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ABSTRACT 
 

This study sought to assess the dietary intake and serum Zinc, Iron and Copper status of primary 
school children aged 5-13 years living in Enugu- South Local Government Area of Enugu State, 
Nigeria. This study is a community-based cross-sectional study, adopting multistage random 
sampling techniques. Dietary intakes of the micronutrients were assessed using the 24 hours 
dietary recall. The micronutrient intakes of the children were evaluated using Dietary Requirement 
Intake as a reference. Two milliliters (2 ml) of non-fasting venous blood was taken from the 
children for serum micronutrient analysis. Three hundred and thirty (330) children were analyzed 
for serum micronutrient status; 155 (47%) were male while 175 (53%) were females, with their 
mean age 8 ± 1.09: The mean micronutrient intakes of the subjects were 4.98 ± 3.7, 4.53 ± 1.63, 
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and 0.42 ± 0.20 mg/d for Fe, Zn and Cu respectively. Only the male group aged 5-9 years met 
100% of the DRI for Zn while the 5-9 years females, 10-13 years males and 10-13 years female 
did not meet up with the DRI for Zn, Fe and Cu. The mean serum micronutrients of the total 
children were 63.16 ± 18.06, 62.27 ± 17.3 and 69.9 ± 14.99µg/dl for Fe, Zn and Cu respectively. Of 
the 330 children studied, 32%, 43% and 23% of them seem to be deficient in Fe, Zn and Cu 
respectively. The food intakes of the children did not supply the recommended Dietary 
Requirement Intake for school children. There is, therefore, an urgent need to educate the public 
on good eating habits and the need for diversification of diets with animal products, fruits and 
vegetables to ensure adequate intake of these essential micronutrients.  
 

 
Keywords: Dietary intake; zinc; iron; copper; micronutrients. 

 
1. INTRODUCTION 
 

Micronutrients are nutrients that are only needed 
by the body in minute amounts, which are 
involved in the production of enzymes, hormones 
and other substances, helping to regulate growth 
activity, development and the functioning of the 
immune and reproductive systems [1]. 
 
Micronutrient malnutrition is a condition that 
results from eating diets that lack one or more of 
micronutrients, that is required by the body for 
proper growth and development [2]. Micronutrient 
deficiencies have been a major nutritional 
problem in developing countries like Nigeria and 
have adversely affected people’s health, 
performance and income, thereby becoming 
major impediments to economic development [3]. 
Micronutrient deficiencies have become more 
prevalent following economic stress and food 
insecurities faced by populations in these 
countries. Most at-risk groups include children 
less than 5 years of age, adolescents, women of 
childbearing age, particularly the pregnant and 
lactating, refugees, internally displaced persons 
and victims of famine [4] (Dairo et al. 2009). 
Micronutrient deficiencies can exist in 
populations even where the food supply is 
adequate in terms of meeting energy 
requirements [5]. In these situations, people are 
not considered "hungry" in the classical sense, 
but their diets may be grossly deficient in one or 
more micronutrients and they are not aware. It is 
for these reasons that micronutrient deficiencies 
have been referred to as "hidden hunger" [6]. 
 

Iron deficiency anaemia is the most common 
micronutrient problem in the world as it affects 
more than 2 billion people globally [7]. 
Prevalence of iron deficiency anaemia varies 
between countries, affecting 5.4% children in 
Spain, 30.8% and 22.3%, 84.6% [8], 30.8% 
under five Brazilian children [9] and 22.3% 
under-five Nigerian children [10]. Iron deficiency 

anaemia is associated with adverse health 
conditions including permanent behavioural and 
cognitive impairments. Therefore, early detection 
and prompt treatment are necessary to prevent 
these complications. 
 

Zinc is one of the trace mineral essential to 
human nutrition and metabolism, participating in 
all biochemical pathways and playing multiple 
roles in the gene expression, cell development 
and replication [11]. Zinc deficiency is largely 
related to inadequate intake or absorption of zinc 
from diet. Because of these inadequate intakes 
billions of people are at risk of zinc deficiency. 
More than 400,000 children die each year due to 
zinc deficiency [12]. An estimated 17.3 of the 
global population is at risk of inadequate zinc 
intake [10]. The prevalence of zinc deficiency in 
sub-Sahara Africa is 50 [10]. And in Nigeria, 
the prevalence of zinc deficiency is 21 [13]. 
 

