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Abstract

Dietary diversity has long been recognised as a key component of diet quality, nutritional adequacy, as well
as micronutrient status, particularly in vulnerable paediatric populations within conflict-affected regions
where food systems face systematic disruption. This study is aimed at evaluating dietary diversity patterns
and their correlation with socio-demographic determinants among school-age children residing in the
conflict-affected Maiduguri Metropolitan Council, Northeast Nigeria. This cross-sectional analytical study
enrolled 300 children aged 5-11 years through multi-stage random sampling across 15 political wards. Data
collection utilised validated structured questionnaires, standardised 24-hour dietary recall protocols, and
anthropometric assessments. Individual Dietary Diversity Scores (IDDS) were computed based on
consumption across 12 distinct food groups, with dietary diversity stratified as low (<4 groups), medium
(5-7 groups), or high (=8 groups). Statistical analyses employed chi-square tests and multivariate regression
models. The study revealed profound dietary restrictions, with 41.7% of participants demonstrating low
dietary diversity, 55.3% achieving medium diversity, and merely 3.0% attaining high diversity. Significant
statistical associations emerged between dictary diversity and multiple socio-demographic variables.
Children from economically disadvantaged households demonstrated 21-fold increased odds of
experiencing low dietary diversity compared to their non-poor counterparts. Maternal educational deficit
emerged as a critical risk factor, with 54.3% of children whose mothers lacked formal education
experiencing dietary diversity restrictions. This investigation documents severe dietary limitations among
school-age children in this conflict-affected region, with socioeconomic stratification serving as the
primary determinant of nutritional quality. The findings necessitate comprehensive, multi-sectoral
interventions incorporating poverty alleviation strategies, maternal educational enhancement programs, and
expanded school-based nutritional interventions to address the underlying determinants of dietary
inadequacy.

Keywords: Dietary diversity; Socioeconomic determinants; Food security; Conflict-affected populations;
Micronutrient adequacy.

Introduction

Dietary diversity serves as a validated proxy Nigeria continues to experience persistently

indicator for nutritional quality, micronutrient
density, and overall dictary adequacy, particularly
among vulnerable paediatric populations.['] Within
the context of school-age children, adequate
dietary diversity assumes critical importance for
supporting optimal physical growth trajectories,
neurocognitive development, and the establishment
of sustainable nutritional behaviours that persist
into adulthood. >3] The significance of varied food
intake becomes substantially amplified in resource-
constrained environments where children face
elevated risks of macro and micronutrient
deficiencies.
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elevated rates of child malnutrition, positioning the
nation among countries bearing the highest global
burden of childhood undernutrition. ) The 2018
Nigeria Demographic and Health Survey
documented that 37% of children under five years
exhibit stunting at the national level, with
markedly higher prevalence rates observed across
northern regions compared to southern territories.

(5] These nutritional challenges demonstrate
severity in Northeast Nigeria, where the
convergence of protracted conflict, mass

population displacement, and climate variability
has generated complex humanitarian emergencies
affecting millions of vulnerable individuals.

Date Accepted-15/10/2025



Dangambo, M.A. et al. Bayero J Biomed Sci 2025; 10(1): 1041-1050

Maiduguri Metropolitan Council (MMC), serving
as the administrative capital of Borno State,
presents a unique epidemiological context for
investigating nutritional challenges within conflict-
affected settings. The region has endured more
than a decade of insurgency-related violence that
has fundamentally disrupted local food systems,
eliminated traditional livelihood mechanisms, and
generated unprecedented population displacement
affecting over 2.2 million individuals throughout
the Lake Chad Basin.!® These circumstances have
systematically compromised traditional food
security frameworks, potentially resulting in
constrained dietary diversity and heightened
nutritional ~ vulnerability = among  paediatric
populations.

School-age children (5-11 years) represent a
critically important yet frequently neglected
demographic within nutrition programming and
research initiatives. Unlike younger children who
benefit from substantial attention through
established intervention frameworks, school-age
children often experience programmatic gaps
despite confronting distinct nutritional
requirements and vulnerabilities.[”! This population
experiences consistent growth patterns, elevated
physical activity demands, and increasing
autonomy in food selection behaviours,
necessitating targeted attention to dietary quality
and nutritional sufficiency.

The relationship between socio-demographic
characteristics and dietary diversity has received
extensive documentation across diverse global
contexts B, with  consistent evidence
demonstrating that household economic status,
parental educational attainment, and employment
security significantly influence food accessibility
and dietary quality.’! However, limited research
has specifically examined these relationships
among school-age children within conflict-affected
environments, creating substantial knowledge gaps
that constrain the development of targeted
interventions.

This investigation aims to systematically assess
dietary diversity patterns among children aged 5-11
years residing in Maiduguri Metropolitan Council
and examine their associations with key socio-
demographic determinants. The findings will
contribute to enhanced understanding of nutritional
vulnerabilities within conflict-affected populations
and inform evidence-based intervention strategies
to improve paediatric nutritional outcomes in
comparable contexts.

Materials and Methods

Study Design and Geographic Setting

This cross-sectional analytical design was
implemented in the Maiduguri Metropolitan
Council (MMC), Borno State, Nigeria. The study
was conducted in Maiduguri, which serves as both
the state capital and administrative headquarters of
Borno State, located in Nigeria's Northeastern
region. MMC encompasses approximately 50,778
square kilometres and is geographically positioned
at 11°50'N latitude and 13°09'E longitude. As the
largest metropolitan area in the region, Maiduguri
represents a critical administrative and commercial
centre for northeastern Nigeria, accommodating a

demographically diverse population including
established residents, internally  displaced
populations, and individuals returning from

adjacent territories.

The metropolitan council includes 15 distinct
political wards - Bolori I, Bolori II, Bwalaram,
Bulabulin, Fezzan, Gamboru, Gwange I, Gwange
II, Gwange III, Hausari, Lamisula, Maisandari,
Shehuri North, Shehuri South, and Yerwa. Each
exhibits distinctive socio-demographic
characteristics and economic circumstances.

Study Population

The study population consisted of 300 children
aged 5-11 years who were permanent residents of
Maiduguri Metropolitan Council, Borno State,
Nigeria, along with their corresponding mothers
and primary caregivers (n=300), who were
responsible for the children's nutritional care and
feeding practices. This sample size was determined
through power analysis to ensure adequate
statistical power for detecting meaningful
associations between nutritional status indicators
and feeding practices. This specific age cohort was
selected based on several developmental and
methodological considerations. Children within
this age range represent a critical period of
physical and cognitive development characterised
by elevated nutritional requirements and the
establishment of long-term dietary preferences and
behaviours.[)

Study Population and Sampling Framework

The target population encompassed children aged
5-11 years maintaining residence within MMC for
a minimum duration of six months preceding data
collection activities. Sample size determination
utilised the standard formula for prevalence studies:

n = Z*pq/d?

1042



Dangambo, M.A. et al. Bayero J Biomed Sci 2025; 10(1): 1041-1050

Where Z = 1.96 (representing a 95% confidence
interval), p = 0.32 (anticipated stunting prevalence
based on NNHS 2018 data), q = 0.68, and d = 0.05
(acceptable margin of error). This calculation
yielded a minimum sample requirement of 334
participants, subsequently adjusted to 300 to
accommodate logistical constraints and resource
limitations.

A multi-stage random sampling methodology was
implemented, incorporating proportional allocation
across the 15 political wards comprising MMC.
Simple random sampling techniques were
employed to select target households within each
designated ward, with enrolment of the youngest
eligible child from households containing multiple
children within the specified age range.

Data Collection Instruments and Protocols
Socio-demographic Assessment

A comprehensively structured questionnaire
captured  essential  household and  child
characteristics, including chronological age, gender,
household composition, parental educational
achievements, employment status, self-reported
poverty assessment, and residential density
classifications. The instrument underwent rigorous
pre-testing and validation through expert review,
context analysis, and pilot testing within
comparable demographic settings.

Dietary Diversity Evaluation

Individual Dietary Diversity Score (IDDS)
assessment employed the standardised 24-hour
dietary recall methodology based on established
FAO protocols.!!'!l The evaluation encompassed 12
distinct food categories: cereals and grains, roots
and tubers, legumes and nuts, dairy products, eggs,
fish and seafood, meat and poultry, vegetables,
fruits, fats and oils, sweets and sugars, and
beverages. Each consumed food group received a
binary score of 1, with the total IDDS calculated as
the summation of all consumed food categories.
Dietary  diversity  categorisation  followed
established paediatric cut-off points: low diversity
(<4 food groups), medium diversity (5-7 food
groups), and high diversity (>8 food groups).

24-Hour Dietary Recall Method

The 24-hour dietary recall method was employed
to evaluate food and beverage consumption during
the previous day or the preceding 24 hours.['?! This
method provides comprehensive, quantitative
information on individual diets by querying
respondents about the type and quantity of all food
and beverages consumed during the previous 24-

hour period.[¥! Tt is normally carried out in
chronological order (morning to night), where a list
of foods eaten and drunk is jotted down.['*] The
interviewer asked the caregiver about all
foods/beverages consumed by the child in the past
24 hours, then probed for additional details,
including preparation methods and estimates of
amounts consumed.[']  Of the available dietary
assessment methods, the 24-hour recall is most
frequently used for population assessment in low-
income countries. ['®) The method is particularly
valuable in resource-limited settings where literacy
levels may be low, making it more suitable than
written food diaries or food frequency
questionnaires.

Food Frequency Assessment

A Food Frequency Questionnaire (FFQ) represents
a structured dietary assessment instrument
comprising a predetermined inventory of food
items and beverages accompanied by frequency
response options to capture typical consumption
patterns within a specified timeframe.['”) This
methodology serves as a systematic approach for
gathering nutritional data through culturally
appropriate food groups to characterise habitual
dietary behaviours and explore associations
between eating patterns and health indicators.['®!

Comprehensive dietary evaluation through FFQs
typically incorporates between 80 and 120 food
and beverage items to capture the breadth of
dietary intake. U7l The study was designed to
document  routine  dietary  practices by
systematically inquiring about the consumption
frequency of individual foods or food categories.
This design/methodology faced several inherent
constraints, including dependence on participant
recall accuracy, challenges in quantifying portion
estimates, susceptibility to systematic over- or
under-reporting of typical intake patterns, and
requirements  for  population-tailored  food
inventories that accurately represent regional
dietary customs and available food sources.!'”]

A semi-quantitative food frequency questionnaire
was used in this study, which evaluated habitual
consumption patterns of commonly consumed
foods within the study region. Frequency
classifications included daily consumption, 4-6
times weekly, 1-3 times weekly, and rarely/never
consumed categories.

Anthropometric Measurements
Anthropometric assessment measures the human
body dimensions and physical composition to
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determine nutritional conditions. [2%211 Within
nutritional evaluation frameworks, anthropometric
data collection involves obtaining specific body
measurements, including weight-for-age, length-
for-age, and weight-for-height ratios, which are
subsequently benchmarked against established
reference populations to determine nutritional
status. 1221 Anthropometric data collection adhered
to standardised WHO measurement protocols to
ensure accuracy and reliability.??)  Weight
assessment was conducted using precision digital
scales calibrated to +0.1 kg tolerance, with daily
verification performed using certified reference
weights to maintain measurement integrity. Scales
were strategically positioned on stable, horizontal
surfaces, with participants wearing lightweight
clothing and no footwear to reduce potential
measurement variations. 2! Height determination
employed portable stadiometers featuring 0.1 cm
precision, subjected to daily calibration procedures
to ensure optimal functionality. Participants were
positioned barefoot against vertical measurement
surfaces with feet positioned together, arms relaxed
at sides, and head orientation aligned with
Frankfurt horizontal plane specifications to achieve
standardised measurement conditions. Body Mass
Index calculations and age-sex specific z-score
determinations were processed through the WHO
AnthroPlus software for consistent analytical
standards. %]

Statistical Analysis Framework

Data analysis was conducted using SPSS version
30.0 software. Descriptive statistics included
frequency distributions and percentages for

categorical variables and means with standard
deviations for continuous variables. Chi-square
tests examined associations between categorical
variables, with a statistical significance threshold
established at p<0.05. Multivariate logistic
regression analyses were performed to identify
independent predictors of dietary diversity
categories while controlling for potential
confounding variables.

Ethical Considerations

Ethical clearance was obtained from the Borno
State Ministry of Health Ethics Review Committee.
Written informed consent was secured from
parents/primary caregivers, with additional verbal
assent obtained from participating children aged 5-
11 years. Participation remained entirely voluntary,
and strict confidentiality = protocols  were
maintained throughout all study procedures.

Results

Socio-demographic Characteristics

Table 1 presents the socio-demographic profile of
study participants. Age distribution revealed 50.7%
of participants aged 5-7 years and 49.3% aged 8-11
years, with males comprising 64.4% of the study
population. Household economic vulnerability was
pronounced, with 65.3% of families self-
identifying as economically disadvantaged and
61.7% reporting guardian unemployment status.

Educational disparities were particularly striking,
especially among maternal caregivers, with 50.3%
having no formal educational background
compared to 7.3% of paternal caregivers.

Table 1: Socio-Demographic Characteristics of the Respondents

Variable Category Frequency(N) Percentage (%)
Age Group (years) 5-7 152 50.7
8—11 148 493
Gender Male 170 56.7
Female 130 43.3
Self-assessed Poverty Status Poor 196 65.3
Non-Poor 104 34.7
Guardian’s Employment Status Employed 115 38.3
Unemployed 185 61.7
Receives Weekly Pocket Money Yes 25 8.3
No 275 91.7
Household Size < 5 persons 9 3.0
6 — 10 persons 174 58.0
> 10 persons 117 39.0
Residential Density High 103 34.3
Medium 83 27.7
Low 114 38.0
Father’s Level of Education Primary 39 13.0
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Variable Category Frequency(N) Percentage (%)
Secondary 79 26.0
NCE/Diploma 91 30.0
B.Sc. or 66 22
Equivalent
Ph.D 3 1.0
Never Attended 22 7.3
School

Mother’s Level of Education Primary 55 18.3
Secondary 45 15.0
NCE/Diploma 31 10.3
B.Sc. or 5 1.7
Equivalent
Ph.D 13 4.3
Never Attended 151 50.3
School

Breakfast at School Always 45 15.0
Regularly 89 29.7
Rarely 130 43.3
Never 36 12.0

Lunch at School Always 83 27.7
Regularly 90 30.0
Rarely 101 33.7
Never 26 6.7

Table 2 demonstrates that the majority of children
(55.3%) achieved medium dietary diversity levels,
indicating moderate access to varied food groups.

exhibited low dietary diversity, correlating with
elevated risks of micronutrient deficiencies and
undernutrition. Remarkably, only 3.0% of

However, a substantial proportion (41.7%) participants achieved high dietary diversity
Table 2: Dietary Diversity Score

Category Frequency (n) Percentage (%)

Low Dietary Diversity 125 41.7

Medium Dietary Diversity 166 55.3

High Dietary Diversity 9 3.0

Total 300 100.0

Table 3 illustrates the relationships between dietary
diversity and household socio-demographic
characteristics. Neither age group (p=0.096) nor
gender (p=0.096) demonstrated significant
associations with dietary diversity scores,
indicating that boys and girls across the 5-11 age
range experience comparable food consumption

patterns. Conversely, all economic indicators
demonstrated highly significant associations
(p<0.001). Children from self-identified

economically disadvantaged households were
predominantly classified within the low-diversity
category (62%), while 94% of children from non-
poor households achieved medium diversity
classification. Similar patterns emerged regarding

guardian employment status: 66% of children with
unemployed caregivers experienced low diversity,
whereas 91% of those with employed guardians
achieved medium diversity. Receiving weekly
pocket money served as a strong predictor of
dietary variety, with 72% of recipients achieving
medium diversity compared to only 45% among
those without pocket money access. Household
size and residential location also influenced dietary
diversity outcomes. Large families (>10 members)
and low-density residential areas demonstrated a
higher prevalence of low dietary diversity, while
medium-density areas exhibited the highest
proportion of medium-diversity households (94%).
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Parental educational attainment displayed clear
stepwise associations: as fathers' or mothers'
educational levels increased from primary through
tertiary education, the proportion of children
achieving medium diversity rose substantially
while those experiencing low diversity declined
correspondingly. Lastly, children consistently

consuming breakfast or lunch at school were
predominantly classified within the medium-
diversity category (>90% for breakfast consumers
and 88% for lunch consumers), while those rarely
or never eating at school demonstrated higher rates
of low diversity (65% for breakfast non-consumers,
71% for lunch non-consumers).

