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Abstract: The study investigated the effect of staple-based mungbean diets on the physical and biochemical characteristics
of school children (5-12 years) in selected orphanage homes in Imo State. Experimental research design was employed. Five
(5) government approved homes were purposively selected, and a total of 95 subjects randomly sampled to the experimental
(50) and control (45) groups across the homes. Staple-based mungbean diets replaced one of the daily three square meals of
subjects in the experimental groups for a period of six months. After intervention, Body Mass Index of male (16.7 Kg/m2 to
16.4 Kg/m2) and female (17.5 Kg/m2 to 16.9 Kg/m2) subjects in the experimental groups reduced while Body Mass Index of
male (17.8 Kg/m2 to 18.7Kg/m2) and female (15.9Kg/m2 to 16.8 Kg/m2) subjects in the control groups slightly increased,
though not significant (p<0.05). Generally, biochemical characteristics of subjects in the experimental and control groups
improved after six months. Significant (p<0.05) improvement was observed in the hemoglobin (6.7%), serum iron (29.8%) and
TIBC (4.3%) of subjects in the experimental group, while the improvement observed in the hemoglobin (2.8%), serum iron
(10.9%), and TIBC (1.1%) levels of subjects in the control group were not significant. Serum zinc level of subjects in the
experimental (43.2%) and control (12.9%) groups significantly improved and clinical signs (skin rashes) significantly reduced
(100%). It could be concluded that staple-based mungbean diets probably improved the physical and biochemical
characteristics of school children studied. Therefore, are recommended for the feeding of growing children especially the
school aged (5-12 years).
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1. Introduction
Globally, the problem of malnutrition remains severe as
the world is not on track to achieve the targets it has set.
Malnutrition in all forms remain unacceptably high across all
regions of the world [1]. Malnutrition is widespread in both
rural and urban communities of Nigeria and low-income
group is more vulnerable to chronic food shortages,
unbalanced nutrition, erratic food supply, poor quality foods,
high food costs and even total lack of food [2]. This
phenomenon as given rise to undernutrition (both macro and
micro nutrient deficiency) among all age groups including

the school age children. The impact of undernutrition on the
cognitive ability of growing children may lead to poor school
achievement in life if neglected.
School age children are children between 5-12 years who
grow rapidly and can be active and need diet providing
adequate energy and nutrients for development [3]. School
age children constitute an important segment of any society
as they represent 20% to 30% of the population [4]. Growing
children are required to eat a variety of foods to ensure
optimal intake of essential nutrients. Nevertheless, school
children are most of the time neglected as far as food and
adequate nutrition is concerned [5]. Evidence from study
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conducted by the United Nations Children’s Fund [6], shows
that there is no clear data on the actual nutritional status of
school age children in developing countries. This is because
most researchers have focused on under-five children. It has
been assumed that by school age a child has survived the
most critical period and is no longer vulnerable [7]. This
neglect if not addressed could lead to poor food intake,
repeated infections and poor nutritional status among the
school age children. In order to adopt a life cycle approach in
solving nutritional problems in the society, it is important to
monitor the nutritional status of the school age and the
adolescent, especially with the emerging double burden of
global malnutrition problems [8]. It has been reported that
appropriate nutrition is a basic human need that remains
unmet for a vast number of children living in Sub-Saharan
Africa with the very high rate in countries like Ethiopia and
Nigeria [9].
Mungbean is an excellent source of easily digestible
protein [10]. Report from previous study shows that
mungbean is a nutritious legume, supplying 25% protein,
61% carbohydrate, 130 mg calcium, 2.8 mg zinc, and 4.2 mg
iron [11]. According to Goplalan et al. [12], in comparison to
other pulses, mungbean has been found to be rich in dietary
iron. Mungbean provides significant amounts of dietray iron
to plant –based diets in developing countries where
mungbean is consumed [13]. Mungbean induces less
flatulence and is well tolerated by children [14]. The Food
and Agricultural Organization in collaboration with the
World Health Organization [15], reported that two-third of
the world’s population depends on cereals or tuber-based
diets. This is evidence in the study conducted by Ene-Obong
and Ekweagwu [7] where the most frequently consumed
staple by rural school age children in Ebonyi state, Nigeria
was cassava-based product akpu/fufu and garri, ranking
73.9% while legume ranked only 11.9% consumption rate.
Mungbean can serve as food substitute to staples (cerealbased, root/ tuber-based crops) consumed in south eastern
Nigeria, due to its high protein content and ease of
digestibility [16].
In developing countries where resources are limited, there
is need for targeted nutrition intervention programmes in
order to reduce cost [7]. Food-based approaches have proved
to be the most pragmatic and sustainable approach in
reducing nutritional deficiencies, especially micronutrient
deficiencies [17]. Increasing bioavailability of micronutreint
rich foods through processing and developing varieties with
increased levels of promoter of food absorption are all foodbased approaches with nutrition objectives [18-19]. Granted,
there are many legumes already in existence, dietary
diversification is a suitable food based strategy capable of
improving nutrient intake. Lack of adequate food and
diversified diets may be among the major factors that causes
childhood undernutrition. In view of this, traditional cereal
and tuber-based diets substituted with mungbean is a form of
dietary diversification which can contribute to providing
acceptable food complements capable of improving the
nutritional status of school age children for productive

