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Abstract: There is a need for proper nutrition for the growth and development of the human body, especially
during the early years of education. Failure to have good nutrition elicits effects such as poor functioning of the
body system or parts such as the brain (nervous system), which is responsible for the effect on learning and
other cognitive activities. This study aimed to examine how the level of selenium in the body relates to the
learning outcome of young girls in Sokoto, Nigeria. A cross-sectional semi-experimental design involving a
sampling of 250 girls studying in Sokoto was carried out. The determination of selenium was done using
standard methods of atomic absorption spectroscopy. The results (p<o.05) indicate that, according to age, 10~
12 years old participants had serum selenium within the range of 1.01-1.60 umol/L (56.0%); 13-15 years old
girls had 0.76-1.0 umol/L serum selenium level (34.0%); while girls of more than 16 years had 0.40-0.75 serum
selenium (of which 2.8%) are deficient, and 7.2% are sufficient). Overall, 90.0% (225 girls) had normal
selenium levels, while 10.0% (25 girls) had deficient selenium levels. An examination of the effect on learning
outcome shows that normal girls scored a mean value of 52.90+12.22, while deficient girls had a score of
32.85+11.84. Therefore, to improve the learning and other activities of the girls, there should be efforts to help
youngsters obtain a proper diet.

Key Words: Selenium, Nutrition, Deficiency, Learning Outcomes, Learning, Girls School, Sokoto State

Introduction

Nowadays, education determines the development and growth of countries in the world. Education is
significant in the development of human resources (Abubakar & Kwashabawa, 2021). Equally, girls'
education is more significant as an indicator of development. Educated girls or mothers have more
potential to give birth to children or daughters that would potentially benefit society. They are more prone
to accept better health behaviors, eat balanced nutrition, and be economically buoyant than uneducated
folks (Shabbir et al., 2019). There is utmost desire to ensure girls are educated at least at secondary school
levels. Literate girls mostly take care of their children, encouraging them to be educated and wealthier,
serving as role models to others, and encouraging mother and child healthcare (Abdulkadir et al., 2018).
However, girls' education is affected by malnutrition among other factors. Malnutrition is a huge issue
affecting developing nations, especially Africa. Nutrition and education are linked significantly; therefore,
the same human rights are supposed to be accorded to all children, irrespective of their affiliations (Shabbir

et al., 2019).

Selenium is a micronutrient naturally occurring that plays an essential role in the human body and is
supposed to be within the shortest range of <40 ug/day (level of deficiency) to >400ug/day (level of
toxicity) as reported by Mehmood et al., (2019). Invariably, dietary selenium for human consumption
depends on many occasions on plant-based foodstuffs that obtain selenium from soils (Kolawole et al.,
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2013; Mehmood et al., 2019). However, like other regions of the earth, Sokoto soil selenium concentration
could easily be affected by rainfall levels, flooding, and irrigation, among many other things (Adeniyi &
Agoreyo, 2018; Mehmood et al., 2019). Nevertheless, selenium determination and consumption in foods is
a complex adventure. People who are vitamin E deficient could experience selenium toxicity. High selenium
consumption is associated with cancer of the skin, pancreas, and type 2 diabetes (Mehmood et al., 2019).
Even in some developed nations like the US, Japan, etc, specific populations experience high selenium
intake. Therefore, whether there is high or low intake monitoring is crucial (Polanska et al., 2016).

Notably, the risk of nutrition or malnutrition in the human body cannot be overemphasized.
Micronutrients, in parts or altogether, play vital roles in the development and functions of the human body
(Giray et al., 2001). Parable, selenium micronutrient is an important nutrient needed for youngsters'
growth and development, as well as proper body functioning. Young girls, due to their changing body
system, require selenium. Among other reasons, because they are about to become mothers, their selenium
supply should be sufficient (Ejezie et al., 2012; Khan et al., 2022). They also need selenium for better
learning, considering the current impending issues surrounding learning outcomes and the state of
education (especially in girl-child) in Sokoto and northern Nigeria at large.

