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ABSTRACT
Belgharbi, A., Tir Touil Meddah, A., Meddah, B., Mullié, C., & Nehhal, M., (2020).
Impact of renutrition milk on the improvement of clinical profile and gut microbiota
of malnourished children. Lebanese Science Journal, 21(1), 12-23.
Childhood malnutrition is a severe disease that kills 3.1 million children under
the age of five worldwide yearly. Our objectives are to compare the clinical profile and
the intestinal microbiota of malnourished children and healthy ones residing in the city
of Mascara (Algeria), and to specify the impact of the administration of renutrition milk
on the improvement of their gut microbiota. 40 children in total, aged between 2 and 36
months were chosen for this study. A clinical examination and a microbiological analysis
of fecal matter were performed. The first results showed that the malnourished children
included in the study suffer from severe malnutrition characterized by stunting and
remarkable underweight and that their intestinal flora is quantitatively and qualitatively
different from that of healthy children. Moreover; the administration of the renutrition
milk has a positive influence on the composition of the intestinal flora in these
malnourished children.
Keywords: Children malnutrition, renutrition milk, intestinal microbiota, clinical profile.
INTRODUCTION
Malnutrition is the cause of the death of 3 to 5 million children every year;
however, it is rarely listed as the direct cause of these deaths. This is probably due to the
complexity and diversity of the causes involved and the consequences on the viable
functions of children (Saunders et al., 2015).
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The human gut microbiota is the focus of one of the most dynamic research fields
in our time, it has always been considered as a separate organ whose beneficial and
indispensable effects are highly discussed (Le Blanc et al., 2013; Magnúsdóttir & Thiele,
2018).
Moreover, many studies have illustrated associations between several metabolic
diseases and gut microbiota (Turnbaugh et al., 2006; Dicksved et al., 2008).
Thus, it has been found that malnutrition can delay the normal development of
intestinal flora in childhood or induce a modified composition that does not provide the
symbiotic functions necessary for healthy growth (Million et al., 2017; Kumar et al.,
2018).
This led us to evaluate the clinical and nutritional status of malnourished children,
to compare the diversity of their intestinal flora with that of healthy children and to
illustrate the impact of introduction of renutrition milk on the improvement of the
composition of this flora.
MATERIALS AND METHODS
Protocol of the clinical study
It is a case-control comparative study, consisting of two groups of 20 children
each, aged 2 to 36 months residing in the Mascara region, one of malnourished children,
the other of healthy ones. The trials were conducted in accordance with declaration of
Helsinki (Council for international organizations of medical sciences, 1982).
A prior agreement was obtained from the officials of the health facility Meslem
Tayeb in which the children were recruited as subjects. Informed parental consent was
obtained for ethical reason. Moreover, the pediatrician’s declaration of honor for their
participation to the study was designed according to the Belgian guideline’s law of 8
December 1992 (Keuleneer & Lontings, 1993).
Inclusion criteria
Patients will be included in the study if they are:
 Suffering from proteo-energetique malnutrition disease.
 Aged between 2 and 36 months
 Are not on antibiotic therapy or corticosteroid treatment.
 Feeding by the same commercial baby milk (Table 1).
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Table 1. The biochemical composition of the two types of milk selected for study.
Compounds

Commercial dietary milk
(for 100g)

Renutrition milk
(for 100g)

Energy (Kcal)
Protein (g)
Lactose (g)
Potassium
Sodium
Magnésium
Zinc (mg)
copper (mg)

485
16
55.4
744mg
231mg
655mg
3.7
300

100
2.9
4.2
5.9mmol
1.9mmol
0.73mmol
2.3
0.25

Sampling mode
The simple random sampling (EAS) method was used to form the two groups of
the study from a cohort of malnourished children and children with adequate nutritional
status. The test group (TG) includes 20 malnourished children fed with commercial baby
milk. The control group (CG) consisted of 20 healthy children receiving the same
commercial baby milk as children described as malnourished cases for a total of 60 days.
Indeed, the children of TG are treated with nutritional rehabilitation milk called
“renutrition milk” for a period of 30 days after administration (Figure 1); to evaluate its
capacity to improve the clinical profile of these children.
TG
D0