lifestyle at adult age.

2. Materials and Methods
2.1. Study Area
The study was conducted with five government approved
orphanage homes in the three senatorial (Orlu, Okigwe and
Owerri) zones of Imo State, Nigeria.
2.2. Research Design
Experimental research design was adopted, subjects
(experimental and control groups) were located in each
home.
2.3. Population and Sampling
The study consist of school age children between 5 to 12
years. A total population of 117 school age (5-12 years)
children were located in the selected orphanage homes. The
five orphanage homes used for the study were selected
through purposive sampling method. Cluster sampling
technique was used to select subjects from each home while
simple random sampling method was used to select the
experimental and the control groups in each home. A total of
95 school age children were selected from the total
population following the method of Yamane [20].:
n=

N
1+N e

n= sample size; N=total population; e=sampling error [5%]
2.4. Ethical Approval
A letter of approval was obtained from the Ethical
Committee of Imo State University Teaching Hospital
(IMSUTH), Orlu, Ministry of Health Owerri and Ministry of
Gender and Social Affairs Owerri.
2.5. Selection Criteria
Ethical approval letters, and 500g of raw mungbean seeds
were submitted to the matron in charge of the government
approved orphanage homes in Imo State. The homes were
given one-week interval to verify the documents and
consume the mungbeans. Objective of the experiment was
carefully explained to the home authorities to formally seek
their consent and cooperation during the feeding trial. After
the processes, five homes consented to participate in the
study. Furthermore, school age children located in the
selected homes were asked very simple questions (in the
assent form) to elicited their willingness/refusal to participate
in the research. Sampling was strictly based on the assent of
the individual child.
2.6. Motivation/Support
The Five homes that gave their consent were supplied with
food materials such as rice (50kg), cowpea (25kg), canned
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tomato puree (2 cartons), onions (10 kg), yam (20 sizable
tubers), crayfish (10kg), dry catfish (10kg), salts (5 packets),
magi star (2 packets), vegetable oil (10 liters), and raw
mungbeans (20kg). Mungbean-garri diet was centrally
produced and supplied to the homes on demand throughout
the period of intervention.
2.7. Recruitment and Training of Research Assistants
The research assistants were two staff (cooks) adopted
from each home, two undergraduates and an experienced
medical laboratory technician. The purpose and objective of
the experiment was explained to the research assistants.
2.8. Data Collection
2.8.1. Food Frequency Questionnaire (FFQ)
The FFQ used for data collection was validated by experts
in the Department of Nutrition and Dietetics/Faculty of
Health Sciences, Imo State University, Owerri and pre-tested
before administering to the home attendants. The FFQ was
used to obtain information on the prevailing food
consumption pattern of subjects in the different homes.
2.8.2. Anthropometric Measurement
Anthropometric indices (weight and height) of the children
were taken. Height of each child was measured while
standing barefoot on the floorboard with heels of both feet
together, touching the base of the vertical board. The toes
pointed straight outward at approximately a 60-degree angle.
Body weight evenly distributed with both feet flat on the
flour. For some children that were not able to assume the
correct position on their own, minor adjustment was made by
gently lifting their heads up or down until proper alignment
was achieved with the eyes looking straight ahead. Once
correctly positioned the headboard was lowered on top of the
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child’s head and measurement read and recorded to the
nearest 0.1 cm [21].
Weight of the individual child was taken without shoes and
in light clothing, with the use of portable bathroom scale
(Camry) to the nearest 0.1kg [21].
2.8.3. Blood Sample Collection
The procedure of Geisinger Health System [22] was
adopted in blood sample collection. Using a 5ml syringes, 5
ml of blood was collected from each child, stored in Ethylene
Diamine Teraacetic Acid (EDTA) bottles (red and green
caps) and transported to Hematology and clinical chemistry
laboratory of Imo State Teaching Hospital Orlu within a
period of 12 hours. Blood samples were collected before and
after the intervention.
2.8.4. Clinical Examination
Record of clinical signs (dry rough skin, and skin rashes)
observed among the subjects before and after intervention
were kept.
2.8.5. Intervention
Staple-based mungbean diets [23] and Mungbean-garri
diet [24] replaced one of the daily three square meals of
subjects in the experimental group for a period of six months.
2.8.6. Determination of Biochemical Parameters
The biochemical (hemoglobin, serum iron and TIBC)
parameters were determined following the method of
International Committee for Standardization in Hematology
[25]. While serum zinc was determined using the method
introduced by American Public Health Association [26].
Elemental analysis was conducted using Agilent FS240 AA
Atomic Absorption Spectrophotometer [26].