The brain needs selenium very well, which is why the body struggles to maintain selenium levels at
the point of the brain whenever there is scarcity in the general circulation. Many enzymes in the brain,
such as glutathione peroxidases and thioredoxin reductases, need selenium to proffer an antioxidant role
by destroying hydrogen peroxide, as well as organic hydrogen peroxides (Polanska et al., 2016; Banna et
al., 2022). Therewith, deiodinases that convert thyroid hormone thyroxine (T4) to triiodothyronine (T3)
shall need the selenium micronutrient as well (Gray et al., 2001). Moreover, the significance of selenium
in the brain was corroborated in animal studies, as reported by Polanska et al. (2016). This study aimed to
examine how the level of selenium in the body relates to the learning outcome of young girls in Sokoto,
Nigeria.

Objectives

The objectives of the study were to:
= determine the prevalence of serum selenium deficiency among girls studying in Sokoto, Nigeria
= determine the potential effect of low serum selenium levels on the learning outcome of girls studying
in Sokoto, Nigeria

Research Questions

The following were the research questions for this study:
- How prevalent is serum selenium deficiency among girls studying in Sokoto, Nigeria?
= What is the potential effect of low serum selenium level on the learning outcome of girls studying in
Sokoto, Nigeria?

Materials and Methods

The study was conducted among female secondary school students in the three zones of Sokoto State,
Nigeria. Sokoto is located on latitude 13° 04N and longitude 5°14E. The state covers an area of 25,973 square
kilometers. It is bordered in the North by Niger Republic to the South and west by Kebbi State. In the east
and south, it is bordered by Zamfara State. The state is located in the Sudan savannah geo-ecological zone.
There are four major health institutions, namely, Usmanu Danfodiyo University Teaching Hospital,
Specialist Hospital, Murtala Muhammed Hospital, and Wammako Orthopaedic Hospital (Umar, 2019).
Sokoto State has a projected population of 4,393,689 by 2017. The state is made up of twenty-three local
government areas. The climatic condition of Sokoto is tropically warm, with temperatures rising to 38°C
and above between March to May. The rainy season starts in late June and ends in October, while the cold
season starts in December and ends in February. The dominant Indigenous tribes are Hausa — Fulani and
other tribes, including the Igbo, Yoruba, Kanuri, Nupe, and Tiv, as settlers. Agriculture is the most
important occupation of people of the state; the major crops cultivated are rice, wheat, tomatoes, sorghum,
millet, soybean, onions, garlic groundnut, beans, cassava, and maize. (Umar, 2019).
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Study Area
Figure 1

Map of Nigeria showing study area (Sokoto State).

Source: Umar (2019)

Study Participants

The multi-stage sampling procedure was used, followed by systematic sampling of schools and study
subjects from identified schools in the following stages according to:

Stage 1: Three zones were all selected

Stage 2: Selection of two local governments from each zone with the female secondary school using simple
random sampling”

Stage 3: Random selection of girls' schools after line listing (Total number of schools in LGA)"
Stage 4: Proportionate allocation of students in each school”
Stage 5: Convenient sampling of students” (Umar, 2019).

Meanwhile, 250 girls going to school in Sokoto State, Nigeria were enrolled for this research. The
selection of the girls was made based on simple random sampling according to the three zones (Sokoto
East, Central, and Western parts) of the state, provided the girls were in secondary schools or primary six
class (at primary school). All duly required ethics were followed, while other recruitment protocols were
based on the methods of Umar et al. (2018). The study was a semi-experimental design that involved girls
with normal selenium and girls with poor selenium levels. An investigation of learning outcomes was done
based on assessment methods utilized by Umar et al. (2018). A cross-sectional study was done involving a
sample of 250 girls. The sample size was obtained using a formula as follows as reported by Umar (2019):
N = (Z)’> (p)(1- p)

dZ
Where
N = Minimum sample size
Z = 95% confidence level (= 1.96)
P = Prevalence in the target population = 18%
d = Margin of Error set at 5% (= 0.05)
Substituting the values in the equation above

N = (1.96)%( 0.18) (1-0.18)
(0.05)
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N = 3.8416 x 0.18% 0.82 =226
0.0025
Plus 10% Attrition rate (24)
N= 248
Therefore, the sample size utilized for the study was 226; albeit, 250 were involved to take care of the
attrition rate.

