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ABSTRACT

Background: Micronutrients are extremely important components of a high-quality diet and
even though they are required in very small amounts, they are important in the building of
healthy brains, bones and body. Micronutrient deficiency is a problem as its effects are
irreversible. In Africa, vitamin A deficiency is reported to be the cause of about 6% of deaths
of children under the age of 5 years, and a magjor public health issue in Ghana. Inadequate
dietary intake of vitamin A-rich foods is a mgjor cause of vitamin A deficiency, so one
preventive strategy could be the promotion of the consumption of these foods. Moringa
oleifera leave powder is rich in nutrients especially vitamin A. It is well accepted in infants
and have proved successful in combatting malnutrition in infants. Therefore, there is a need
to design a pilot study to test the efficacy of Moringa oleifera on serum retinol levels in
infants.

Aim: To test the efficacy of Moringa Leaf Powder (MLP) in improving the serum vitamin A
level of children in the complementary feeding age using secondary data.

Methods: A pilot study with three study arms was carved out. Infants were randomly
assigned to receive one of the 3 study foods (CF-35g, MCL-35g and M-5gS) depending on
the Child Welfare Centre (CWC) they were recruited from. One arm received a cereal-
legume blend fortified with MLP named MCL-35g, a second arm received Moringa oleifera
leaf powder as a supplement to be sprinkled on infant’s usual foods (MS-5g) and a third arm
received a cerea legume blend, without MLP (CF-35g) to serve as controls. The feeding
intervention lasted for 6 weeks. Baseline data on infant and maternal characteristics,
household characteristics, anthropometry, hemoglobin level and child morbidity occurrence,
were collected. Serum vitamin A was the primary outcome measure and was determined at
both baseline and endline using the icheck flouro device. Morbidity occurrence, dietary

intake and adherence to study foods were secondary outcome measures. Data on dietary



intake was taken at baseline and endline using a 2 day 24-hour recall. Adherence to study

foods and morbidity occurrence were collected over the study duration.

Results: A total of 103 infant-mother pairs where recruited for the study but a total of 65
completed the study. All the infants in the study were vitamin A deficient at both baseline
and endline when compared to the WHO threshold of 0.70 umol/l. There was no significant
difference in serum vitamin A concentration within and among the control group and the two
experimental groups at both baseline and endline. However, there was a marginal increase in
serum vitamin A concentrations in al three groups at endline. There was a significant
difference (p=0.026) in the iron intake of infants at baseline. There was also a significant
difference (p<0.05) in adherence to study foods between those in the CF-35 g group and

MCL-35 g group but no significant difference between the two experimental groups.

Conclusion: Findings of this study showed that although there was a marginal increase in
serum vitamin A concentrations for infants in all three groups, from baseline to end line,
vitamin A levels of all infants were low when compared to the WHO threshold of 0.70umol/I.
This implies that, vitamin A deficiency (VAD) remains a mgjor public health issue in the
study population and in Ghana for that matter.

As part of food diversification approaches to combat VAD, Moringa Oleifera leaf powder
can be incorporated in complementary foods of infants in the developing world to improve

their serum vitamin A levels and consequently their nutritional status.
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CHAPTER ONE
1.0INTRODUCTION

11 BACKGROUND

Malnutrition refers to deficiencies, excesses or imbalances in a person’s intake of energy
and/or nutrients and covers two main groups of conditions. Undernutrition which includes
stunting (low height for age), wasting (low weight for height), underweight (low weight for
age) and micronutrient deficiencies or insufficiencies on one hand and overweight and

obesity on the other hand (WHO, 2016).

Globally, about 159 million children are stunted and 50 million are wasted (WHO, 2016).
UNICEF dso reports that, as at 2011, globally, about one quarter of al children below the
age of 5 years (about 156 million children) are stunted. Forty percent (40%) of the children
who are stunted are in Sub- Sahara Africa whiles 39% are in South Asia. Furthermore, South
Asiaand Sub- Saharan Africa are home to the highest number of children under five (5) years
who are underweight, with 26%, which is 30 million of underweight children in Sub- Saharan

Africa (UNICEF, 2011).

The 2014 Ghana Demographic and Hedthy Survey (GDHS) report showed that, among
Ghanaian children under 5 years, 19% were stunted, 5 percent were wasted and 11 percent
were under weight. About 3 percent of children were overweight (heavy for their height) and

micronutrient malnutrition was highly prevalent and persistent (GDHS, 2014).

Micronutrient malnutrition pertains to diseases that are caused by a dietary deficiency of
vitamins or minerals. Vitamin A deficiency (VAD), iron deficiency anemia and iodine
deficiency are the most common forms of micronutrient malnutrition (FAO, 2015). Serum
retinol <0.70 pmol/l and the prevalence of night blindness above various population-specific
thresholds are used in classifying vitamin A deficiency in countries as a public health issue

(WHO, 2009). Globally 5.2 million preschool age children are affected by night blindness

1



and 190 million preschool age children had low serum retinol concentrations and in Africa.
Vitamin A deficiency is responsible for about 2% of child deaths under the age of 5 years

(WHO, 2011).

Moringa Oleifera leaves have been used to combat malnutrition, especialy among infants
and nursing mothers (Doerr and Cameron, 2005). The leaves of Moringa Oleifera arerich in
minerals like calcium, potassium, zinc, magnesium, iron and copper (Kasolo et a, 2010).
Beta-carotene, B vitamins such asfolic acid, pyridoxine and nicotinic acid, vitamins C, D and
E are also present in Moringa Oleifera leaves (Mbikay, 2012). Moringa leaf powder is
prepared by drying the leaves in the shade. Drying them in the sun will cause loss of vitamin
A. Theflakey dried leaves are pounded, sifted and stored. The Moringa Leave Powder (MLP)
can then be included in a baby’s food, added to soups, and to vegetables to improve

nutritional quality but not change the taste (Price, 2007).

A study conducted in Senegal using Moringa Oleifera leaf powder to supplement the meals
of children and women showed that “adding one rounded tablespoon (8 g) of Moringa |eaf
powder satisfied about 14% of the protein, 40% of the calcium, 23% of the iron and nearly all
the vitamin A needs for a child aged 1-3” (Fuglie, 2005). Furthermore, a study by Glover-
Amengor et a (2015) in Ghana, to test the micronutrient composition of Moringa Oleifera
leaf fortified dishes in children, showed that Moringa Oleifera leaves that they sampled
contained all the micronutrients tested (B —carotene, Copper (Cu), Zinc (Zn), Magnesium
(Mn), and Iron (Fe)) which implies that Moringa Oleifera leaves could be used to fortify diets
with micronutrients and have the potential of serving as a less expensive (-carotene and
mineral source in the diets especially in children with marginal vitamin A status and iron
deficiency anemia. An acceptability trial by Boateng et al (2017) showed that Moringa
Oleifera leaf powder, when used in the diet of infants is well accepted by infants. Therefore,
incorporating pulverized Moringe Oleifera leaves in infants’ food could diversify food intake,

2



and will ensure food security and reduce some micronutrient deficiency diseases (Nwosu et
a, 2014).

12 PROBLEM STATEMENT

The National Nutrition Policy for Ghana report (2013), indicates that 70% of children under
five years have various forms of vitamin A deficiency. According to UNICEF (2015), the
main interventions for the expulsion of micronutrient deficiencies, including VAD are
supplementation, either single multiple or micronutrients, fortification of foods for a whole
population (flour, oil, salt, sugar) or fortification of specific foods, including home-
fortification. Also, the promotion of desirable feeding & diversified diets, that is satisfactory
breastfeeding (early initiation of breastfeeding, exclusive breastfeeding for 6 months and
continued breastfeeding for up to 2 years), consumption of micronutrient-rich foods,
including animal source foods and public health measures which includes infection control,

hygiene and immunization.

