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Abstract:

The pregnant woman feeding is very important for the optimal embryonic development of the
zygote. The present study suggests a formulation of food supplement in soup form. We were
able to make a soup which is composed of vegetables and animal products. This product like food
supplement can cover the pregnancy nutrients needs. In fact, the nutrients deficiencies during
the first 1000 days lead to chronic malnutrition. Hence, preventive actions concerning this
nutritional plague are necessary. Among that, the food supplement for pregnant manufacture
can compensate the micronutrients and protein-energy deficiencies. This animal and plant-
based food supplement contains various minerals such as Mg (368 mg/100g DM); Ca (2003
mg/100g DM); K (1324 mg/100g DM); P (204 mg/100g DM); Cu (0, 57 mg/100g DM); Fe
(28, 2 mg/100g DM). Besides, the product is composed by carbohydrates (38, 2 g/100g DM),
fats (2, 3 /100g DM), and proteins (27, 1 g/100g DM) fibers (19, 3 g/100 g DM). It energetic
value is 205 kCal per 100g.
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I. Introduction

The child, during its first 1,000 days, is at the centre of concerns in the fight against all
forms of malnutrition (Martorell, 2017). The quality of tomorrow's human capital will depend
on the effectiveness of care during this period. The mother, in her role as nurturer and
protector, is also the target of interventions. The mother's good nutrition is reflected in that of
her child. In this case, women's nutrition during pregnancy is essential, since it conditions the
growth of the foetus and the infant, and the smooth running of the pregnancy (WEP, 2015).

Pregnancy is a nutritionally demanding physiological condition. Three conditions
appear to be necessary for the proper development of this stage: a mother who is well
nourished to provide for her fetus, for her own needs and to prepare her body for
breastfeeding; an efficient transmission of nutrients between mother and fetus; and a fetus
that is able to use the nutrients received (Kominiarek, 2016; Koletzko et al., 2019). Every
pregnant woman should consume foods from all food groups daily and at every meal to
provide the body with all the nutrients it needs. No single food is complete. Only a

combination of foods from different groups can ensure an optimal dietary balance (Skerrett &
Willett, 2012).
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According to a laboratory study conducted in various countries, pregnant women who
eat poorly can promote the development of type 2 diabetes in their children (Guendouze,
2005; HKI, 2002). As such, the diet of pregnant women is of great importance in preventing
chronic malnutrition in our future generations. This study aims to improve dietary
supplements with a new formulation specifically designed for pregnant women.

II. Research Methods

2.1 Raw Materials
a. Broccoli (Brassica oleracea L.)

Broccoli provides nutrients that prevent the problem of constipation. The presence of
fibre, fatty acids and vitamins regulates blood pressure and lowers bad cholesterol. Broccoli
can protect blood vessels from damage and regulate blood pressure which can prevent heart
attacks and strokes. It contains iron and folic acid, which help prevent anemia (Latté et al.,
2011; Vasanthi et al., 2009). Broccoli allows cell multiplication, the constitution of the nervous
system and the spinal cord of the fetus in the first trimester, because of the vitamin B 9
present in broccoli. Broccoli is considered to be one of the foods that provide the most
vitamin C, which allows the absorption of iron (Gbolo et al., 2017; Mbemba, 2013).

b. Spinach (Spinacia oleracea L.)

Spinach is known to be a vegetable that aids digestion, which is why it is nicknamed
"the broom of the stomach". It is one of the richest foods in protective antioxidants (vitamins
A, C and E) that help our body fight excess free radicals, and one of the best anti-cancer
plants because of its high antioxidant content and its massive and protective fiber content
(Roberts & Moreau, 2016). Spinach provides the body with a non-negligible magnesium
intake, especially in women. It also has one of the highest levels of folic acid or vitamin B9,
which is very useful for pregnant women in whom folate deficiency can cause spontaneous
abortion or birth defects in the child. Iron helps with a normal appetite. It also helps transport
oxygen through the body. This is important during pregnancy because of the extra blood
supply needed to transport nutrients to your baby through the placenta (Mbemba, 2013;
Shohag et al., 2011).

c. Plantains (Musa paradisiaca L.)

Its low glucose level helps to maintain gastrointestinal balance; plantain is a good
remedy to stop chronic diarrhoea in children and infants. Plantain reduces the likelihood of
getting an ulcer. It can play the role of a basic carbohydrate food in the diet, providing extra
energy when needed (Alvarez-Acosta et al, 2009; Goel et al, 2001). Potassium is very
important during pregnancy, and the plantain, which is very rich in it, is a good source. Folate
is very important during pregnancy for the growth of new cells and genes (Mosso et al., 1990).

d. Bean (Phaseolus vulgaris L.)

