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Introduction
Malnutrition and associated de�ciencies, particularly anemia, 

are one of the biggest public health problems in the poorest areas 
of developing countries. For WHO [1,2], anaemia is a widespread 
public health problem with major implications for human health and 
socio-economic development. It is associated with an increased risk 
of mortality in young children. Children with anaemia have a 4.3 
times greater risk of death than non-anaemic children [3]. In tropical 
countries, this is mainly due to the fact that the local diet contains 
inhibitory factors for intestinal absorption of iron, so that the amounts 
of iron absorbed available for metabolic purposes are insu�cient [4]. 
Benin is not immune to this global situation because nearly eight 
out of ten (78%) children have anaemia: 25% in a mild form, 46% in 
a moderate form and 8% in a severe form. Moreover, the disparities 
according to the place of residence have proved to be important; 82% in 
rural areas compared to 70% in urban areas [5]. �e magnitude of the 
micronutrient de�ciency problem and its impact on the health of the 
individual justi�es the implementation of Public health interventions. 
�us, programs to be implemented to control micronutrient de�ciencies 
need to integrate di�erent approaches such as supplementation, food 
diversi�cation and food forti�cation, followed by comprehensive public 
health measures and control of infections and pathologies [6,7]. For 
infants and young children, enrichment of breast milk supplements is 
e�ective, but these foods are most o�en imported and economically 
inaccessible to populations with limited resources [6]. It would then 
be interesting to turn to the use of local products and economically 
accessible to all layers of the population.

Indeed, traditional vegetable leaves are now recognized as allies in 
the �ght against macro and micro nutrient de�ciencies although they 
have long been overshadowed by other green vegetables of European 
origin such as cabbage and lettuce, which have low nutritional content. 
One of these traditional vegetable leaves is the Moringa oleifera Lam. 

�is multi-purpose plant originated from India is produced and used 
in many African countries (Ghana, Senegal, Malawi), South America 
(Nicaragua, Bolivia) and in New Zealand. It also continues to be an 
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Experimental device: �e study was conducted in a real-life setting 
and included a sample of 84 moderately malnourished children aged 
from 6-30 mon randomly assigned to two groups: A “control group” 
of 40 children and a study group of 44 children. �e children of the 
“control” group are subjected to their usual diet, while those of the 
“Study” group, in addition to the usual diet, are supplemented with 
Moringa oleifer Leaves Powder (MoLP). �e children of the “Study” 
group receive a quantity of MoLP corresponding to 10 g/dl of the 
product for a period of six mon fortnightly (stock for 15 days to be 
given to the mother). �e powder is mixed with the ready-to-eat food, 
in two takings, between 8 and 9 o’clock in the morning and between 5 
pm and 6 o’clock in the a�ernoon. Fi�een of these small bags are packed 
in a double black biodegradable plastic bag to protect them from light 
and moisture. Mothers were previously sensitized during the di�erent 
weighing sessions on the objectives of the study. Local investigators 
were recruited for ambulatory follow-up of the regular and e�ective 
taking of the powder by the targeted children. �e follow-up is done 
three times a week, one of which is an unannounced visit to ensure the 
e�ectiveness of the MoLP taking. It is worth noting that the children of 
6-23 mon still breast fed.

Subjects and sampling criteria: �e study included a sample of 
84 moderately malnourished children aged from 6-30 mon. �e age of 
the subjects was estimated from their date of birth as shown on the 
birth certi�cate, birth form or health booklet. �e written consent of 
the parents has been received before the children were included in the 
study sample.

To be included in the study sample, the child should be at the time 
of recruitment, aged between 6 and 30 mon ± 7 days, be breastfed by his 
mother, be admitted to one of the Nutrition Recovery Centers ( CRN) 
with moderate malnutrition (Z-weight-height and height-to-weight-
between 3 and 2). In addition, children should be included in a family 
not planning a movement or trip more than one week throughout 
the study period. In addition, all children with chronic diseases such 
as renal insu�ciency, diabetes, bronchopneumonia, homozygous 
hemoglobinopathies, etc. are excluded from the study. It should be 
mentioned that at the beginning of the study the size of the two samples 
was of 88 but the data were analyzed for 84 individuals because there 
have been four cases of “lost sight”. Among the “lost sight” there have 
been two children whose parents were assigned and two abandoned 
because the children got recovered.

Blood tests: �e blood test was made to appreciate the anemia 
within the subjects. �e subjects’ blood has been recovered in EDTA 
tubes with anticoagulant. �e collection of 3 to 4 cubic cm of venous 
blood has been made by syringes with needles either at the level of the 
elbow crease or at the level of the head in the epicranial vein or the 
femoral vein by higher technicians in pediatrics. �e mixture of the 
anticoagulant with the blood has been done by slow movements of the 
tube held between thumb and fore�nger. No further precautions were 
taken and the children did not need to be fasting. �e samples were 
placed in coolers containing carboglaces and sent to the laboratory 
where they have been stored in the refrigerator at 5°C for later use, 
in particular for NFS. In order to compare the �nal situation with the 
initial situation, the children have undergone two blood tests: one at 
the beginning and the second at the end of the intervention, 6 mon 
later. From these samples, parameters such as Hemoglobin (Hb), 
Average Globular Volume (AGV) and Average Global Hemoglobin 
Concentration (AGHC) have been measured out at the Biomedical 
Analysis Laboratory (CIRSAR-Cotonou) by an automaton of the type 
MEDONICTM M-series Lyse/5 L, �inner/20 L.