Copper is one of the essential trace elements in 
humans. Acquired copper deficiency is mainly 
attributable to nutritional deficiency, and may be 
seen in malnourished low-birth-weight infants, 
newborns, and small infants. Several reactions 
essential to the normal function of the brain and 
nervous system are catalyzed by cuproenzymes 
[14]. It was reported that 4.1% of primary school 
children from South East and 32.1% of primary 
school children in West, Nigeria were copper 
deficient [13,15]. 
 
The copper-dependent enzyme, cytochrome c 
oxidase, plays a critical role in cellular energy 
production by catalyzing the reduction of 
molecular oxygen (O2) to water (H2O), 
cytochrome c oxidase generates an electrical 
gradient used by the mitochondria to create a 
high energy proton gradient required for 
adenosine triphosphate (ATP) synthesis. This 
copper enzyme is particularly abundant in tissues 
of greatest metabolic activity including heart, 
brain, and liver [16]. Improving school children’s 
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nutrition will improve their cognitive function and 
linear growth. Nutritional programs in resource-
poor settings mainly focus on children under the 
age of five years. This has resulted in limited 
information on nutritional and micronutrient 
status of school-aged children. This work was 
aimed at providing information on dietary intakes 
and serum Fe, Zn and Cu status of primary 
school children in Enugu-South LGA, in Enugu 
State, Nigeria. 
 

2. METHODOLOGY 
 

2.1 Study Location and Sampling 
Technique 

 

The study was carried out in Enugu state, South 
Eastern Nigeria. The study was designed as a 
community- based cross-sectional study carried 
out among school children by adopting a 
multistage random sampling technique in Enugu 
State. Enugu State has 17 Local Government 
Areas (LGAs). Enugu South was randomly 
selected. Enugu South has forty two (42) public 
primary schools with a population of 8,841 pupils 
aged 5-13 years as at the time of this research. 
These schools are distributed in the LGA wards. 
Four wards were randomly selected in the L.G.A. 
A school was selected from each of the wards to 
give a total of four schools. One hundred and six 
(105) pupils per school were objectively selected, 
to give a total of four hundred and twenty (420) 
pupils that will participate in the research. 
 

2.2 Sample Size Calculation 
 

The sample size was calculated as follows: [17]  
 

Ss =  z
2
 p(1− p) , 

                               C
2
 

 

Where Ss is the sample size, z is the z score at 
95% confidence limit (1.96), p is the (estimated) 
proportion of the population, which has the 
attribute in question, and c is confidence level. 
 
The values for population >10,000 and <2,000 
are given as follows: 
 

z = 1.96, c = 0.05, P = 0.5, 
 
Ss =  1.962×0.5×(1−0.5) 
                  0.052, 

 
Ss = 384. 

 
330 subjects were recruited for the study. This 
number was 55 short of the calculated sample 

size. This shortfall was a result of difficulties 
(unwillingness of some subjects to consent to the 
study) encountered at certain locations during 
the sample collection.  

 
2.3 Inclusion Criteria 
 
Only u-5 children (aged 36–60 months) attending 
registered nursery schools in Enugu State were 
involved in the study. 
 

2.4 Exclusion Criteria 
 
Children with high temperature ascertained with 
the aid of clinical thermometer and those their 
caregivers refused to sign the consent latter were 
excluded from the study. 
 

2.5 Ethical Clearance 
 
Ethical clearance was obtained from Enugu State 
Ministry of Health and from the University of 
Nigeria Teaching Hospital Ethical Committee. 
Written and signed informed consents were 
obtained from all parents or caregivers of u-5 
children enrolled for the study. Also, permission 
was obtained from Enugu State Universal Basic 
Education Board (ENSUBEB). Head Teachers of 
the selected schools and the Parents Teachers 
Association (PTA), the School-Based 
Management Board (SBMB), were sensitized 
about the project and its importance to children. 
Thereafter the parents that consented to be part 
of the research were given an informed consent 
form to fill and submit. The dietary intakes of the 
respondents were assessed using the 24-hour 
dietary recall protocol. Subjects were asked to 
recall and describe all foods, drinks and snacks 
(including amount) eaten in the previous 24 
hours. Usually, these recall protocols were made 
on Tuesdays of the week. The participants 
usually were fed at home, hence results points to 
their home feeding structure. Portion sizes were 
established using standard household measures 
quantified in grams. The micronutrient intakes of 
the subjects were evaluated using dietary 
requirement intake (DRI). 
 

