collected. Z-scores Weight/Height, Weight/Age et Height/Age were determined before and 
right after the intervention. Results showed that 70% of the children and more than 75% of 
the mothers assessed the porridge as palatable. A signifi cant average weight gain of 1.720 g  
(p < 0.005) was observed in the intervention group at the end of the experimentation, with 
a reduction of the prevalence of underweight by 1,33% (p > 0.05), and the number of acute 
Malnutrition children by 10,42% (p < 0.005).

Introduction 

Malnutrition arises as a direct consequence of poor 
and inadequate diet [1-5] and affects most children under 
ϐive in developing countries. In Benin, the prevalence of 
malnutrition remains high and is a persistent public health 
problem. Undernutrition affects particularly children under 
ϐive [6,7] during their complementary feeding period [8-13] 
and is responsible for half of all child deaths [14]. In fact, 5% 
of children under ϐive are wasted, 32% suffer from stunted 
growth, and 17% are underweight [4]. It has been observed 
that the pathological conditions of malnutrition are closely 
linked to inappropriate complementary feeding practices 
[14]. 

Complementary foods for infants are usually ϐlour-
based porridges, which composition varies by nutritional 

content and age group [10]. According to Kouton, et al. [15], 
in rural areas, locally-produced porridges do not meet the 
requirements for most nutrients, have low nutritional value, 
are often consumed once a day, and are exclusively made with 
corn.

To address these inadequacies, a number of intervention 
strategies have been tried in Benin. These are speciϐic 
nutritional interventions implemented at the community level 
and using nutrition-rich interventions favorable to the goal of 
improving the food security environment [16-19]. Among the 
successful interventions, particular attention has been paid to 
the use of local food resources to fortify the single staple-based 
ϐlour. In that regard, Chadare, et al. [20] have provided an 
extensive list of very relevant local food resources, including 
Moringa oleifera leaf, which is widely available in Benin. 

Moringa oleifera leaf (MOL) is an important local food 
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resource for rural African communities. It is used as a food 
supplement for different age groups thanks to its high 
nutritional value [11,13,19,21-26]. Across many developing 
countries, MOL is used as supplementary food for the 
fortiϐication of infants and children [9,11,12,22-24,27]. They 
are known to provide seven times more vitamin C than 
oranges, 10 times more vitamin A than carrots, and 17 times 
more calcium than milk [28]. Furthermore, MOL is nine times 
more protein-rich than yoghurt, contains 15 times more 
potassium than bananas, and has 25 times more iron than 
spinach [28].

In addition, several studies report the importance of MOL 
in the ϐight against malnutrition. As an example, nutritional 
interventions using 15 g of MOL ϐlour added to the child’s 
diet (made of porridge, salad, gravy, or rice) for a period of 
2 months have shown signiϐicant weight gain in children 
suffering from overall acute malnutrition in India [19]. As well, 
in the Republic of Benin, a daily intake of 10 g of MOL ϐlour 
for a period of 6 months in moderately acutely malnourished 
children aged 6 months to 30 months has been shown to be 
associated with a signiϐicant improvement in their nutritional 
status [23]. In addition, interventions using MOL-ϐlour-
fortiϐied formulas have been shown to improve the nutritional 
status of children as quickly as interventions based on the 
consumption of endogenous foods [29].

Also, ϐlours available on the markets are, for the most 
part, ϐinancially and/or geographically out of the reach of 
households with limited resources, and the promotion of 
ϐinancially-affordable infant formulas such as the one tested 
in this experimentation is one of the best ways to improve 
both accessibility and the nutritional status of those children 
[13]. In fact, this strategy is increasingly promoted as a cost-
effective way to improve the nutritional status of children. 
However, the combined approach of conventional local 
staple foods fortiϐied with micronutrient-rich endogenous 
resources is still needed to ensure adequate and sustainable 
micronutrient nutrition for children [30]. This research is the 
experimental phase of the FortiMoringa project and aims at 
determining the nutritional potential of porridge fortiϐied 
with the micronutrient-rich endogenous food resource such 
as Moringa oleifera leaf.