Feeding with Commercial baby milk

D30

Feeding with renutrition milk
D60

Feeding with Commercial baby milk

CG

Figure 1. Illustrative diagram of the experimental sampling mode.
The use of this treatment for proteo-energetic malnutrition is due according to
WHO and Unicef recommendations (2007), as well as, to the positive results get by many
studies such as Simmer et al., (1988), Briend (2003), Diop et al., (2003), and Kaguamba
& Kebaabetswe (2018) (Table 2).
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Table 2. Renutrition milk formula (g/ml).
Compounds
Sugar(g)
Skrim powder milk (g)
Mineral mixture(ml)
Vegetable oil (g)
Vitamin complex (mg)
Boiled water ml)

50
80
20
60
140
1000

Selection criteria of malnourished children
In General, malnutrition is defined as an imbalance between nutrient intake and
the body's needs. Which includes stunting (low height/age ratio), emaciation (low
weight/height ratio), underweight (low weight/age ratio) and micronutrient deficiencies
(essential vitamins and minerals). It can be measured by different ways; in our study, we
were interested in the recommendations of World Health Organization [WHO] (2017).
Indeed, we used the Z score (Table 3) and the measurement of Brachial perimeter (BP)
/Cranial perimeters (CP) according to Waterlow et al., (1977), and Bovet et al., (2011).
Table 3. Growth references Z score (WHO, 2017).
Z score
< – 2.5
≥–3à<–2
≥–2à<+1
≥+1à<+2
≥+2

Nutritional Status
Severe acute malnutrition (MAS)
Moderate acute malnutrition (MAM)
normal nutritional status
Overweight
Obesity

The mode of clinical data collection
The weight of the undressed child is measured using a baby scale model SECA
(TERRAILLON, France) with an accuracy of 0.005 kg (for children under 2 years old)
and a weigh scale 750 model Viva-SECA (TERRAILLON, France) with an accuracy of
0.100 kg (for children from 2 to 3 years). The length size, the brachial and cranial
perimeters were determined in a supine position using a measuring board and measuring
tape respectively.
The main parameters studied are:
* Evaluation of the health and nutritional status of children (CG and GT) through
the expression of anthropometric parameters in nutritional evaluation curves (Z-score)
(Rolland-Cachera, 1991).
* Monitoring the improvement of the nutritional status of TG children over time
(after administration of the renutrition milk) via the determination of the weight Delta
((ΔP) in kg) according to the formula of Ashworth et al. (2003).
Daily gain in weight (g / kg / day) = ΔP x 1000 / (residence time x initial weight)
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Microbiological study protocol
Given the unfeasible of access to the intestinal flora, fecal flora has been targeted
since it reflects that which is upstream of the rectum (Marteau et al., 2001). As a result,
stool collections from both groups was performed from the children's diapers using a
sterile spatula and placed in sterile jars for this study. These samples are transported to
the analysis laboratory at a temperature of + 4 ° C and were analyzed within a maximum
of 12 hours after sampling.
Research, isolation and identification of germs.
1g of stool is put into a sterile vial containing 9 ml of sterile physiological water
(0.9%). This mixture is homogenized by agitation in a vortex; to get the first dilution (101
). Microbiological analyses are carried out on dilutions obtained from this one.
The characterization of the intestinal flora was carried out according to the
following steps:
* Microscopic examinations (after staining with Lugol reagent and Gram stain of
faecal smears). (Gossling & Slack, 1974)
* Research, enumeration and identification of the main cultivable elements of the
fecal microbiota:
Total Aerobic Mesophilic was isolated on Nutrient agar, Enterobacteria on Hecktoen agar
and Eosin Methylene Blue agar (EMB agar), Enterococcus sp were isolated on Bile
Esculin Azide agar (BEA agar), Staphylococcus sp on Chapman agar. All these cultures
were incubated in aerobic conditions at 37 ° C for 48 h.
Clostridium sulphito-reducers on the VF agar were supplemented with 0.5 ml of
sodium sulfate and some drops of iron alum, after incubation in anaerobic conditions at
37ºC for 72 h. Lactic acid bacteria (Lactobacillus and Bifidobacterium) were isolated in
Man, Rogosa and Sharpe agar (MRS agar) supplemented with 0,05 % cysteine and
incubated 18 hours a day at 37 ° C in anaerobiosis) and yeasts (agar extract of Malt
incubated at 37 ° C for 2 to 5 days) (Marteau et al., 2001).
The enumeration of germs was made on the dishes presenting between 30 and 300
colonies and expressed in log colony forming units (CFU) per gram of fecal sample, by
the following formula (Beraud, 2001).
𝐋𝐨𝐠 𝐂𝐅𝐔/𝐠 = 𝐥𝐨𝐠

𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐜𝐨𝐥𝐨𝐧𝐲
𝐝𝐢𝐥𝐮𝐭𝐢𝐨𝐧 ∗ 𝐰𝐨𝐥𝐮𝐦𝐞 𝐬𝐞𝐞𝐝𝐞𝐝

The identification of colonies found in each culture medium was confirmed by the
use of biochemical tests (Beraud, 2001).
Statistical analysis.
*All these measurements and determinations were made in triplicate and the results
obtained were expressed as mean ± standard deviation. These were the object of a
statistical analysis of the variance (Anova test), whose difference is considered significant
if the p <0.05.
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RESULTS
Assessment of health and nutritional status.
The anthropometric measurements obtained in the two groups are shown in Table 4.
Parameters

CG (at D0)

CG ( at D60) TG ( at D0)

TG (at D30)

TG ( at D60)
(After administration
renutritionel milk)

Age (months)

19,95 ± 9,28

19,05 ± 9,28

Weight (kg)

11,6 ± 3,34* 12,4 ± 2,03

7,53 ± 1,94*

9,53 ± 0,63

10, 22 ± 0,04*

Length (m)

0,73 ± 0,08

0,59 ± 7,96

0,62 ± 3,16

0,64 ± 1,02

0,76 ± 0,11

Cranial perimeter 46,1 ± 3,28 47,1 ± 2,28 49,01 ± 3,56 49,21 ± 2,56 49,23± 0,78
(CP)(cm)
Brachial perimeter 15,4 ± 2,83 16,01 ± 1,56 9,55 ± 2,30 9,61 ± 3,52* 14,87 ± 3,46*
(BP)(cm)
0,33 ± 0,04 0,33 ± 0,10 0,19 ± 0,04 0,19 ± 0,51* 0,30 ± 0,46*
Report BP/CP
0,66
0,66
Sex Ratio
threshold of significance, student test t: *p >0,05
Table 4. Results of the anthropometric data of the two groups of children.
These anthropometric data allowed the assessment of the growth status of these
children using software developed by the World Health Organization (WHO), called
"W.H.O Anthro" (Figure 2).

CG
TG

Figure 2. Results of the nutrition survey (weight for age) in Z score two study
groups according to "WHO anthro”.

of
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Monitoring the nutritional status of malnourished children after intervention

weight benefit (g / kg / D

During the introduction phase of commercial baby milk (D0-D30), a loss continues
to occur for TG, unlike CG children (Figure3). However; the introduction of renutrition
milk between D30 and D60 leads to a positive mean weight gain (2.006 ± 2.03 g / kg / d).
2.5
2
1.5
1
0.5
0
-0.5
-1
-1.5

D 30
D 60

TG

CG

Figure 3. Variation of weight gain in both groups of children according to the
period.
Characterization of the fecal microflora
Microscopic examination (Lugol and Gram Staining) (Figure 4)