2.6 Blood Collection and Analysis 
 

The pupils that consented to be part of the work 
were recruited, and non-fasting venous blood (2 
ml) was collected from each subject with the 
assistance of a Board Certified Laboratory 
Scientist. Serum was separated by centrifuge 
and stored at 4°C until analysis at the 
parasitological laboratory of Enugu State 
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Teaching Hospital. The sera were separated 
from cells and stored at 0°C until analysis. The 
conventional wet Acid method of [18] was 
adopted. The digests were cooled and the 
precipitates were separated, the filtrates were 
diluted with distilled water to 4 ml. The worked up 
samples were stored in polyethylene container at 
4°C prior to Atomic Absorption Spectroscopy 
(AAS) analysis. 
 
Sera were analyzed for Zn using thermal atomic 
absorption spectrophotometer.  
 
3. RESULTS AND DISCUSSION 
 

Table 1 showed the gender and age distribution 
of the children. The males who were between the 
ages of 5 to 9 years were eighty three (83) and 
the females who were between the ages of 5 to 9 

years were ninety three (93). The nutritional 
requirement of children is higher in proportion to 
body weight compared with adults. The period of 
childhood between ages 4 and 13 years is 
characterized by continued physical growth and 
rapid cognitive, emotional, and social 
development [19]. Many children especially girls 
undergo their pubertal growth spurt between 
ages 4 and 13, therefore inadequate intake of 
micronutrients can impair growth and 
development in children. 
 
Only 233 (70%) of the children took three serving 
meals per day, 165 (15%) took two serving 
meals per day, 20 (6%) took one serving meal 
per day and 28 (9%) took up to four serving 
meals per day (Fig. 1). This could be attributed to 
poverty and food insecurity in households as was 
observed in North-Central Nigeria [19]. 

 

Table 1. Gender and age distribution of school children 
 
Age group Male (n = 155) Female (n = 175) Total (n = 330) 
5 – 9 83 93 176 
10 – 13  72 82 154 

 

Table 2. Frequency distribution of food types consumed by children of Enugu-South L. G. A. in 
24 hours (n = 991 meals) 

 

Food Type            Frequency Percentage (%)   
Cereals 255                                                        38.9 
Tuber & plantain 198 30.2 
Legumes   81 12.3            
Fats & Oil                                                          64 9.8    
Soups 135 20.6 
Animal products 56 8.5 
Vegetables 120 18.3 
Fruits 14 2.1 
Dairy 36 5.5 
Others 32 4.9 

 

Table 3. Micronutrient composition of major foods and drinks 
 

Dishes/ Drink Iron (mg/100 g)                    Zinc (mg/100 g)            Copper (mg/100 g) 
Rice & Tomatoes stew              7.43                                          8.46                                  8.46                                  
Rice & Banga Soup                  28.76                                         3.39                                  0.89 
Noodle 5.52                                         3.01                                  0.85        
Garri & Egusi Soup                   5.20                                         4.41                                  0.15    
Jellof Rice                                  7.22                                         5.62                                  0.92     
Garri & Okro Soup                     4.14                                        4.31                                  0.12                                         
Akpu & Ora Soup                       3.95                                        5.31                                  0.23             
Pap & Sugar                                1.10                                        1.18                                  0.03   
Okpa    2.27                                        3.33                                  0.15     
Garri & Better leaf soup              4.36                                        4.7                                    0.15        
Akara 2.85                                       3.77                                  0.17 
Bread 4.57                                       2.05                                  0.37       
Chocolate tea & Milk                   4.09                                       2.39                                  0.11 

Sources: [13,20,21]  
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Table 4. Micronutrient daily intakes and the mean serum level of Enugu-South children 
 

Micronutrients Sex (Age)       Mean intake(mg/d±SD)       % DRI Mean serum (µg/dl±SD)     
Fe M (5-9)                         3.94±0.96                              39.40 57.55±17.66                    
 M (10-13)                     5.71±5.40                              71.40 63.61±19.14                          
 F (5-9)                          5.48±4.87                              54.80            67.48±18.63                                         
 F (10-13)                      4.80±2.50                              60.00 64.00±16.03                              
Zn M (5-9)                         5.02±1.70                             100.40 61.91±16.99                             
 M (10-13)                     4.14±1.60                               89.20 61.36±18.13                               
 F (5-9)                          4.46±1.87                                51.75 57.93±16.83                                
 F (10-13)                      4.49±1.63                                56.10 67.88±16.53                               
Cu M (5-9)                         0.25±0.14                                62.50 62.33±16.38                                
 M (10-13)                     0.51±0.12                                72.85 64.36±13.17                                
 F (5-9)                          0.32±0.19                                 80.00 74.43±16.41                                 
 F (10-13)                      0.58±0.26                                 82.50 76.05±14.16                               