Moringa Oleifera leaves are a rich source of provitamin A or beta-carotene. Fresh Moringa
Oleifera leaves contain almost 7-8 mg of beta-carotene per 100 g, while the leaf powder
contains twice that amount in 100 g (Marcu, 2005).

A research conducted by Kouevi (2013) which investigated the nutritional properties of infant
weaning foods developed in West Africa found that most complementary food blends were
low in energy, vitamin A, vitamin C, iron and calcium. However, there was a significant
increase in al nutrients particularly vitamin A complementary food blends with Moringa
Oleifera leaves. However, studies that have tested the efficacy of Moringa Oleifera leaf
powder in improving Vitamin A levels in infants in the complementary feeding age, when

used as a supplement in their diet are lacking.

1.3  SIGNIFICANCE OF STUDY



Infants and young children are a nutritionally vulnerable group of a population as they are at
a crucial stage of the growing process (Custodio et al, 2008). Findings of this study will
contribute to the body of literature on nutritional interventions aimed at combatting VAD
among infants and young children and will further help with refining procedures and

identifying modifications needed for the design of alarger study.

1.4 AIM OF THE STUDY
To test the efficacy of Moringa Leaf Powder in improving the serum vitamin A level of

children in the complementary feeding age.

15 SPECIFIC OBJECTIVES
1. To compare the serum retinol level of the children pre-and post-intervention using the
i-check fluoro device.

2. To assess the energy and selected nutrient intakes of infants pre-and post-intervention.



CHAPTER TWO

20LITERATURE REVIEW

2.1 Introduction to Under nutrition

Undernutrition indicates inadequate intake of energy and nutrientsto fit an individual’s needs
to sustain good heath (Maleta, 2006). Undernutrition encompasses underweight, stunting,
wasting and deficiency in vitamins and minerds (UNICEF, 2006). Micronutrient
undernutrition is particularly of greater concern as its deleterious effects pervade the

biological, physical, socioeconomic and cultural aspects of humanity (WHO, 2000).

Micronutrients are extremely important constituent of a high-quality diet and have a very
great effect on health. Even though they are needed in minuscule amounts, they are important
in the building of healthy brains, bones and body. Deficiency of micronutrients are often
regarded as hidden hunger since they develop gradually overtime and their destructive effect
is not seen until the damage has been done. This has led to many children suffering from
stunted growth, cognitive delays, weakened immunity and diseases (UNICEF, 2015).
Micronutrient malnutrition can occur even if the person is getting enough energy (UNHCR,

2003).

According to Black et a (2008), micronutrient deficiencies are now recognized as an
important contributor to the globa burden of disease and it is a problem as its effects are

irreversible (Barret & Bevis, 2013).

The Ghana Demographic and Health Survey (2014) states that, in Ghana, the predominant

levels of micronutrient deficiency levels related to anemia, vitamin A, and iodine are



considered high and of major public health significance by World Health Organization

standards.

Vitamin A is of great relevance to human existence as this is noticeable through the

consequences of its deficiency (Kapil and Bhavna, 2002).

22 VITAMINAINHUMANNUTRITION

Vitamin A is a fat-soluble vitamin that is intrinsic in many foods (NIH, 2016). It is also a
generic term for many other related compounds. The various forms of vitamin A are,
“Provitamin A: B-carotene, Vitamin Al: Retinol (Vitamin A alcohol), Vitamin A2: 3 -
Dehydro-retinol, Vitamin A Aldehyde: Retinal, Vitamin A Acid: Retinoic acid, Vitamin A
Ester: Retinyl ester, and Neo Vitamin A: Stereoisomer of Vitamin A1 which has 70 —80% of
biological activity of Vitamin A1”. Retinol and retina are usually called preformed vitamin
A (NIH, 2016 Bennasir et a, 2010). In plants,” there is a group of red and yellow pigments
known as carotenoids, some of which can be converted to vitamin A. In their unconverted
state, they have no vitamin activity and the most important is the red pigment B-carotene. It is
very abundant in carrots and occurs also in many other plants’ (Wiseman, 2004). Pre-formed
vitamin A (retinol) or vitamin A precursors (carotenoids) must be obtained from the diet of

an individua (NIH, 2006).

Vitamin A isinsoluble in water, but soluble in ethanol (alcohol) and freely soluble in organic
solvents including fats and oils. In solution, retinoids and carotenoids can experience slow
conversion by light, heat, and iodine through cis-trans isomerism of the side-chain double

bonds (Combs Jr., 2008)

In nutrition, the primary unit of biologic activity for vitamin A is 1 pg of all transretinol. To

show both preformed vitamin A and provitamin A carotenoids in foods as a lone nutritive



value, the retinol equivalent (RE) was formed. One ug RE isequal to 1 pg of all-trans retinol,
to 6 pg of all-trans 13-carotene, or to 12 pg of other provitamin A carotenoids in foods.

However, the bioavailability of carotenoids changes greatly, based on their physical state in

foods (Olson, 1964)

The recommended dietary allowance (RDA) and upper level (UL) vaues for vitamin A for
infants 0-12 months are 400ug/day and 600 pg/day respectively. The upper limit for
children 1-3 years 300 pg/day(RDA) and 600 pg/day (UL) and for children 4-8 years, the

RDA is400 pg/day and UL is 900 pg/day (Ross & Harrison, 2007).



2.2.1 Vitamin A Metabolism

Figure 2.1: Schematic diagram of vitamin A metabolism
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Vitamin A is needed for the regular functioning of the visual system, preservation of cell
function, for growth, epithelial integrity, production of red blood cells, immunity,
reproduction, for the linings of the lungs, intestine and urinary tract, and bone (Mayor-Wilson

et a, 2011)

The function of Vitamin A according to WHO & FAO (2004) in the body is in two folds.
Vitamin A’s first functions is in the visual cycle in the retina of the eye and secondly in all
body tissues where it functions systemically at maintaining the increase and soundness of
cells. Therefore, vitamin A deficiency affects epithelia cells differentiation and growth

throughout the body.

Vitamin A functions in the eye when retinol is transported to the retina through circulation
and accumulates in retinal pigment epithelial cells. Retinol is esterified to form aretinyl ester,
which can be stored. When the retinyl esters are needed, they are broken apart and
isomerized.11-cisretinol is formed, which can be oxidized to form 11-cis-retina. The latter
can be moved across the interphotoreceptor matrix to the rod cell to bind to a protein called
opsin to form the visua pigment, rhodopsin (visua purple). The function of vitamin A in
vision is based on this. Rod cells with rhodopsin are able detect very small amounts of light,
which makes them important for night vision. Therefore, inadequate retinol accessible to the
retina results in impaired dark adaptation, known as night blindness (Bennasir et a, 2010 &

Ball, 2004)

Vitamin A provides immunity for the body by functioning as an anti-infective vitamin, and is
needed for the usua functioning of the immune system. Retinol and its metabolites are
needed to keep the integrity and work of the skin and mucosal cells as they work as a wall

and serves as the initial defense of the body against infection (Semba, 2001).