3. Results
Table 1. Anthropometric indices of subjects in the experimental and control groups.
Male
Parameters

Female

Experimental group (n=27)

Control group (n=21)

Experimental group (n=23)

Control group (n=22)

Baseline

End line

p-v

Base line Endline

p-v

Base line

End line

p-v

Base line

End line

p-v

Height

1.34±10.1

1.36±9.2

.00

1.24±13.5 1.27±12.4 .29

1.34±10.9

1.39±0.12

.07

1.4±12.1

1.42±12.1

.00

Weight

30.5±5.9

30.3±4.9

.86

27.3±7.1

30.2±3.5

.37

31.4±7.5

32.8±7.7

.49

31.2±5.9

33.9±6.9

.01

BMI (Kg/m2)

16.7±1.4

16.4±3.5

.79

17.8±13.1 18.7±1.8

.34

17.5±3.1

16.9±1.75

.66

15.9±2.8

16.8±3.8

.30

WHO Ref.

17.3

17.3

17.7

17.7

17.7

17.7

17.3

17.3

Table 2. Mean biochemical parameters of subjects in the experimental and control group.
Parameters

Experimental group

Control group

Base line

End line

%I

p-value

Base line

End line

%I

p-value

Haemoglobin (dl/l)

10.5±1.41

12.0 ±0.91

6.7

0.07

10.4±1.6

10.9±1.6

2.8

0.25

Serum iron (µg/l)

80.8±51.8

149.5±41.8

29.8

0.04

90.3±68.1

112.6±71.3

10.9

0.52

Serum TIBC

257.3±43.9

280.4±37.4

4.3

0.23

258.3±39.4

263.9±30

1.1

0.73

Serum zinc (mg/dl)

0.48±0.09

1.22±0.64

43.2

0.00

0.44±0.07

0.57±0.2

12.9

0.00

Significant at P <0.05; %I = Percentage Increase
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Figure 1. Biochemical characteristics of subjects at base line and end line of the experiment.

Figure 2. Percentage of subjects within the normal biochemical categories at the end line.
Table 3. Clinical signs observed among the subjects.
Signs and symptoms
Male
Dry and rough skin
Skin rashes
Female
Dry and rough skin
Skin rashes

Experimental group
n(%)
Base line
3(11.1)
6(22.2)
Base line
1(4.3)
-

n(%)
End line
End line
-

Control group
n(%)
Base line
1(4.7)
Base line
2(9)
2(9)