F: Female, M: Male; Figures in parenthesis indicate age bracket. 
DRI for: Fe 5-9 years=10 mg, 10-13 years = 8.0 mg, Zn 5-9 years= 5.0 mg, 10-13 years=8.0 mg, Cu 5-9 years = 
0.4 mg, 10-13 years = 0.7 mg. Source: Food and Nutrition Board [22] M: Male, F: Female; Figures in parenthesis 

indicate age bracket. Normal Range: Fe = 50 - 120 µg/dl, Zn = 60 - 110 µg/dl, Cu = 70 - 150 µg/dl. [12] 
 

Table 5. Frequency distribution of serum Fe level (n= 330) of Enugu-South school children 
 

Range (µg/dl) 5-9 years (M/F) 10-13 years (M/F) Total subjects (n = 330) 
0-49 40 (48%) / 25 (27%) 18 (25%) / 24 (29%) 107 
50- 120 43 (52%) / 68 (73%) 54 (75%) / 58 (71%) 223 
>120  0 / 0 0 / 0 0 

M: Male, F: Female.  Figures in parenthesis indicate the percentages. Normal range: 50-120 µg/dl [12]  
 

Table 6. Frequency distribution of serum Zn level (n= 330) of Enugu-South school children 
 

Range (µg/dl) 5-9 years (M/F) 10-13 years (M/F) Total subjects (n = 330) 
0-50 28(34%)/ 45(48%) 38(53%) /33 (40%)  142 
51-110 55 (66%) /48 (52%) 36(47%) /49 (60%) 188 
>110 0/0 0/0   0 

M: Male, F: Female.Figures in parenthesis indicate the percentages. Normal Range: 60-110 µg/dl [12]  
 

Table 7. Frequency distribution of serum Cu level (n= 330) of Enugu-South school children 
 
Range (µg/dl) 5-9 years (M/F) 10-13 years (M/F) Total subjects (n = 330) 
0- 69 25(30%) /16 (17%)      20 (28%) / 16 (20%)                           77 
70- 150 58 (70%) / 77 (83%)      52 (72%) / 66 (80%)                          253 
>150 0 / 0                               0 / 0                              0 

M: Male, F: Female. Figures in parenthesis indicate the percentages. Normal range: 70- 150 µg/dl [12] 
 

Following the result of the daily meal intake                 
of these children, it can be inferred that 68 (21%) 
of the children do not have adequate calorie             
for their active and healthy life. Food           
insecurity can affect children’s health and           
brain development years before they enter                   
a classroom, such children often are           
cognitively, emotionally and physically lag    
behind their food-secure peers. Studies have 
shown that food insecurity harms children’s 
health in a variety of ways such as                       
mental retardation, learning difficulties, 
compromised immune systems, low work 
capacity [23,24]. 

Also food-insecure young children are nearly 
twice as likely to be in fair or poor health when 
compared to food-secure young children and 
significantly more likely to be hospitalized [25]. 
Food-insecure children are also more likely to 
suffer from common illnesses such as 
stomachaches, headaches, and colds when they 
reach preschool age [26]. The stress that family 
hardships, like food-insecurity, place on young 
children physically alters the development of 
crucial brain structures controlling memory and 
psychosocial functioning [27]. Early childhood is 
the narrow window during which one builds the 
basic capacity to learn and interact productively 
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with their peers, disrupting this brief period 
diminishes children’s ability to acquire complex 
school skills as they grow, and later job skills 
[28]. Examining the role of food insecurity in 
cognitive outcomes showed that food-insecure 6-
11 year-olds scored lower than their food-secure 
peers on a measure of child intelligence and 
were more likely to have seen a child 
psychologist [29]. The same study also found 
that these children had a harder time getting 
along with others and more likely to have 
repeated a class and had lower arithmetic and 
general achievement test scores than food-
secure children in the same age group [30]. 
 
Table 2 showed that the main diet taken by these 
children were mostly from plant sources. The 
major food taken by at least 10% of the 
respondents were tuber based vegetables, 
cereals, legumes and soup, only 56 (8.5%) of 
them took animal source foods. The implication 
is that the micronutrients (Fe, Cu and Zn) in the 
diets will not be completely bio available for 
absorption, because of the presence of phytates 
[18,30]. 
 
Table 3 showed the micronutrient values of the 
food intakes of the children and it was used to 
estimate their daily micronutrient intakes, which 
were obtained from published data. The result of 
the micronutrient intake of the children shows the 
mean micronutrient intakes of the subjects were 

4.98±3.70, 4.53±1.63, and 0.42±0.20 mg/d for 
Fe, Zn and Cu respectively. 
  