A

B

C

D

Lugol straining

A

B

C

D

Gram straining
A: CG, B: TG at D0, C: TG at D30, D: TG at D60
Figure 4. Visualization of starch grains undigested after Lugol staining (X 400) and
the diversity of the intestinal microbiota after the Gram strain of fecal (X 1000
with immersion oil).
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Figure 4 shows the presence of starch grains of varying size and abundance from
one sample to another depending to the clinical condition of the child. However, the Gram
staining results of fecal smears of healthy and malnourished children illustrate a variation
of the ratio between Gram-negative and Gram-positive bacteria.
Enumeration by culture and identification of the main microorganisms composing
the intestinal microbiota
A remarkable decrease in the microbiota of malnourished children in comparison
with the control group was observed (6.73 ± 0.51 for CG VS 4.85 ± 1.44 for TG). In TG,
this flora is dominated by Enterobacteria whose main isolate species are: Escherichia
coli, Shigella flexneri, Salmonella cholera suis, Klebsiella pneumonia and Citobacter
amalonticus, followed by the genus Staphylococcus whose main isolated species were
Staphylococcus aureus and Staphylococcus saprophyticus. The main species of these two
genera isolated from CG children were: Escherichia coli, Proteus vulgaris, Enterobacter
cloacae, Staphylococcus epidermis and Staphylococcus saprophyticus.

8
7
6
5
4
3
2
1
0

TG

8

CG

Log UFC/g

Log UFC/g

In contrast, the genera Enterococcus, Clostridium, lactobacillus are poorly
represented in malnourished children compared to healthy one throughout the study
(Figure 5).
Total flora

7

enterobacteria

6

enterococci

5

staphylocoques

4

Clostridium

3

Lactic bacteria

2

Yearst

1

D0

D30

D60

0

D0

The Sample's Days (D)

D30

D60

The sample's Days (D)

Figure 5. Composition of fecal microflora in the two study groups.
DISCUSSION
The first anthropometric results allow us to collect very important information
about the clinical and nutritional status of our groups, note that:


The Z score shows that the CG is situated in the “ Medium Zone “ with a Z score
value between 0.5 and 2 standard deviations (SD) (Figure 2), that means a normal
body development , according to Waterlow et al., (1977). And that the TG have a
higher abundance of underweight and the growth retardation, since their Z score
is globally between (-0.5) to (-2.5) SD (Figure 2).

Note that the child is then said to be moderately malnourished if his Z score is below
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two standard deviations (<-2) (Waterlow et al., 1977).


BP / CP ratio in the CG meets perfectly the standard classification of Mac-LarenKanawati (for a BP /CP ≥ 0.31), but the TG had an average PB / PC ratio of 0, 23
± 0, 03 (Table 4), that means the presence of the several malnutrition (several
malnutrition = the ratio PB / PC is lower than 0, 30) (Waterlow et al., 1977).