Biochemical indicators

Anaemia was de�ned from the adjusted hemoglobin thresholds 
for Africans, ie, Hb<10 g/dl for children aged from 12 to 59 mon and 
Hb<10.5 g/dl for children aged from 5 to 11 yrs [9]. It was characterized 
as severe, moderate or mild when the Hb values   were respectively less 
than 7 g/dl, 7-8.9 g/dl, and 9-9.9 g/dl, respectively. Or between 9 and 
10.4 g/dl (for children between the ages of �ve and six yrs) [10]. AGHC 
was used to classify erythrocytes as either hypochromes (AGHC<32 
g/l) or normochromes (CGMH ≥ 32 g/l) [9]. �e AGV has enabled 
to distinguish microcytosis (VGM<67 fL for children from 12 to 23 
mon, AGV<73 fL for children from 24 to 59 mon and AGV<74 fL for 
children from �ve to eight yrs old) Normocytosis (67 ≤ AGV<90 fL, 73 
fL ≤ AGV<90 fLet 74 ≤ AGV<90 fL respectively for children from zero 
to two years, 24 to 59 mon and �ve to six years) and macrocytosis (AGV 
≥ 90 fL) [9]. �e threshold of 15.0.103 white globules/mL has been used 
to de�ne leukocytosis.

Statistical analysis
In order to assess the evolution of anemia in the “Study” group and in 

the “control” group, two comparisons have been made. On the one hand, 
the parameters observed in each of the two groups at t=0 mon and at t=6 
mon have been compared with the help of a Student t test with matched 
samples. �e values   of the two groups were then compared by a Student t 
test with independent samples in the same so�ware. On the other hand, the 
percentage of children with anemia and children with leukocytosis between 
t=0 mon and t=6 mon has been compared between the intervention group 
and the control group. All tests have been performed with the help of 
MiniTabversion 14.0 so�ware and the results are considered statistically 
di�erent for probability values   below 5% (p<0.05).

Results
Overall, the analyses have shown that the two groups, initially 

statistically equal (p>0.05), show signi�cant di�erences at the end of 
the study (p<0.05). Table 1.presents the haematological parameters at 
the beginning and at the end of the intervention, six mon later, of the 
two groups.

White blood cells and hemoglobin levels

A comparison of the average number of white blood cells in the 
subjects has revealed a signi�cant increase in the production of white 
blood cells in the MoLP supplementation group (p=0.001). In the 
“control” group, between the beginning and the end of the intervention, 
For a parameter, the values   assigned to the same uppercase letter in the same 
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In the case of Hb, statistical analyzes show that the hemoglobin 
values in the children receiving supplementation with MoLP have 
showed a very signi�cant increase (p=0.000). On the other hand, in 
the “control” group, between the start of the intervention and the 6th 
mon, the hemoglobin in children has decreased signi�cantly (p=0.01). 
�us, there has been an increase in hemoglobin of more than 13% in 
the “Study” group and a decrease in hemoglobin of more than 6% in the 
“control” group. �is leads to a decrease in the prevalence of anaemia 
in the “Study” group and an increase in this prevalence in the “control” 
group (Figure 3).

A graphical representation (Figures 1 & 2) of the pre- and 
post-intervention situation in each group has reveals that most 
individuals in the “Study” group have their hemoglobin measured 
at the end of the intervention above the measured value at the start 
of the procedure. On the other hand, it can be seen that most of the 
individuals in the witness group have a hemoglobin at the end of 
the study less than or equal to the hemoglobin level at the start of 
the study. These different tendencies result in spacing between the 
two curves in the first case and a superposition of the two curves in 
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Average globular concentration in hemoglobin (AGCH)

For this parameter and within the “Study” group, there has been no 
signi�cant improvement in the values   (p=0.378) during the intervention 
period. However, between the beginning of the intervention and the 6th 
mon, the AGCH of the children in the witness group has decreased 
signi�cantly (p=0.001). �is results in no hypochromic cases in the 
“Study” group at the end of the procedure and an increase in the 
prevalence of hypochromia at the end of the study in the “control” 
group. 

Average globular volume (AGV)

Among the children receiving supplementation with MoLP, the 
AGV values overall improved signi�cantly (p=0.012) during the 
intervention period. On the other hand, in the “control” group, between 
the beginning of the intervention and the 6th mon, the children’s AGV 
has decreased very signi�cantly (p=0.006). At the end of the 6 mon, 
we noticed that the AGVs of the two groups, which have been initially 
di�erent (p=0.018), show no di�erences (p=0.379). �ese di�erent 
observations result in an increase in the prevalence of microcytosis 
(decrease in the volume of red blood cells) in both groups. Indeed, at 
the beginning of the procedure, no cases of microcytosis were recorded 
in the “control” group. But at the end of the study, a prevalence of 
microcytosis was 17.5% in this group. In the study group, the prevalence 
of microcytosis has increased from 9.09% to 15.91% at the end of the 
intervention.

Prevalence of anemia, leukocytosis, microcytosis and 
hypochromia

�e comparison of the number of white blood cells of each subject 
with the norm shows us that the prevalence of hyperleucocytosis has 
increased in the “control” group whereas it was reduced in the “Study” 
group.

In addition, referring to adjusted hemoglobin thresholds for 
Africans [9], the individuals in the study have been divided into two 
categories: anaemic and non anaemic. �is distribution has given us at 
the beginning of the intervention and in the “control” group, an anemia 
prevalence of 32.5% against a prevalence of 38.64% in the “Study” 
group. At the end of the intervention, 23 children were anaemic in 
the “control” group, compared with 3 children who were anaemic in 
the “Study” group, with respective prevalences of 57.5% and 6.82%. 
�us, the number of anaemic children has increased in the “control” 
group, while in the “Study” group, the number of anaemic children has 
decreased considerably (Figure 3). In addition, the number of children 
with leukocytosis has increased in the “control” group, while in the 
“Study” group there have been a decrease in cases of leukocytosis. Figure 
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59 mon of Zou department in Benin are anaemic according to INSAE 
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