Table 4 showed that the males 5-9 years met 
100% of the DRI for Zn, but not for Fe and Cu.  
None of the males 10-13 years met 100% of DRI 
for Fe, Zn, and Cu. Also, none of the females 5-9 
and 10-13 years met 100% of DRI for Fe, Zn and 
Cu. Fe deficiency is obvious since only 8.5 
percent of the children consumed animal source 
foods and only 2.1 percent took fruits, which 
contains ascorbic acid that aids in non-heme iron 
absorption in the GIT. Plant source of Fe are 
mostly non-heme iron, which are not completely 
absorbed because of the chelating effects of 
plants phytic acids on the micronutrient, 
impairing the absorption of Fe and may make it 
unavailable or in short supply for absorption, 
thereby promoting Fe deficiency. Dietary Fe 
intake, therefore, could not meet their 
physiological requirements [31]. The mean daily 
Zn intake of the children ranged from 1.25-8.46 
mg/d with a mean of 4.53 ± 1.63 mg/d (Table 4). 
Only the males 5-9 years group met 100% of the 
DRI for Zn. Zinc seems deficient since the 
majority of the food ingested by this children 
where cereals and tuber crops. These foods 
contain phytic acids, and another potent inhibitor 
that inhibits the absorption of Zn from the GIT 
[32]. Zinc supply from the meal may be 
unavailable for uptake into the system due to the 
chelating effects of these inhibitors. 

 

 
 

Fig. 1. Distribution of Daily Meal Intake of children 
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The DRI of the children shows that the Cu 
requirement of the subjects increased as the age 
increased among the males and the females. 
The major meals taken by these children were 
mostly cereal and tuber based (Table 3), which 
do not supply an adequate amount of Cu 
required by the body. Dietary sources of copper 
include; organ meats, sea foods, nuts, and 
seeds, which were lacking in the diet of the 
school children. The Cu intake results showed 
that none of the children in the different age 
groups met the DRI for Cu as shown in Table 4. 
The implication is that the children will be 
deficient in Cu. The dietary intake of the children 
ranged between 0.04 and 1.15 mg/d with a mean 
of 0.31 mg/d. The results showed that the 
females 5-9 years group had higher Cu intake 
(0.32±0.19) than the males 5-9 years (0.25±0.14) 
and the females 10-13 years group had higher 
Cu intake (0.58±0.26) than the males 10-13 
years (0.51±0.12). Overall, the females of the 
groups consumed foods high in Cu than the 
males. 

 
Table 4 shows the mean serum micronutrient 
levels of the subjects, the mean serum Fe for the 
subjects is 63.16±18.06 µg/dl. There is no 
statistical difference between the different age 
groups (P> 0.05). The female 5- 9 years had          
the highest mean serum Fe level 
(67.48±18.63µg/dl), while the 5-9 years male 
group had the lowest mean serum Fe level 
(57.55±17.66µg/dl). 
 
The mean serum Zn level for the subjects was 
62.27±17.31µg/dl. There is no statistical 
difference between the different age groups in 
serum Zn level (P> 0.05). The males 5-9 years 
group had the highest serum Zn level 
(67.88±16.53µg/dl), while the female 5-9 years 
group had the lowest serum Zn level 
(57.93±16.83µg/dl). The serum Zn levels of the 
children ranged between 31 and 107µg/dl, with a 
mean value of 62.27±17.31 µg/dl. This value is 
adequate using the lower cut-off value of 60µg/dl 
(Table 4). The mean serum Zn values obtained 
in this study is lower than the mean serum Zn, 
reported for school children in South African 
(66.4µg/dl) [30]. Also in a similar study 
conducted on school children living in Northwest 
Ethiopia mean Zn level was 86.40µg/dl [32], 
showing that Zn deficiency was not severed 
among school children. School children in North 
Central Nigeria had a mean serum Zn 
concentration 22.4µg/dl [33], which is very low 
when compared to the Zn concentration obtained 
in this study. 

The mean serum Cu level of the subjects was 
69.29±14.99µg/dl. There is no statistical 
difference between the groups in serum Cu level 
(P> 0.05).The mean serum Cu shows that the 
children were deficient in Cu, based on the cut–
off value for serum Cu concentration (70µg/dl). 
The males 5-9 years group were the most 
deficient in Cu (62.33±16.38µg/dl), while the 
females 10-13 years had the highest Cu level 
(76.05±14.16µg/dl). 
 

