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Abstract: Protein and energy malnutrition continues to be a global health problem particularly in Sub-Saharan Africa. This
is attributed to high levels of poverty where most households cannot afford animal source proteins. Cheaper and sustainable
legumes can be used to address this. To evaluate the effect of soybean fortified porridges on the nutritional status of children in
early childhood development centre at Mateka Primary School, Bungoma County. A longitudinal survey and Complete
Randomized Design experimental design were employed in this study. The first porridge formulation was made of maize and
soybean in the ratio 75:25, the second maize, and sorghum soybeans in the ratio 50:25:25 and the third formulation 100%
maize. The three porridges were randomly allocated to three groups of the children and were fed for a period of six months
with approximately 300ml of the porridge. Nutritional assessment was done at baseline, and every month for six months at the
ninth month. At baseline, 30%, 6.7% and 10.8% of the children were stunted, wasted and underweight respectively. At the end
of the feeding trial, there was significant (p<<0.05) reduction in the levels of underweight (47.27%) and wasting (44.23%) in the
soybean fortified porridge groups. The group fed on maize-soybean blend and maize-sorghum-soybean blend gained 1.77kgs
and 0.62kgs respectively. In conclusion, soybean fortified porridges improved the nutritional status of the children. It is
recommended that awareness of the nutritional benefits of soybean should be raised to increase its adoption in the households
and also it will be valuable schools with feeding programs to introduce corn-soy blends or products as part of school meals.
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attributed to high levels of poverty [4] such that most
families in these countries cannot afford to include animal
protein in their diets owed to their high cost. With this regard,
these people consume plant based diets as they are cheaper,
though their quality is poorer compared to animal proteins
that contain all indispensable amino acids and have high
digestibility [5].

1. Introduction

Malnutrition is a serious global health problem brought
about by inequalities in the economic systems and social
injustices resulting in incidences of underweight and stunting
among children [1]. In 2014 alone, 6.3 million children were
reported globally to have died of malnutrition by the World

Health Education Service [2]. Protein Energy Malnutrition
(PEM) is considered the worst form of malnutrition
associated with lack of energy and proteins and a major
deficiency disease that affects children in Asia and other
developing countries [3].

Increasing PEM levels in Sub-Saharan Africa and Asia is

Since legumes and cereal grains are the most important
sources of plant proteins in the context of human protein
nutrition, there is need to utilize them as an alternative source
of cheap, high quality protein for people in the developing
countries. Furthermore it has been documented that
compositing legume proteins with those from cereal and root
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crops has a complementation effect producing complete and
well balanced amino acid profiles that meet human
physiological requirements [6].

Soybean (Glycine max (L) Merril) among legumes, is
recognized for its high nutritional value as it contains about
40 % protein, 23 % carbohydrate, 20 % oil and, 4 %minerals
[7]. It has a protein content twice that of pulses, groundnuts,
meat and fish. Soy protein contains eight essential amino
acids, and is superior to other plant proteins. Soybean is an
excellent source of mineral elements such as potassium, and
vitamins such as riboflavin, choline, thiamine and
pantothenic acid and high energy due to its oil content [8]. It
is a cheap source of protein and a sustainable protein that can
be used to alleviate malnutrition in developing countries
through complementation of cereals to boost their protein and
amino acid content [9]. Cereals such as maize and sorghum
provide an easy vehicle for delivering protein in the diet as
they are the most consumed staples developing countries.

The use of corn-soy blends (CSB) has been promoted as
one of the sustainable ways of alleviating PEM in developing
countries [10]. In Western Kenya where the levels of PEM
are high among pre-school children, soybean has been
introduced in an effort to reduce the prevalence. These
soybean fortified flours should be tested whether they can
improve the nutritional status of the children.

According to the Kenya County Early Childhood
Education Bill (2014) [11], every County Education Board
should carry out feeding programs in early education centres
in areas where children are affected by malnutrition or have
special nutritional needs. The Act further says that the
feeding programs should provide adequate and nutritious
foods based on the physiological needs and the regional
demands. Children in feeding centres in Bungoma County
are fed on the porridges made from starchy staples and often
lack proteins in them. This shows that these porridges do not
meet the protein needs of the growing child. Therefore this
study sought to evaluate the effect of soybean fortified
porridges on the nutritional status of children the 3-5 years
old.