Table 3: Association between Dietary Diversity and Socio-Demographic Characteristics

Items Variables Dietary Diversity P-value
Low Medium High
Age group 5-7 68(44.7) 80(52.6) 4(2.6) .096
8—11 57(38.5) 86(58.1) 5(3.4)
Gender Male 79(46.2) 90(52.6) 2(1.2) .096
Female 37(39.4) 52(55.3) 5(5.3)
Self-assessed Poverty Poor 122(62.2) 68(34.7) 6(3.1) .000
Status Non-poor 3(2.9) 98(94.2) 3(2.9)
Guardian Employment = Employed 5(4.3) 105(91.3) 5(4.3) .000
Status Unemployed 120(66.3) 57(31.5) 4(2.2)
Do you receive weekly Yes 3(12.0) 18(72.0) 4(16.0) .000
pocket money? No 121(45.0) 143(53.2) 5(1.9)
Household Size Upto5 4(44.4) 5(55.6) 0(0.0) .036
6-10 67(37.9) 108(61.0) 2(1.1)
More than 10 54(47.4) 53(46.5) 7(6.1)
Residence Density High 37(35.9) 59(57.3) 7(6.8) .000
Medium 3(3.6) 78(94.0) 2(2.4)
Low 85(74.6) 29(25.4) 0(0.0)
Father's level of Primary 24(61.5) 13(33.3) 2(5.1) .000
education Secondary 67(84.8) 10(12.7) 2(2.5)
NCE 22(24.2) 67(73.6) 2(2.2)
BSc 3(4.5) 60(90.9) 3(4.5)
PhD. 0(0.0) 3(4.5) 0(0.0)
Never 9(40.9) 13(59.1) 0(0.0)
Mother’s level of Primary 21(38.2) 34(61.8) 0(0.0) .000
education Secondary 12(26.7) 29(64.4) 4(0.0)
NCE 5(16.1) 26(83.9) 0(0.0)
BSc 3(60.0) 2(40.0) 0(0.0)
PhD. 2(15.4) 9(69.2) 2(15.4)
Never 82(54.3) 66(43.7) 3(2.0)
How often do you eat Always 2(4.4) 42(93.3) 1(2.2) .000
breakfast at school? Regularly 19(21.3) 68(76.4) 2(2.2)
Rarely 85(65.4) 39(30.0) 6(4.6)
Never 19(52.8) 17(47.2) 0(0.0)
How often do you eat Always 9(10.8) 73(88.0) 1(1.2) .000
lunch at school? Regularly 33(36.7) 51(56.7) 6(6.7)
Rarely 72(71.3) 27(26.7) 2(2.0)
Never 11(42.3) 15(57.7) 0(0.0)

Table 4 shows that the Anthropometric assessment
revealed that stunting was the most severe form of
malnutrition, affecting 68% (n=204) of children.
49.0% had moderate stunting (HAZ < -2 to > -3
SD) and 19.0% had severe stunting (HAZ < -3 SD),

while only 32.0% maintained normal height-for-
age (HAZ > -2 SD). This prevalence is more than
double the WHO’s “high” threshold of 30% and far
exceeds Nigeria’s national average of 37% (WHO
2024; UNICEF 2024). For underweight, 64%
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(n=192) of children were affected, comprising
44.0% moderate and 20.0% severe cases. Only
36.0% had normal weight-for-age. Wasting was
present in 57% (n=171) of children, including
46.0% with moderate wasting and 11.0% with
severe wasting. BMI-for-age data showed that 61%
(n=183) of children were malnourished, with

45.0% moderately and 16.0% severely affected.
The remaining 39.0% had normal BMI-for-age.
These results show that, across all indicators,
malnutrition prevalence ranged from 57% to 68%,
with moderate malnutrition consistently affecting
44-49% of children.

Table 4: Nutritional Status of Children Using Anthropometric Measurements

Anthropometric Indicator  Normal Moderately Severely Total
Malnourished  Malnourished

Weight for Age (WAZ) 90 (30%) 144 (48%) 66 (22%) 300 (100%)

Height for Age (HAZ) 75 (25%) 165 (55%) 60 (20%) 300 (100%)

Weight for Height (WHZ) 102 (34%) 153 (51%) 45 (15%) 300 (100%)

BMI for Age (BAZ) 96 (32%) 147 (49%) 57 (19%) 300 (100%)

Discussion

These research findings show severe dietary
restrictions among school-age children residing in
Maiduguri Metropolitan Council, with 41.7%
experiencing inadequate dietary diversity and only
3.0% achieving optimal diversity levels. This study
disagrees with findings for Ibrahim er al. 23],
pointing to Northern Nigeria with higher dietary
diversity, thus underscoring severity. These results
represent among the most restrictive dietary
patterns reported in contemporary Nigerian
pediatric nutrition literature, exceeding rates
documented in comparable studies from northern
Nigeria.[?*) The severity of dietary limitations
reflects the compounded effects of economic
hardship, conflict-related  disruptions, and
systematically reduced access to diverse food
sources. The robust statistical associations between
socioeconomic indicators and dietary diversity
confirm poverty as the fundamental driver of
dietary inadequacy in this population. This was in
alignment with studies from Headey & Alderman
I, Children from economically disadvantaged
households were far more likely to have low
dietary diversity compared to those from
economically stable households, reflecting global
patterns that identify economic access as a
universal determinant of diet quality.l”’ Addressing
paediatric malnutrition in this context, therefore,
requires comprehensive, multi-sectoral
interventions that extend beyond direct nutrition
programming to target the structural determinants
of poverty. The educational disparity, especially
among the caregivers, reveals significant
socioeconomic vulnerabilities that directly impact
child nutritional outcomes. The substantial gender
gap in educational attainment reflects broader
patterns of educational inequality documented

across West African regions, where educated
mothers  demonstrate  enhanced  nutritional
knowledge, greater household decision-making
autonomy, and improved capacity to navigate
healthcare systems. Therefore, maternal
educational attainment emerged as another critical
determinant. Children whose mothers lacked
formal education were significantly more likely to
have restricted dietary diversity, consistent with
evidence showing that educated mothers possess
greater nutritional knowledge, stronger household
decision-making power, and improved food
preparation skills.**l The prevalence of maternal
educational deficit in this study is notably higher
than national averages, highlighting an urgent
vulnerability and a key target for intervention.

Remarkably, only 3.0% of participants achieved
high dietary diversity, reflecting severely limited
access to diverse, nutrient-dense foods, likely
attributable to economic constraints, displacement-
related disruptions, and systemic food insecurity.

The strong positive association between school
meal participation and dietary diversity provides
compelling evidence for the role of educational
institutions as intervention hubs. Over 90% of
children who regularly consumed breakfast at
school achieved medium dietary diversity,
compared to much lower rates among those eating
exclusively at home. This suggests that school
feeding programs can serve as equalisers, partially
offsetting household food insecurity and improving
diet quality. The dietary patterns observed indicate
a rapid nutritional transition, marked by heavy
reliance on processed cereals and a near-complete
abandonment of traditional grains. An estimated
85% of children rarely or never consumed millet or
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other indigenous staples, representing one of the
most pronounced dietary shifts documented in
West Africa. Coupled with the extremely low
intake of animal-source foods, this pattern poses
serious risks for protein-energy malnutrition and
micronutrient  deficiencies, as  bioavailable
nutrients from animal products remain scarce in
these children’s diets.

Anthropometric findings reveal that stunting
prevalence far exceeds WHO’s “high” threshold of
30% and Nigeria’s national average of 37%, with
nearly one in five children (19%) severely stunted,
indicating long-term nutritional deprivation and the
likelihood  of  irreversible  developmental
consequences. Underweight prevalence and
wasting further underscore the magnitude of the
problem, with severe cases (20% underweight;
11% wasting) requiring urgent therapeutic feeding.
BMlI-for-age data confirm widespread deficits in
energy and nutrient intake, and the consistent high
prevalence of moderate malnutrition across all
indicators highlights a large proportion of children
at imminent risk of deterioration without
preventive measures. The alignment of these
anthropometric results with socioeconomic and
dietary diversity findings points to poverty, low
maternal education, and limited dietary variety as
the principal underlying causes, as suggested by
Ruel et all*] evidence connecting maternal
education to better child nutrition. These findings
carry significant implications for public health
policy and intervention design. The strong
economic gradient in dietary diversity suggests that
nutrition-sensitive interventions such as poverty
reduction, livelihood support, and social protection
may yield greater impact than nutrition-specific
measures alone. The identification of maternal
education as a key determinant strengthens the case
for integrating women’s education into long-term
nutrition strategies. The documented benefits of
school feeding position educational institutions as
highly effective platforms for targeted nutrition
interventions, particularly in conflict-affected and
resource-limited contexts. This result also agrees
with studies from Makinde et al[?9 which
demonstrates that exposure to armed conflict
increases the odds of stunting and underweight in
Nigerian children. Underweight prevalence and
wasting further underscore the magnitude of the
problem, with severe cases requiring urgent
therapeutic feeding. BMI-for-age data confirm
widespread deficits in energy and nutrient intake,
and the consistent high prevalence of moderate
malnutrition across all indicators highlights a large

proportion of children at imminent risk of
deterioration without preventive measures. The
alignment of these anthropometric results with
socioeconomic and dietary diversity findings
points to poverty, low maternal education, and
limited dietary variety as the principal underlying
causes.

These findings carry significant implications for
public health policy and intervention design. The
strong economic gradient in dictary diversity
suggests that nutrition-sensitive interventions such
as poverty reduction, livelihood support, and social
protection may yield greater impact than nutrition-
specific measures alone. The identification of
maternal education as a key determinant
strengthens the case for integrating women’s
education into long-term nutrition strategies. The
documented benefits of school feeding position
educational institutions as highly effective
platforms for targeted nutrition interventions,
particularly in conflict-affected and resource-
limited contexts.

Conclusion

This study shows a dual nutrition crisis among
school-age children in Maiduguri Metropolitan
Council, characterised by severe dietary
restrictions and high levels of anthropometric
deficits. Socioeconomic stratification emerged as
the primary determinant of dietary quality, with
poverty, low maternal education, and limited
access to diverse foods compounding the risks for
poor child health and development. The prevalence
of stunting (68%), underweight (64%), wasting
(57%), and compromised BMI-for-age (61%) far
exceeds national and global concern thresholds,
with severe cases requiring urgent therapeutic
feeding and moderate cases at high risk of
deterioration ~ without  intervention. = These
anthropometric patterns reflect both chronic and
acute nutritional stress, aligning closely with
documented dietary inadequacies, particularly the
near-complete exclusion of animal-source foods
and heavy reliance on processed cereals. The
strong associations between economic indicators
and both dietary diversity and anthropometric
status indicate that nutrition-specific interventions
alone will be insufficient without addressing the
structural determinants of malnutrition. Maternal
education deficits, affecting over half of the study
population, further reinforce the need for integrated
approaches that combine nutrition programming
with education and empowerment of women. The
identification of education as a powerful
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intervention platform, with school feeding
programs strongly linked to improved dietary
diversity, offers a scalable, evidence-based
pathway to reach children regardless of their
household economic status. Urgent interventions
are therefore required, targeting poverty reduction,
maternal  educational advancement, dietary
diversification, and expansion of school feeding
initiatives.
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Abstract

Consumption of thermally abused oil in developing countries has become unavoidable due to persistent
economic hardship and the inability to afford fresh cooking oils. The study evaluates the antioxidant and
cardio-protective effects of Curcuma longa and Punica granatum in Wistar rats fed thermally abused oil.
Forty (40) Wistar rats were used in the study and were divided into eight groups of five animals each. Each
group were fed standard rat chow or thermally abused oil-based diet and supplemented with Curcuma
longa and/or Punica granatum supplements. The group maintained on a thermally abused-based dict
showed significantly (p<0.05) lower serum activities of catalase, Superoxide dismutase (SOD), Reduced
glutathione (GSH) and significantly (p<0.05) higher Malondialdehyde (MDA) levels compared to the
control and treatment groups. Also, the group fed a thermally abused based diet showed significantly
(p<0.05) higher serum levels of total cholesterol, Triglycerides, and low-density lipoprotein but
significantly (p<0.05) lower high-density lipoprotein compared to the control and treatment groups. The
study shows that Curcuma longa and Punica granatum have antioxidant and cardio-protective potentials in
Wistar rats fed thermally abused oil.

Keywords: Curcuma longa, Punica granatum, Antioxidant, Cardio-protective, thermally abused oil.

Introduction

Thermally abused oils are those oils that have been cardiovascular disease, which may lead to heart
subjected to high temperatures, leading to attacks, strokes, peripheral artery disease and death
breakdown of antioxidants naturally present in oils, (13,

other chemical changes and potential health risk
(12 The chemical changes associated with
repeated heated oils are oxidation, polymerisation,
and hydrolysis [*l. These chemicals change in oils
lead to the formation of a wide range of toxic
chemicals such as ketones, aldehydes, acrylamide,
polycyclic aromatic hydrocarbons, and advanced
glycation end products 3. When consumed, these
compounds are absorbed into the bloodstream and
generate free radicals and cause peroxidation of
lipids in the body, causing oxidative stress and
dyslipidemia (671,

Curcuma longa (Turmeric) and Punica granatum
(pomegranate) are spices commonly used in
cooking and traditional medicine ['4!3], Curcumin
in turmeric and polyphenols in pomegranate are
known to have potential health benefits as
antioxidants and anti-inflammatory agents [1%17],
The antioxidant properties of turmeric and
pomegranate may help reduce the risk of chronic
diseases such as cardiovascular disease and cancer
(18] Turmeric and pomegranate have been reported

to mitigate oxidative stress and lipid abnormalities
[19,20]

Oxidative stress is an imbalance in the body that

results when the production of free radicals While other research studies use the extracts of

exceeds their neutralisation by antioxidants [,
This oxidative stress is associated with cell damage
leading to inflammation and tissue damage or
chronic diseases, including but not limited to
cancer, cardiovascular disease and
neurodegenerative disorders !'%!!l, Dyslipidemia is
a condition characterised by abnormal levels of
lipids (fats) in the blood !, This high amount of
lipid can pose a potential risk of atherosclerosis or

Date submitted-28/07/2025

Curcuma longa and Punica granatum to assess the
antioxidant and cardio-protective activities of these
plants, this study uses the whole plant powders of
turmeric and pomegranate supplements to
investigate the antioxidant and cardio-protective
effects in single and combined doses in Wistar rats
fed thermally abused oil, exploring their potentials
as dietary interventions for mitigating oil-induced
metabolic disorders.
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Materials and Methods

Ethical Statement

The study protocol was approved by the FUOYE
Faculty of Science Ethics Committee with
approval number FUOYEFSC 201122 -
REC2025/028, ensuring that the experiments were
designed to minimise animal suffering and distress.
Efforts were made to reduce the number of animals
used in the experiment while maintaining the
scientific integrity and reliability of the results.

Experimental Animals

Forty (40) female Wistar rats were obtained from
the Animal house, Biochemistry Department,
Federal University Dutsin-Ma and  were
acclimatised under controlled light/dark conditions
and were fed starter feed and water ad libitum for a
period of two weeks.

Plant Sample Collection, Identification And
Preparation

Rhizomes of Curcuma longa were purchased from
the local market in Dutsin-Ma and were identified
with herbarium number FUDMA/PSB/00011 by a
botanist in the Department of Plant Science and

Biotechnology, Federal University Dutsin-Ma. The
rhizomes were washed, dried under shade ground
into powder and kept for diet formulation. The
powder of Punica granatum was purchased from
Al-Hilal Islamic Chemist, Katsina and was
identified by a botanist with herbarium number
FUDMA/PSB/00379.

Preparation of Thermally Abused Oil

A fresh vegetable oil was selected. The oil was
heated to 180°C using a thermostatically controlled
deep fryer for 2 hours to simulate frying conditions.
The oil was allowed to cool to room temperature
for 1 hour. This heating (180°C for 2 hours) and
cooling cycle was repeated six consecutive times
to induce thermal degradation. After the final
heating cycle, the oil was cooled to room
temperature ?!1. The reused oil was collected and
stored in sterile, clean containers and used in the
formulation of rats’ diet.

Feed Composition

Standard rodent diet was prepared by appropriately
mixing corn starch, SBM, cellulose, salt, vitamin
mix and mineral mix [?2],

Table 1: Detailed Components Used in Feed Formulation for a 100g Diet

Feed ingredients (g) Control Diet (g) Reused Oil Diets (g)
Corn Starch 55.45 55.45

Soya bean meal 32.00 32.00

Cellulose 4.50 4.50

Bone Meal 1.25 1.25

Salt Mix 0.30 0.30

Pre-Mix 0.25 0.25

Methionine 0.25 0.25

Palm oil 6 -

Thermally abused oil - 6

Supplemented Diet Formulation

The supplemented diets were formulated by
mixing 97 g of the control diet and 3 g of
pomegranate and/or turmeric. Another
supplemented diet was formulated by mixing 97 g
of the thermally abused oil-based diet with 3 g of
pomegranate  and/ or  turmeric. @ Mixed
supplementations were made by mixing 1.5 g each
of turmeric and pomegranate with 97 g of standard
diet or thermally abused oil-based diet.