Retinoic acid works in limb development and formation of the heart, eyes, and ears and it has
also been found to control the gene for growth hormone during embryonic development.
However, both an excess and deficiency in vitamin A can cause birth defects. Furthermore,
stem cells, which are precursor cells from which red blood cells like al blood cells are
derived are dependent on retinoids for normal differentiation into red blood cells. Vitamin A
also eases the movement of iron from storage sites to the developing red blood cell for
incorporation into hemoglobin, which is the oxygen carrier in red blood cells (Bennasir et a,

2010).

2.2.3 Dietary Sourcesof Vitamin A

A nursing infant can meet his/her vitamin A requirement if the mother’s diet has adequate
vitamin A rich foods (Monte & Guigliani). During the time of complementary feeding,
meeting micronutrient needs seems to the biggest challenge. Good food sources of vitamin A
include liver, leafy green vegetables, milk, eggs, cheese and some orange or red fruits and the
amounts required for infants 6-11months is1-50g/d because breast milk is a rich source of
vitamin A. However, in areas where VAD is endemic, greater intakes of complementary

foodsrich in vitamin A is advisable (WHO, 1998).

Also, tomatoes, carrots, spinach, papayas, mangoes, corn, and sweet potatoes are good
sources of vitamin A. Beta-carotene and other carotenoids are found in green leafy vegetables
(Biscontini, 2007). Since the liver is the organ that stores the vitaminsin the body, the liver of
meat animals is a rich source of vitamin A (Ball, 2004). Foods that have been processed
which may include sugar, ceredls, condiments, fats, and oils are fortified with preformed
vitamin A. Red palm oil is especialy rich in provitamin A and some native plants may be
uniquely rich sources of provitamin A. Foods having provitamin A carotenoids tend to have

little biologically available vitamin A but are cheaper than animal products. This is why
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carotenoids supply alot of the vitamin A action in the diets of economically disadvantaged

populations (WHO & FAO, 2004).

23 PREVALENCE OF VITAMIN A DEFICIENCY (VAD)

Vitamin A deficiency is a systemic disease that affects cells and organs throughout the body
(Sommer, 1995). VAD has been “classified by the World Health Organization as a severe
public health problem among Ghanaian children ages 6-59 months”. Inadequate intake of
either pre-formed vitamin A or vitamin A precursors results in VAD (WHO, 2012). When
very less vitamin A is present in the food for an extended period of time, vitamin A
deficiency (VAD) occurs. Since vitamin A is fat soluble, excess of it can be deposited in the
liver. Therefore, VAD will come about when the stores of Vitamin A in the body are depleted
and not directly when there is no Vitamin A in the food but when the storage in the body has
been depleted (FAO/WHO 2002). Since Vitamin A is needed in the retina of the eyes for
acclimatization to darkness, a deficiency will lead to night blindness. Also, since vitamin A is
essential in al body tissues to sustain growth and health of cells, VAD will affect the
epithelial cells which will lead to the debilitation of the immune system and to irreparable

blindness due to eye injury (Lorch, 2005).

Globally, 21% of children have vitamin A deficiency and suffer high rates of death from
diarrhea, measles, and malaria. About 800,000 deaths in children and women of reproductive
age are attributable to VAD which accounts for 1.8% of the global burden of disease (Black,
2003). VAD also increases the severity of infections such as measles and diarrhea disease in
children and slows recovery from illness (GDHS, 2014). “Between 1997 and 2001 the
number of child deaths in Ghana due to VAD will total 49,000 and has an immense impact on

morbidity levels. VAD accounts for close to 5% of clinic attendances and 18% of hospital
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admissions of pre-school children”. Thus, improving nutrition would lead to significant
savings for the country and will have a huge impact on reducing morbidity, particularly in

children under five years (Academy for Educational Development, 2003).

Figure 2.2: Global extent of VAD as defined by prevalence of serum retinol <0.70umol/l in

preschool children

Mone | Mild f | Moderate Severe Mo
| {<2%) (=2%-=10%) | (=10% - <20%) (=20%) data

Source: WHO, (2009). Global Prevalence of vitamin A in populations at risk 1995 — 2005
2.3.1 Causesof VAD

The type and quantity of vitamin and provitamin (primarily B-carotene) eaten, and the

absorptive, transport, and storage volume and metabolic requirements of the individual are
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used in determining the cause of vitamin A deficiency although its cause is quite complex

(Sommer, 1994).

Populations that take in a lot of their vitamin A needs from provitamin carotenoid sources
and has the lowest dietary fat available usually have VAD being common. Close to 90% of
ingested preformed vitamin A only is absorbed. However, the efficiency of absorption of
provitamin A carotenoids varies widely, and is dependent on the type of plant source the
amount of fat in the meal its eaten with. Foods in season can a so influence the prevalence of
VAD by influencing access to provitamin A sources. Food practices and taboos usually
prevent the intake of possible good food sources of vitamin A. Thisisacommon factor in the
cultural practicesin and for feeding children, adolescents, and pregnant and | actating women,

which can be a contributing factor to VAD (WHO & FAO, 2004).

Another mgjor factor that contributes to VAD among children in developing countries is
infection. Diarrhea and helminths infestation for instance can undermine the integrity,
morphology and the performance of the intestinal absorptive mucosa all of which may result

in malabsorption of vitamin A (Stephensen, 2001).

2.3.2 Consequencesof VAD

Blindness and an increased risk of death due to VAD are two of the most well-known adverse
outcomes closely connected with vitamin A deficiency in preschool-age children (Sommer
1982; Sommer and West 1996). According to Gilbert and Foster (2001) recent estimates
shows that vitamin A deficiency leading to corneal scarring remains one of the most common

of childhood blindness in devel oping countries that can be preventable.

VAD can contribute directly and indirectly to death and appears to influence morbidity
patterns especialy in developing countries. Adverse hedth effects associated with VAD

include blindness, which can be partial or total blindness (keratomalacia) and occurs when
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VAD is prolonged and leads to ulcerations. About 190 million children under five (33.3% of
the preschool age population) are estimated to be vitamin A deficient, with about 5.2 million
affected by night blindness by WHO (2009). Other adverse headth effects of VAD are
impaired cognitive function; impaired physical work capacity; morbidity (incidence and/or
severity) due to diarrhoea, measles, acute respiratory infections, malaria and other infectious
diseases; cause-specific mortality related to these diseases, and al-cause mortality. In
pregnant women, likely outcomes of VAD are associated with fetal loss, low birth weight,
preterm birth, all-cause infant mortality, maternal morbidity and maternal mortality (Rice et

al, 2004, WHO 1995, 2009)

2.3.3 Combatting VAD

Supplementation with regular administration of pharmacological preparations of vitamin A in
capsules to groups at risk, mainly to young children and food based approaches in combating
VAD are the basic strategies that have been designed (Lorch, 2005). Although food-based
approaches may be thought of as competitive or distracting, the supplementation approach
has failed to enhance vitamin A status in the young child. Unlike supplementation, the food
based approach reaches every member of the community and its safe, sustainable and with a
wide range of benefits than just improving vitamin A status. Furthermore, a wide variety of
indigenous foods have been validated to improve vitamin A status in short term trials

(Greiner, 2013).

Borlaug (2007) argues that low-income populations usualy have monotonous diets with most
of the energy coming from starchy staple foods. Therefore, variations in diet can then be
achieved through promoting increased production and consumption of a range of nutritious
foods, many of which will lead to improving vitamin A status. Additionally, most of the

foods used in food-based approaches to combat VAD are perishable and thus grown locally
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in the low-income countries where malnutrition exists. Most of the people suffering from
hunger and living in farming or pastoral households in Africa and Asia thus could be double
beneficiaries and will not need to purchase manufactured nutrients as it benefits only a few
large companies. Self-sufficiency and food security are advances in food based approaches

unlike other approaches.