2. Materials and Methods

2.1. Research Design and Sampling Procedures

A longitudinal survey was used for this study. The
longitudinal survey was used to gather information on socio-
demographic information of the households and data on
nutrient adequacy of the children. Randomization was used
in the assignment of the porridges to the children using a
Completely Randomized Design (CRD). The target
population comprised of all children in Early Childhood
Education (E. C. D) (Baby, Middle and Top) classes aged 3-5
years attending Mateka Primary school in Bungoma County.
100 children were randomly selected from the ECD classes.
The children were fed on approximately 100 g of the soybean
fortified porridges for a period of six months.
Anthropometric measurements were taken each month for

the six months and also at the ninth month.
2.2. Pre-treatment of the Ingredients

Maize (Zea mays), soybeans (Glycine max) and sorghum
(Sorghum bicolor) were used as the ingredients to composite
the flours. These ingredients were bought from Eldoret
Municipal market. Sugar was commercially available in
Eldoret. The soybean grains were sorted to remove those that
are diseased, those with damaged seed coats and those
infested by pests; they were then be winnowed to manually
separate the chaff and the grains. They were then be roasted
for 20 minutes in the oven at 180°C, while stirring
occasionally, to reduce the levels of antinutrient factors,
inactivate lipoxygenase enzymes and improve flavor. All the
grains were then cooled at room temperature. All the grains
were later milled separately using a commercial hammer mill
(Powerline®, BM-35, Kirloskar, India) in Eldoret, fitted with
a 2.0 mm opening screen.

2.3. Formulation of Flours

The first formulation constituted maize, sorghum and
soybean flours in the ratio 50:25:25 by weight. The second
formulation constituted maize, and soybean flours in the ratio
75:25 respectively. This is according to World Health
Organization recommendation of the ratio 3:1 of
carbohydrates to proteins in supplementary foods. The third
composite was made of 100% maize flour which was used as
a control. The grains were mixed together in their respective
compositions and then milled. They were then mixed to
homogenize and then weighed into clear water-proof
polythene bags in packages of 3kgs each, and each flour type
well labeled with codes.

Table 1. Proximate composition of the flours (g/100g).

Flours Maize Maize+soybean Maize+sorghum+
(MZ) (MS) Soybean (SMS)

Ash 0.83 5.51 5.45

Moisture 10.23 9.27 9.11

Oil 4.29 11.30 11.45

Protein 9.45 17.39 18.59

Carbohydrate' 75.20 56.53 55.45

Energy (Kj)* 1578.247 1662.638 1669.458

'Calculated by the difference method [12] where % carbohydrates= 100-(%
fat+% moisture+% ash (minerals) + % protein)

*Calcualted by multiplying with Atwater’s factor [12] where energy (Kj) =
(% carbohydratesx16.736) + (% proteinx16.736)+ (% 0ilx37.656)

2.4. Administration of the Feeding Program

At Dbaseline, data on socio-demographic information,
nutritional adequacy and nutritional status of the children
were taken. The porridges were randomly assigned to the
three classes. Preparation of the porridge was done according
to [13] standard recipe for preparation of gruel. Each child
received 300 ml of the respective porridges every 10 o’clock
in the morning, for five days in a week (Monday to Friday) for
six months. At the 6™ month, the feeding program was
terminated. Anthropometric measurements (weight, height
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and Mid Upper Arm Circumference) were taken every month
for the six month and the final measurement done on the
treatment children on the 9™ month. Anthropometric data
were collected according procedures described by [14].

2.5. Data Analysis

ENA for SMART for Windows was used to analyze data
on nutritional status of the children. Nutritional data was
exported to Statistical Package Social Sciences to check for
significant differences between the nutritional status of the
children at baseline and the endline using ANOVA. A P
value of < 0.05 was considered statistically significant.