In this experimentation, the testing of the effectiveness 
of the combination of a conventional local staple food 
(porridge) fortiϐied with a micronutrient-rich endogenous 
food resource (MOL-ϐlour) in improving the nutritional status 
of malnourished children was conducted in the town of 
Aplahoue, southern Benin. The research is carried out within 
the framework of the FortiMoringa project, which aims at 
valorizing MOL for better human nutrition. 

Materials and methods
Study design

The present study represents the experimental phase 

of the FortiMoringa project, a multi-partner action research 
project that has been implemented in several focal packages 
addressing the MOL value chain. It is a longitudinal 
experimental study with children aged 12 through 59 months 
who have been screened for mild-to-moderate malnutrition. 
The study took place in the southern part of Benin (Commune 
of Aplahoue, Couffo Department) where the rate of food 
insecurity varies from moderate (14.9%) to severe (1.3%) 
[31] and represents the highest percentage (38%) of children 
with stunted growth [32]. 

Participants and sampling

The subjects targeted in the present study were children 
aged 12 through 59 months. An initial screening of the 
children for malnutrition was conducted to identify those 
who were moderately acutely malnourished (MAM) without 
complication. Children with a disease such as diabetes, 
hypertension, and sickle cell were rejected. A sample size of 
150 children obtained with G-Power 3.1.9.7 software [33], 
was estimated sufϐicient for detecting the smallest difference 
in weight with a conϐidence interval of 95%, a test power of 
80%, and a non-response rate of 4% [34]. The sample of 150 
children was divided into two groups of 75 children, each one 
being the intervention group and the other being the control 
group.

The intervention group received the test food, a porridge 
made of maize ϐlour supplemented with Moringa oleifera leaf 
ϐlour (MOL-ϐlour), at least 5 times/week for 6 months. On the 
other hand, the mothers of the children in the control group 
received nutritional education sessions on food diversiϐication 
as well as on the different methods of preparing MOL sauce. 
The National Health Research Ethics Committee (CNERS) of 
Benin approved the protocol before implementation. The 
children’s parents were informed and their informed consent 
was obtained before the start of the study. The experiment 
was implemented and monitored by a team of six trained 
nutrition assistants, under the oversight of two supervisors 
and the general supervision of a principal investigator.

Experimental design

The study’s experimental design is shown in Figure 1. 
At the beginning of the study, a cooking demonstration was 
organized with the intervention group in order to train the 
mothers/guardians in the various steps involved in cooking 
porridge and to raise their awareness about the beneϐits of 
MOL. In addition, children were dewormed with a dose of 
200 mg of albendazole before the experiment. During the 
study, a follow-up consisting of three visits per week and one 
unannounced visit per month was carried out. To this end, 
sensory acceptability monitoring and compliance logbooks 
were used to ensure compliance with the steps prescribed in 
cooking porridge as well as with the frequency of consumption 
of the porridge by the children. After 6 months, a second and 
ϐinal screening of the children for malnutrition was conducted 
in both groups. 
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Test feed

Moringa oleifera leaf-ϐlour-based porridge was the test 
feed. The MOL-ϐlour formula was developed in the Laboratory 
of Valorization and Food Bio-ingredient Quality Management 
(LaBio) at the Faculty of Agronomic Sciences, University of 
Abomey-Calavi, within the framework of the FortiMoringa 
project. The ϐlour is made up of 11% cleaned whole corn (Zea 
mays) to which the following have been incorporated: 30% 
malted sorghum (Sorghum bicolor), 25% soy (Glycine max) 
roasted and dehulled, 8% peanut (Arachis hypogeaea) husked 
and dehulled, 10% MOL-ϐlour, and 15% powdered milk. The 
formula was developed based on 100 g of dry matter and 
the MOL-ϐlour nutritional content is 437.09 Kcal, 24.15% 
proteins, 15.80% lipids, and 4.67% minerals. A serving size of 
70 gm of ϐlour was used in preparing the porridge for a single 
child using 25 cL of boiled drinking water. Simultaneously, 5 
tablespoons of ϐlour were diluted in 20 cL of water at room 
temperature. Then, the diluted ϐlour was poured into the 
boiling water while stirring, to avoid the formation of lumps. 
The mixture was cooked over low heat for 10 to 15 minutes, 
stirring constantly. In this experiment, the children’s mothers 
or guardians in the intervention group received three 780 g 
ϐlour packages per week for 6 months.