Green beans contain an impressive amount of antioxidant pigments called flavonoids;
these compounds synergistically slowed the growth of cancer cells. The soluble fiber
contained in the beans is believed to help lower bad cholesterol levels. In addition, they have
been proven to reduce inflammation and blood pressure, which is excellent for the heart.
Vitamin C is a powerful antioxidant that contributes to the absorption of iron and is involved
in the manufacture of collagen, a protein essential for the proper functioning of cartilage
(Gbolo et al., 2017; Mbemba, 2013).
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The essential amino acids found in beans are very useful in pregnant women, especially
in the second trimester, for the rapid growth of the fetus and to reduce the risk of fetal
hypotrophy (Hayat et al., 2014).

e. Moringa (Moringa oleifera Lam.)

Moringa helps diabetic patients to control their blood sugar levels (Divi et al., 2012). It
is recommended as a nutritional supplement because it helps digest food by providing
minerals for efficient digestion (Upadhyay et al., 2015). This will help the body to absorb all
the nutrients from food. It increases antioxidant levels; it contains about 46 antioxidants that
help cells neutralize radicals. These antioxidants are also involved in preventing cell damage,
the common pathway for cancer, aging, and a variety of diseases (Sreelatha et al., 2011;
Suphachai, 2014). Moringa leaves have benefits on the following diseases: diabetes, cancer,
gout, wounds, headaches, fever, sore throat, bronchitis, eye and ear infections, etc. (Sreelatha
et al,, 2011 ; Suphachai, 2014). Women who consumed Moringa leaves produced twice as milk
as those who did not. Iron, necessary for fetal growth and placenta formation, is also present
in these leaves (Asiedu-Gyekye et al., 2014; Tjarotin et al., 2013; TFL, 2005).

The Tilapia (Oreochromis mossambicus Peters 1852: Cichlidae)

Studies have shown a protective effect of fish consumption against cardiovascular
disease. This effect is due to the presence of omega-3 fatty acids in fish flesh. Omega-3 has
anti-inflammatory properties. They act as precursors of chemical messengers that promote the
proper functioning of the immune, circulatory and hormonal systems. They are essential for
the development of the brain and the retina of the eye. Fish is a source of animal proteins, rich
in phosphorus, and provides trace elements: zinc, copper, iodine, selenium and fluorine. It
also contains vitamins A and D. During pregnancy, tilapia is an excellent source of nutrients
for the mother or fetus in particular, in terms of protein-vitamins D and B 12 (EUFIC, 2009).

f. The Eggshell

Eggshells are the main waste product of egg breakers. It can be crushed and used as a
calcium soil improver in the fields, thanks to its high calcium content. Eggshell is a source of
calcium for pregnant women. It is also a source of minerals for the future skeleton of the

embryo (QA, 1996).

2.2 Preparation of Raw Materials
a. Case of Moringa

1) Leaf stripping: Leaf stripping is the removal of leaflets from their petioles. At this stage,
diseased or damaged leaves are removed.

2) Washing: The leaflets are washed in a tub with potable water to remove dust. The
leaflets are then washed again with a 1% saline solution for 3 to 5 minutes to rid them
of germs. Finally, they are washed again with clear water. They are then ready to be
dried.

3) Solar drying: The leaflets are spread out on a van and exposed to the sun for 18 hours.

4) Crushing: The well-dried leaflets, which are dark in colour, are then crushed with a
pestle mortar to make a powder.

There is also the pre-cooking method for broccoli, plantain, white beans, and tilapia.
b. For Broccoli
1) Washing: After harvesting, broccoli is washed using drinking water and bleach to purify
it.
2) Preparation: The ends of the main stem are removed and bunch is cut off just below the
crown.
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3) Pre-cooking: The basket is steamed in a pan filled with water a few inches from the
bottom. The broccoli is placed in the steam basket and the lid is removed from the pan.
The cooking time for the broccoli is 5 minutes.

c. For the Plantains
1) Peeling and preparation: Peel the green banana manually then cut them into slices about
1 cm thick.
2) Cooking: Put the peeled plantain in a saucepan with boiled water of 40° and cook it
until it is tender.

d. For the White Bean
1) Washing: Fresh beans are washed with clear water. Those that are deteriorated are then
removed.
2) Preparation: The beans are cooked with drinking water for 25 minutes over low heat.
After cooling them down, the seed coat of the beans is removed by hand.

e. Treatment of Meat Product "Tilapia"
1) Preparation: The fish is washed; its scales and viscera are removed. The fish are washed
a second time.
2) Salting and cooking: The fish are sprinkled with salt. The fish are cooked over low heat
in a pan for about 10 minutes. They are then dried in the open air under the sun for 18
hours to absorb moisture. Then they are crushed with a pestle mortar before being
sieved.

f. Treatment of Eggshells

For eggshells, after washing, they are dried in the sun for 6 hours. Then the inner skin
of the shells is peeled off. Then the shells are crushed with a mortar pestle. In order to make
them digestible, a few drops of lemon juice are added to the shells to extract the calcium.