2.6. Ethical Consideration

Permission to carry out the research was sought from the
National Commission for Science Technology and
Innovation (NACOSTI) and the Institutional Research and
Ethics Committee (IREC), Moi University. Written consent
was sought from the parents of the children. Verbal consent
was obtained from the children. Permission was obtained

from the school administration before carrying out the survey
and the feeding program in the school.

3. Results and Discussion
3.1. Nutritional Status of the Children at Baseline

Seventy percent (70%) of the children were normal at
baseline. According to the MUAC measurements, 75% of the
children were normal at baseline, while 25% were wasted.
Results further revealed that at baseline, the prevalence of
underweight was 10.8%. Underweight is a consequence of
acute and chronic malnutrition. This value is higher than that
reported in the Kenya Demographic Health Survey [15] in
Western Kenya of 2.9% and almost similar to the national
value on underweight prevalence of 11% [15]. The
prevalence of wasting in this study was 6.7%. This value is
higher than national prevalence of 4% [15]. Studies in
Western Kenya have reported almost similar values. A study
by [16] reported a lower value of 5.9%.
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Figure 1. Nutritional status of the children at baseline.

The prevalence of stunting was 30%. The prevalence of
malnutrition reported in this study area was high. Stunting is
a result of prolonged inadequate intake of food as well as
diseases making young children to have a low height for age
[17]. Stunting is associated with low cognitive development
and increased morbidity in children under 5 years old [18].
The prevalence of stunting in the area is almost similar to
that reported in Western Kenya in the Kenya Demographic
Health Survey (KDHS) at 24.4% [15] and [19] at 29.4%. A
study in Western Kenya among children 2-5 years old
children in cassava consuming households concluded that
this was the age when most of the children become stunted
due to inadequate consumption of proteins in their diet [20].
However, this value is higher than the national prevalence of

suggests that most of the households in the area are
perennially food insecure and therefore the diets fed to the
children might be inadequate to meet their physiological
needs for growth.

3.2. Prevalence of Underweight Between Baseline and 9
Months

The prevalence of underweight in the experimental groups
was 10.4% and 11.0% at the baseline for Soybean-Maize
porridge group and sorghum-maize-soybean porridge group
respectively. In the control group, the prevalence of
underweight at baseline was 10.9% and this value decreased
to 10.4% at the end of the feeding trial (Table 2).

26% [15]. The prevalence of stunting at this age group
Table 2. Prevalence of underweight between baseline, 6" and 9"month.
Underweight Before intervention (Baseline) 6" month 9" month
Experimental groups SM group SMS group MZ group SM group SMS group SM group SMS group
<-28D to -3SD (Moderate) 9.5 9.7 10.1 5.4 5.8 9.6 8.6
<3 SD (Severe) 0.9 1.4 0.8 0 0 0.3 0.6

SM=soybean+maize, SMS= sorghum+maize+soybean, MZ= maize only
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This study found that there was an increase in the weight
of the children in the experimental group after feeding them
with the soybean fortified porridges. The children who were
fed on SM showed modest weight increase at each month
when the measurements were taken. The highest value was
recorded at the 6™ month for the MS group. The children fed
on the sorghum-maize-soybean (SMS) mixture showed that
that there was slowed increase in the weight gain of the
children particularly at the beginning of the intervention. The
children who were fed on the control porridge made from
maize only showed slowed and stagnant weight throughout
the study. This study showed that there was significant
increase in the weight of the children fed on the experimental
porridges (p<0.05). On the other hand, children who were fed
on the maize only porridge showed increased levels of
underweight in the children. However, children who were fed
on the SMS porridge showed that the rate of weight gain was
low as compared to those that were fed on the SM even
though the protein content of the latter porridge was higher.
This could be attributed to the high anti-nutrient content in
the SMS blend. Nutrient absorption from complementary
foods of children may be limited by anti-nutrient factors such
as phytic acid which is high in sorghum [19]. Phytic acid is a