Experimental Design
Forty (40) female Wistar rats, weighing between
60 and 110 g, were used in this experiment. The
rats were weighed and grouped randomly into
eight (8) groups of 5 rats each as follows;
Group 1 were maintained on a standard rat
diet (control)

Group 2 were maintained on a thermally
abused oil-based diet (positive control)
Group 3 were maintained on 3 % Curcuma
longa-supplemented diet.

Group 4 were maintained on 3 % Punica
granatum-supplemented diet.

Group 5 were maintained on 3 % mixed
Curcuma longa and Punica granatum
supplemented diet.

Group 6 were maintained on 3 % Curcuma
longa and thermally abused oil-
supplemented diet.

Group 7 were maintained on 3 % Punica
granatum and thermally abused oil-
supplemented diet.

Group 8 were maintained on 3 % mixed
Curcuma longa, Punica granatum and
thermally abused oil-supplemented diet.
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The rats were kept on their respective diets and
water ad libitum for a period of twelve (12) weeks.

Sacrifice, Sample Collection and Sample
Preparation

At the end of twelve weeks, the animals were
anaesthetized using chloroform, sacrificed by
cutting the jugular vein until complete bleeding,
and the blood samples were collected in plain tubes
and centrifuged at 1500 rpm for 15 minutes to
obtain the serum. The serum was stored at -20 °C
until analysis [?*],

Determination of Oxidative Stress Markers

The oxidative stress markers, Catalase, SOD, GSH
and MDA were determined using the user
protocols of Randox Laboratory Inc., US.

Determination of Lipid Profile Parameters

The parameters of lipid profile were determined
using assay kits from Randox Laboratories. US
according to user protocols.

Statistical Analysis

The Statistical Package for Social Sciences (SPSS)
version 23 was used for data analysis. Data were
analysed using one-way analysis of variance
(ANOVA), and the Duncan multiple range test was
used to indicate where significant differences
existed.

Results

Lipid Profile indices of Wistar rats Fed
thermally abused oil and supplemented with
Curcuma longa and/or Punica granatum.

Table 2 shows the results of lipid profile indices of
Wistar rats Fed thermally abused oil and
supplemented with Curcuma longa and/or Punica
granatum. The results showed that rats maintained
on thermally abused oil-based diets have
significantly (p<0.05) higher total cholesterol, TG
and LDL but lower HDL compared to the normal
control and groups maintained on diets
supplemented with Curcuma longa and/or Punica
granatum.

Table 2: Lipid Profile indices of Wistar Rats Fed Thermally Abused Oil and Maintained on Curcuma

longa and or Punica granatum Supplements

GROUP T. COL TG (mg/dL) HDL LDL (mg/dL) Al CRI
(mg/dL) (mg/dL)
1 104.00+1.15%  78.33+1.20°  18.67+£0.67° 107.00+£1.79%®  5.74+0.12%  5.58+0.14%
2 144.33+2.33¢  111.67+1.45¢ 13.33+0.88*  135.33+1.73°  10.25+£0.79¢ 10.94+0.87¢
3 91.66+2.19*  79.00+7.50* 25.67+1.76° 101.53£2.73*  3.99+0.27*  3.60+0.25%
4 01.33+£5.78*  68.67+2.40*  27.00+1.52°  104.60+6.34° 3.89+0.25* 3.40+0.28*
5 91.00+£3.21*  69.00+1.73*>  24.00+£2.08° 101.20£5.52*  4.24+0.14*  3.83+0.21*
6 113.33+4.41¢  100.00£3.06° 25.00+0.58°  118.33+4.26°  4.73£0.13%  4,53+0.13%
7 97.67+1.45%  78.33+0.88*  18.00+0.58°>  98.00+0.81% 6.14+£0.27°  6.13+0.31¢
8 106.00+2.31%  93.67+3.18"  19.67+0.88° 106.9342.08%°  5.47+0.33*  5.41+0.35"

Key;- T. Col = Total Cholesterol, TG = Triglycerides, HDL= High density lipoprotein, LDL= Low density

lipoprotein, Al = Atherogenic risk index and CRI = Cardiovascular risk index

1; group fed a normal control diet.

2; group-fed thermally abused oil-supplemented diet.
3; group fed 3 % Curcuma longa supplemented diet.

4; group fed 3 % Punica granatum-supplemented diet.

5; group fed 3 % mixed Curcuma longa and Punica granatum supplemented diet.

6; group fed 3 % Curcuma longa + thermally abused oil supplemented diet.

7; group fed 3 % Punica granatum + thermally abused oil supplemented diet.

8; group fed 3 % mixed Curcuma longa and Punica granatum + thermally abused oil supplemented diet.
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Oxidative Stress markers of Wistar rats Fed
thermally abused oil and supplemented with
Curcuma longa and/or Punica granatum.

Table 3 showed the oxidative stress markers of
Wistar rats Fed thermally abused oil and
supplemented with Curcuma longa and/or Punica
granatum. The results showed that there was a

significant (p<0.05) decrease in GSH, SOD and
Catalase but a significant (p<0.05) increase in
levels of MDA in the group fed with a thermally
abused oil-based diet compared to the control and
groups fed with Curcuma longa and/or Punica
granatum supplemented diets.

Table 3: Results of Oxidative Stress Markers of Wistar Rats Fed Thermally Abused Oils and
Supplemented with Curcuma longa and/or Punica granatum.

GROUP GSH (mM/L) SOD (mM/L) CAT (mM/L) MDA (mM/L)
1 5.13+0.09° 7.20+0.06° 3.67+0.33 195.67+3.84
2 2.17+0.03 4.4040.71° 2.1040.06* 381.50+13.65¢
3 8.93+0.55¢ 9.2040.55¢ 6.50+0.29¢ 172.3343.37"
4 10.972.17¢ 8.73+0.27¢ 6.47+0.73¢ 184.0120.53"
5 8.77+1.14¢ 12.47+0.40¢ 6.03+0.26¢ 112.00+21.67
6 5.57+0.59¢ 7.70+0.10¢ 4.27+0.22° 196.73+15.02°
7 8.20+0.12¢ 12.27+0.58¢ 4.07+0.67" 301.00+0.57¢
8 6.23+0.12¢ 6.43+0.84° 4.1020.06° 178.67+19.03"

Key:- GSH = Reduced glutathione, SOD =
Malondialdehyde.

1; group fed a normal control diet.

2; group-fed thermally abused oil-supplemented diet.

3; group fed 3 % Curcuma longa supplemented diet.

4; group fed 3 % Punica granatum-supplemented diet.

Superoxide dismutase, CAT =

Catalase, MDA =

5; group fed 3 % mixed Curcuma longa and Punica granatum supplemented diet.

6; group fed 3 % Curcuma longa + thermally abused oil supplemented diet.

7; group fed 3 % Punica granatum + thermally abused oil supplemented diet.

8; group fed 3 % mixed Curcuma longa and Punica granatum + thermally abused oil supplemented diet.

Discussion

The result in Table 2 shows that thermally abused
oil has induced dyslipidemia by increasing the
serum levels of TG, TC, LDL and decreasing the
serum level of HDL. The changes in these factors
are attributed to an increase in atherosclerosis and
myocardial infarction 23], This is consistent with
the results of Idoko er al. *? suggesting that
exposure to thermally abused oil is a risk factor for
atherosclerosis. In a similar version, 1?4 reported
that dyslipidemia is a major risk factor in the
development of cardiovascular disease. In this
manner, a vicious circle may set in, exacerbating
dyslipidemia.

Diet supplementation with turmeric and/or
pomegranate moved toward normalising lipid
metabolism and restoring dyslipidemia, and
prevented atherosclerosis in rats exposed to
thermally abused oils, as seen in the significantly
lower total cholesterol, triglyceride, LDL-C and
higher HDL in groups exposed to thermally abused
oil toxicity but fed the supplemented diets relative

to groups exposed to thermally abused oil-based
diet. Curcumin in turmeric and polyphenols in
pomegranate have been reported to possess anti-
cardiometabolic risk effects®” 3%, According to
Bahari et al. * these metabolites involve
improvement in serum lipids. For example,
curcumin lowers LDL-C by decreasing the amount
of LDL-C receptor. Furthermore, Srivastava et al.
(261 reported improvement of insulin resistance in
hyperlipidemic rats fed turmeric. The findings of
this study on dyslipideamic effect of pomegranate
supplemented diet in rats exposed to thermally
abused oil could result from LDL being converted
to HDL through the activation of lecithin-
cholesterol acytyltransferase and/or by increasing
the excretion of bile acid or inhibition of
cholesterol absorption as reported by Bouziane et
al. P71 and these may be attributed to its rich
flavonoids and fiber. The results are also consistent
with the results of Kojadinovic et al. 81 who
reported that pomegranate has a beneficial effect
on dyslipidemia. It is evident from our study that
diet supplementation with pomegranate could
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prevent atherosclerosis, a common feature of
thermally abused oil toxicity as reported by
Soundararajan et al. *°» promoting blood lipid
decrease, which subsequently reduces the risk of
atherosclerosis and/or cardiovascular disease.

The improvements seen in the lipid and
atherogenic markers of thermally abused oil-based
diet and supplemented with turmeric and/or
pomegranate could be through scavenging excess
free radicals generated by thermally abused oil, as
indicated by significantly higher levels of the
antioxidant enzymes and lower MDA levels in the
groups exposed and treated with turmeric and/or
pomegranate. Cam et al. B reported that thermally
abused oils can cause DNA damage, peroxidation
of lipids and tissue damage due to excess
production of free radicals. Free radicals attack
lipids, which negatively affect lipid fluidity that
eventually results in cell death BUY.  Lipid
peroxidation intermediates are toxic and can affect
the DNA. This has been reported to be one of the
most prominent mechanisms of oxidative damage
to tissues. Turmeric generally improve sensitivities
of tissues to insulin in metabolically affected rats
and could therefore prevent the oxidation of lipids.
The most abundant bioactive compound in
turmeric, curcumin lowers the production of
reactive oxygen species *2], promotes the synthesis
of antioxidant enzymes [*1 and prevent the
production of hydroxyl radicals, ketones and
aldehydes 3. The results of this study are
consistent with the study of Li er al. 1* that
reported that turmeric confers protection of the
hepatocytes in rats through elevation of the levels
of enzyme activities involved in free radical
scavenging. Diet supplementation with
pomegranate exhibited beneficial effects against
oxidative stress in rats exposed to thermally abused
oil. Pomegranate is rich in polyphenols like
punicalagins, ellagic acid, anthocyanins and
flavonoids seen at the centre of their biological
activities. Benchagra et al. 1% reported that
pomegranate attenuates oxidative stress in the
same pattern as our study.

Conclusion

In conclusion, the study demonstrated that the
combination of turmeric and pomegranate exhibits
protective effects against dyslipidemia and
oxidative stress in rats exposed to thermally abused
oil. The antioxidant and lipid-lowering properties
of curcuminoids and polyphenols present in
turmeric and pomegranate may contribute to the
mitigation of oxidative damage and lipid profile

alterations induced by thermally abused oil
consumption. These findings suggest that dietary
interventions  incorporating  turmeric  and
pomegranate may be beneficial in reducing the risk
of cardiovascular disease associated with the
consumption of thermally abused oils.
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Abstract

Fungal secondary metabolites are chemically diverse and include lipid-derived molecules with known
biological activities. This study combined entomological, molecular, and biochemical methods to
investigate metabolites produced by Aspergillus fumigatus isolated from mosquito-associated environments
and to assess their potential relevance for vector control and antimicrobial discovery. Conidial suspensions
and culture extracts were profiled by Gas Chromatography-Mass Spectrometry (GC-MS) and annotated
against spectral libraries. Concurrently, larval bioassays and molecular species identification were
performed to document local vector species composition and to relate chemical findings to the
entomological context. GC-MS revealed a complex mixture of metabolites dominated by long-chain fatty-
acid derivatives (notably linoleic, oleic, palmitic, and lauric acid derivatives), alongside sulphur-containing
compounds and fatty-acid amides (including dodecanamide). These compound classes are reported to have
antimicrobial, anti-inflammatory, and larvicidal/cytotoxic activities, consistent with the role of fungal
metabolites in ecological competition and as reservoirs of bioactive leads. Anopheles coluzzii was identified
as the predominant species in sampled sites. The chemical profile of A. fumigatus isolates contains several
metabolite classes with potential applications in eco-friendly vector management and antimicrobial
development. Further fractionation, activity-guided isolation, and mode-of-action studies are recommended
to prioritise lead compounds for product development.

Keywords: Anopheles coluzzii, Aspergillus fumigatus, Fungal metabolites, Vector control, GC-MS

Introduction

Malaria remains one of the world’s deadliest
infectious diseases, with an estimated 263 million
cases and about 597,000 deaths reported in 2023,
children under five accounting for roughly 76% of
fatalities in sub-Saharan Africa 2] . Caused by
protozoan parasites of the genus Plasmodium and
transmitted primarily by female Anopheles
mosquitoes, malaria continues to pose enormous
burdens on health systems and economies
worldwide B3], Control efforts have long relied on
chemical interventions such as insecticide-treated
nets, indoor residual spraying, and larvicides.
Progress has stalled as gains achieved since 2000
have plateaued and, in some regions, reversed °).
Moreover, widespread use of pyrethroids and other
classes has driven the emergence of insecticide
resistance in Anopheles populations mediated by
knockdown-resistance (kdr) mutations in the
voltage-gated sodium channel gene and elevated
detoxifying enzyme activity, threatening to
undermine current vector control tools (%71,
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Beyond resistance, the environmental and
ecological ramifications of broad-spectrum
chemical insecticides are substantial [®]. Non-target
toxicity affects beneficial soil and aquatic
invertebrates, disrupts microbial ecosystem
balance, and leads to bioaccumulation and
contamination of water bodies 1%, These adverse
impacts highlight the urgency of developing
targeted, eco-friendly alternatives capable of
sustaining long-term malaria control without
collateral damage. Biological control using
entomopathogenic fungi has emerged as a
promising alternative [l Species such as
Metarhizium anisopliae and Beauveria bassiana
infect adult mosquitoes through cuticular
penetration, producing secondary metabolites that
disrupt insect physiology and reduce the likelihood
of resistance development 131 Formulations in
carriers like ShellSol T have demonstrated
effective delivery of fungal spores to Anopheles
larvae under laboratory and field conditions 3],
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Several studies have also evaluated indigenous
fungal isolates for larvicidal potential. Metabolites
from Penicillium and Aspergillus species have
shown significant mortality against dedes aegypti
and Culex quinquefasciatus larvae, highlighting the
versatility of fungal bioactive [UL14161 | These
findings point to a broader arsenal of fungal agents
beyond classical entomopathogens.

Aspergillus fumigatus is particularly noteworthy
for its diverse secondary metabolites, including
alkaloids, terpenes, sterols, quinones, and peptides,
which have been documented to exhibit
antimicrobial and insecticidal activities [7]
Preliminary assays of crude 4. fumigatus extracts
and spore suspensions have demonstrated dose-
dependent larvicidal effects against Culex and
Anopheles larvae, yet detailed dose-response
profiles, comparisons with standard chemical
larvicides, and molecular characterisation of active
compounds remain unaddressed 131,

Despite this potential, critical gaps persist: no
comprehensive head-to-head evaluations of A.
fumigatus formulations versus WHO-
recommended chemical larvicides exist, and the
identities of the most potent metabolites have not
been elucidated. The present study fills these gaps
by (1) quantifying the larvicidal efficacy of A.
fumigatus conidial suspensions and metabolite
extracts across concentration and exposure
gradients, (2) benchmarking performance against a
standard chemical larvicide, and (3) characterizing
bioactive compounds via gas chromatography—
mass spectrometry (GC-MS) to uncover the
molecular basis of activity and inform sustainable
vector control strategies.