Sensory analysis

Mothers and children carried out a hedonic test on the 
MOL-ϐlour-based porridge in order to determine the degree 
of acceptability. A panel of mothers with at least one child, 
different from those who participated in the experiment, 
was asked to evaluate the porridge. A 5-step scale, ranging 
from 1 (Dislike a lot) to 5 (Like a lot) was used to assess the 
consistency, color, and taste of the porridge. The children’s 
facial expression was also noted upon tasting [35].

Anthropometric and food consumption measurements 

Weight measurement: We’ve recorded the weight of each 

child according to standard procedure [36]. Children were 
undressed before weight measurements. Measurements were 
taken with a SECA electronic scale, with a maximum range of 
150 kg and an accuracy of 100 g on a ϐlat surface. The scale was 
standardized with a standard weight of 5 kg before the start 
of the study and was recalibrated every time three children 
have been weighed. Each child was weighed three times in 
succession and the average of the three measurements was 
recorded as that child’s weight. For children under 2 years of 
age or those who could not stand on their own, their weights 
were taken using the “double weighing” technique.

Height measurement: The height of each child was 
determined according to standard procedure [36], using 
a portable wooden Unicef height gauge (UNICEF Supply 
Division). It can be placed horizontally or vertically to 
measure the height of the child while the latter is standing or 
lying down. Children over 2 were measured standing upright, 
unshod, with feet together and in such a way that heel, calf, 
and buttocks touched the wall. The head was held upright. 
Children under two years of age were laid ϐlat on a board with 
the head upright and the feet in a vertical position, the sole of 
the feet ϐlat against the base of the measuring device. Children 
under 2 were measured lying down because they are agitated 
and cannot stand still for an upright measurement, and then 
0.7 cm was subtracted from the observed measurement 
before it was recorded on the data collection form. 

Age measurement: The ages were recorded directly from 
an ofϐicial document (civil status documents, vaccination 
record, mother’s health record) or were given by the parents. 
In the absence of these documents, the age is estimated with 
the help of the mother based on speciϐic events that would 
have taken place around the time of the child’s birth, using 
the known sequence of local events. Otherwise, the age 
is estimated by referring to other children having a birth 
certiϐicate and being born during the same period in the same 
household or in the immediate surroundings of the child being 
surveyed.

Indices: The weight-for-age, weight-for-height, and 
height-for-age indices were calculated based on references 
from the WHO and given as z-score [37].

Statistical analysis

Data were collected using the ODK (Open Data Kit) software 
from which the questionnaires were digitized. To assess the 
nutritional status of the children, the anthropometric indices 
(z-score) were calculated and processed using the WHO’s 
Anthro 3.2.2 software. Excel spreadsheet and SPSS software 
were used for data processing and analysis. The tests are 
considered signiϐicant at the 5% probability level.

Results
Characteristics of the children

Of the 150 children enrolled at the onset of the study, 123 
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Figure 1: Diagram of the experiment.
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have completed it (75 children in the control group and 48 in 
the intervention group) as shown in Table 1. Children were 
split by sex in both groups: 36% and 55% of the children were 
girls in the control and intervention groups, respectively. 
Children in the intervention group were signiϐicantly older 
(30.53 months) than those in the control group (24.82 
months), (p ˂ 0.05). The weight and height of the children in 
both groups did not vary signiϐicantly (p > 0.05). In fact, their 
weight and height were 10.64 kg and 80.76 cm in the control 
group and then 10.96 kg and 83.06 cm in the intervention 
group. The mean z-score of the weight/height index was not 
signiϐicantly different between groups (p > 0.05). However, a 
signiϐicant difference was observed between both groups in 
terms of the mean z-scores of the children’s weight/age and 
height/age indices (p ˂ 0.05). The z-scores of the weight/age 
index of the control group (-1.02) were higher than the one 
for the intervention group (-1.49). As for the height/age index, 
the best indices were obtained with the control group (-1.24) 
as compared to the intervention group (-2.26).