The Fe intakes of the children compared with 
their serum level shows that the males 5-9 years 
met only 39.4% of DRI for Fe, while the females 
met only 54.8% of the DRI for Fe (Table 4). 
Therefore the estimated dietary Fe intake of the 
5-9 years children were reflected in their serum 
Fe level. The females 10-13 years had a higher 
mean serum Fe level (64.00±16.03 µg/dl) than 
the males 10-13 years (63.61±19.14 µg/dl). But 
the older males (10-13 years) had a higher 
dietary Fe intake meting 71.4% of the DRI, while 
the females 10-13 years met only 60% of the DRI 
for Fe. Comparing the micronutrient intake of this 
group (10-13years) with their serum Fe shows 
that their Fe intake did not appear in their serum 
level. It can therefore be inferred that the intake 
of iron-containing diets by most of the males 10-
13 years on the day of sample collection was 
higher than that on the day the 24 hours recall 
interview was conducted, or that they may be 
infested with intestinal worms such as hook 
worm, which causes physiologic Fe loss or that 
there was a degree of exaggeration or 
underreporting during the interview. 
 

Since the micronutrient intake of individuals 
contributes to the serum micronutrient levels, the 
micronutrient intake of the children in this study 
could have been affected by the type of meal 
taken in Nigeria. A report on the Zn intake and 
the serum Zn concentration of the children in 
Lagos showed that their mean Zn intake met 
92% of the DRI for Zn, and their serum zinc 
concentration as 84.58µg/l [13], linking serum 
concentration as a reflection of meal intake. The 
dietary Zn intake of the South African children is 
4.6 mg/day, while their mean serum 
concentration was within the normal range [30]. 
The males 5-9 years had a higher serum Zn level 
(61.91 ± 16.99µg/dl), than the females 5-9 years 
(57.93 ± 16.83µg/dl). Comparing this with the 
dietary Zn intake of the children reveals that the 
females had a lower zinc intake meeting only 
51.75% of the DRI for zinc, while the males 5-9 
years group had intake up to 100% of the DRI. 
The daily Zn intake of the male 5-9 years was not 
reflected in their serum Zn, because their serum 
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Zn concentration is within the normal range (60-
120µg/dl). It can be inferred that the total Zn in 
their food was not absorbed due to the presence 
of phytates. The females 10-13 years had a 
higher serum Zn level (67.88 ± 16.53µg/dl), than 
the males 10-13 years (61.36 ± 18.13 µg/dl). 
This was also not reflected in their Zn intake 
since the male 10-13 years met 89 % of DRI for 
Zn and the females 10-13 years met only 56% of 
the DRI, there might be a possibility of 
underreporting during the interview. 
 
Comparing the micronutrient dietary intakes and 
the mean serum concentration of Cu in the 
children shows a similarity between the Cu intake 
and the serum levels. The males of 5-9 years 
met 62.5% of Cu DRI and the serum 
concentration of 62.33µg/dl, while the females of 
10-13 years that met 82.50% of the DRI for Cu, 
had a serum concentration of 76.05µg/dl. The 
mean serum Cu level of the children reflects their 
Cu intake, which shows deficiency existing 
mostly among the males of different groups. The 
reason is likely to be, because the females of the 
groups had appreciable higher intake of Cu than 
the males as shown in Table 4. A similar study in 
Ethiopia showed that the children who were 
normal had a Cu concentration of 200µg/dl, while 
those that were severely and mildly stunted had 
their Cu concentrations as 152.55 and 
186.89µg/dl respectively [32]. This value is 
higher than the result obtained in this study. It 
was observed that the water and diets of the 
children in Ethiopia were very high in Cu 
indicating that the mineral contents of the soil 
can accumulate in the plants and also in the 
water of a particular environment. Thus mineral 
from the soil can contribute to Cu deficiency or its 
fortification [32]. Another study carried out among 
malnourished children and well feed children 
showed that, the serum Cu concentration of the 
malnourished children were lower than that of the 
well feed group [34]. This indicates further that, 
the dietary intake of Cu refracted in the serum 
concentration. 
 
The result of the serum Fe quantification shows 
that, the serum Fe concentration of the children 
ranged between 31 and 108 µg/dl, with a mean 
of 63.16 µg/dl. The serum Fe tolerable value for 
school aged children is 50-120 µg/dl. The result 
of this study shows that the mean serum Fe of 
the children is higher than the lower cut-off value 
for Fe (50µg/dl). This value is because the 
children that had normal value tend to have high 
Fe intake values compared to those that are 
deficient. Out of 330 children, one hundred and 

seven (107) of them were deficient, while two 
hundred and twenty three (223) of them were 
normal. This may have contributed to their mean 
value being normal. 
 