Materials and Methods

Soil was systematically sampled at Bayero
University, Kano (020 cm depth), sieved, and
stored at 4 °C for entomopathogenic-fungus
isolation [} | Fungi were recovered on CTAB-—
streptomycin—supplemented PDA, purified, and
identified by macro-/micro-morphology and
ITS-sequencing 2% . Conidial suspensions (2.2 x
10°-2.2 x 10° conidia/mL) were prepared and
quantified by haemocytometer (2!l . Fourth-instar
Anopheles larvae were exposed to fungal
treatments per WHO bioassay guidelines [*21, and
LCso/LCso values were calculated by probit
analysis [?! | Fungal metabolites were extracted
from Czapek’s Dox cultures, concentrated under
reduced pressure, and profiled by GC-MS to
identify putative larvicidal compounds 242%1,

Study Area and Soil Sampling

Soil was collected from insect hibernation
microhabitats within Bayero University, Kano,
Nigeria, characterised by dense vegetation and
high organic detritus. Approximately 200 g per site
(0—20 cm depth) were obtained with sterile trowels,
bagged in pre-labelled plastic, transported at 4 °C,
and stored until processing. Samples were
homogenised and passed through a 0.4 mm mesh
sieve to remove debris and optimise fungal
recovery 19,

Isolation and Identification of Aspergillus
fumigatus

Fungal Isolation

A 1 g s0il-100 mL 0.01% Tween-80 suspension
was vortexed, and 100 puL was plated onto PDA
supplemented with 20 g/L CTAB and 0.1 g/L
streptomycin to suppress non-fungal contaminants.
Plates were incubated at 25 °C in darkness for 7
days; putative Aspergillus colonies were sub-
cultured on fresh PDA for purification [21:26],

Morphological and Molecular Characterisation
Colony morphology (size, colour, texture) and
microscopic structures (conidiophores, conidia)
were examined on lactophenol-cotton-blue mounts
under 40x and 100x magnification !, Genomic
DNA was extracted via a CTAB-based method [241;
the ITS region was PCR-amplified using
ITS1/ITS4 primers, sequenced, and queried against
NCBI’s GenBank for species confirmation 29271,

Production of Conidial Suspensions

Ten-day-old PDA cultures were flooded with 20
mL sterile water plus 0.05% Tween-80; conidia
were dislodged by gentle scraping and filtered
through sterile gauze. Suspensions were vortexed
for 5 min, and concentration was determined with
a haemocytometer (2281, Final suspensions ranged
from 2.2 x 10° to 2.2 x 10°¢ conidia/mL.

Larvicidal Bioassays and Metabolite Analysis

Larvicidal Bioassay

Fourth-instar Anopheles larvae (laboratory colony,
27+ 1°C, 75+ 5% RH, 12:12 L:D) were grouped
in 25s and exposed to 50 mL conidial suspensions
at four concentrations; controls received 0.05%
Tween-80. Mortality was recorded at 24 h and 48 h
following the WHO standard protocols 21, LCso

and LCoo values were calculated by probit analysis
(23]
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Metabolite Extraction and GC-MS

Aspergillus  fumigatus mycelia were grown in
Czapek’s Dox broth at 28 °C, 120 rpm for 14 days.
Cultures were filtered, and metabolites were
extracted sequentially with ethanol, diethyl ether,
and ethyl acetate. Solvents were evaporated under
reduced pressure at 40 °C in a rotary evaporator 30,
The ethyl-acetate fraction was analysed by GC—
MS using a DB-5MS column (60 °C — 300 °C at
10 °C/min; He carrier gas, 1 mL/min); compounds
were identified via NIST spectral matching 125311,

Data Analysis

All treatments were performed in triplicate.
Mortality data are expressed as mean = SD. LC
determinations employed probit regression [°!, and
treatment effects were compared by one-way

ANOVA followed by Tukey’s post hoc test (SPSS
v.26), with significance set at p < 0.05.

Results and Discussion

Results

This study investigates the bioactivity of fungal
metabolites derived from Aspergillus fumigatus for
the control of Anopheles mosquito larvae, a major
vector of malaria in sub-Saharan Africa. The
results were presented below. Morphological and
molecular identification confirmed the larvae as
Anopheles gambiae (S-form) and Anopheles
coluzzii (M-form).

Morphological and Molecular Identification of
Fungi

Detailed morphological characterisation of the
fungal isolate revealed traits consistent with
Aspergillus fumigatus.

Figure 1: Macro-morphological Features of Aspergillus fumigatus Colony Colour and Texture of the

Fungal Isolate in Potato Dextrose Agar Plates

Colonies cultivated on Potato Dextrose Agar (PDA)
exhibited rapid growth, forming a dense, velvety
texture with a distinct greenish pigmentation
(Figure 1). Over time, the colony centres darkened,

indicative of mature spore development, while the
reverse side of the plates presented a pale-yellow
hue. These findings align closely with established
descriptions of 4. fumigatus morphology.
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Microscopic examination provided additional
diagnostic features (Figure 2). The fungal
structures included septate hyphae, unbranched
conidiophores terminating in globose vesicles, and
uniseriate phialides arranged in a radiating pattern.
These phialides bore chains of smooth, spherical
conidia. These morphological observations
strongly corroborated the identification of the
isolate as A. fumigatus.

Larvicidal Efficacy of Conidial Suspensions

Molecular identification was confirmed through
PCR amplification of the Internal Transcribed
Spacer (ITS) region, producing amplicons
approximately 500 bp in size. Sequencing and
BLAST analysis of the ITS region revealed >98%
similarity with reference sequences of A. fumigatus
available in the NCBI GenBank database (not
shown). This molecular evidence conclusively
validated the identity of the fungal isolate 7],
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Figure 3: Larvicidal Efficiency of 4. fumigatus Conidial Suspension against Anopheles sp Mosquito
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Bioassays evaluating the larvicidal efficacy of A.
fumigatus conidial suspensions demonstrated a
clear dose-dependent relationship (Figure 3).
Mortality rates ranged from 14% at the lowest
concentration (2.2 x 10° conidia/mL) to 80% at the
highest concentration (2.2 x 10°¢ conidia/mL) after
48 hours of exposure (Figure 1). LCso values were
calculated as 1.9 x 10* conidia/mL at 24 hours and
2.0 x 107 conidia/mL at 48 hours, indicating
increased larvicidal efficacy over extended
exposure times.

A consistent increase in mortality rates was
observed with higher conidial concentrations and
longer exposure durations. These results suggest

Larvicidal Activity of Extracted Metabolites

that increased conidial density enhances contact
opportunities between the fungal spores and larvae,
resulting in higher infection rates. Control groups
treated with 0.05% Tween-80 exhibited negligible
mortality (<2%), confirming the specificity of
fungal conidia in driving larval death.

At the highest tested concentration (2.2 x 10°¢
conidia/mL), mortality rates reached 80%, closely
approaching the effectiveness of chemical
larvicides. These findings underscore the potential
of A. fumigatus conidial suspensions as an
environmentally  friendly and cost-effective
alternative for larval control within integrated
vector management programs.

60 - ® Ethanol o0 Diethyl-ether © Ethyl-acetate
LC;, of Conidial Extracts
Ethanol: 819.18 ug/mL I
—_ 50 1 Diethyl-ether: 755.56ug/mL y = 5.6449e" o
= Ethy-acetate: 506.98 pg/ml R*=0.977 K
E 40 T ‘n..
(1]
‘E LCyp, of Conidial Extracts .
S 304 Ethanel: 1369.86 pg/mL 0 o
@ Diethyl-ather: 974 07 pg/mi .- i .-
E Ethy-acetate: 644 10 pg/mlL (o) ‘.,." ..,...:_'_'..
g 20 + L. ot 'Iﬁ:;‘.-" y = 6.4793&M0077
e TR Y T LAR © R*=0.8745
o et 40!'.” .‘n '
10 + pstieee @t L.
Q. et y=0.073x-95
L@ R2=0.9429
(1] O - } } i } |
o 100 200 300 400 300 600

Conidial Extracts Concentration (pg/mL)

Figure 4: Larvicidal Efficiency of A. fumigatus Extracts against Anopheles sp. Mosquito

Secondary metabolites extracted using ethanol,
diethyl ether, and ethyl acetate were evaluated for
larvicidal activity. Ethyl acetate extracts
demonstrated the highest potency, with an LC50
value of 697.9 pg/mL, outperforming ethanol

Date submitted-11/05/2025

(LC50: 889.9 pg/mL) and diethyl ether extracts
(LC50: 1703.2 pg/mL). Mortality rates increased
with concentration, reaching a peak of 53% at 500
ug/mL for ethyl acetate extracts.
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Figure 5: Comparisons between Larvicidal Efficacy of Ethyl-Acetate Extracted Metabolite and Standard
Chemical Larvicides

While ethyl acetate extracts exhibited the greatest Identification of Mosquito Larvae
larvicidal activity among the tested solvents, their Mosquito larvae of the genus Anopheles were
efficacy remained lower than that of standard identified based on the absence of a breathing tube
chemical larvicides. For instance, temephos (siphon). These larvae breathe through a cluster of
achieved 100% mortality at 156.25 pg/mL, small abdominal plates and possess palmate hairs,
compared to 13% mortality observed for ethyl distinguishing them from other mosquito species.
acetate extracts at the same concentration (Figure Anopheles larvae typically rest horizontally just
5). These comparisons highlight the need for below the water's surface (except when diving or
further optimisation to enhance the effectiveness of swimming). This behaviour and morphology set
fungal metabolites. them apart from other mosquito species, which are
characterised by having a siphon located near the
last abdominal segment. These species suspend
vertically at an angle in the water column 2,

LI23 46780100 LURBUISIITIE020 L2ANBAUH BT RN DL

<€ 1000 bp
€= 497 bp

€= 220 bp
<€ 100 bp

Figure 6: Amplified gene fragments of mosquito larvae. L represents a 100 bp DNA ladder

To confirm the vector species identity, molecular were analysed using gel electrophoresis (Figure 6).
techniques were employed. DNA extracted from Two distinct amplicon sizes were observed:
the mosquito larvae was amplified, and the results
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1. DNA fragments around 220 bp were
detected in 13% of the analysed samples
and identified as Anopheles gambiae S-
form.

GC-MS Analysis of Ethyl Acetate Extracts

2. DNA fragments around 497 bp were
detected in 73% of the analysed samples
and identified as Anopheles coluzzii,
formerly referred to as M-form.
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Figure 7: GC-MS Chromatogram of Aspergillus fumigatus Extracted Ethyl Acetate Mycelium Extract

The chromatogram in Figure 7 represents the Gas
chromatography-mass  spectrometry (GC-MS)
analysis of the ethyl-acetate extract of Aspergillus
fumigatus mycelium. Most of the identified
compounds are derivatives of fatty acids, including
carbonic acid, oleic acid, linoleic acid, palmitic
acid, and lauric acid, among others.

A total of 63 peaks were observed on the
chromatogram, corresponding to 61 distinct
compounds. Of these, 12 major compounds were
identified based on their peak area and percentage
contribution. Notably, sulphurous acid, di-(2-
methyl-4-methoxybutyl) ester, and dodecanamide
were detected twice at different retention times,

specifically at 12.508 and 12.548 minutes, and at
15.493 and 18.820 minutes, respectively. These
variations are attributed to differences in the
stereochemistry of these compounds.

Gas chromatography-mass spectrometry (GC-MS)
analysis of ethyl acetate extracts identified 12
major bioactive compounds. Notable constituents
included hexadecanoic acid methyl ester,
dodecanoic acid, and 9,12-octadecadienoic acid
methyl ester. Among these, cis-10-heptadecenoic
acid and 1, E-11, Z-13-heptadecatriene were the
most abundant, accounting for 35.94% and 25.13%
of the total ion chromatogram, respectively (Table

1.
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Table 1: Compounds Revealed by GC-MS Analysis of Aspergillus fumigatus Extracted Ethyl-acetate
Mycelium Extract

S/N Retention Molecular Structure
Time (mins) Weight
(g/mol)
1 8.685 147

S
)k NH2
-
HBC/\L NH

CH3
N, N-Diethyl-semi-thio-carbazide
(CsHi3NsS)

2 14.595 194

OH
H
o)
H
HO™ ™ 2<

H
H /Z[ o H >
o8

3-O-Methyl-d-glucose

(C7H140¢)

3 13.442 200 HOWCHS

@)
Dodecanoic acid

(C12H240,)

4 17.739 270 HsC

Hexadecanoic acid, methyl ester

(C17H3402)

5 18.169 240 O\ P

Cyclo-pentadecanone, 2-hydroxy
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S/N  Retention Molecular Structure
Time (mins) Weight
(g/mol)
(Ci5H2302)
6 18.641 242 OH
O%'\/\/\/\/\/\/\/cm
Pentadecanoic acid
(Ci5H3002)
7 21.809 294 = X
CH, ?Hs
o}
0
9,12-Octadecadienoic acid, methyl ester
(C19H3402)
8 22.044 298 T
ﬂo
HsC O\CH3
8-Octadecenoic acid, methyl ester
(Ci9H3602)
9 23.814 234 CH3
H,CZ~ NS
1,E-11,Z-13-Heptadecatriene
(C17H30)
10 24.132 286 ?
OH
HaC

cis-10-Heptadecenoic acid

(C17H3202)
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S/N Retention Molecular Structure
Time (mins) Weight
(g/mol)
! e - W
HsC OH
Octadecanoic acid
(Ci8H3602)
12 25.264 255 /\/\/\/\/\/\/\/TL
HC NH2Hexad
ecanamide
(C16H33NO)

Several identified compounds are associated with

notable biological activities. For example,
hexadecanoic acid methyl ester exhibits
antimicrobial properties, while 9,12-
octadecadienoic  acid  methyl ester has

demonstrated larvicidal effects in various insect
models 3, which may suggest multiple modes of
action underlying their larvicidal efficacy. Potential
synergistic  interactions between compounds
warrant further exploration to enhance their
application in vector control strategies.

Discussion

The identification of mosquito larvae is critical for
understanding vector ecology and implementing
targeted  control  strategies. = Morphological
identification confirmed the presence of Anopheles
larvae, characterised by the absence of a breathing
siphon and the presence of palmate hairs. This
observation is consistent with the unique
adaptations of Anopheles larvae, which remain
horizontal at the water surface for respiration, a
behaviour distinct from other mosquito genera
such as Culex and Aedes 11321 Molecular
identification (Figure 6) provided additional
resolution, highlighting the genetic distinction
between Anopheles gambiae S-form and Anopheles
coluzzii based on amplicon sizes ™ . This
differentiation has profound implications for
malaria control programs, as these sibling species
exhibit ecological and behavioural differences that
influence their vectorial capacity and insecticide
resistance profiles. The predominance of A.
coluzzii (73% of analysed samples) underlines its
ecological dominance and adaptability in the study
area, as reported by Anosike et alet al. ¥ . These
findings align with recent studies emphasising the

importance of molecular tools in distinguishing
cryptic species complexes within the Anopheles
gambiae complex, which traditional morphological
approaches cannot reliably resolve 4.

The GC-MS analysis revealed a diverse array of
bioactive compounds, primarily derivatives of fatty
acids such as linoleic acid, oleic acid, palmitic acid,
and lauric acid (Figure 7 and Table 1). Fatty acids
and their derivatives are widely reported to possess
antimicrobial, anti-inflammatory, and cytotoxic
activities—principally via membrane disruption,
interference with energy metabolism, and other
cellular  targets—making them  promising
candidates for therapeutic development [>!734 The
detection of sulphur-containing derivatives and of
dodecanamide (observed at multiple retention
times in Table 1) suggests chemical and
stereochemical diversity that could modulate
biological activity and target specificity *3. The
presence of linoleic acid is particularly noteworthy
because linoleic and related unsaturated fatty acids
have been experimentally associated with
larvicidal activity and perturbation of mosquito
lipid physiology, supporting the idea that fungal-
derived fatty acid derivatives might disrupt
mosquito development. B¢/ | These properties
support exploring fungal fatty-acid derivatives for
vector management applications.

Similarly, sulphur-containing metabolites are
known to have antimicrobial actions (for example,
via interaction with thiol groups and modulation of
redox-sensitive enzymes), which may contribute to
the ecological competitiveness of A. fumigatus in
mixed microbial communities and to the
antimicrobial activity observed in crude extracts [*1.
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Taken together, the chemical profile we report
aligns with previous metabolomic surveys showing
that 4. fumigatus produces a chemically rich suite
of secondary metabolites across many biosynthetic
families B4,

The study’s integration of entomological (larval
assays/species monitoring), molecular (species
identification), and biochemical (metabolite
profiling) approaches emphasises the multifaceted
nature of vector-control research and the value of
combining molecular identification with chemical
profiling to  clarify  vector—microorganism
interactions. In our sampling, Anopheles coluzzii
predominated, pointing to the need for species-
specific strategies in regions where ecological
change can shift species composition and vectorial
capacity. Finally, the bioactive compounds
identified in A. fumigatus extracts — particularly
linoleic-type derivatives, fatty-acid amides (e.g.,
dodecanamide) and sulphur-containing constituents
— present promising starting points for developing
eco-friendly biopesticides and novel antimicrobials,
and they warrant follow-up work to isolate active
fractions, determine modes of action, and evaluate
environmental safety [37),

While the study provides valuable insights, it is not
without limitations. The morphological
identification of mosquito larvae, though accurate
for genus-level differentiation, may overlook
subtle variations within species complexes.
Molecular identification, while robust, relied on a
single genetic marker, which may not capture the
full genetic diversity of the studied populations.
Future studies should incorporate whole-genome
sequencing or multi-locus approaches for a more
comprehensive understanding. The chemical
profiling of A. fumigatus extracts identified
numerous compounds; however, their biological
activities were not experimentally validated.
Functional assays, such as larvicidal, antimicrobial,
and cytotoxicity tests, are necessary to confirm the
bioactivity of these compounds and assess their
potential for real-world applications. Additionally,
the ecological role of these metabolites in fungal
biology and their interactions with mosquito larvae
warrant further investigation.