Sensory evaluation of the MOL-fl our-based porridge

Figures 2,3 present the results of the hedonic test carried 
out on the children (Figure 2) and their mothers (Figure 3).
Among the children, 69.77% liked the porridge (with a 
minimum score of 4), and 9.30% were indifferent. The 
mothers generally liked the MOL-ϐlour-based porridge in 
terms of consistency (90%), color (65%), taste (60%), and 
smell (55%) (with a minimum score of 4). 

Prevalence of diff erent types of malnutrition in both 
groups 

In the intervention group, the prevalence of moderate 
underweightness decreased not signiϐicantly by 10.67% 
from 12% to 1.33% (p > 0.05) (Table 2), while severely acute 
malnutrition decreased from 8% to 4%. 

Moreover, another trend was observed with moderately 
acute malnutrition where the proportion of malnourished 
children signiϐicantly decreased from 21.33% to 6.67% 
(p ˂ 0.05), and chronic malnutrition which signiϐicantly also 
decreased from 18.67% to 14.67% (p ˂ 0.05). 

Weight gain in children in both the control and 
intervention groups

As shown in Table 3, the average weight of children at the 
beginning of the study was similar in both groups (p > 0.05), 
namely an average of 10.64 kg in the control group and 10.96 
kg in the intervention group. The follow-up in the intervention 
group showed that the children’s weight changed positively 

Table 1: Characteristics of the children.
Feature Control (n = 75) Intervention (n = 48) p - value

Gender
Boy 31 (64.58%)a 36(54.67%)a

0.106
Girl 17(36.01%)a 47(55.03%)a

Age (months) 24.82 ± 1.84a 30.53 ± 1.36b 0.002
Weight (kg) 10.64 ± 0.38a 10.96 ± 0.29a 0.579
Height (cm) 80.76 ± 2.08a 83.06 ± 0.94a 0.555

Z-score Weight/Height -0.45 ± 0.16a -0.35 ± 0.14a 0.734
Z-score Weight/Age -1.02 ± 0.14a -1.49 ± 0.11b 0.009
Z-score Height/Age -1.24 ± 0.23a -2.26 ± 0.08b 0.000

Values that are followed by the same letter on the same line are not signifi cantly 
diff erent at the 5% level. n = number of children who participated in the study.
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Figure 3: Mothers’ appreciation of the MOL supplement porridge.

Table 2: Prevalence of diff erent types and forms of malnutrition at the beginning and at the end of the study for both the intervention and control groups.
Start End

Good Moderate Severe p Good Moderate Severe p

Under weightness (W/A) %
Control (n = 75) 81.25 4.17 2.08

0.246
79.17 6.25 0.00

0.100
Intervention (n = 48) 72.00 12.00 0.00 92.00 1.33 0.00

Acute Malnutrition (W/H) %
Control (n = 75) 54.17 18.75 0.00

0.048
47.92 10.42 2.08

0.028
Intervention (n = 48) 33.33 21.33 8.00 50.67 6.67 4.00

Chronic Malnutrition (H/A) %
Control (n = 75) 37.5 22.92 10.42

0.001
31.25 29.17 8.33

0.009
Intervention (n = 48) 2.67 38.67 18.67 8.00 40.00 14.67

weight-for-Age (W/A); Height-for-Age (H/A) and Weight-for-Height (W/H)

16.28
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Figure 2: Appreciation of the MOL-fl our supplement porridge by children.

Table 3: Average weight gain by children in the control and intervention groups.