potent inhibitor of iron, zinc and calcium, which are key
nutrients that are needed for growth and development of
young children. Young children are also likely to be more
sensitive to the effect of anti-nutrients, for example high
levels of phytate, which impairs the absorption of several
growth-limiting minerals, such as zinc [6]. For example, zinc
is essential to growth, syntheses and maintenance of lean
body mass in children [6]. Food analysis of soy-maize-
sorghum based Ready to Use Complementary Food (RUCF)
used by [19] showed a high phytic acid content and a high
phytic acid: iron molar ratio from the ingredients used. A
study by [10] showed that the phytic acid mineral molar
ratios observed for raw and extruded sorghum-maize-
soybean products were higher than those preferred for
adequate mineral absorption young children. Evidence has
shown that removal of phytic acid from the food matrix using
microbial phytase is associated with improved weight for
Age (underweight) and decreased deficiencies of iron and
zinc in young children [10].

Similar studies have shown that feeding of children with
soybean fortified supplementary foods improves the weight
of the children as well as reducing the levels of wasting an
underweight in the study children [22-24].
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Figure 2. The trends in the weight changes in the children during the feeding trial.

3.3. Prevalence of Wasting Between Baseline and 9 Months

The prevalence of wasting among children in the
experimental group was at 5.8% and 6.1% for CSB and the
SMS groups respectively at baseline. After the feeding trial,
these values decreased to 3.9% and 4.8% respectively for the
SM and the SMS group respectively. On the other hand, the
control group had a prevalence of 6.1% at baseline, and this
value decreased to 4.8% by the end of the 6™ month. The
value then increased to 5.8% at the end of the 9™ month when
children had been withdrawn from the feeding trial. The
changes in the wasting levels before and after the feeding
trial were significant in both groups (p<0.05).

This study found that there was a significant reduction in

the prevalence of underweight and wasting at the end of the
feeding trial for children in the experimental group. The
reduction in the prevalence in the malnutrition indices could
be attributed to the increase in the quantity of lysine, an
essential amino acid, in the diets of the children. Mutual
complementation of cereals with legumes (Soybean) leads to
a product with high amino acid profile. This is with reference
to improvement in the content of the indispensable amino
acid, lysine. [25] established that fortification of maize with
soybean significantly improved the lysine content. This
therefore shows that increase in the lysine content in the
soybean fortified could have led to the improvement in the
nutritional status of the children. [26] showed that the
improvement in the lysine content of soybean fortified
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biscuits was adequate to meet the nutrient needs of children 2
years and 3-10 year old children.

On the other hand, the control group didn’t show any
significant changes in the wasting level. Consumption of
food products made from maize flour, for example porridge
has been implicated for etiology of malnutrition particularly
among young children. A review by [27] showed that
frequent consumption of Koko, a Ghanaian food prepared
from maize flour, was implicated for protein and energy
malnutrition in children. [28] revealed that frequent
consumption of diets based on maize and cassava was
positively correlated with the development of kwashiorkor
among young children in the Democratic Republic of Congo.
This can be attributed to the low nutritional value of maize.
The protein quality of maize is poor, being low in lysine and
tryptophan, which are the indispensable amino acids for
growth of young children [7]. [25] showed that feeding of
experimental rats with a diet from maize only neither led to
significant weight gain or loss. This shows that there was
stagnation in growth, and this might have been the case in
this study. Furthermore, porridge prepared from maize has
low energy density and is bulky.

The second reason for the improvement in the nutritional
status of the children could be due to improved protein
quality in the soybean fortified porridge. Complementation of
cereals and legumes increase the protein quality of the flour
blend. [25] showed that fortification of maize meal flour with

soybean flour led to a significant improvement in the
PDCAAS value from 53% in maize flour to 70% in the
soybean fortified flour. PDCAAS is a WHO endorsed
method for assessing the protein quality of a food. Foods
with a PDCAAS of over 70% are recommended for ensuring
growth in young children [6]. From the PDCASS value of the
soybean fortified flours, it can be extrapolated that the
porridge was able to support improvement in the nutritional
status of the children.