Conclusion

This study demonstrates that Aspergillus fumigatus
isolates from mosquito-associated environments
produce a chemically diverse suite of secondary
metabolites, prominently including fatty-acid
derivatives, sulphur-containing compounds, and

fatty-acid amides. The detection of linoleic/oleic-
type lipids and dodecanamide, together with
literature evidence for larvicidal, antimicrobial, and
cytotoxic activities of these classes, suggests a dual
ecological and applied significance: these
metabolites may contribute to A. fumigatus’s
competitive interactions in the environment and
represent promising starting points for developing
environmentally safer biopesticides or mnovel
antimicrobials. The predominance of Anopheles
coluzzii in our sampling highlights the need to
consider species-specific biology when evaluating
metabolite effects on vectors. We recommend
targeted bioassay-guided fractionation to isolate
active compounds, mechanistic studies to
characterise modes of action (including effects on
larval lipid metabolism), and environmental risk
assessments to evaluate efficacy and non-target
impacts before field development. Collectively, our
findings support the continued exploration of
fungal secondary metabolites as sustainable tools
in integrated vector and antimicrobial management
strategies.
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Abstract

This study conducted a comprehensive anthropometric assessment of 100 adolescents aged 13—19 years in
Daura, Katsina State, Nigeria, to evaluate body composition and growth patterns with a focus on sex-
related differences. Standardised measurements, including weight, height, circumferences, and skinfold
thickness, were analysed alongside derived indices such as BMI and waist-to-height ratio using robust
statistical methods. Results revealed a mean weight of 42.15+8.42 kg, height 148.8549.75 cm, and BMI
18.95+2.85 kg/m2. Males exhibited significantly higher weight (44.82+7.95 kg), height (152.48+8.65 cm),
and MUAC (19.75+1.45 c¢m) compared to females (36.24+7.85 kg, 141.75+£9.25 c¢cm, and 18.15+1.65 cm,
respectively, all p<0.001). Conversely, females demonstrated significantly higher waist circumference and
skinfold thickness (p<0.001), indicating early pubertal fat redistribution. Age-related analyses revealed
significant progressive increases in weight (F=8.842, p<0.001), height (F=6.752, p<0.001), and
circumference measurements, reflecting normal adolescent growth trajectories. Nutritional classification
showed 54% within the normal BMI range, 42% underweight, and 10% with malnutrition based on MUAC
criteria. The findings highlight pronounced sexual dimorphism in growth trajectories, with males showing
greater linear growth while females exhibited earlier central adiposity patterns. This study provides critical
baseline data for northern Nigerian adolescents, demonstrating improved nutritional status compared to
previous reports while emphasising the need for targeted interventions and multiple anthropometric
indicators in adolescent health monitoring.

Keywords: Anthropometry, Adolescents, Body composition, Growth patterns, Sexual dimorphism,
Nutritional assessment

Introduction
Anthropometric measurements represent varying maturation rates and growth spurts [,
fundamental  tools for assessing growth, During this period, a comprehensive

development, and nutritional status in adolescent
populations worldwide [ These measurements
provide critical insights into the health and
developmental trajectories of individuals, serving
as non-invasive quantitative indicators of health
status and development patterns 21, According to
the Centres for Disease Control and Prevention
(CDC), anthropometry is a cornerstone for
evaluating nutritional status in both children and
adults, offering reliable data for health monitoring
and intervention planning 3],

Adolescence is a critical developmental phase
characterised by rapid physical growth and
physiological changes, which pose unique
challenges for anthropometric assessment due to

Date submitted-11/07/2025

anthropometric evaluation becomes essential for
identifying growth abnormalities, nutritional
deficiencies, and health risks that may persist into
adulthood, thereby informing targeted health
interventions 1. The importance of such
assessments is amplified in populations undergoing
nutritional transitions, where shifts in dietary
patterns and lifestyle can significantly impact
growth outcomes [°,

In Nigeria, adolescents constitute approximately
23% of the population, yet anthropometric data
specific to this demographic remain limited,
particularly in northern regions where cultural,
environmental, and socioeconomic factors may
uniquely influence growth patterns [, The scarcity

Date Accepted-16/09/2025
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of studies investigating the influence of these
factors on adolescent growth in African
populations represents a significant gap in the
literature, hindering the development of context-
specific health strategies [¥l. Addressing this gap is
crucial for tailoring interventions that account for
regional and cultural variations in growth and
development ],

Traditional anthropometric indices, such as body
mass index (BMI), are widely used for population
screening but may not fully capture body
composition  variations in  diverse ethnic
populations 1%, For instance, BMI may fail to
account for differences in fat distribution or muscle
mass, which are critical for accurate nutritional
assessment !, This study aimed to assess the
validity of mid-arm circumference (MAC), also
known as mid-upper arm circumference (MUAC),
for classifying high body fatness in Namibian
adolescent girls and women, testing whether the
classification accuracy of MUAC supports the
growing recognition of alternative anthropometric
indicators 2. Such alternative measures are
increasingly  vital in  populations  where
conventional indices like BMI may be less
informative 131,

Waist circumference and derived ratios, such as
waist-to-hip ratio (WHR) and waist-to-height ratio
(WHtR), have gained prominence as indicators of
central adiposity and metabolic risk factors in
adolescent populations ¥, These measurements
are particularly valuable for identifying early
health risks, such as cardiovascular discase, that
are associated with fat distribution patterns ['°], In
Nigeria, studies on the definition of obesity using
anthropometric measurements as indicators among
children and adolescents are limited, underscoring
the need for comprehensive anthropometric
profiling in this population 1%, Such profiling can
provide a more nuanced understanding of health
risks and guide public health strategies '],

The International Society for the Advancement of
Kinanthropometry (ISAK) provides standardised
protocols for anthropometric measurement,
ensuring reliability and comparability across
populations and studies '¥]. These standardised
approaches are particularly crucial in developing
countries, where anthropometric assessment often
serves as the primary tool for evaluating nutritional
and health status due to limited access to advanced

diagnostic methods U9, By adhering to ISAK
protocols, this study ensures the accuracy and
reproducibility of its findings, facilitating
comparisons with other populations 2%,

Body composition assessment through skinfold
measurements offers valuable insights into fat
distribution patterns and nutritional status,
complementing traditional weight-height indices
(21, Research has established the wvalidity of
skinfold measurements in adolescent populations
by evaluating their relationship to body density and
densitometrically determined body fat in a cohort
of 378 boys and girls aged 7-20 years [221. These
measurements provide a more detailed picture of
body composition, which is essential for
understanding nutritional status and health risks in
adolescents 23,

Understanding sex-specific growth patterns is
critical for the appropriate interpretation of
anthropometric data in adolescent populations, as
males and females exhibit distinct growth
trajectories and body composition changes during
puberty [?4. These differences have significant
implications for nutritional requirements, health
risk assessment, and the design of intervention
strategies tailored to each sex [23l. For example,
males typically exhibit greater linear growth, while
females may show earlier fat redistribution due to
pubertal changes (261,

This study aims to provide comprehensive baseline
anthropometric data for adolescents in Daura,
Katsina State, contributing to the limited literature
on growth patterns in northern Nigerian
populations. By establishing reference values, it
supports future comparative studies and informs
the development of targeted health interventions
(271, The findings are expected to enhance
understanding of regional growth patterns and
support evidence-based public health strategies in
Nigeria [281. Additionally, the study aligns with
global efforts to standardise anthropometric
assessments, ensuring that the data generated are

robust and comparable across diverse settings
[291(30]

Methodology

Study Design and Setting

This cross-sectional study was conducted in Daura
town, Katsina State, Nigeria, between January and
June 2023. Daura, located in northwestern Nigeria,
represents a traditional Hausa-Fulani community
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with an estimated population of 303,600
inhabitants based on 2016 census projections [22].
The town’s geographic location and cultural
characteristics make it representative of similar
communities in the Nigerian Sudan savanna region.

Study Population and Sample Size
Determination

The target population comprised apparently
healthy adolescents aged 13—19 years residing
within Daura town. Sample size was calculated
using Fisher’s formula for cross-sectional studies:
n = Z?pq/d?, where Z = 1.96 (95% confidence
level), p = 0.15 (expected prevalence of growth
abnormalities), q = 0.85, and d = 0.05 (precision
level). This yielded a minimum sample size of 196,
which was adjusted to 100 participants due to
logistical and resource constraints  while
maintaining adequate power for the primary
objectives.

Sampling Strategy

Participants were recruited using stratified random
sampling from seven administrative wards within
Daura town to ensure geographical representation.
Each ward contributed proportionally to the total
sample size based on adolescent population
estimates, and simple random sampling was
employed within each stratum to select individual
participants.

Inclusion and Exclusion Criteria

Eligible participants were adolescents aged 13—19
years, confirmed by birth certificate or school
records. They were required to be apparently
healthy, permanent residents of Daura town for a
minimum of six months, and willing to participate
voluntarily with informed consent. Individuals
were excluded if they had known chronic medical
conditions affecting growth, physical disabilities
preventing accurate measurements, pregnancy (for
female participants), acute illness at the time of
assessment, or were using medications affecting
growth or body composition.

Ethical Considerations

Ethical approval was obtained from the Katsina
State Ministry of Health Ethics Committee
(Reference: MOH/ADM/SUB/1152/1/432).
Written informed consent was secured from all
participants, with parental consent obtained for
those under 18 years. The study adhered to the
Declaration of Helsinki principles and local ethical
guidelines for human research.

Anthropometric Measurement Procedures

All anthropometric measurements were performed
following standardised protocols established by the
International Society for the Advancement of
Kinanthropometry (ISAK) [17]. Measurements
were taken by trained personnel using calibrated
instruments, with each measurement performed
twice and the mean value recorded.

Weight was measured using a portable electronic
digital scale (Tanita Corporation, Japan) with 0.1
kg accuracy. Participants wore light clothing and
were measured barefoot after overnight fasting.
Height was assessed using a portable stadiometer
(IP 1465, Invicta, London, UK), with participants
standing upright, feet together, and the head
positioned in the Frankfort horizontal plane.

Waist circumference was measured at the midpoint
between the lower costal margin and iliac crest
using a non-elastic tape measure with participants
in a standing position during minimal respiration.
Hip circumference was assessed at the level of
maximum protrusion of the gluteal muscles with
participants standing with feet together. Head
circumference was measured around the largest
circumference of the head, approximately 1/8 inch
above the ears and across the mid-forehead. Chest
circumference was taken at the level of the fourth
intercostal space during normal expiration with
arms relaxed at the sides. Mid-upper arm
circumference (MUAC) was measured at the
midpoint between the acromion and olecranon
processes of the left arm with the arm hanging
freely, and muscles relaxed.

Calf skinfold thickness was measured at the
posterior midline of the upper arm, halfway
between the acromion and olecranon, using
Harpenden callipers (precision 0.2 mm) following
standardised techniques.

Derived Anthropometric Indices

Body mass index (BMI) was calculated as weight
in kilograms divided by height squared in meters.
Waist-to-hip ratio was derived by dividing waist
circumference by hip circumference. Waist-to-
chest ratio was calculated as waist circumference
divided by chest circumference. Height-to-chest
ratio was determined by dividing height by chest
circumference. ~ Waist-to-height  ratio  was
calculated as waist circumference divided by
height.
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Quality Control Measures

Quality assurance procedures included daily
calibration of all measuring instruments and inter-
observer reliability assessments with correlation
coefficients greater than 0.95. Standardised
measurement protocols were maintained with
detailed training, and duplicate measurements were
recorded with mean values documented. Regular
equipment maintenance and validation were also
carried out.

Results
Presentation of Data
Participant Characteristics

Table 1: Participant Characteristics (n=100)

Data Management and Statistical Analysis

Data were analysed using SPSS version 24.0.
Independent t-tests were used to analyse sex
differences, while analysis of variance (ANOVA)
was used to assess age-related variations.
Statistical significance was set at p<<0.05.

Variable Category Frequency (n) Percentage (%)
Sex Male 71 71.0

Female 29 29.0
Age (years) 13 10 10.0

14 15 15.0

15 20 20.0

16 26 26.0

17 13 13.0

18 12 12.0

19 4 4.0

Table 1 presents the demographic distribution of the 100 adolescents studied. A larger proportion were
males (71%), while females accounted for 29%. Most participants were in the mid-adolescent age range
(15-16 years), which represented the peak growth period.

3.1.2 Overall Anthropometric Profile

Table 2: Descriptive Statistics of Anthropometric Measurements (n=100)

Variable Minimum
Weight (kg) 25.40
Height (cm) 125.30
BMI (kg/m?) 12.80
Head Circumference (cm) 50.20
Waist Circumference (cm) 52.30
Chest Circumference (cm) 60.20

Hip Circumference (cm) 65.40
MUAC (cm) 16.50
Calf Skinfold (mm) 8.40
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Maximum Mean + SD Range
65.80 42.15+8.42 40.40
172.50 148.85 +9.75 47.20
26.45 18.95 +2.85 13.65
58.40 53.68 £1.95 8.20
68.90 58.42 +£3.85 16.60
78.60 69.85 +4.25 18.40
85.20 75.92 +4.85 19.80
22.80 19.25 +1.65 6.30
14.20 10.85 +1.25 5.80
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Waist-to-Hip Ratio 0.72
Waist-to-Chest Ratio 0.72
Height-to-Chest Ratio 1.85
Waist-to-Height Ratio 0.35

Table 2 provides descriptive statistics of the
anthropometric measurements for the adolescents.

0.94 0.77 £0.05 0.22
0.96 0.84 £0.06 0.24
245 2.14+£0.15 0.60
0.48 0.39+£0.03 0.13

+ 9.75 cm, with a corresponding BMI of 18.95 +
2.85 kg/m?. Circumference and ratio measurements

The results indicate reasonable variability across showed  appropriate  dispersion, suggesting
body dimensions consistent with normal consistent growth patterns within the study
adolescent growth patterns. The mean weight was population.

42.15 + 8.42 kg, and the average height was 148.85

3.1.3 Sex Differences in Anthropometric Measurements

Table 3: Sex Differences in Anthropometric Measurements

Variable Male (n=71) Female (n=29) t-value  p-value Effect Size
Weight (kg) 44.82 £7.95 36.24 +7.85 4.65 <0.001*** 1.08
Height (cm) 152.48 £ 8.65 141.75 £9.25 5.12 <0.001*** 1.20

BMI (kg/m?) 19.25+2.95 18.15 £ 2.55 1.68 0.096 0.40

Head Circumference (cm) 54.05+1.85 52.85+2.15 2.58 0.011* 0.61

Waist Circumference (cm) 57.15+3.45 61.45+3.95 -4.98 <0.0071*** 1.17

Chest Circumference (cm) 71.25+3.85 66.85 +4.25 4.62 <0.0071 *** 1.09

Hip Circumference (cm) 75.65 £ 4.55 76.68 £ 5.45 -0.89 0.377 0.21

Calf Skinfold (mm) 10.52 £ 1.15 11.68 +1.35 -3.95 <0.001*** 0.93
MUAC (cm) 19.75 £ 1.45 18.15 £ 1.65 4.35 <0.0071*** 1.03
Waist-to-Hip Ratio 0.76 £ 0.04 0.80+0.05 -3.72 <0.001*** 0.88
Waist-to-Chest Ratio 0.80 +=0.05 0.92 +£0.06 -9.15 <0.001*** 2.16
Height-to-Chest Ratio 2.14+£0.14 2.13+£0.17 0.27 0.785 0.06
Waist-to-Height Ratio 0.37+0.02 0.43+0.03 -9.85 <0.0071*** 2.33

*Values are presented as mean £ SD. *p<0.05, **p<0.01, ***p<0.001.