Students Assessment

The participants were instructed (in the area of biology for a good four weeks), and later they were assessed
by the teachers (researchers) using 50 multiple-choice objectives attracting 100 marks. The grading
included prepared grades (fail, less than 40 marks; and 40 above, as pass marks). The means were
statistically analyzed using the Chi-square test.

Blood Samples Collection

4mm blood samples were collected from Venus using a test tube (without anticoagulant), blood allowed to
stay for clotting to occur at room temperature, centrifuged, and the serum stored at -20°C for further
analysis. Blood samples that were used to identify the levels of selenium among adolescent girls in Sokoto
were collected according to the methods of Bilbis et al. (2002).

Reagents and Equipment Utilized and Conducted Assay

The entire reagents were of analytical grade, and an atomic absorption spectroscopic machine was utilized.
However, an assay of the serum was conducted as reported in Bilbis et al., (2002). The results obtained
during this work were analyzed using Chi-square and one-way ANOVA (p<0.05).

Ethical Issues

Ethical approval was obtained from authorities in the state, consent forms were filled by the students
across the three zones in the state.

Results
The results of this study are revealed in Tables 1, 2 and 3.

Table 1
Demographic characteristics of girls in Sokoto, Nigeria
Frequency Percentage

Age group
10 to 12 years 162 140(56.0%)
13 to 15 years old 40 7(2.8%)
More than 16 years 48 178(éi0£;o))
Religion
Islam 240 90.0
Christianity 10 10.0
Tribe
Hausa 100 40.0
Igbo 8 3.2
Fulani 40 16.0
Yoruba 20 8.0
Gobirawa 82 32.8
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Table 2
Concentrations of serum selenium among girls in Sokoto, Nigeria

Mean selenium+

Age group - Frequency (percentage) Sex
10 to 12 years 1.01-1.60 140(56.0%) Female
0.40-0.70 7(2.8%) Female
150 15 @S o 0.71-0.75 18(7.2%) Female
- o,
More than 16 years 0.40-0.70 7(2.8%) Female
0.71-0.75 18(7.2%)
Table 3
Effects of serum selenium status on the leaning outcome among girls in Sokoto, Nigeria
Serum selenium status Mean score Staljld?rd Chi-square Remarks
deviation
Deficient
(Less than 0.76umol/L) 52.90 12.22 56.57 Significant
N=20
NEREEL(@70-LEL Linal L) 32.85 11.84 18.32 Significant
N=20
Discussion

There is universal acceptance that every nation progresses due to education, especially that of the girl
child. Education boosts the political, social, economic, health, and technology of a nation and its citizens
(Abdulkadir et al., 2018). Especially for the girl child, education is a committed human right, vital to
developing well-being and personal and societal aspects of development (Abdulkadir et al., 2018). Educated
girls are more confident in confidence, health, wealth, self-esteem, skills, and other indices of
development and benefits (Andrew & Etumabo, 2016). However, among other issues, girls’ education is
heavily affected in Northern Nigeria (Abubakar & Kwashabawa, 2021). One major issue that affects children
in the region (including Sokoto) is malnutrition. Malnourished children are unhealthy and have devastating
challenges educationally. They are often sick and, therefore, have to be absent from school for healthcare.
Often, malnutrition leads to poor cognition and, in turn, affects learning and education as well (Shabbir et
al., 2019). Girls are growing and, therefore, need nutrients for growth and development; therein,
malnutrition (lack of nutrient consumption or utilization) elicits health and educational problems (Shabbir
et al., 2019).