Furthermore, the porridge supplemented the energy intakes
of the children. The soybean fortified porridges provided 395
Kcal/100g to the diets of the children. Since the children
were fed on approximately 300 ml of the porridge every day,
the contribution of the soybean fortified porridges was 355.5
Kcal, which bridged the deficiency of energy requirements of
the children. Furthermore, the flour that was used was full fat
and therefore this contributed to the increased energy content
considering that fats are energy dense. Energy density is one
of the important determinants of the nutritional adequacy of
diets fed to children. Energy is required by children for
proper growth and development, and deficiency in energy
intake has been implicated for poor growth in children [29].
Foods supplements that have been shown to have energy
content of more than 1.0g/100g has been shown to reduce the
prevalence of wasting and underweight in malnourished
children [6]. This could have been the reason for improved
nutritional status of children.

Table 3. Prevalence of wasting between baseline and 9 months.

(Wasting) Before intervention (Baseline) 6™ month 9" month

Experimental groups SM group SMS group MZ group SM group SMS group SM group SMS group
<-2SD to -3SD (Moderate) 4.6 59 59 34 4.6 39 4.8

<3 SD (Severe) 1.2 0.2 0.2 0.4 0 0 0

SM=soybean+maize, SMS= sorghum+maize+soybean, MZ=maize only

Results show that there in the CSB group, there was significant reduction in the prevalence of wasting, underweight and
stunting. In the SMS group, there was a significant reduction in the prevalence of underweight and wasting only (table 2).

Table 4. 3 Nutritional status of the children by Z scores at baseline and 9" month.

Porridge type Nutrition index maseline § o 9% month
Mean + SE F value Mean + SE F value Mean + SE F value
. F=1.862 F=2.90 0.267+ 0.02
WAZ (Underweight) -0.757 £0.075 df=2.169 0.076 £ 0.09 df=1.867 0.134 +0.07 df= 1456
P=0.175 p=0.256 ’
F=3.23 F=6.45
SM WHZ (Wasting) -0.349 +0.071 0.234+0.016 0.234 +.0453 df=1.867 0.378+0.002 df=1.456
*P<0.05 *P<0.002
F=1.45 F=3.120
MUAC 13.5+1.32 5;2020196697 13.9 df=1.867 14.5 df=1.456
’ *p=0.043 *P<().002
F=2.560 F=1.890 | 3454 F=1.345
WAZ (Underweight) -0.674 +0.983 df=2.169 0.156+0.057 df=1.867 0‘02 df=1.365
p=0.345 *P<0.05 ’ *P<(.001
F=1.987 F=2.78 2 476+ F= 3423 =+
SMS WHZ (Wasting) -0.237 £0.067 df=2.169 1.89+ 0.002 df=1.867 0‘023 0.067
p=0.289 *p=0.045 ’ *P=0.045
F=2.46 F=2.890
MUAC 12.3+1. 45 df=2.169 13.0 df=1.867 13.52 ?; gggi Y
p=0.384 *p=0.05 ’

SM=soybean+maize, SMS= sorghum-+maize+soybean, *p<0.05 significant
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4. Conclusion

This study showed that fortification of commonly
consumed cereal, maize and sorghum, with soybean
improved the nutrient adequacy of the diet, which in turn led
to improved nutritional status of the children. Utilization of
high protein legumes such as soybean can be one of the
sustainable ways of reducing the prevalence of malnutrition
in developing countries. This is with reference to climate
change, where the production costs of animal source foods is
expected to increase.

Recommendation

Policies on fortification of commonly consumed staples in
Western Kenya with soybeans to improve the nutritional
adequacy of the diets of the children should be made. This is
to augment the efforts of the County Early Childhood
Education Bill that advocates for feeding of pre-school
children with nutritionally adequate foods. Furthermore, as
one of the ways of reducing the prevalence of malnutrition
among pre-school children in Western Kenya, awareness of
the nutritional benefits of soybean should be raised to
increase its adoption and therefore consumption in the
households. This can be done though nutrition education
programs in the study area. Polices in the agricultural sector
should be geared towards improving the production of
soybean in the study area.
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