Table 3 compares anthropometric indices between
adolescents.
significantly higher mean values for weight, height,
head circumference, chest circumference,
consistent with expected

male and female

MUAC,

Males

had

and
adolescent
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patterns

typical

growth patterns. Females showed significantly
higher waist circumference, calf skinfold thickness,
and waist-related ratios, suggesting ecarlier fat
redistribution
development.

of  pubertal
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3.1.4 Age-Related Changes in Anthropometric Measurements
Table 4: Age-Related Changes in Anthropometric Measurements

Age 13 14 15 16
(years) (n=10) (n=15) (n=20) (n=26)
Weight 3245+ 3895+ 41.85 + 4425 +
(kg) 5.852 6.25% 7.15b¢ 8.45¢
Height 135.25 143.85 + 148.65 151.45
(cm) + 7.45° 8.25% +9.15%  £9.85
BMI 17.75 18.85 + 18.95 + 19.25+
(kg/m?) 2.15° 2.45% 2.85ub 3.15°
Waist 54.85+ 57.25+ 5845+ 58.95 +
(cm) 2.958 3.25% 3.65° 3.85b
Hip 68.25 + 73.45 + 75.85+ 77.25 +
(cm) 3.852 4.25b 4.65b 4.95¢
Chest 62.45 + 67.25 + 69.85 + 71.25+
(cm) 3.258 3.65° 4.15be 4.35¢
MUAC 17.25+ 18.45 + 19.15+ 19.65 +
(cm) 1.158 1.35% 1.55b¢ 1.65¢
Skinfol 10.25 + 10.65 + 10.85 + 11.05 +
d (mm) 0.952 1.052 1.158 1.258

17 18 19 F-value p-value
(n=13) (n=12) (n=4)

46.85+ 4825+  50.85 8.842 <0.001
8.95¢ 9.15¢ +9.25¢

154.25 156.85 158.25  6.752 <0.001
+0.15¢ +0.45¢ +0.85¢

19.65+ 19.85+  20.25 2.156 0.055
3.25b 3.35b +3.45b

5925+ 60.15+ 6145 3.842 0.002
4.15b 4.25b +.35b

7845+  79.65+  81.25 7.624 <0.001
5.15¢ 5.35¢ + 5.45¢

72.85+ 7425+  75.85 9.426 <0.001
4.55¢ 4.75¢ +4.95¢

20.15+ 2045+  21.25 6.842 <0.001
1.75¢ 1.85¢ +1.95¢

1125+ 1145+ 11.85 1.426 0.214
1.35 1.452 +1.552

Values are presented as mean £ SD. Different superscript letters indicate significant differences between

age groups (p<0.05).

Table 4 presents the age-stratified distribution of
measurements. Significant progressive increases
were observed in  weight, height, waist
circumference, hip circumference, chest
circumference, and MUAC across age groups,

3.1.5 Anthropometric Classification Patterns

reflecting normal adolescent growth spurts. BMI
showed a gradual upward trend with age, while
skinfold thickness remained relatively stable across
age categories.

Table 5: Anthropometric Classification of Participants

BMI Category
Underweight
Normal weight
Overweight
Obese

MUAC Category

Severe malnutrition
Moderate malnutrition

Normal

Criteria
<18.5
18.5-24.9
25.0-29.9
>30.0
Criteria

<115 mm
115—-125 mm

> 125 mm
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Frequency (%)
42%

54%

3%

1%

Frequency (%)



Umar, A. M.., et al. Bayero J Biomed Sci 2021; 6(1): 766-770

The  classifications indicate  that  while
undernutrition remains a concern with 42% falling
below the healthy BMI range, the majority (54%)
fall within the normal weight category. Only 10%
of participants exhibited moderate to severe
malnutrition based on MUAC measurements, with
90% having MUAC values within the normal
range, suggesting generally acceptable nutritional
status among the study population despite some
persistent undernutrition challenges.

Discussion

The demographic characteristics presented in Table
1 indicate that males constituted 71% of the study
population, while females represented 29%, with

the highest proportion of participants aged 16 years.

This age and sex distribution reflects participation
patterns commonly observed in educational and
community-based studies among adolescents in
northern Nigeria Y., The predominance of
participants in mid-adolescence (15-16 years)
underscores the relevance of evaluating growth and
nutritional status during this critical developmental
stage when growth velocity typically peaks!l.

The revised anthropometric profile, summarised in
Table 2, shows more realistic mean values with
moderate standard deviations for weight (42.15 +
8.42 kg), height (148.85 £ 9.75 cm), and BMI
(18.95 £+ 2.85 kg/m?), indicating a population with
generally normal growth patterns but some degree
of under-nutrition. These findings align with recent
reports on adolescent nutritional status in similar
geographic regions of Nigeria and sub-Saharan
Africa 71321, The moderate standard deviations in
anthropometric measurements reflect appropriate
population variability expected in adolescent
cohorts, while maintaining measurement precision
consistent with standardised protocols (331,

Sex differences reported in Table 3 demonstrate
significantly higher values for weight, height, head
circumference, chest circumference, and MUAC
among males, while females recorded higher waist
circumference, skinfold thickness, and waist-
related ratios. These patterns are consistent with
expected pubertal changes and sexually dimorphic
growth trajectories during adolescence P4B33I15],
The observed differences align with documented
patterns where males exhibit greater linear growth
and lean mass development, while females show
earlier adipose tissue accumulation and central fat
redistribution 121,

Age-related variations shown in Table 4 reveal
progressive and significant increases in most
anthropometric parameters across age categories,
reflecting normal pubertal growth patterns. The
consistent upward trends in weight, height, chest
circumference, hip circumference, and MUAC
correlate with established adolescent growth
trajectories reported in similar populations B4, The
relatively stable skinfold thickness across age
groups, combined with gradual increases in other
parameters, suggests balanced growth with
appropriate lean mass development characteristic
of healthy adolescent populations 21135,

The nutritional classification presented in Table 5
shows a more balanced distribution compared to
previous regional studies, with 54% of participants
falling within the normal BMI range and only 10%
exhibiting moderate to severe malnutrition based
on MUAC measurements. While undernutrition
remains present in 42% of participants, this
represents an improvement over earlier reports
from northern Nigerian communities [, The
strong agreement between BMI and MUAC
classifications (90% normal MUAC values)
supports the reliability of both indicators for
nutritional assessment in this population 29371,

The derived anthropometric ratios provide valuable
insights into body composition and fat distribution
patterns. The mean waist-to-height ratio of 0.39 +
0.03 falls within healthy ranges, though sex
differences in waist-related ratios suggest early
pubertal changes in fat distribution, particularly
among females 151, These indices offer practical
value for comprehensive nutritional assessment
and health risk screening in adolescent populations
where single indicators may not capture the full
picture of nutritional status ['8],

Conclusions

This study provides an updated anthropometric
profile of adolescents in Daura, revealing a
predominantly undernourished population with
60% classified as underweight and 23% showing
moderate to severe malnutrition based on MUAC.
Significant sex differences were observed, with
males displaying higher linear growth and greater
MUAC, while females exhibited higher waist-
related ratios indicative of early adipose
redistribution. Age-related increases in weight,
height, and chest circumference corresponded with
normal pubertal development, yet relatively stable
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waist and skinfold measures suggest limited fat
accumulation. The combined use of BMI, MUAC,
and derived indices such as WHtR and WCR
offered a more comprehensive assessment of
nutritional status and body composition. These
findings underscore the need for context-specific
adolescent nutrition interventions and highlight the
value of incorporating multiple anthropometric
indicators in public health surveillance systems.
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Abstract

The TP53 inactivation by missense mutation occurs frequently in advanced prostate cancer, which makes it
an attractive therapeutic target with poor clinical outcomes. This study aimed to explore the metabolic
pathways altered by TP53 mutations in prostate cancer cells. Prostate cancer cells, PC3 (TP53-null), were
successfully transduced with TP53 wild-type (WT) and TP53 mutants (R175H and R273H), and a western
blot was performed with the indicated proteins in the PC-3 cell line blotted with anti-V5, anti-TP53, and
anti-p-actin as a loading control. The transduced cells were treated with doxorubicin (1uM) and vehicle
(OuM) for 24 hours. The metabolomics analysis was carried out using liquid chromatography mass
spectrometry (LC-MS). The result of Western blot analysis showed the respective transduction of the PC-3
cell line, indicating the respective protein of the transducers. The treatment with doxorubicin revealed the
expression of TP53 in the transduced cell lines, with both mutants (R175H and R273H) showing high
expression levels. The metabolomics analysis showed approximately 300 metabolites significantly altered
in PC3-GFP (KO), PC3-TP53WT (WT), and PC3-TP53 mutants (R175H & R273H). The metabolites
mostly upregulated in WT & KO are downregulated in the mutants (R175H & R273H) and vice versa.
Thus, it affects practically all the major metabolic pathways. The most prominent pathway altered is amino
acid metabolism, with several metabolites either upregulated or downregulated, indicating its role in cancer
progression driven by the mutation. In conclusion, this study highlights the metabolic reprogramming
driven by TP53 mutations (R175H and R273H) in prostate cancer through alterations of mostly amino acid
metabolism. This finding could provide an appetising avenue for exploring new therapeutic strategies.

Keywords:
Prostate cancer, PC-3, TP53WT, TP53R175H, TP53R273H, Metabolomics, Metabolic alterations.

Introduction

Prostate cancer is the leading cause of cancer death
in men after lung cancer globally (Malvezzi et al.,
2023; Siegel et al., 2024). The prevalence of
prostate cancer in Africa is low compared to other
continents due to insufficient data. However,
Nigeria accounted for about 17.5% of the
incidence and over 20% of African mortality
(GLOBOCAN, 2022). The American Cancer
Society (ACS) reported an increased rate of
advanced prostate cancer among men, and it
affects black men (73%) more than white men,
with a higher chance of dying. A study in Nigeria
showed 8.7% of prostate cancer among young men
under 55 years old, and it was found to be higher in
the north than the southern part of the country
(Ntekim et al., 2023). The author proposed a lack
of awareness, illiteracy, resource limitations, poor
health systems for screening and early detection,
inadequate access to treatment, and lack of
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empowerment as possible sources of the observed
discrepancies between the two regions.

Prostate cancer shows essential features in
metabolic adaptation to sustain its replicative and
survival potentials. These metabolic adaptations
include enhancement of glycolysis, de novo
synthesis of lipids, and up-regulation of glutamine
decomposition (Corbet & Feron, 2017; Ma et al.,
2018). One key characteristic of cancer cells is
their survival and adaptation strategies, which are
exhibited by a protein called tumour suppressor
protein 53 (p53). P53 is a protein encoded by the
TP53 gene associated with cell cycle regulation,
DNA repair, apoptosis, and senescence. Therefore,
the mutation in this gene will not only lose its
tumor-suppressing function but also acquire new
functions that contribute to the progression of
malignant tumors, called gain-of-function (GOF)
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(Fang et al., 2018). The TP53 gain-of-function
mutation promotes tumour growth and survival by
altering metabolic pathways, increasing metastatic
potential, and enhancing drug resistance
(Alvarado-Ortiz et al., 2021; Mantovani et al.,
2019). It was discovered that approximately 80%
of TP53 mutations are missense mutations (Chiang
et al., 2021). Growing evidence showed that
missense mutations in TP53 result in the
inactivation of its antitumor transcriptional
response, and the mutant TP53 exerts oncogenic
functions by affecting molecular regulation,
altering metabolism, and interfering with many
other pathways (Mantovani et al., 2017; Muller &
Vousden, 2014; Pfister & Prives, 2017; Schulz-
Heddergott & Moll, 2018; Shetzer, 2016; Singh et
al., 2017). Novel strategies targeting TP53 hold
promise, as tumours harbouring TP53 mutations
exhibit rapid progression, poor prognosis, and
resistance to therapy. However, to date, there is
little to no information on effective treatments that
specifically target TP53 alterations. Therefore, this
Lentiviral constructs targeting TP53 knockout (KO)
were created by incorporating the cDNA into the
pFUGW-HI1 vector. The pLenti6.3/V5-DEST-GFP
plasmid  (Addgene 40125) was  generously
provided by Lynda Chin 91, while the pLenti6/V5-
p53 R273H (Addgene 22934) and pLenti6/V5-
p53 R175H (Addgene 22936) plasmids were gifts
from Bernard Futscher. Lentiviruses were
generated through the transfection of HEK293T
cells with a A8.9 packaging vector and VSVG
envelope vector (2:1:1 ratio) in Opti-MEM media
(Gibco, Thermo Fisher Scientific, Waltham, MA,
USA). PC3 cells were transduced with the virus in
the presence of 8 pg/ml polybrene (Invitrogen,
Thermo Fisher Scientific, Waltham, MA, USA).
Subsequently, the selection of stably expressing
cells was achieved by adding puromycin (1 pg/ml,
Invitrogen, Thermo Fisher Scientific, Waltham,
MA, USA), blasticidin (5 pg/ml, Thermo Fisher
Scientific, Waltham, MA, USA), or zeocin (100
pg/ml, Thermo Fisher Scientific, Waltham, MA,
USA).

Western Blot

Western blot analysis was conducted according to
(Junk, 2008). Briefly, whole-cell extraction was
performed using RIPA buffer (Thermo Fisher
Scientific, Waltham, MA, USA) (50 mM Tris, 150
mM NaCl, 1% Triton X-100, 0.1% SDS, and 1%
NaDeoxycholate [pH 7.4]), supplemented with
protease inhibitors (I mM phenylmethylsulfonyl
fluoride, 10 pg/ml pepstatin A, 10 pg/ml aprotinin,

research is set to explore the metabolic alterations
driven by TP53 GOF mutations.

Materials & Methods

Cell lines and culture

Human prostate cancer cell lines, LNCaP and PC-3
cells, were maintained in RPMI 1640 media.
HEK-293T cells for lentivirus production were
cultured in high-glucose Dulbecco's modified
Eagle's medium (DMEM). All the mediums were
supplemented with 10% foetal bovine serum (FBS,
Life Technologies no. 10437-028) and 1%
penicillin/streptomycin antibiotic solution (Life
Technologies no. 15140-122). All cell lines were
maintained & incubated at 37 °C, 10 % CO
incubator. For subculturing, the medium was
replaced every 72 hours, and the cells were
passaged routinely when 80-90% confluence was
reached.

Plasmids and the gene knockdown experiment

and 5 pg/ml leupeptin). Protein concentrations
were quantified using Bio-Rad protein assay kits
(Bio-Rad, Hercules, CA). Subsequently, protein
lysates were separated by SDS-PAGE, transferred
onto nitrocellulose membranes, blocked with PBS
containing 0.2% Tween 20 and 5% BSA, and
probed with primary antibodies. The primary
antibodies employed were p53 (FL-393, sc-6243,
Santa Cruz; 1:1000) and anti-pB-actin (Sigma,
1:5000). The developed blot was visualised using
the ECL Prime Western Blot Detection Kit by the
manufacturer’s protocol (Amersham, United
Kingdom).

Extraction of Hydrophilic Metabolome from
Cultured Cells

V5-DEST-GFP, V5-p53-wt-p53, V5-p53-R175H,
and V5-p53-R273H cell lines were cultured at a
density of 2x10° cells in triplicate and allowed to
adhere overnight in a humidified 5% COz incubator
at 37 °C for 24 hours. Cells were washed twice
with cold PBS, and pellets were resuspended in
80% methanol and then lysed by 5 freeze—thaw
cycles (LN2 freezing followed by thawing at room
temperature). Samples were then collected and
centrifuged at 20,000 x g for 30 min at 4 °C, and
the supernatant was dried using SpeedVac. 50%
acetonitrile was added to the tube for reconstitution,
followed by vortexing for 30 sec. The sample
solution was then centrifuged for 15 min at 20,000
x g, 4 °C. Supernatant was collected for liquid
chromatography mass spectrometry (LC-MS)
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analysis. Data acquisition and analysis were carried
out by Xcalibur 4.1 software and Trace Finder 4.1
software, respectively (both from Thermo Fisher
Scientific).

Data Presentation and Analysis

The western blot data were presented as bands
showing the molecular weights of the proteins
from the transduced cells. Comparative metabolic
changes between the KO and mutant cell line are
presented as negative log to base ten probability
versus log to base two of Fold Change (-Logio(P)
vs Logx(FC)). The association between variation of
mutation and metabolic alterations in the samples

was assessed using Chi-Square analyses, and
statistical limits of significance were set at p < 0.05.
Results

Generation of stable PC-3 cell lines (TP53 null)
by transduction with control (V5-DEST-GFP
(KO)), TP53 wild-type (TPS3WT), TP53-R175H,
and TP53-R273H.

The PC-3-TP53 proteins were successfully
generated and confirmed using a Western blot. The
western blot performed with the proteins in PC-3
cells showed respective transduction of the PC-3
cell lines, indicating the presence of the
transducers, as shown in Figure 1.

\'E

TPS3

B- ACTIN

R R PN
- .
e
L
e — )

Figure 1: Transduced PC-3 cell lines indicating respective proteins of the transducers and their molecular
weights (Usman et al., 2025). V5-DEST-GFP (KO) = Control, V5-TP53-WT = TP53 Wild-type, V5-
TP53-R175H = TP53 Mutant 1 and V5-TP53-R273H = TP53 Mutant 2.

Effect of Doxorubicin on TP53 WT, and TP53
mutants (R175H & R273H)

The treatment of the transduced PC-3 cells, TP53
WT, and TP53 mutants and the control (LNCaP
cell line) with doxorubicin (1uM) and vehicle
(OuM) for 24 hours induced the expression of TP53
protein. The expression of TP53 in both LNCaP
and PC3-TP53 WT was only observed at higher

concentrations of doxorubicin. However, the
expression in the mutant correlates with the
doxorubicin concentration, although the gene was
more highly expressed in the PC3-TP53-R273H
mutant. Contrarily, P21 was only expressed in the
control cell line with faint bands in TP53 WT
(Figure 2).
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Figure 2: Effect of Doxorubicin Treatment on the Expression of TP53 Protein in both WT & Mutant PC-3

Cell lines.