The mean serum Fe level obtained for school 
children in this study is lower than the mean 
serum Fe level of 69.84 µg/dl, found among 
school children in Lagos, Nigeria [13] and 328.19 
µg/dl, reported for school children living in North 
West Ethiopia [32]. The disparity in the serum Fe 
can be associated with the dietary Fe intake of 
the children. The children in Lagos which had 
their main dietary intake for iron as 10.66 ± 12.44 
mg/d (106% of DRI) were not deficient in Fe [13].  
 
Table 5 shows that males 5-9 years were mostly 
deficient in serum Fe, because 40 of them were 
Fe deficient with a prevalence rate of 48%, while 
the females 5-9 years had 25 of them deficient in 
Fe and a prevalence rate of 27%. Twenty four 
(24) of the females 10-13 years were deficient in 
Fe with a prevalence rate of 29%, while among 
the males 10-13 years 18 of them were deficient 
in Fe with and the prevalence of 25%. This result 
is in agreement with the report on the prevalence 
of Fe deficiency in anaemic under five children in 
Enugu State, which shows that Fe deficiency 
was higher among the males than the females 
[35]. Also a similar study conducted in Lagos, 
Nigerian, shows that the males 9- 13 years had a 
higher prevalence rate of Fe deficiency than the 
females [13], which is contrary to this study.  
 
The serum Fe level of the children was higher 
among the males across the age than the 
females, this could be attributed to the fact that 
many children, especially girls who undergo their 
pubertal growth spurt between ages 10 and 13 
and may be undergoing their monthly 
menstruation which contributes to physiologic Fe 
loss. The females 5-9 years had a higher mean 
serum Fe level (67.48±18.63 µg/dl), than the 
males 5-9 years (57.55±17.66 µg/dl).  
 
The male children, especially the 5-9 years were 
mostly at risk of Fe deficiency in Enugu – South 
which could lead to anemia and may expose 
them to illnesses thereby affecting their 
performance at school. The females 5-9 years 
had a higher serum Fe level than the females 10-
13 years, the difference in the serum Fe 
concentration of the female pupils suggests that 
the older females may have been menstruating, 
which increases the risk of iron lost in the 
system. The implication here will be that more of 
the females (10-13 years) may be predispose to 
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iron deficiency. Pregnant girl with iron deficiency 
anemia is prone to have pregnancy 
complications and its related problems [15]. The 
low level of serum iron concentration in this 
study, especially with the males indicates that Fe 
deficiencies will be obvious, which may lead to 
iron deficiency anemia and associated with 
reduced immunity, impaired mental development, 
physical coordination skills and impaired school 
achievement in older children. It also lowers 
resistance to disease and weakens a child’s 
learning ability and physical stamina. It slows 
mental and motor development and reduces 
work performance if not attended to [36]. 
 
The frequency distribution of Zn deficiency 
among the children in this study (Table 6), shows 
a high level of Zn deficiency among the females 
5-9 years and a prevalence rate of 48% (45 
children), compared to the males 5-9 years who 
had 34% (28 children) deficiency rates. The 
males 10-13 years were more at risk of Zn 
deficiency than the females because the females 
who were deficient were 33 (40%), when 
compared to the males that had only 38 (53%) 
who were deficient.  
 

Zinc plays an important role in growth and 
development, the immune response, neurological 
function, and reproduction, so its deficiency may 
lead to episodes of sickness, stunting and 
delayed onset of puberty among the males. This 
study does not agree with the report that boys 
have greater vulnerability to Zn deficiency than 
the girls [37]. However reports showed that 13% 
boys and 14% girls were Zn deficient in Iran ( n = 
350) [38] and that 51% boys and 58% girls were 
Zn deficient in Sri Lanka(n = 400) [39]. This study 
demonstrated the existence of Zn deficiency 
among school aged children and adolescence in 
developing countries. The serum Zn of the 
subjects shows a deficiency rate high above 
normal and the mean Zn intakes did not met the 
DRI for Zn except for the males 5-9 years. The 
implication will be a risk of growth retardation, 
delayed onset of puberty, impaired immunity 
against diseases, abnormal cognitive 
development and poor performance at school 
[40]. However this could be prevented by 
advocating for foods that are rich in Zn, such as 
red meats and shellfish especially for the older 
subjects.  
 