n(%)
End line
End line
-
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4. Discussion
The physical (height and weight) characteristics of the
subjects in the experimental group improved significantly
after the intervention. The values obtained were within the
WHO reference standard for weight and height [27]. This
finding is in contrast with the report of Ghate and Kotwal
[28], where the mean height and weight record of school
children were significantly less than the value reported by
National Center for Health Statistics [21]. The BMI status of
the male (16.4kg /m2) and female (16.9 kg /m2) subjects in
the experimental groups after intervention were within the
range reported by [7], among school aged boys (14.77- 17.98
kg /m2) and girls (14.14 – 17.98 kg /m2) in Ebonyi State,
Nigeria. According to Fetuga et al. [29], findings from past
cross-sectional and prospective epidemiological studies
suggest that the WHO BMI cut-offs do not adequately
represent the obesity status worldwide.
The prevalence of anaemia (48.1%) observed at the base
line corresponds with the level (49.6%) reported by
Anumudu et al. [30], among children in the south eastern
region in Nigeria and in the developing world (12 -60%) [31].
In contrast to this finding, Ukegbu and Aderibigle [32],
reported lower (30%) prevalence of anaemia among school
aged children in Umuahia south local government area, Abia
State. The high percentage of anaemia recorded among the
subjects at the base line could be attributed to the existing
food consumption pattern (high carbohydrate rich foods) in
the selected motherless and orphanage homes [33]. After the
intervention, very significant (p<0.05) reduction (31.2%) in
anaemia was observed among the male and female subjects
in the experimental groups. The percentage of children
within the normal serum iron and TIBC category improved
significantly (p<0.05) among the subjects in the experimental
groups after the intervention. The improved serum iron level
observed among the subjects may be attributed to the
processing (addition of fresh tomatoes, heat treatment and
fermentation) methods applied in the preparation of staplebased mungbean diets [23-24].
Based on the recommended standard [34], only very few
(5.3%) of the subjects falls within the normal zinc level at the
base line. After the intervention, percentage of subjects
within the normal serum zinc category improved
significantly (p<0.05), serum zinc level >1.2 µg/dl was also
recorded. The prevalence serum zinc deficiency observed
among the subjects at the baseline was high compared to the
rate reported in other parts of the country, example; a
moderate zinc deficiency of 5-30% have been reported in
children and adolescent from different countries [35]. In
Mexican, Villalpando et al. [36] observed 19-24% of serum
zinc deficiency among school aged children below 12 years.
Sharify et al. [37] reported 13.7% of zinc deficiency among
school aged children 8-11 years in 23 provinces in Iran. In
another research, Thurlow et al. [38] reported a high
prevalence of low serum zinc concentration of 57% among
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school children aged 6-13 years in North-East Thailand.
While only 16% of zinc deficiency based on dietary zinc
intake was found among children aged 5-14 years in New
Zealand [39]. Again, the low serum zinc level observed
among the subjects could be due the existing food
consumption pattern (regular and high consumption of
cereals, root and tuber based food products) in the selected
homes [33]. According to Golden [40], school children that
consumes monotonus meals containing very little animal
products, are at high risk of specific deficiencies, especially
iron and zinc. Moreover, zinc deficiency has been found to
be common in many lower-income countries because their
diets are composed primarily of cereals and legumes which
contain substantial amounts of phytate a compound known to
inhibit zinc absorption [41].
Generally, low percentage of the subjects were affected
(21.5%) with clinical symptoms at the base line. However,
the clinical signs observed among the subjects was
significantly (p<0.05) reduced (100%) at the end line. The
clinical signs (skin rashes) observed among the subjects at
the base line may be attributed to the low zinc levels. Among
other symptoms, dry and rough skin, dermatitis, and acne are
the most common symptoms of zinc deficiency among
children [42]. Zinc deficiency is also associated with poor
growth, depressed immune function hair loss, increased
susceptibility to and severity of infections and neuro
behavioural abnormalities [43-44].

5. Conclusion
There was high prevalence of anaemia and zinc
defficiency among school age children in the orphanage
homes studied. The prevailing feeding pattern in the different
homes was also poor and unacceptable for feeding growing
children.
Daily consumption of staple-based mungbean diets
propably boosted the macro and micronutrient intake of
school children due to the improvement observed in physical
(BMI) and biochemical (hemoglobin, serum iron, serum zinc
and TIBC) characteristics of subjects after six months of
nutrition intervention.

6. Recommendation
The urgent assistance of the government, nongovernmental organizations and well meaning individuals are
needed for more nutrition intervention programme in Imo
State.
Increasing the consumption of legume based diets
especially staple-based mungbean diets will enable school
children grow and develop optimally especially in south east
Nigeria were plant based foods constitute the major meal of
most families.
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