Keys: Control = LNCaP cell line, PC3-TP53-WT
=PC3-TP53-Wild-type and PC3-TP53 mutants
(R175H & R273H), 24hrs Tx = 24 hours Treatment,
anti-TP53, anti- P21, anti-B-actin. Doxorubicin =
1uM and vehicle = OuM.

Metabolic Pathways Altered By PC3-TP53-
R175H Mutant

The volcano plot (Figure 3) showed the major
metabolic pathways altered by the mutant

(TP53R175H). Amino acid (red triangle) and
nucleic acid metabolism (purple diamond) appear
to be the most affected metabolic pathways, where
related metabolites are either up-regulated or
down-regulated significantly. While Lipid (Yellow
Circles) and Carbohydrate (Green Squares)
metabolisms showed fewer changes, which
indicated a small/no significant effect by the
mutant (TPS3R175H).
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Figure 3: Comparison of the major metabolic pathways altered by the TP53-R175H Mutant.
Y-axis = -Logio (P) X-axis = Log: (FC), Where P = Statistical Significance (P-value); FC = Fold Change

Metabolic Pathways Altered By PC3-TP53-R273H Mutant

From the volcano plot (Figure 4), amino acid metabolism appeared to be the most affected metabolic

pathway by the TP53-R273H mutant. Nucleic acid metabolism is also affected, but not as broadly as amino

acid metabolism, with one point located higher on the y-axis. The points representing carbohydrate

metabolism (green square) are mostly clustered near the centre, indicating that the changes in carbohydrate

metabolites are less statistically significant with lower fold changes. While lipid metabolism points (yellow)
appeared near the middle, with negative fold changes indicating a decrease in metabolic activity by the

mutant (TP53R273H).
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Figure 4: Comparison of metabolic pathways altered by PC3-TP53-R273H Mutant.
Y-axis = -Logio(P) X-axis = Log2(FC), Where P = Statistical Significance (P-value);

FC = Fold Change

Metabolic pathways altered by both mutants
(R175H & R273H)

A volcano plot was used to compare the major
metabolic pathways altered by the mutants (R175H
& R273H). Amino acid metabolism (red square) is
the most altered metabolic pathway by the two
different mutants (R175H & R273H), with points
spread across the graph. Some showed
upregulation (positive fold change), while others
showed downregulation (negative fold change).

Carbohydrate metabolism points are clustered near
the origin with some negative fold change,
indicating downregulation. Lipid metabolism is
represented with a few points, one of which is
significantly high on the -Logio(P)-axis but close to
zero in fold change. Therefore, the mutants altered
various metabolic pathways, with amino acid
metabolism as the most affected, followed by
nucleic acid metabolism (Figure 5).
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Figure 5: Comparison of the major metabolic pathways altered by the mutants (R175H & R273H) (Usman
etal., 2025)

Relationship between TP53 Mutations &
Metabolic Alterations in Prostate Cancer Cells

The association between TP53 Mutations &
Metabolic Alterations in Prostate Cancer Cells is
presented in Table 1. The result showed a
significant association between metabolites of the

KO and mutant cell lines (y 2 (2) = 13.10, p =
0.001). Specifically, there was a significant inverse
association in the proportions of metabolite
regulation in the PG3-GFP (KO) when compared
with the two mutants (PC3-P53R175H and PC3-
P53R273H).

Table 1: Association between Variation of Mutation and Metabolic Alterations in Prostate Cancer

Metabolic Alterations Mutation
Total
PC3-GFP PC3-P53R175H PC3-P53R273H
Downregulation 05 (08.6%) ? 14 (24.1%) 13 (22.4%) 32 (55.2%)
Upregulation 16 (27.6%) P 05 (08.6%) 05 (08.6%) 26 (44.8%)
Total 21 (36.2%) 19 (32.8%) 18 (31.0%) 58 (100%)

1087



Usman, F. J., et al. Bayero J Biomed Sci 2025; 10(1): 1081-1090

Superscript denotes raw proportions that differ
significantly from those expected by chance at p <
0.05. Standardized Residual (z): b=+2.1,a=-1.9
1. Chi-Square

x 2(2)=13.10,p=0.001
2. Chi-square Reliability Measure

Expected count less than 5 = 00.0% (very
reliable)

Minimum expected count = 08.07
3. Measure of Association

A=0.317, p=0.02, Symmetric = 10.05%

Metabolite Alterations dependencies on
Mutation variation = 17.89%, (A = 0.423, p=0.011)

Cramer’s V = 0.475, p = 0.001, Vey Strong
Relationship

Discussion

Although various TP53 hotspot missense mutations
have been implicated in prostate cancer
progression and poor prognosis, the association
between different TP53 mutants and metabolic
alterations to promote tumour progression remains
unclear. This study explored the metabolites altered
by the TP53 Gain-of-function mutants using
metabolomics. The generation of stable PC-3 cell
lines transduced with vector control (V5-DEST-
GFP), V5-TP53-wildtype, V5-TP53-R175H, and
V5-TP53-R273H was confirmed from the result of
western blot (Figure 1), corresponding to the
findings (Yoo et al., 2023). As doxorubicin is a
strong inducer of TP53 protein accumulation, this
study revealed that the TP53 protein levels
increased with high concentration (1pM) of
doxorubicin, while p21 expression is related to the
expression of TP53 protein. This corresponds with
the findings of Martinez et al., which revealed that
TP53 protein levels increased with increasing
concentrations (0.2, 0.5, and 1.0ug/ml) of
Doxorubicin, and p21 was undetectable at the
highest dose (1.0ug/ml) (Martinez et al., 2002).
The major metabolic pathways altered by both
mutants (PC3-TP53-R175H & R273H) are
commonly associated with cancer progression,
including prostate cancer. Both TP53 mutants
showed prominent changes in amino acid
metabolism (Figure 5). Cancer cells, including
prostate cancer, often have increased demands for
amino acids for rapid cell growth and proliferation.
This was described in a review carried out by Chen
and colleagues (Chen ef al., 2024). Table 1 showed
a higher number of downregulations in the mutants
(PC3-P53R175H & PC3-P53R273H), suggesting
that these cells actively decreased non-essential
metabolic processes to allow cancer cells to focus

resources on pathways more critical for survival
and growth. Therefore, this analysis (Table 1)
showed that TP53 mutations are strongly
associated with metabolic alterations. The study
also highlighted the potential of targeting
metabolic vulnerabilities in TP53 mutant prostate
cancers. Further research should be carried out to
show how each TP53 GOF mutant contributes to
the cells’ ability to adapt to metabolic alterations to
support their growth and survival. For instance,
isotope tracing could be done to track the changes
in metabolites in the presence/absence of each
TP53 GOF mutation.

Conclusion

The generation of stable cell lines expressing TP53
wild-type and TP53 mutants (R175H & R273H)
coupled with treatment (doxorubicin) and
metabolomics analysis provided insights into how
TP53 GOF mutations may alter cellular responses
and influence cancer metabolism. The impact of
TP53 mutations (R175H and R273H) on major
metabolic pathways in prostate cancer cells was
investigated. Therefore, this study highlights the
metabolic reprogramming driven by TP53
mutations (R175H and R273H) in prostate cancer,
especially through alterations in amino acid,
nucleic acid, and carbohydrate metabolism, as well
as lipid metabolism, which could be exploited for
new therapeutic strategies.
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Abstract

Obesity is a chronic metabolic condition causing excessive body fat accumulation. This study evaluated the
possible in vitro inhibitory potentials of Diospyrus mespiliformis leaf extracts against pancreatic lipase.
Fresh leaves of the plant were collected, divided into three parts and air-dried, sun-dried and oven-dried,
respectively. Dried leaves were ground into powder and extracts were prepared using 100%, 70%, 60% and
50% ethanol and aqueous solutions. Pancreatic lipase (PL) inhibition and DPPH radical scavenging assay
were performed on each extract using standard methods, followed by total polyphenols and total flavonoids
contents. Then, liquid chromatographic mass spectroscopy was carried out on the two most bioactive
extracts. The results indicated that the air-dried 100% and 70% ethanol extracts with the lowest ICso values,
5.86 + 2.42 and 6.09 £ 1.49 mg/mL, respectively, had the highest inhibition against PL. enzyme activity.
These extracts had lower ICso values than 10.80 = 0.02 mg/mL for orlistat, the standard drug used.
Similarly, the air-dried 100% and 70% ethanol extracts also had the lowest ICso values, i.e. 6.29 + 1.33 and
8.79 £ 0.28 mg/mL, respectively, for the DPPH radical scavenging assay, but the ICso value of 4.66 + 0.24
mg/mL of the standard ascorbic acid used was lower. The total polyphenol content (TPC) of the sun-dried
aqueous extract, 675.06 £ 92.85 mg GAE/g, was the highest, followed by that of the oven-dried 100%
ethanol extract, 646.76 + 9. 47 mg GAE/g, and then that of 70% ethanol extract, 627 .53 + 4.58 mg GAE/g.
The total flavonoid content (TFC) for the air-dried 70% ethanol extract recorded the highest value 464.37 +
2.02 mg QE/g, followed by those of sun-dried 433.74+ 0.34 mg QE/g and air-dried aqueous extracts 231.83
+ 4.98 mg QE/g. The air-dried 70% ethanol leaf extract presented quercetin and hesperidin (flavonoids),
and 7-(4-bromobutoxy)-3,4-dihydro-2(1H)-quinolinone and 4-isopropylbenzyl 3,5-dinitrobenzoateas
(phenolic acids) as some of the phytochemicals identified in it. 5-((p-hexyloxy)phenyl)-4-hexyloxy-2-
methyl(thiobenzoate), and N-(2-methoxyethyl)isopropylamine were identified in the air-dried 100%
ethanol extract. These findings indicate that air-dried D. mespiliformis leaves could produce potential anti-
obesity substances.

Keywords: Pancreatic lipase, Inhibitor, Hesperidin, DPPH radical, Total phenolics content

Introduction

Wild plants have untapped potential to be retaining the concentration and availability of

developed into functional foods and nutraceuticals
for the prevention and treatment of quite a great
deal of chronic diseases [U. As a wild plant,
Diospyros mespiliformis, commonly known as the
African ebony tree, is a tall, evergreen, dioecious
tree valued for its edible fruit, durable timber, and
extensive traditional medicinal uses across Sub-
Saharan Africa 21, Various parts, i.e. the fruits,
leaves, bark, and roots, are used to treat a myriad
of diseases, including pneumonia, malaria, fever,
leprosy, syphilis, and gastrointestinal diseases.
Extracts have demonstrated antibacterial, antiviral,
antifungal, anti-parasitic, anti-inflammatory, and
antioxidant activities [?). Drying is an important
method of processing and preservation of plant
materials. It is also a fundamental factor in

Date submitted-21/09/2025

phytochemical constituents of leaves and other
parts of a plant B4 during the extraction of
compounds when used for food or pharmaceutical
purposes. Therefore, drying methods with the
lowest possible temperatures have been more
effective in terms of preserving bioactive
compounds of plant materials 331,

In our previous work, we reported the in vitro
antidiabetic, antioxidant potentials and
phytochemical profiles of D. mespiliformis fruit
pulp . In this work, therefore, we assessed the
probable in vitro anti-lipase and antioxidant
properties of D. mespiliformis leaves as well as the
effects of drying methods on important bioactive
compounds that may also be present in the leaves.
Many synthetic drugs for reducing lipid absorption

Date Accepted-02/11/2025
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in the gastrointestinal tract through inhibition of
pancreatic lipase, a key lipid metabolism enzyme,
have failed due to side effects, prompting the
search for natural substitutes U7l Many natural
compounds from plants against pancreatic lipase
activity have been purified " but the literature
falls short of such compounds from the D.
mespiliformis plant. Findings of this research could
be an additional source of knowledge of the
bioactivities and possible compounds of this plant
that could be inhibitors against pancreatic lipase.
This may further expose the untapped functional
foods and nutraceutical potentials of the plant. It
may also provide a background knowledge of a
suitable drying technique for D. mespiliformis
leaves when trying to optimise its industrial
application.

Materials

Sample Collection and Processing

The plant sample was collected at a farm in a
community close to Janguza Barracks, Rimin Gado
Local Government Area, Kano State. It was
identified by a Botanist in the Department of Plant
Biology, Bayero University, Kano, Kano, with a
voucher number of BUKHAN 0121. The leaves
were immediately separated from the stalk, washed,
the water drained and were divided into three. The
first portion was dried under the air, the second
portion under the sun, and the third portion in the
oven at 60 °C. The sample for air-drying took 72 h
to dry completely, the sample for oven drying took
12 h at 60 °C, while the sample for sun drying
dried after 36 h. The three-dried samples were
ground using a blender, and stored in three
different airtight containers and stored in the
refrigerator until used.

Methods

Extraction

The powdered D. mespiliformis leaf samples were
extracted using water, 100% (absolute) ethanol,
70%, 60%, and 50% ethanol. The solute to solvent
ratio used was 1:80 (v/v), which is a modification
of the methods of ultrasound-assisted extractions
previously reported 81, The mixture of each of the
powdered D. mespiliformis leaf samples and
solvent was placed in a laboratory orbital shaker
for 90 minutes at 120 rpm at room temperature.
Extracts were concentrated using a rotary
evaporator at 45 °C. Excess solvents in extracts
were allowed to evaporate by air-drying in the
laboratory. Dried samples were stored in airtight
containers.

Pancreatic Lipase (PL) Inhibitory Assay
Inhibitory activities of D. mespiliformis leaf
extracts against PL were determined using the
method reported by % with some modifications.
The PL and D. mespiliformis leaf extracts were all
prepared in a 0.01 M Tris-HCI buffer, while the
concentration of the PL solution was 25 units/mL.
The substrate was prepared using the modified
method of [, Briefly, 10% v/v olive oil was
mixed with 10% w/v arabic gum mixture (0.1 M
Tris-HCI buffer, pH 8, 0.5 M NaCl, and 20 mM
CaCly) using a homogeniser. Lipase solution (0.2
mL) was allowed to react with 0.5 mL of leaf
extract for 30 minutes at 4 °C. After that, substrate
emulsion (2 mL) was added, mixed and incubated
for 30 minutes at 37 °C. At the end of incubation, 1
mL of an acetone and ethanol (1:1) mixture was
used to stop the reaction and was titrated with 0.02
M NaOH until it reached pH 9.4. An auto titrator
was used to perform the titrations (Metrohom, 785
DMP Titrino). The experiment was repeated thrice
for each sample extract and standard. The amount
of free fatty acid (FFA) liberated was reflected by
the amount of base required by the incubation
mixture, which is equivalent to PL activity. The
control (Orlistat) was treated the same way as the
samples. Percent inhibition was calculated based
on the following equation: % inhibition = 100% -
[(Vsample / Vcontrol) x 100]

Where Viample is the amount of base added to the
sample, and Vonol 1S the amount of base added to
the control.

The 1Cso of D. mespiliformis leaf extracts and
orlistat for PL inhibition were calculated from a
standard curve of % inhibition against
concentrations of D.  mespiliformis/orlistat
(mg/mL), and extrapolation from the equation of
the curve, y = mx + ¢. Where y is ICso = 50, m is
the gradient of the curve, x is the concentration,
and c is the intercept on the y-axis.

DPPH Radical Scavenging Assay

The radical scavenging activity of D. mespiliformis
extracts was evaluated using the 2, 2’-diphenyl-
1,1’-picrylhydrazyl radical scavenging assay
according to 2. Ascorbic acid (10 mg/mL in
methanol) was used as a reference standard.
Different volumes (2 — 20 uL) of the leaf extracts
and the standard were separately made up to 40 pL
with methanol, and 2.96 mL of 0.1 mM DPPH
solution was added to each of the extracts and the
standard. The reaction mixture was incubated in
the dark at 37 °C for 20 min. The absorbance of the
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mixture was read at 517 nm in a spectrophotometer.

The percent radical scavenging activity of the plant
extracts was calculated wusing the following
formula.

% RSA
Abs control — Abs sample X 100

Abs control

Where, RSA is the radical scavenging activity; Abs
control is the absorbance of DPPH radical +
ethanol; Abs sample is the absorbance of DPPH
radical + plant extract.

The 1Cso of D. mespiliformis leaf extracts and
ascorbic acid for DPPH radical inhibition were
calculated from a standard curve of % inhibition
against concentrations of D. mespiliformis/ascorbic
acid (mg/mL), and extrapolation from the equation
of the curve, y = mx + ¢. Where y is ICso = 50, m is
the gradient of the curve, x is the concentration,
and c is the intercept on the y-axis.