Parameter Control
(n = 75)

Intervention
(n = 48) p - value

Weight (kg)
Start (T0) 10.64 ± 0.38a 10.96 ± 0.29a 0.579
End (T1) 11.72 ± 0.36a 12.68 ± 0.30a 0.069

Weight Gain (kg) 1.08 ± 0.14a 1.72 ± 0.17b 0.000
Values that are followed by the same letter on the same line are not signifi cantly 
diff erent at the 5% level.
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(Figure 4). At the ϐirst follow-up, the children’s weight was 
11.55 kg, which represents an increase of 586 g from the 
initial weight. The second, third, fourth, and ϐifth follow-ups 
showed increases of 75g, 49g, 246g, and 765g, respectively. 
The average weight gain by the children in the control group 
was 1.08 kg which is signiϐicantly lower than those in the 
intervention group, which was 1.72 kg (p ˂ 0.05). 

Changes in z-scores

Figure 5 shows the evolution of the z-scores of the 
anthropometric indices in the children of the control and 
intervention groups at the beginning and at the end of the study. 
For the control group, the mean weight-for-height z-scores 
at baseline (-0.45) improved not signiϐicantly (p > 0.05)
by the end of the study (-0.34). The mean weight-for-age 
z-scores also improved not signiϐicantly (p > 0.05). Thus, 
a mean weight-for-age z-score of -1.08 was recorded at the 
beginning of the intervention, as opposed to -1.02 at the end of 

it. Regarding the mean height-for-age z-scores, no signiϐicant 
difference (p > 0.05) was observed between the values 
recorded at the beginning (-1.56) and at the end (-1.23) of the 
study. 

For the intervention group, the mean weight-for-height 
z-scores at baseline (-0.35) improved signiϐicantly (p ˂ 0.05) 
by the end of the study (0.43). The mean weight-for-age 
z-scores also improved not signiϐicantly (p ˂ 0.05). Thus, 
a mean weight-for-age z-score of -1.48 was recorded at the 
beginning of the intervention, as opposed to -0.93 at the end of 
it. Regarding the mean height-for-age z-scores, no signiϐicant 
difference (p > 0.05) was observed between the values 
recorded at the beginning (-2.26) and at the end (-2.15) of the 
study. 

Among the children in the intervention group (B) who 
were underweight at the start of the study, 95.24% of them 
left their malnutrition state for a better state (Figure 6) and 
improvements of 60% (acute malnutrition) and 28.77% 
(chronic malnutrition) were observed at the end of the study.

As for the control group (A), among the children who 
were underweight at the start of the study, 85.42% of them 
left their malnutrition state for a better state (Figure 6) and 
improvements of 12,5% (acute malnutrition) and 22.92% 
(chronic malnutrition) were observed at the end of the study.

Discussion
The objective of the present study was to assess the impact 

of a supplemental porridge with Moringa oleifera leaf (MOL)-
ϐlour on the weight of moderately acutely malnourished 
(MAM) children.

Our results show a signi icant increase in the weight of 
malnourished children who have been fed MOL-ϐlour porridge, 
compared to those who did not consume the porridge. A 
similar result was found in the study conducted by Zongo, et 
al. [27], Ndong, et al. Houessou, et al. [24], Tété-Benissan, et al. 
[26], and Tahiliani, et al. [38]. In Guinea, Shiriki, et al. [11] used 
four different ϐlour formulations based on corn, soy, peanut; 
and MOL ϐlour, and the one containing MOL ϐlour gave the best 
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performance, as revealed in tests. By the same token, research 
conducted by Houndji, et al. (2013) and carried out in Benin, 
revealed that a daily intake of 10 g of MOL ϐlour improves 
signiϐicantly the nutritional status of children for emaciation, 
growth retardation, as well as for underweightness. On the 
other hand, Boateng, et al. [12] highlighted that the addition 
of a daily dose of 5 g of MOL ϐlour to the usual infant diet 
for four months, did not signiϐicantly improve the children’s 
growth [25]. This observed result could be due to the different 
quantities of MOL ϐlour used. In addition, this could be due to 
the various food mixed together and added to the MOL ϐlour. 
Based on the Global Food Index [39], the present study used 
a food matrix made up of corn, malted sorghum, soy, peanut, 
milk, MOL ϐlour, and salt while Boateng, et al. [12] used just 
corn, sorghum, and MOL-ϐlour.