24 MEASURING VITAMIN A STATUS

Current methods available for measuring vitamin A status are biological, functional and
histologica methods and biochemical methods. Xerophthalmia, night blindness, conjunctival
impression cytology, and dark adaptometry form part of the biological, functional and
histologica methods. Whereas biochemically, serum retinol concentrations, breast milk
retinol concentrations, relative dose response and modified relative dose response tests,
deuterated retinol dilution assay either using the 20-d equilibration time or the shortened 3-d
relationship are used. Xerophthalmia classification used to be the traditional method by
which populations were classified as having VAD. Night blindness and dark adaptometry are
currently suggested as population assessment methods. In areas where the signs of VAD is
not severe enough, eye signs and function tests are still used. Whereas in populations that are
at risk of vitamin A deficiency, serum and breast milk retinol concentrations are used

(Tanumihardjo, 2004).

Biochemically two indicators are currently recommended for deciding whether VAD is a
public health issue are serum retinol and serum retinol-binding protein (RBP). Since the
body’s stores of vitamin A are reduced, serum retinol concentration mirrors an individual’s
vitamin A status. This is because serum retinol concentration is homeostatically controlled

and will not drop until body stores are significantly compromised. Also, liver stores of
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vitamin A when extremely depleted or very high are reflected by serum retinol levels.
Therefore, in children serum retinol values are most often measured. High-performance
liquid chromatography (HPLC) is the method suggested for the measurement of low serum
retinol concentrations because the measurement requires high precision (de Pee & Dary,

2002, & WHO, 2011).

Therefore, vitamin A deficiency among preschool -age children, is defined in relation to low
serum retinol concentrations among children in the 0-4-year age. A child is vitamin A
deficient when he/she has serum retinol concentration <0.70mmol/l and is vitamin A

sufficient when he/she has serum retinol concentration =0.70mmol/I (Rice et al, 2004)

Aglago et al, (2015), reiterates that at the population level, serum retinol is the most
commonly recommended indicator to test vitamin A status and the most widely used method
for measuring retinol concentrations is high-performance liquid chromatography (HPLC).
However, simple and rapid test kits such as ICHECK Fluoro ® are obtainable to assess

vitamin A status during and after nutritional interventions.

The ICHECK Fluoro ® is a new kit that can be used for the anaysis of vitamin A
concentrations in both fortified foods and biological fluids (Schweigert, 2011). The ICHECK
Fluoro ® kit uses a mobile analyzing module and seems reliable and affordable as compared
to laboratory-based methods, especially in developing countries. “Analysis by ICHECK
includes three major steps:. injection of the sample into a reagent solution vial (IEX Mila®),
separation by vigorous manua mixing, and measurement in the portable device chamber”.
Furthermore, aresearch by Aglago et a, (2015) to compared the ICHECK Fuoro kit to High
-performance liquid chromatography in assessing serum retinol showed that ICHECK

measurement provided good correlations with HPLC for serum concentrations and that it may
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offer dependable mean for testing serum retinol measurements done with no significant time

delay.

25 COMPLEMENTARY FEEDING IN THE DEVELOPING WORLD

Complementary feeding is the process that starts when breast milk alone is no longer enough
to provide the nutritional requirements of infants, and therefore other foods and liquids are
needed including the breast milk (WHO, 2016). The advantages of optimal complementary
feeding (timely, adequate, appropriate and safe) includes little risk of anemia, the child isless
likely to die, less diarrhea and respiratory infections, averting overweight/obesity, child gets
optimal growth, less risk of micronutrient deficiencies, prevention of stunting and acute
malnutrition, cognitive development is improved, and better psychosocia development

(UNICEF, 2012)

A WHO report in 2001 on complementary feeding stated that, infants enter a vulnerable
period when they are transitioning gradually to family meals when from six months onwards
the breast milk alone is not enough to make up all their nutritional needs. Therefore, “foods
for complementary feeding need to be more nutrient-rich than the foods typically consumed

by other age groups in the household” (Dewey & Vitta, 2013).

Sufficient nutrition throughout infancy and early childhood is basic to the growth of each
child’s complete human potential (Dewey, 2001). Consuming different range of nutrient-
dense foods in addition to breast milk is the best way for young children to get necessary
micronutrients in their diets. However, in many parts of the world, children’s diet does not
contain enough micronutrients and deficiencies have thus become widespread as the nutrient
demands of young children increase and this puts them in the at-risk population of

micronutrient deficiencies (UNICEF, 2015 and Das et al, 2013).
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A good complementary food should be rich in energy, protein and micronutrients (like
vitamin A) and should be available and affordable (WHO, 2009). Complementary foods in
developing countries are adequate in energy and protein but deficient in micronutrients such
asiron and vitamin A. For instance, the traditional complementary food that is usually fed to
infants in Ghana, is fermented maize porridge, which has low energy is not nutrient dense
(Lartey et al, 1999). Furthermore, a comparison of actual nutrient densities of complementary
foods with the target nutrient densities by Dawey (2013), showed that protein was generally

adequate but several micronutrients were not.

Dadmens et a (2009) suggests that effective methods of improving the quality of

complementary foods include increasing diet diversity and using fortified food products.
26 THE MORINGA OLEIFERA PLANT

There are about 13 species of moringa trees in the family Moringaceae and Moringa Oleifera
is the most best known and widely distributed (Anwar et a, 2006). The leaves, fruit, flowers
and immature pods of the Moringa Oleifera are edible and are considered as immensely
nutritive in many countries (Vadez-Solana, 2015; Anwar and Bhanger, 2003; Anwar et a.,
2005). The pods are eaten as green beans and valuable in treating digestive problems and in
preventing colon cancer. The flowers are used for teas or eaten and the seeds are eaten as
peas when still green and when seeds mature, oil is extracted from it (Price, 2000 &

Gopalakrishnan et al, 2016).
2.6.1 Nutritional potential of Moringa Oleifera leaves in combatting VAD

Moringa leaves in particular have been reported to be a “rich source of -carotene, protein,
vitamin C, calcium and potassium and act as a good source of natural antioxidants; and thus,

enhance the shelf-life of fat containing foods due to the presence of various types of

18



antioxidant compounds such as ascorbic acid, flavonoids, phenolics and carotenoids” (Dillard

and German, 2000; Siddhuraju and Becker, 2003).

Vitamin A content of Moringa oleifera leaves reported by Babu (2000) was “3767 |U per 100
g edible portion” and from a publication by Kuhnlein (2003) in Niger also reported Moringa

as containing “5880 g beta-carotene per 100 g edible portion”.

Table 2.2: Specific nutrient content in mcg per 100g of selected foods

Nutrients Common foods, mcg | Fresh leaves, mcg Dried leaves, mcg
Vitamin A Carrots 1.8 6.8 18.9

Calcium Milk 120 440 2003

Potassium Bananas 88 259 1324

Protein Yoghurt 3.1 6.7 27.1

Vitamin C Orange 30 220 17.3

Source: Moringa Oleifera (www.info@dol cas-biotech.com, 2008).

A research by Abioye, (2015) revealed that fortification of yellow maize ogi (maize gruel)
with Moringa Oleifera leaf powder was possible, as proximate analysis showed an increasein
nutritional content and it thus enhanced the nutritional status of the populace especialy the

children and adult who consume this meal for breakfast.