Results from Table 7 shows that the males 5-9 
years had a deficiency rate of 30% (25 children) 
and the females 5-9 years had a deficiency rate 
of 17% (16 children). The males 10-13 years had 

a deficiency rate of 28% (20 children) and the 
females 10-13 years had a deficiency rate of 
20% (16 children). The result shows that the 
males of all the age groups were more at risk of 
Cu deficiency than the females [13]. A study in 
Lagos showed that 32.1% (n = 200) of all the 
children were Cu deficient and that the males 5-8 
years were mostly deficient. In another study on 
school aged children at North-West Nigeria 
involving five states showed that all the children 
were deficient in Cu [41]. The low serum 
concentration of Cu in this study is an indication 
that copper was present at low level in the 
children’s diet probably due to the level of the 
element in the soil or that copper was poorly 
available for absorption. 
 
Prolonged deficiency of Cu may lead to bone 
lesions, which may be accompanied by 
osteoporosis and ocepital horn formation after 
adolescence in these children. Therefore Cu 
intake should be encouraged and confectionary 
foods fortified with Cu to alleviate the Cu 
deficiency of these children in this region. 
 
Generally interactions between trace elements 
have long been recognized [42]. An intriguing 
interaction appears to exist between copper, zinc 
and iron in absorption and utilization [42]. 
Supplementation of Fe has been reported to 
affect bioavailability of Zn and Cu in Fe 
deficiency anemia by inter-element competition 
in the bowel, while on the bioavailability of Cu 
and Fe are affected by Zn supplementation [42]. 
It has been established that Fe deficiency results 
in increased Cu levels in the liver [43] while 
severe Cu deficiency causes changes in Fe 
metabolism, leading to anemia because Cu is an 
essential component in the formation of 
feroxidase 1. Deficiency of Cu induces a 
dramatically decrease in feroxidase activity which 
in turn prevents the mobilization of Fe from 
stores by being oxidized from +2 to +3 and its 
incorporation into hemoglobin therefore causing 
an accumulation of Fe in the liver [44].The 
micronutrients deficient in this study might be an 
indication that they were present at low supply in 
the diet of the subjects or were poorly 
bioavailable. 
 
Fig. 2 showed that the prevalence of Fe 
deficiency in the children is 32.4% and is higher 
than 19.8% prevalence rate among the school 
children in Lagos [13], and also lower than the 
34.3% prevalence rate of Fe deficiency among 
anaemic under-5 children in Enugu south, 
Nigeria [35].  



 
Fig. 2. Prevalence of Micronutrients Deficiency am

 
The prevalence of Zn deficiency among the 
school children was 43.6% (Fig 2), using the cut
off value for serum Zn concentration below 
60µg/dl [45]. This value is higher than the 20% 
prevalence rate set by the International Zinc 
nutrition consultative group (IZiNCG), as an 
indicator of maximum Zn prevalence rate of 
public health concern [46]. It is also higher than 
21% found among school children in Lagos, 
Nigeria [13] and of 46% and 47% prevalence rate 
found among school children in South Africa and 
Northwest Ethiopia respectively [31
in North Central Nigeria reported a prevalence 
rate of 99.2% [33]. There is therefore a high 
prevalence of Zn deficiency among school aged 
children in Nigeria, more especially in Northern 
Nigeria.  
 
The prevalence of Cu deficiency among the 
groups indicates that 23.3% (77) of all the 
children were Cu deficient. 
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Prevalence of Micronutrients Deficiency among Enugu-South school children

The prevalence of Zn deficiency among the 
school children was 43.6% (Fig 2), using the cut-
off value for serum Zn concentration below 

. This value is higher than the 20% 
prevalence rate set by the International Zinc 

(IZiNCG), as an 
indicator of maximum Zn prevalence rate of 

. It is also higher than 
21% found among school children in Lagos, 

and of 46% and 47% prevalence rate 
found among school children in South Africa and 

1,34]. A study 
in North Central Nigeria reported a prevalence 

. There is therefore a high 
prevalence of Zn deficiency among school aged 
children in Nigeria, more especially in Northern 

of Cu deficiency among the 
groups indicates that 23.3% (77) of all the 

4. CONCLUSION 
 
The food intakes of school children did not 
supply adequate amount of micronutrients 
needed for a healthy body. Based on the dietary 
intake and serum micronutrient concentration the 
result shows that micronutrient deficiency exists 
among the school children. This can lead to 
adverse effect on their maturation and 
performance at school. Therefore, there is urgent 
need to educate the public on goo
style and the importance of diversification of 
diets. Also a nutrition education program should 
be put in place in other to combat the 
micronutrient deficiency in this Enugu
L.G.A and beyond. 
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