Micronutrients such as selenium are vital for human body growth and functions (Kolawole & Ebueh,
2013). Selenium is taken from food materials that could be plant-based materials depending on soil for
their nutrients. Various soils in the Sokoto region could affect the nutritional contents of plant-based foods
because of semi-desert areas in eastern Sokoto and generally low rainfall patterns, as well as the presence
of causes of flooding and relations (Garba et al., 2023). Likewise, the animal-based foods serving as
selenium sources could be affected due to 5heir dependence on plants. Nevertheless, girls are youngsters
who need micronutrients to ensure the full efficiency of the growing body system and for other reasons
such as menstruation and preparation for childbearing (Gudmundadottit et al., 2012; Ohaka et al., 2023).
Nevertheless, young girls need selenium generally for health and to give them the ability to learn properly
and become productive for the benefit of the entire society (Zhang et al., 2023). Selenium has about 18
known selenoproteins dedicated to various functions, such as acting as antioxidants in diverse capacities,
protecting against cancer, and T4 to T3 conversion (Adeniyi & Agoreyo, 2018; Banna et al., 2022). Sokoto
State is ravaged by poverty in some quotas, malnutrition, poor health care, burden of diseases (Garba et
al,, 2023).

Considering the role of selenium in physiological enzymes that ensure the body (or brain) is being
protected against oxidative stress; and ensuring the thyroid hormone (T3) is well assembled for its diverse
purposes; these are portends showing that selenium is needed by the brain, the higher learning center of

Qlantic Journal of Social Sciences (QJSS) | Volume 5, No. 4 (Fall 2024)



Effect of Serum Selenium on the Learning Outcomes of Young Girls Studying in Sokoto

the body (Celik et al., 2014; Banna et al., 2022). Thus, it is important to keep an eye on the levels of selenium
in young girls, the potential mothers, and the building blocks of girl-child education and its benefits (Ejezie
et al., 2012). Early detection of the selenium problem accounts for room to make needed amendments at
early stages and restore efficiency or prevent impending catastrophe (Adame et al., 2011). The results from
this work show that the younger ones among the girls involved in the study (10 to 15 years old) had normal
selenium levels, whereas the girls in the age range of more than 16 years were deficient (25.0%). This
finding was in line with the study of Kolawole & Ebueh (2013), which shows a general deficiency of
selenium in adults in Akwa Ibom state, Nigeria. In a similar work, Zhang et al. (2023) in their work found
that men consume excess selenium more than women in the United States. However, this work was also
somehow relevant to another work (revealing a prevalence of selenium deficiency of just 10% among young
girls) from Iceland that found that adolescent girls consume acceptable levels of selenium
(Gudmundadottit et al., 2012). Specifically, the 10% prevalence of selenium deficiency found by this work
could be due to poverty, insufficient selenium in diet, poor nutrition education, and overall general
malnutrition in the area (Garba et al., 2023; Ohaka et al., 2023).

Additionally, examination of the relationship between selenium level and level of learning outcome
among girls involved in this study indicates that girls earned a mean mark of 52.90 +12.22 (mean, standard
deviation), a pass mark; that is higher than the score of selenium deficient girls (32.83+11.84). Therefore,
the selenium could be related to the learning outcome. This could be due to the role of selenium in the
body, specifically the brain. Micronutrient deficiencies affect the brain or central nervous system due to
oxidative stress and affect fuel metabolism, among other tactics (Stenesh, 1993). Therefore, selenium
prevents oxidative stress through activating enzymes responsible for abating oxidative stress and helps in
converting T4 to T3 to make active iodine, a well-known micronutrient that affects brain function
(Polanska et al., 2016; Ohaka et al., 2023).

Conclusion

The human body requires a proper diet at certain amounts to live and perform functionally. Particularly,
the nervous system or the brain that is responsible for learning and related intelligence-based activities
has to be provided with certain nutrients, such as selenium, to act properly. This work undertook an
analysis of the possible influence of serum selenium levels on the learning of girls in Sokoto, Nigeria,
considering the role of selenium in body and brain physiology. This work shows that girls with normal
selenium levels score more than those with poor selenium levels. This could have been associated with the
role of selenium in brain functions. Critically, youngsters need micronutrients most at the age of youngness
for better outcomes.

Recommendations

The following recommendations are stated:
= There should be moves to continuously encourage the consumption of selenium, especially among
youngsters in the state
= There should be educative approaches aimed at making people aware on the importance of nutrition
in health, well-being and progress of society as a whole.
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