Kouevi (2013), reports that the mean value of beta-carotene found in Moringa leaf powder is
17.6mg perl00g with a Vitamin A content of 3.15mg perl00g. This shows that 15g of
Moringa leaf powder will contains 0.47mg of Vitamin A and this amount gives aimost 80%

of the daily requirement for an infant of the age 6 to 12 months.
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Another research in Burkina Faso to test the impact of Moringa Oleifera leaf powder in
enhancing the nutritional status of the vulnerable population, including children, reveaed that

Moringa can be used as supplement to fight malnutrition (Zongo et al, 2013)

Furthermore, another research done in Maawi on the introduction of Moringa to combat
vitamin A deficiency in the country showed that Moringa was superior in providing vitamin
A as compared to al commonly eaten vegetables in Malawi and that it is useful to use
indigenous foods in designing interventions as its provides a more sustainable approach and

also improves the nutritional status of the population (Babu, 2004).

In Chad, the fortification of local infant flours with Moringa oleifera |leave powder and pulps
of Parkia biglobosa showed an increase in al minerals, vitamins, proteins and carbohydrates
with the increase in vitamin A and calcium being the strongest. The study concluded that
Moringa oleifera can be used to fight used to fight malnutrition and fortifying
complementary foods with local plant with rich sources of protein and micronutrients can

effectively combat malnutrition due to micronutrient deficiency (Kayalto et al 2016)

27 PILOT STUDIES

A pilot study is a small version of a large study which is also known as a feasibility study,
although there are suggestions that pilot studies are different from feasibility studies. Pilot
studies are also used in testing research instruments like questionnaires. To have a good study
design, pilot studies are very significant. Pilot studies increases the possibility of having a
good study design athough it may not be the reason for having a successful study (van
Teijlingen & Hundley, 2001). Pilot studies can be conducted for both quantitative and

gualitative studies (Thanbane et a, 2010).
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Conducting a pilot study before a main study gives the researcher, an opportunity to properly
train his’her research team for the larger study (Leon et a, 2011). Another advantage of a
pilot study is that it allows for the primary testing of a hypothesis which leads to testing
accurate and exact hypothesis in the main study. This may cause a hypothesis to be changed,
anew one may be developed or some may be dropped. Pilot studies allows aresearcher to get
some thoughts, clues and ways of getting clearer resultsin the larger study. Pilot studies gives
the researcher the permission to thoroughly check how to analyze data from the study and
how the data analyzed will be useful. This will inform the researcher on a better way to
collect data for efficient analysis in the main work. Furthermore, pilot studies can reduce
unforeseen problems and help redesign and overcome any difficult area reveded. It dso
saves time and money and it allows a researcher to have enough data to decide whether to
continue with the main study or not. Finaly, a pilot study gives the researcher the chance to
try out other measures and the choose the one that will give the clearest results in the main

study (Woken, 2013).

Problems that may arise from pilot studies include, the possibility of making inaccurate
assumptions and predictions based on the data from the pilot study. Also, there may be
problems with contamination. In this case, the data from the pilot study is added to the main
study of the participants in the pilot study are added to the participants in the main study (van

Teijlingen & Hundley, 2001)

Given the benefits of pilot studies, this study was designed to test the efficacy of Moringa
Leaf Powder in improving the serum vitamin A level of children in the complementary

feeding age.
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CHAPTER THREE

3.0METHODS

3.1  Study Design

A pilot study was coined out

3.2 Samplesize

A sample size of 35 infants per study arm was conveniently chosen for the purpose of this
pilot study. This is because, according to the Central Limit Theorem, the rule of thumb in
selecting a sample size is n =30, which is approximately normally distributed, regardless of
the population being sampled from (Sullivan, 2016). An attrition rate of 15% was used,

giving asample size of 35 infants per study arm.

3.3  Study Population
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The study population included infants under two years of age attending weight monitoring
sessions at the Child Welfare Clinics in the Upper Manya Krobo District. According to the
District Health Directorate (2012) of the district, agriculture is the main economic activity of
the people of the district, employing about 80% of the population, most of whom are

subsistence farmers with very few commercial ones.

3.3.1Inclusion Criteria

Infants who were aged 8 to 12 months, at the time of the study; were still being breastfed; had
no congenital abnormalities and whose mothers planned to stay at the study site for the

duration of the study were included in the study.

3.3.2 Exclusion Criteria

Infants who were known to have any known intolerances to any of the ingredients of the

study foods, were excluded from the study.

3.5  Study Procedure

Study participants were screened for digibility. For those who met the inclusion criteria,
written informed consent was obtained from parents and/or caregivers, after which infants
were randomly assigned to receive one of the 3 study foods (CF-35g, MCL-35g or MS-5Q)
depending on the CWC they were recruited from. One arm received a cereal-legume blend
fortified with (MLP) named MCL-35g, a second arm received MLP as a supplement to be
sprinkled on infant’s usual foods (MS-5g) and a third arm received a cerea legume blend

without MLP (CF-359) to serve as controls.
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Mothers and caregivers of recruited infants were visited at home by trained field assistants to
verify eligibility, to explain the study protocol in detail, and to obtain written informed
consent. Study foods were delivered to the infants twice a week. Cooking demonstrations
were carried out to teach mothers how to prepare study foods. Mothers were instructed to
feed foods 2-3 times daily, 7 days a week. The feeding intervention lasted for 6 weeks.

During the period, each infant recelved atotal of 4 follow-up home visits.

3.6  Preparation of Study Foods

The preparation and packaging of both MCL-35g and MS-5g were carried out at the Nutrition
Unit of the Food Research Institute of the Centre for Scientific and Industrial Research
(CSIR-FRI), Ghana. MCL-35g, (maize 60%, soybean 25% and MLP 15%), was formulated
based on the cereal-legume ratios used for the preparation of Weanimix TM (Lartey et a.,
1999), with some of the ingredients being partly substituted with 15% of Moringa oleifera
leaf powder as a fortificant. MCL-35g was packaged in 35 g sachets, with each sachet
containing 5 g of MLP. The energy, protein, iron and vitamin A composition of MCL-35g
and MS5g were determined. MS-5g (Moringa oleifera leaf powder) was packaged in 5 g
sachets and sprinkled on infants’ usual foods. The 5-g daily supply of MLP added 1.13 mg of
iron and 24.8 pg/RE of vitamin A to infants’ complementary diets. These levels translated
into 10% and 7%, respectively, of the Recommended Nutrient Intakes (RNIs) for iron and
vitamin A for infants aged 6 — 23 months according to World Health Organization. (1998).
Due to concerns about acceptability of foods that are fortified with higher levels of MLP, the
5 g daily dose of MLP incorporated in infants’ complementary foods, was chosen. (Oyeyinka

& Oyeyinka, 2016).

Table 3.1: Nutrient content of study foods
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MCL-35g MS-5g CF-35g
Daily ration g/day 35 5 35
Energy (kcal) 144.64 10.25 142.15
Protein (g/100g) 6.40 1.38 5.88
[ron (mg/100g) 3.78 1.13 2.53
Vitamin A (ug RE/100g) 51.95 24.82 0.27

3.7 DATA COLLECTION

3.7.1 Basdine Data

Following the recruitment of study participants into the study, the following baseline data

were collected;

Infant age, birth order; age of mother/caregiver, educational level of mother, total number of

members in household, main household water source

3.7.2 Anthropometry

Measurements of infant weight and length and maternal weight and height were taken. Infant
weight and length measurements were taken in accordance with World Health Organization
guidelines (WHO, 2016). Infants were weighed naked on a digital infant scale (model 1583,
Tanita, Quick Medical, Snoqualmie, WA) to the nearest 100 g. Recumbent length was
measured with an infantometer (model 447, Infantronic Digital Infantometer; Quick Medical)
to the nearest 0.1 cm. Two trained field assistants were responsible for taking measurements -
whilst one ensured that the top of the infant’s head gently touched the head board, the other
ensured that the child’s legs were fully extended before taking the reading to ensure accurate

results.
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3.7.3 Child morbidity occurrence

Information on diarrhea, defined as 3 or more watery stools per day (WHO, 2017) symptoms
of respiratory infections cough, (tachypnea/dyspnea, lower chest wall in-drawing and fever)
in the past 1 month was collected by care giver interview at baseline and during the bi-weekly
visits. Further questions regarding symptoms (fever, chills, loss of appetite) suggestive of

mal aria was asked.