2.3 Determination of the Biochemical Composition of the Soup
The biochemical composition of the soup in organic macro-elements (carbohydrates,
lipids, proteins) and minerals (Calcium, Magnesium, Phosphorus, Potassium) and
microelements (Iron, Copper) was determined according to standard methods as previously
described (Gbolo et al., 2017; Bukatuka et al., 2016; Mbemba, 2013).
III. Discussion

Table 1 gives the biochemical composition of the formulated soup.

Table 1. Soup biochemical composition

Constituents For 100 g of DS
Moisture (%) 7.5
Calories (kCal) 205
Proteins (g) 271
Lipids (g) 2.3
Glucids (g) 38.2
Fibres (g) 19.2
Ca (mg) 2003
Mg (mg) 368
P (mg) 204
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K (mg) 1324
Cu (mg) 0.57
Fe (mg) 28.2

From this table it appears that our food supplement contains Mg, Ca, K, P, Cu, Fe. It
is well established that mineral elements form complexes with organic molecules in the
organism, thus playing a role in different biological activities such as supporting and resisting
the skeleton, stimulating various vital processes and osmosis, and participating in the balance
and ion exchange between biological fluids and cells (Mbemba, 2013).

Micronutrients, iron (Fe), zinc (Zn), selenium (Se), iodine (I), carotenoids, and folates
are essential nutrients required for human growth and development, as these contribute to
various metabolic functions in human Warkentin & Jha, 2019).

Micronutrient deficiencies afflict more than two billion individuals, or one in three
people, globally. Such deficiencies occur when intake and absorption of vitamins and minerals
are too low to sustain good health and development (Bouis & Saltzman, 2017). These
deficiencies may lead to serious illnesses such as poor growth, intellectual impairments,
perinatal complications, and increased risk of morbidity and mortality. Further, they aggravate
infectious and chronic diseases including osteoporosis osteomalacia, thyroid deficiency,
colorectal cancer, and cardiovascular diseases and thus greatly impact quality of life
(Warkentin & Jha, 2019). Micronutrient malnutrition has received increased attention in recent
decades at a global level and efforts have been made to combat them by various strategies
such as increased food production, supplementation, food fortification, and biofortification
(Warkentin & Jha, 2019). The raw materials used are available to most households in
Madagascar. The table also indicates that soup has a high nutritional value. The calcium
content is considerable. The latter contributes to the mineralization of the foetal skeleton.
Indeed, during pregnancy, there is an increase in intestinal calcium absorption (AVF, 2010;
Manzanza, 2008).

The iron intake of the soup is quite important. Iron is a hematopoietic factor and its
deficiency causes maternal fatigue and susceptibility to infections. The quantity of protein is
also appreciable. It already constitutes almost half of the daily needs of pregnant women
(AVF, 2010; Asiedu, 1991). The fortification of the present food supplement with the leaves
of M. oleifera, a plant rich in chemical constituents of strong nutritional interest, notably
vitamins (B and C, a-tocopherol), essential amino acids, Iron, Calcium, Phosphorus and
Copper as well as nitrates and sulphur compounds, constitutes a better strategy for the
management of pregnant women in Madagascar (Randrantoarimbola et al., 2018). It is very
essential in the forthcoming days to increase the production of micronutrient-rich foods and
improving dietary diversity that could substantially reduce micronutrient deficiencies. In the
near term, consuming biofortified crops can help address micronutrient deficiencies by
increasing the daily adequacy of micronutrient intakes among individuals throughout the
lifecycle (Bouis & Saltzman, 2017).

The formulation of Moringa oleifera Lam. based bio-fortified food supplement is good
approach to combat malnutrition in both pregnant women and children in developing
countries like Democratic Republic of the Congo (DRC), particularly in Gbado-Lite city
(Province of Nord-Ubangi). This part of DRC belongs to the Ubangi eco-region, a subgroup
of Northeastern Congolian lowland forests. This eco-region is one of the 200 globally priority
terrestrial eco-regions known as the "G200" (Ngbolua et al., 2020a, b, Ngbolua et al., 2019a, b,
¢; Gbolo et al., 2019).
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IV. Conclusion

Since malnutrition is a manifestation of multisectoral problems at all levels of society
(family, community, region, and nation), nutritional considerations should be an integral part
of all development programmes. With this in mind, our investigation decided to conduct a
study on the possibility of producing soup, which is a dietary supplement for pregnant women
rich in protein and micronutrients. The food supplement concocted shows us an interesting
content of micronutrients and proteins per 100 g of DM.
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