The monitoring of the nutritional status of malnourished children after
intervention shows that the introduction of renutrition milk between D30 and D60 leads to
a positive mean weight gain (2.006 ± 2.03 g / kg / d) which resembles the norms of WHO
for the weight gain of an elderly child one year in normal growth (≥ 1 g / kg / day) (WHO,
2000), but it always insufficient gain for malnourished child in rehabilitation phase
(which must be equal to 20 g / kg / day) (WHO, 2000).
For the microbiological results, the microscopic examination of the fecal
microbiota shows that:
1. Lugol staining illustrates a significatif different of the size of starch grains:
 In CG, a small amount of starch grains of very small size is observed. This
reflects an almost complete digestion by salivary and intestinal amylases
which are partially immature (full maturity is reached at the age of 3 years)
but active from birth (Gobert et al., 2004).
 In the TG, a dominance of large starch particles appearing in dark brown
is noted at D0, D30 (Figure 4). Children belonging to our group defined as
"malnourished" do not seem able to digest the starch contained in the food
ration. This could be due to a deficiency of digestion functions, especially
complex sugars in the case of amylase, and absorption in these children
and / or a defect in the composition of the intestinal flora that can
participate in the digestion of starch in the intestinal lumen. In fact,
intestinal malabsorption revealed by clinical examination is mainly related
to intestinal atrophy that has been observed previously. However, the
reduction in the amount of starch grains in the stools is observed visually
on D60, can illustrate the positive effect of renutrition milk.
2. The Gram staining results of fecal smears, shows the difference of Gramnegative and Gram-positive bacteria ratio between the two groups:
 In CG: 1/3 of Gram-negative bacilli and 2/3 of Gram-positive
coccobacillus cocci are found. This finding is consistent with the results
of the work done by Lagier et al., (2012).
 For TG, a predominance of Gram-negative bacilli is visualized when using
commercial milk (at D0 and D30) with a fairly low rate of gram-positive
bacteria. This explains the origin of frequent diarrhea in these children
resulting from an exaggerated proliferation of iodophilic flora (Gram
negative) following an acceleration of the colon transit (Lagier et al.,
2012). Nevertheless, there is a return to the equilibrium intestinal
microbiota on D60 with an increase in the rate of Gram-positive bacteria
that generates a Gram-negative / Gram-positive ratio similar to that
observed in healthy children.
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Moreover, the enumeration of the gut microbiota shows that the remarkable
decrease in the microbiota of malnourished children can be explained by the effect of
malnutrition that causes an atrophy of mucous membranes and intestinal villi which are
very important for the adhesion and installation of intestinal microflora (ThompsonChagoyán et al., 2007). In fact, the desquamation of the intestinal villi and the abundance
of mucus cause the atrophy of the specific carbohydrate receptors present in the
glycocalyx.
In addition; the low rate of the genera Enterococcus, Clostridium, lactobacillus in
malnourished children may be explained by the fact that these bacteria adhere strongly to
the intestinal mucosa, and following the acceleration of transit, the colonization of the
digestive tract by these microorganisms is weak (Kolling et al., 2012).
Indeed; the yeast Candida albicans is the only isolated yeast stool of both groups
because, is considered as the normal intestinal microflora, but the risk of long-term
colonization is exacerbated by malnutrition, which affects the development of the
intestinal epithelium (Lagier et al., 2012). Finally, these results confirm the new concept
of “ the intestinal microbiota maturity” recently established by Subramanian et al. (2014)
who suggest that even after a therapeutic and nutritional intervention, the intestinal flora
is not totally restored and remains "immature". However, a significant difference was
found between the three sampling times. This indicates that the change in commercial
milk and the introduction of renutrition milk have a significant positive influence on the
development of the intestinal flora of malnourished children.
CONCLUSION
The results show that the malnourished children included in the study suffer from
severe malnutrition characterized by stunting and remarkable underweight. Their
intestinal flora is quantitatively and qualitatively different from that of healthy children
with a dominance of Staphylococcus aureus, Candida albicans and Enterobacteria, while
total flora and other genera such as Enterococcus sp., Clostridium sp., Lactobacillus sp.
and Bifidobacterium sp. are less present. Treatment with renutrition milk, although it has
a benefit in terms of weight gain in malnourished children, has a significant effect on the
composition of the microbiota.
As with the majority of case studies, our research is subject to some important
limitations:

The first is that, our study focused on young children (between 2 and 36
months) since they are most affected by protein-energetic malnutrition, which is the first
limit for our study, because at this young age, the intestinal flora is not yet stable, so these
results can't be generalized to the wider population..

The second limitation concerns the difficulty to replicate this study
because it is very difficult to track the evolution of the clinical profile of these children,
in fact, most of them leave the hospital after their recovery; makes it very difficult to find
them and continues the studies (that's why we limited our TG to 20 children who were
followed for 60 days completely)
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The third one is that the use of fecal flora in our examination can’t
represent all the existing microbiota in the gut., in fact more than 75% of the intestinal
flora is not cultivable in the laboratory
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