3.7.4 Biochemical data

1 ml of blood was drawn from each infant by a qualified phlebotomist. The blood was stored
in EDTA bottles (to prevent coagulation of blood samples) wrapped with aluminium foil and
stored in an ice chest, and taken to the Asesewa Government Hospital laboratory where the
icheck device was set up. The auminium foil was to prevent sunlight (UV light) from coming

into contact with the blood.

Vitamin A analysis - In the laboratory, 0.5 ml of blood was drawn from the EDTA bottle and
injected into a reagent via. The reagent vial was then shaken vigorously for 10 seconds and
allowed to stand for 5 minutes after which the reading was taken with the icheck fluoro
device manufactured by Bioanalyt (GERMANY). The i-check analysis was done the same

day as the blood samples were taken.

Hemoglobin anaysis - Another 0.5ml of blood was drawn from the EDTA bottles and
hemoglobin concentration was measured using an automated haematology anayser by

Sysmex KX — 21 N (KOBE, JAPAN)

3.7.6 Dietary data collection
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Two-day 24-hour dietary recalls of al foods and drinks consumed by infants were collected
from mothers or caregivers by trained research assistants at baseline. Containers of common
baby foods, and household utensils (e.g. bowls, cups, and spoons) were used to estimate
amounts consumed. Additional questions to prompt mothers/primary caregivers about easily
forgotten foods, such as snacks and drinks and special dietary issues (e.g. foods that child

does not eat or purportedly reacts to) were also asked.

3.7.7 Intervention

For infants who received MCL-35g and CF-35g, each mother was given two 250 g sachets
(placed in a clean transparent plastic container with a firmly closing lid) for use within a 2-
week period. Approximately 35¢g of the flours, equivalent to 2 heaped tablespoons was used
to prepare meals for infants each day. An extra 10g package of food was added to the plastic
container for each child just in case other individuals within or outside the home will want to
taste the food. For the third study arm, fourteen 59 sachets of MS-5g (Moringa Oleifera leaf
powder) was supplied to infants in their homes every two weeks. One sachet (5g) was
sprinkled on child’s usual complementary food everyday whilst the food was very hot or
freshly taken off the fire. Mothers were given plastic bowls with spoons to feed their infants
and a cake of soap to wash their hands before preparation of the foods. Mothers were taught
how to prepare porridge from the MCL-35g flour as well as how to use the flour to prepare
other local meals such as ‘banku/akple’, ‘aprapransa’ and ‘kakro’. Trained field workers
demonstrated the preparation of the recipes. Mothers were instructed to feed the study foods
2-3 times/day to infants. Each mother was instructed to continue breastfeeding as well as
feeding their infants with other complementary foods aside the study foods. All study foods
were supplied to infants without charge. Each mother/infant pair were paid atotal of 4 visits

(biweekly) by afield worker over the 6 weeks feeding duration. The purpose of the visit was
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to monitor how much food the infants were eating, to obtain mothers’ feedback on their
experiences with the use of the food as well as to monitor infant morbidity using a

guestionnaire.

3.7.8 Outcome measures

Serum vitamin A level was the primary outcome measure of the study after 6 weeks of
feeding with complementary foods that incorporated MLP. Serum vitamin A measurements
were taken at baseline and 6™ week. Morbidity occurrence, dietary intake and adherence to
study foods were secondary outcome measures. A record of infant’s dietary intake (both
study and non-study foods) were collected by 24-hour recalls for 2 days (1 weekday and 1
weekend day), at baseline and at 6" week. Morbidity data (diarrhoea, symptoms of
respiratory infections, and fever) was collected at baseline and then every 2 weeks, during the
time of the home visits when project foods were delivered to the mothers/caregivers.
Adherence to study foods was determined as the amount of study food that disappeared over
the study duration. Study foods that were left at the time of the biweekly visits were weighed
and added together over the study duration and expressed as a percentage of the total study

foods given to each group.

3.8 DATA ANALYSIS

Data collected was analyzed using IBM Statistical Package for Social Sciences (SPSS)
version 20 (IBM, USA). Anaysis of covariance was used to determine any significant
differences between the 3 study groups in blood retinol concentrations at end line. Paired t-
test was used to examine within group differences in blood retinol concentrations from

basaline to endline.
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Dietary intakes collected from the two day 24-hour recall were converted to energy and
nutrients using a food database (RIING food composition database, Nutrition Department,

University of Ghana) and ESHA-F-pro software.

3.9 ETHICAL CLEARANCE

Approva for the study was obtained from the Institutional Review Board of the Noguchi
Memoria Institute for Medical Research, and the Ghana Health Service Ethical Review
Committee. Written permission to carry out the study in the Upper Manya Krobo District was

obtained from the District Health Administration of the Ghana Health Service (GHS).

Informed consent was obtained from the parents/caregivers of each infant using a written
form (trandated into Krobo, the native language of the study area) that described the study
and consent process. Information obtained from the participants was kept strictly

confidential.

CHAPTER FOUR

40 RESULTS

29



4.1 FLOW OF INFANTSTHROUGH THE STUDY

Figure 2 is a flow diagram that displays the progress of all participants through the study. A
total of 105 infant-mother pairs were conveniently chosen and assessed for eligibility. Two of
them declined to being part of the study. One hundred and three infant-mother pairs were
then randomly placed in one of the three study arms. At baseline, there were 35 infant-mother
pairs for the CF-35g group, 34 in the MCL-35g group and 34 in the MS-5g group. During the
study, some of the study participants were lost to follow up, some voluntarily opted out,
others were absent at endline while others relocated from the study area. Therefore, at
endline, 26 infant-mother pairs completed the study in the CF-35g group, 19 in the MCL-35g

group and 20 in the MS-5¢g group. A tota of 65 infant- mother pairs completed the study.
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CF-35g- control, MCL-35g — Moringa with Weanimix, MS-5g — Moringa Sprinkled

Figure 4.1: Flow of infants through the study
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4.2 BACKGROUND INFORMATION OF STUDY PARTICIPANTSAT BASELINE
Table 4.1 represents the background information of infants, mothers/caregivers and on the

household.

Magjority (62.9% for CF-35g, 58.8 for MCL-35¢g and 73.5% for MS-5g) of the infants in the
study were males. The mean age of infantsin all the groups were 9.0+ 1.4 and a mean height
of 68.20+ 5.69 cm. The mean weight of infants in the CF-35g and the MCL-35g group was
7.98+1.07 kg and 7.87+0.97 kg respectively and that of the MS-5g group was 8.89+6.31 kg,
being the highest.

Results on birth order showed that the mean birth order of infants in the study was averagely
3. The mean hemoglobin concentration of the infants for the three groups was 10g/dl.

The mean ages of the mothers of children in the three groups was between 25 and 27 years.
Results showed that mgjority of the mothers/caregivers had been educated up to the Junior
Secondary School level (JHS). MCL-35g group had the highest number of mothers who had
completed JHS.