We have observed that the use of MOL-ϐlour porridge has 
signiϐicantly contributed to a reduction in the prevalence of 
malnutrition in children for underweightness, acute, and 
chronic malnutrition with an average weight gain of 1,720 g at 
the end of the intervention, and with a signiϐicant improvement 
in the nutritional status of malnourished children. Houndji, 
et al. [23] have highlighted the same trends of signiϐicant 
improvement in the nutritional status of children for wasting, 
stunting, and underweightness conditions in Benin, with a 
daily intake of 10 g of MOL ϐlour [23]. Similarly, a nutritional 
intervention in India with a daily intake of 30 g of MOL ϐlour 
for 2 months showed signiϐicant improvement in the form of 
weight gain in children with grades I and II protein energy 
malnutrition [23]. 

With regard to chronic malnutrition, the impact of MOL 
ϐlour is less important. This is potentially due to the health 
condition or the genetic makeup of the children. Poor health 
status is often associated with a deterioration of nutritional 
status [1,40–43]. On the other hand, the pathogenesis of 
stunting involves changes in deoxyribonucleic acid (DNA) [21]. 
Health status is also a factor that may inϐluence the nutritional 
status of children [32]. Indeed, 63% of children experienced 
illnesses during the study. The occurrence of illnesses (such 
as diarrhea) in the two weeks prior to the surveys, age, 
gender, immunization status of the child, education level, 
mother’s occupation, type of fuel used in the household, and 
level of expenditure on child nutrition were all factors which 
signiϐicantly inϐluence the z-scores of the said children [44]. 
The health condition of chronically malnourished children may 
have prevented nutrient absorption since the consumption 
of MOL ϐlour can induce changes in DNA sequences in the 
pathogenesis of stunting through nutri-genomic and bio-
molecular mechanisms [32]. 

Acceptability testing is a necessary step in the development 
of a new product [45]. Overall, the MOL-ϐlour porridge used 
as a test food was accepted by 70% of the children and by 
more than 75% of the mothers. This high percentage of 
acceptability by both the children and mothers is potentially 

due to the select raw materials used and to the quality of 
the formulation, which gave it a good taste, good color, and 
good consistency with a pleasant smell. This result can be 
attributed to the selection of local food resources that are 
already part of the eating habits of the child-mother duo. 
Similar results of porridge acceptability were obtained by 
Bello, et al. [9] who evaluated the physicochemical and sensory 
properties of complementary foods derived from mixtures of 
sorghum (malted or not), soybean, and MOL-ϐlour at different 
percentages. They found that the porridge made with malted 
sorghum and a 10% MOL-ϐlour formulation was the most 
accepted and had the best scores of sensory attributes.

We have determined that the non-acceptance of the 
porridge by a few children and mothers is due to the unusual 
green color of the porridge. This result agrees with the work 
done by Houndji, et al. [23]. Familiarity with the ingredients 
involved therefore seems to be an important factor affecting 
the acceptability of the ϐinal product.

Conclusion 
The present study has assessed the impact of a 

supplemental porridge with Moringa oleifera leaf (MOL) 
ϐlour on the weight gain of malnourished children. At the 
end of the study, the results have shown that this porridge, 
globally appreciated by the children and their mothers, has 
signiϐicantly improved the weight gain, weight/height, and 
weight/age z-scores of children who were fed with the MOL 
ϐlour (intervention group) as opposed to those who were not 
so fed (the control group). Overall, MOL-ϐlour-supplemented 
porridge can be used in the prevention or improvement of 
weight gain in moderately to mildly malnourished children. 
Nevertheless, additional research about masking the smell 
of the MOL ϐlour in the porridge will probably increase its 
acceptability and, as a result, deliver better results.
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