The mean house hold size for the groups was about 6 for the experimental groups and the
control group. Results on the household characteristics also revealed that the source of water
used by magjority of the participants was public tape, boreholes and wells with the rest being
other water sources like streams, ponds and rivers.

For al three groups, participants reported to have had very few morbidity symptoms.
However, fever and nasal discharge were the highest morbidity symptom reported in the MS

5g group representing 50% of the participants for each symptom.
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Table 4.1: Background characteristics of study participants at baseline

CATEGORIES STUDY ARMS
CF-35¢9 MCL-35g MS-5g
(n=35) (n=34) (n=34)
Infant sex, Male (%) 62.9 58.8 73.5
Infant age (months) (Mean £ SD) 9.0+1.3 9.1+1.4 9.3+t14
Infant Height (cm) 68.11+2.84 68.51+2.78 68.00£11.45
Infant weight (kg) 7.98+1.07 7.87+0.97 8.89+6.31
Hb concentration of infants (g/dl) 1040+ 1.13 10.36 + 1.36 10.17+1.30
(Meanzx SD)
Birth order (Mean +SD) 2.71+2.15 3.09 +£2.07 2.88+1.90
Mother’s age (years) (Mean +SD) 26.77+£9.34 27.68+7.66 25.82+6.45
Mother’s education (%) 82.9 91.2 735
Primary - JHS
Number of peoplein household 6.80+2.41 6.32+3.23 6.18+2.36
(Mean £SD)
Use public water (%) 74.3 441 35.3
(Public tap/bor ehole/well)
Vomiting 57 20.6 8.8
Diarrhoea 28.6 11.8 26.5
Cough 28.6 294 324
Nasal discharge 45.7 26.5 50
Fever 40 38.2 50

CF-35g- control, MCL-35g — Moringa with Weanimix, MS-5g — Moringa Sprinkled
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4.3 SERUM VITAMIN A CONCENTRATION AT BASELINE AND END LINE
Table 4.2 represents the mean serum vitamin A concentrations of participants at baseline and
a end line. At baseline, the CF-3g had the least mean serum vitamin A concentration
(0.45umol/l) of the three, with the MS-5g group having the highest (0.57umol/l). At endline,
the CF-35g group still had the least (0.55pumol/l) mean serum vitamin A concentration and
M S-5g group aso still had the highest (0.65umol/l) serum vitamin A concentration.

There was an increase in serum vitamin A concentration for al three groups at end line.
However, there was also no statistically significant difference between and within the three

groups at baseline and at endline.

Table 4.2: Concentration of Vitamin A at baseline and end line

Group N Vitamin A Mean £SD (umol/l)
CF -35¢g 35 Baseline 0.45+0.16
26 End line 0.55+0.16
MCL -35g 34 Baseline 0.52+0.18
19 End line 0.63+0.38
MS-5g 34 Baseline 0.57+0.20
20 End line 0.65+0.20

CF-35g- control, MCL-35g — Moringa with Weanimix, MS-5g — Moringa Sprinkled
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44  COMPARISON OF INTAKE OF ENERGY AND SELECTED NUTRIENTS
INTAKES AT BASELINE AND ENDLINE
Table 4.3 presents the baseline and endline intakes of energy and selected nutrient by the

study participants. Results are from a 2 day 24 hour recall taken at baseline and end line. The
results of an analysis of varience test showed no significant difference among the three
groups for energy and almost all of the selected nutrients at baseline and endline for al the
days that the recalls were taken. However, a significant difference (p = 0.026) was seen
among the three groups for their dietary iron intake at baseline.

Difference between vitamin afor mcl -35g although it was statistically significant p=
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Table 4.3: Comparison of intake of energy and selected nutrients at baseline and endline

Energy and selected CF-35g MCL-359 MS-5g
nutrients

Baseline n=35 Endline n=26 Basdlinen= 34 Endlinen= 19 Basdinen= 34 | Endlinen=20
Energy (kcal) 356+244 570+324 426+249 554+221 448+253 598+399
Protein (g) 11.97+16.99 15.38+8.91 11.27+7.29 18.88+8.96 11.63+7.27 17.28+10.75
Carbohydrate (Q) 73.71+111.32 94.38+56.67 73.81+36.71 82.76+32.45 70.74+42.52 95.48+71.99
Fat (g) 10.58+10.93 16.35+14.42 14.71+14.75 17.54+10.68 9.83+10.83 32.865+59.51
Iron (mg) 5.075+4.47* 8.43+5.82 8.78+4.56* 11.46+6.58 6.135+3.88* 9.145+7.36
Vitamin A (Lg/RE) | 280.87+635.73 | 642.38+944.29 | 703.035+809.99* | 634.03£619.59* | 632.33+715.66 | 896.98+770.70

CF-35g- control, MCL-35g — Moringa with Weanimix, MS-5g — Moringa Sprinkled; Values reported as mean and standard deviations
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45 ADHERENCE TO STUDY FOODS

Figure 4.2 shows the disappearance of study foods over the study duration. The CF-35g had
the highest disappearance rate (87.54%) with the MS5g group having the least (52.38%)
There was a significant difference (p<0.05) between the CF-35g group and the MCL-35g
group for adherence. However. there was no significant difference between the two
experimental groups. This shows that infants in the CF-35g group which is the control group

adhered more to the study foods than infants in the other group the experimental groups.
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Percentage of food that
disappeared over study foods (%)

CF-35g MCL-35g MS-5g
Study Foods

CF-35g- control, MCL-35g — Moringa with Weanimix, MS-5g — Moringa as Sprinkled,
p<0.05

Figure 4.2: Adherence to study foods
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46 MORBIDITY OCCURRENCE AT ENDLINE

Table 4 shows the occurrence of morbidity among the infants who participated in the study
over the study duration. Generally, relatively low morbidity was reported by
mother/caregivers over the study duration. The highest (50%) morbidity occurrence was seen

in the MCL -35g group where half (n=16) of the infants experienced nasal discharge.

Table 4:4: Morbidity occurrence among infants at endline

Morbidity CF-35g MCL-35g MS-5g
n=33 n=32 n=29
Vomiting (%) 8.6 8.8 8.8
Diarrhoea (%) 22.9 8.8 26.5
Cough (%) 22.9 38.2 11.8
Nasal Discharge (%) 28.6 50 8.8
Fever (%) 28.6 44.1 32.4

CF-35g- control, MCL-35g — Moringa with Weanimix, MS-5g — Moringa as Sprinkles
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CHAPTER FIVE

5.0 DISCUSSION
5.1 BACKGROUND CHARACTERISTICSOF STUDY PARTICIPANTS
5.1.1 Back ground Characteristic of Infants
A total of 103 mother and infant pairs took part in the study; however, 65 of them completed the
study. Results showed no significant differences in the background characteristics of participants
in the control group and the intervention groups. Background data collected showed that there
were more males infants in each of the groups than femaes. Sommer (1995), on the causes of
VAD, dluded to the fact that, boys have normally been found to be at higher risk of mild
xerophthalmia (a consequence of VAD) than girls during the preschool and early school-age
years; but there is less evidence in relation to gender and severe xerophthalmia. According to
Darton-Hill (spelling) et a (2005) there is proof to insinuate that commonly, vitamin A
deficiency isreported to be up to 10 times more regular in males than in females.
The average weight and length of infants in the study were all within the normal range for infants
in the complementary feeding age according to WHO growth charts (WHO, 2016).
The average haemoglobin concentration (10.40 £1.13 for CF-35¢g, 10.36 £1.36 for MCL-35g and
10.17 £1.30 for MS-5g) respectively of infants in each of the three study groups was also within
the normal range (9.5-13g/dl) for infants (Merrit, 2017).
In this study, the birth order of infants was 3. However, a study by Sarvar et a (2017) to
clinically assess micronutrient deficiencies in children aged 1-5 years showed that children with

higher birth order showed higher prevalence of micronutrient deficiencies.
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5.1.2 Background Characteristics of Mother s/Caregivers

In this study, the educationa level of majority of the mothers was Junior High School. It is
accepted that the educational status of a mother plays a mgor role on the nutritional status of
children. A study conducted to determine the demographic and health-related risk factors of
subclinical VAD, categorising education as ‘illiterate’ and ‘literate’ showed no association with
subclinical vitamin A deficiency among the children (Demisie et a, 2009). However, Desiree
(2012) aludes to the fact that one of the causes of VAD in Ghana is because, many Ghanaians
have received little education and may not comprehend the importance of vitamin A
consumption. A research aso by Sommer (1995), showed that parents of cases (children with

VAD) were less educated than parents in the control group.

5.1.3 Household Characteristics

The average household size of participants in the study was 6. The mean household size
according to the Ghana Demographic and Statistical Survey (2014), is 3.5, which means
household sizes of participants were quite large.

The most common source of water for most of the participants in this study was from boreholes
or wells with only one person from each group having public tap their water source. de Queiroz
et a (2013), found poor water sources as an associate factor for children in urban areas being
susceptible to VAD and further reiterates that, according to WHO, a water supply that is not
sufficient for drinking, personal hygiene and for growing food is part of the factors associated
with malnutrition and that includes VAD. This therefore explains the risk of VAD in association

with poor indoor plumbing in a home. Intestinal parasites which may be gotten from poor water
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sources can reduce the absorption of vitamin A and in some instances, be associated with clinical

VAD (McLaren & Frigg, 2001).

5.2SERUM VITAMIN A LEVELSBEFORE AND AFTER INTERVENTION

Comparing the mean serum concentrations of all infants in the study to the WHO threshold for
classifying VAD biochemically (<0.70 umol/l) revealed that, all the children in the study were
vitamin A deficient at baseline and at endline. The mean serum vitamin A in al three groups
increased marginaly at endline, however the increase in the two experimental groups was
approaching the WHO threshold of 0.70 umol/l. Results from previous studies support the
findings of this study. Glover-Amengor (2015), showed that MLP can improve the vitamin A
status of children. Studies by Ullah et a (2011) and Lala & Reddy (1970), revealed that serum
retinol increased in majority of subjects after they were fed with dark green leafy vegetables.
Results from a study by Perssons (2001), showed substantial increase in serum vitamin A after
children were fed for six weeks with dark green leafy vegetables. Babu, (2000) also reiterates the
fact that Moringa ranks high in providing vitamin A compared to other vegetables in a study in
Malawi and advocates the usefulness of indigenous knowledge on local foods in planning rural
nutrition interventions. This supports the fact that food based approaches can be used in

combatting VAD (Greiner, 2013).
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‘5.3 ENERGY AND SELECTED NUTRIENTS INTAKE BEFORE AND AFTER
INTERVENTION

Results from this study showed an increase in energy and nutrient intakes of infants at end line.
The increase was seen in the treatment groups as well as the control groups. Although, there was
no significant difference in energy and the nutrient selected for this study, previous studies on the
effect of moringa on its ability to increase the nutritional content of complementary foods have
been established. A study by Zongo et a (2013) in Burkina Faso on rehabilitation of clinically
and severely malnourished children with Moringa, concluded that Moringa is loaded with
nutritional potential and can be used as dietary supplement to help fight malnutrition. Again,
Andrew’s (2010) study proved that adding moringa to a child’s food on daily basis can facilitate
rapid recovery from malnutrition. Kouevi (2013) also reported, after proximate analysis on
African weaning meals with Moringa at various percentages and without Moringa showed that
the implementation of Moringa had a positive relation with the genera quality of the weaning
meals.

For this study, there was a significant difference in iron intake as it was lower than the average
requirement of iron for infants in the complementary feeding age (WHO, 1998). This suggests
that the diet if the children was low in iron. Also, iron, appeared to be inadequate in the diet of
young children aged 9 months to 2 yearsin aresearch by Heath et al (2002) and this supports the
finding of this study. Insufficient iron in the diet of infants can predispose them to iron
deficiency which can lead to anemia (UNICEF, 2017). Anemia in infants can be related to
retarded physical growth, reduction in resistance to infections and slow development of learning

abilities (FAO, 2017).
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5.4 ADHERENCE TO STUDY FOODS

A magjor obstacle in studies involving dietary modification is lack of participant adherence to
prescribed diet (Moreira, 2011). A study by Hall (2005) showed that participants usually adhere
to diets when foods are prepared and provided at the clinical site or home delivered. In this study
adherence to study foods was high in the CF-35g group when compared to MCL-35g and MS-5g

groups. CF-35g was well accepted in the study population compared to foods with MLP.

5.5MORBIDITY OCCURRENCE DURING THE STUDY

Results on morbidity throughout the study showed that, there were few reports on morbidity both
at baseline and end line. The highest however was nasal discharge at endline. It occurred in half
(n=16) of the infantsin the MCL-35g group. According to Zamani (2011), nasal discharge occurs
when atissue called the mucosa which produces mucus to protect the nose is irritated. Common
cold is the most typical cause for nasal discharge. Allergies and bacterial infections are also
known to cause nasal dischargein children.

A study by Andrew (2010), observed a high prevalence of diarrhea, acute respiratory infection
and malaria at the baseline. However, there was a reduction in the treatment group whose diet
was supplemented with Moringa leaf powder as compared to the control group. The differencein
morbidity was attributed to the supplementation with moringa leave powder in the diet of the
children due to the vitamin A, zinc and other micronutrient in moringa and has been shown to

reduce both the prevalence of diarrhea and acute respiratory infection.
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However, in this study, morbidity occurrence was generaly low for al groups over the study

period.

5.6 LIMITATIONS

The study had some limitations. The sample size at endline was small as some of the participants
of the study were lost to follow up, others voluntarily dropped out, while others relocated from
the study area. Also, the measurement of morbidity occurrence and adherence over study period
was not objective. Measurement of morbidity occurrence was based on reports from
mothers/caregivers. The measurement of adherence was based on the disappearance rate of study
foods given to study participants. The amount that disappeared may not be the actual quantities

consumed by infants in the study.
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CONCLUSION AND RECOMMENDATION

CONCLUSION

Findings of this study showed that although there was a marginal increase in serum vitamin A
concentrations for infants in all three groups, from baseline to end line, vitamin A levels of all
infants were low when compared to the WHO threshold of 0.70pumol/l. This implies that, VAD
remains amajor public health issue in the study population and in Ghanafor that matter.

As part of food diversification approaches to combat VAD, Moringa Oleifera leaf powder can be
incorporated in complementary foods of infants in the developing world to improve their serum

vitamin A levels and consequently their nutritional status.

RECOMMENDATIONS

1. The efficacy of MLP in improving vitamin status of infants in the complementary feeding age

needs to be ascertained in awell-designed larger trial which will last for alonger period.

2. In designing the larger study, a larger sample size higher than what will be estimated should
be used to account for the possible high attrition.

3. More objective methods should also be employed in the measurement of adherence and
morbidity occurrence in the larger study to draw better conclusions.
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