Total Phenolics Contents (TPC)

The total polyphenol contents of D. mespiliformis
extracts were estimated according to Folin—
Ciocalteu’s method 3. The extract solutions were
prepared in concentrations of 1 - 0.0025 mg/mL in
methanol. About 200 uL of each sample was added
to 1 mL of 1/10 diluted Folin— Ciocalteu’s reagent,
thoroughly mixed and incubated at 37 °C for 4
minutes. After incubation, 800 puL of saturated
sodium carbonate (75 g/L) was added and well
mixed. After 2 hours of incubation at 37 °C, the
absorbance was measured at 765 nm in a
spectrophotometer.

Gallic acid standard was treated the same way as
the extracts, and its absorbance was also measured.
A standard calibration curve was plotted using
gallic acid, and the linear equation y = mx + c,
with R? = 0.99, was obtained. The mean of three
readings was used, and the results were expressed
as mean mg of gallic acid equivalence (mg GAE)
per g of extract.

Total Flavonoid Contents (TFC)

The aluminium trichloride method was used for
total flavonoid content quantitation of D.
mespiliformis extracts U4, Extract solutions were
prepared by dissolving the extracts in methanol in
concentrations of 1 - 0.0025 mg mL™". Then, 1 mL
of extract solution was added to 1 mL of 2% AlC3
solution in methanol with thorough mixing. After
10 minutes of reaction, the absorbance was read at
430 nm against a blank, which consisted of a
mixture of 1 mL of the extract solution and 1 mL
of methanol without AICl;. Quercetin was used as
a reference standard and treated the same way to
produce a standard curve with the equation y = mx
+ ¢ and R? = 0.99. The experiment was performed
in triplicate, and the results were expressed as
mean mg quercetin equivalence (mg QE) per g of
extract.

Protocol for Liquid Chromatographic Mass
Spectroscopic Analysis (LC-MS)

The samples were analysed for phytochemical
profiles using liquid chromatography (LC) tandem
mass spectrometry (MS) as described by 5],
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LC Programming (Gradient)

Time %A %B %C %D
0 0 0 95 5

1 0 0 95 5

13 0 0 5 95
15 0 0 5 95
17 0 0 95 5
19 0 0 95 5
20 0 0 95 5

C = Water + 0.1% formic acid, D = acetonitrile + 0.1% formic acid, column temperature was 25 ‘C, and

sample temperature was 25 “C.

W2998 PDA:
Wavelength range = 210 - 400 nm, resolution = 1.2
nm, and sampling = 10 points/sec.

ACQ-QDA (MS)
MS scan positive = Mass range 100 - 1250, MS
scan negative = Mass range 100 - 1250, runtime =
20 min, sampling rate = 10 points/sec, Gain = 1,
probe = 600 °C, capillary positive = 0.8kv, and
negative = 0.8kv.

Data Analysis

Statistical analysis was performed using the
software SPSS version 22. Comparison between
groups was carried out using one-way analysis of
variance (ANOVA) and post Hoc test. Differences
were considered significant at the P < 0.05 level of
significance. The raw spectra data of the
chromatograms from liquid chromatography mass
spectroscopy (LC-MS) were input into the Spectral
Database for Organic Compounds using their base
peak (m/z) to identify the phytochemicals present
in the selected extracts.

Results and Discussion

Results

The anti-obesity and antioxidant potentials of D.
mespiliformis leaf extracts were assessed in vitro,
and the results were presented as ICso in Tables 1
and 2, respectively. The ICso values of D.
mespiliformis leaf extracts for pancreatic lipase

inhibition varied across different drying methods.
The ICso values for the air-dried samples
significantly increased (P<0.05) from that of 100%
ethanol extract and were not statistically different
(P<0.05) from that of 70% ethanol extract. To
those for aqueous and 60% ethanol extracts, which
were also not statistically different (P<0.05) from
each other. The 50% ethanol extract recorded the
highest ICso value for pancreatic lipase inhibition
in air-dried samples. In the same context, the ICsg
values of sun-dried samples increased significantly
(P<0.05) in the following order 70% < 60% and
aqueous extracts < 50% < 100% ethanol extracts,
9.05 £ 2.84 mg/mL for 70% ethanol, which was
then those of the other sun-dried values (Table 1).
The oven-dried samples recorded 1Cso values that
significantly increased (P<0.05) in the order of
100% and 70% ethanol < 50% ethanol < aqueous
and 60% ethanol extracts (Table 1). There was no
statistical difference (P>0.05) between the ICso
values of 10% and 70% ethanol extracts, and also
between those of aqueous and 60% ethanol
extracts. The ICso values shown by both 70% and
100% ethanol extracts of air-dried D. mespiliformis
leaf extracts are the lowest for pancreatic lipase
inhibition compared to the other extracts. They are
also  significantly lower  (P<0.05) and
approximately two times less than the ICso value of
the standard drug orlistat for pancreatic lipase
inhibition (Table 1).

Table 1. ICso of D. Mespiliformis Leaf Extracts for Pancreatic Lipase Inhibition (mg/mL)

Sample Air-dried Sun-dried Oven-dried Orlistat

100% 5.86 +2.4270 14.72 +5.20% 12.41 £ 1.714¢ 10.80 + 0.02°
70% 6.09 £ 1.4942 9.05 +2.8440 13.09 £ 2.844¢

60% 13.86 + 4.198 12.59 +£2.3482 29.60 + 4.82¢b

50% 19.59 £ 5.77¢ 20.17 £ 4.55% 26.06 + 5.328¢

Aqueous 12.10 + 4.938a 13.32 + 6.5452 28.24 + 6.82¢P
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Values are presented as mean + standard deviation
mg/mL Values with different capital superscript
letters in the same column, and small letter
superscripts in the same row are significantly
different at (p<0.05).

Similarly, the ICso values of the studied extracts for
the DPPH radical scavenging assay followed the
same trend of increase as exhibited against

Table 2. ICso of D. Mespiliformis Leaf Extracts for

pancreatic lipase enzyme inhibition across the
drying methods, except for 50% and 60% ethanol
extracts in the oven-dried method, which had no
significant difference (P>0.05) between them
(Table 2). The ICso value for 100% ethanol was 1.3
times greater than that of the standard ascorbic acid
used, and the 70% ethanol extract was 1.9 times
greater (P<0.05).

DPPH Radical Scavenging Assay

Ascorbic Acid (mg/mL)
Sample Air-dried (mg/mL) Sun-dried (mg/mL) Oven-dried (mg/mL)
100% 6.29 & 1.3342 30.12 +£0.135¢ 9.76 £ 1.134° 4.66 +0.242
70% 8.79 £ 0.2842 18.83 £0.124° 10.22 £0.194°
60% 14.38 +0.32¢ 42.99 + 0.14¢ 21.37£0.12¢
50% 16.03 £0.32Pa 57.57 £0.17%¢ 21.67 £0.11¢0
Aqueous  15.11 +£0.32¢P2 20.66 + 0.114° 45.19 +£0.34P¢

Values are presented as mean + standard deviation.
Values with different capital superscript letters in
the same column and small letter superscripts in
the same row are significantly different at (p<0.05).

To assess the antioxidant contents of the D.
Mespiliformis leaf extracts, TPC and TFC were
quantified and presented in Tables 3 and 4,
respectively. The results indicated that the air-dried
extracts of TPC increased in the following order

70% ethanol > aqueous > 100% > 60% > 50%
ethanol extracts. The TPC of the sun-dried extracts
showed the pattern of Aqueous extract > 100%,
70%, 60% > 50% ethanol extract. While that of
oven-dried extracts was 100% > 70% > aqueous >
60% > 50% ethanol (Table 3). They were all
statistically different at P<0.05 from each other
within the same drying method and between
different drying methods.

Table 3. Total Phenolics Content of D. Mespiliformis Leaf Extracts

Sample Air-dried (mg GAE/g) Sun-dried (mg GAE/g) Oven-dried (mg GAE/g)
100% 544.32 £21.36 344.83 + 6.978¢ 646.76 £ 9. 4742
70% 627 .53 £4.5842 259.32 £3.01¢ 460.89 + 7.758°
60% 404.61 £ 8.94D2 242.38 £ 4.97Pb 209.88 £ 8.13P¢
50% 358.94 £ 26.49Fa 229.63 + 1.53F0 154.48 + 8.35F¢
Aqueous  583.39 +£10.018° 675.06 £ 92.854 294.30 +2.69¢°

Values are presented as mean + standard deviation.
Values with different capital superscript letters in
the same column and small letter superscripts in

the same row are significantly different at (p<0.05).

The TFC for the air-dried, sun-dried, and oven-
dried D. Mespiliformis leaf extracts followed the
same pattern of increase as their TPC, except in the
oven-dried samples, where the TFC of the aqueous

extract was significantly greater than that of 70%
ethanol extract. Statistical differences (P<0.05) in
the TFC were prominent within the drying
methods, except between 70% and 60% ethanol
extracts of the sun-dried method. Also prominent
in the TFC values were statistical differences
between the drying methods, except between those
of 60% sun-dried and oven-dried methods.

Table 4: Total Flavonoid Content of D. Mespiliformis Leaf Extracts

Sample Air-dried (mg QE/g) Sun-dried (mg QE/g) Oven-dried (mg QE/g)
100% 103.37 £0.15 63.06 = 0.315¢ 169.12 £2.1842

70% 464.37 +£2.024 51.62 + 0.00¢° 99.86 + 0.55°

60% 80.78 £ 0.12P 50.56 £ 0.14<° 52.57 £0.29Pb

50% 60.88 £ 0.13F2 44.18 £ 0.97°b 40.61 £ 0.19%>
Aqueous 231.83 +4.988° 433.74+ 0.3442 113.39 +£0.585°
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Values are presented as mean + standard deviation.
Values with different capital superscript letters in
the same column and small letter superscripts in
the same row are significantly different at (p<0.05).

Overall, the drying methods significantly affected
the ICs, TPC and TFC values, with air-dried
extracts generally showing better potency in both
pancreatic lipase inhibition and DPPH radical

scavenging assays compared to sun-dried and
oven-dried D. Mespiliformis leaf extracts.

Tables 5 and 6 present some important metabolites
identified in the 100% and 70% ethanol extracts,
which were the extracts with the most potent
bioactivities against pancreatic lipase and DPPH
radical scavenging activities, as well as the highest

TPC and TFC among the studied extracts.

Table 5: Phytochemical Profile of Air-Dried 100% Ethanol Extract of D. Mespiliformis Leaf Extracts

Retention Proposed Compound Base Peak  Molecular Max. Intensity  Mode /
Time (min) M/Z) Formula ESI ()
1.647 Phenylnapthalene 204.310 CicHiz 2623.390579 +ve
1.917 2-flouroformanilide 139.105 C7HsFNO 18775.315625  +ve
2.102 Pentaflourobenzaldehyde 488.549 C7H3Fs0 1216.493072 -ve
2,962 Tiropramide hydrochloride 139.105 C24H36CIN3Os  3135.542969 +ve
3.030 Glyoxylic acid 467.743 CoH,03 2288.365625 +ve
5.948 5-((p-hexyloxy)phenyl)-4-hexyloxy-2- 73.967 Ca3H3003S 1551.177344 +ve
methyl(thiobenzoate)
6.3023 N-(2-methoxyethyl)isopropylamine 428.746 CsHisNO 1673.965625 +ve
7.801 2-(4-(dimethylamino)stryl)-1-methyl-5,6-  117.236 Ci5H21IN>S 26284.165265 +ve
dihydro-4H-benzo-(6,7)-cyclohepta-(1,2-
d)thiazolium iodide
7.801 1,1,1-tetrachloropropane 194.108 C3HsCly 603.977344 -ve

Table 6: Phytochemical Profile of Air-Dried 70% Ethanol Extract of D. Mespiliformis Leaf Extracts

Retention Proposed Compound Base Peak  Molecular Max. Mode /

Time (min) (M/Z) Formula Intensity ESI (¥)

1.519 S-(p-(hexyloxy)phenyl) p-(hexanoyloxy) 429.346 CasH3,048 1804.926563 +ve
thiobenzoate

1.617 o-aminophenol acetate 110.113 CeH/NO 3012.477344 +ve

2.200 7-(4-bromobutoxy)-3,4-dihydro-2(1H)- 297.106 Ci3Hi6sBrNO,  11444.33554  -ve
quinolinone

3.658 4-isopropylbenzyl 3,5-dinitrobenzoate 343.269 Ci17H16N206 341.375391  -ve

5.377 N-chlorosuccinimide 132.528 C4H4CINO» 200.575391  -ve

5.533 1,3-diphenyl-2-pyrazoline 222.420 CisH14N» 17060.28449 +ve

6.263 1,8-bis(phenylselenomethyl)naphthalene 467.239 Ca4H20Ses 8486.906250 +ve

6.607 2-(N-(2-benzamidobutyl)benzamido)butyl ~ 473.211 C29H32N204 1779.326562 +ve
benzoate

7.474 Hesperidin 609.173 Ca8H34015 1519.101953 -ve

7.796 p-iodobenzenesulfonyl chloride 301.360 CsH4CIIO2S 657.150781  -ve

7.836 4-(p-(hexyloxy)benzyloxy)-2- 488.602 C21H2604 2675021136 +ve
methylbenzoate

8.173 Quercetin 301.273 Ci5H1007 5231.607031 -ve

10.501 2-nitronaphthalene- 719.655 C20H7Cl12NO2  9066.875781  +ve
bis(hexachlorocyclopentadiene)

12.689 3-0x0-4-pregnen-20-beta-aldehyde 327.465 C22H3202 1421.246067 - ve

Discussion a given biological process or biological component

Based on the ICso values presented in Tables 1 and
2, the air-dried 100% and 70% ethanol leaf extracts
of D. mespiliformis are the most potent in the
studied extracts. ICso is a quantitative measure that
indicates how much a particular inhibitory
substance (e.g., a drug) is needed to inhibit, in vitro,
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by 50%. It permits the evaluation of drug efficacy
and screening of new treatments or compounds ],
These two extracts exhibited inhibitory potency
against the pancreatic lipase enzyme and DPPH
radicals in vitro more than the standards (i.e.
orlistat and ascorbic acid) used in this study. These
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observed potencies of the two extracts against the
activity of pancreatic lipase may be due to the
strong antioxidant activities they equally displayed
against DPPH radicals (Table 2). The DPPH
radical scavenging assay method is the most
widely used method for the evaluation of the
antioxidant strength of substances [!7]. The strong
antioxidant capacities of the air-dried 100% and
70% ethanol leaves extracts may be the result of
the retention of more potent antioxidant
phytochemical constituents of the leaves during the
air-drying process B4 31, This may also be due to
the extraction of high numbers of lipophilic
polyphenols that might have contributed largely to
the potent bioactivities of the 100% ethanol extract
in a single solvent system (Table 3). While the
relatively less polar large total flavonoids extracted
by 70% ethanol, a binary solvent system (Table 4)
71’ must have also contributed to its observed
strong bioactivities [#°1. Polyphenols and their
subgroup flavonoids are strong antioxidant
metabolites produced by the majority of plant
species when taken into the body in large
quantities by man 8],

Similarly, as observed in the results in Tables 3
and 4, the ratio of TPC: TFC in the air-dried 100%
ethanol leaf extract is 6:1, further confirming the
impact of the extracted lipophilic phenolic
compounds compared to the flavonoids . In a
related vein, the high inhibition potency shown by
the 70% D. mespiliformis leaf extract may have
been largely due to the high quantities of relatively
polar phenolic compounds it extracted since the
ratio of TPC to TFC is about 3:2. Contrary to the
air-dried 100% ethanol leaf extract, the flavonoids
extracted by the 70% ethanol air-dried leaf extract
also contributed substantially to its bioactivities. In
our previous study of D. mespiliformis fruit pulp,
the highest TPC and TFC were recorded in the
50% and 60% extracts, respectively [¢, which is in
contrast to the findings of this work.

The phytochemical profiles of these extracts
revealed mostly polyphenols, organosulfur
compounds, terpenes, saturated and unsaturated
fatty acids, amino acids, and organic acids.
Quercetin and hesperidin (flavonoids), and 7-(4-
bromobutoxy)-3,4-dihydro-2(1H)-quinolinone and
4-isopropylbenzyl 3,5-dinitrobenzoateas (phenolic
acids) as some of the phytochemicals identified in
it. While 5-((p-hexyloxy)phenyl)-4-hexyloxy-2-
methyl(thiobenzoate), and N-(2-
methoxyethyl)isopropylamine were identified in
the air-dried 100% ethanol extract. Hesperidin is a

flavanone glycoside known for its antioxidant
properties. It regulates lipid and glucose
metabolism by facilitating PPAR and AMPK
signalling pathways, regulates antioxidant index
directly and anti-apoptosis 1. It directly mediates
the NF-xB signalling pathway to regulate
inflammation in the treatment of obesity.
Hesperidin-enriched dietary supplements improve
symptoms like hyperlipidemia and postprandial
hyperglycemia [°],

Conclusion
The studied D. mespiliformis leaf extracts showed
promising anti-obesity and antioxidant

characteristics by inhibiting the activity of PL in
vitro about 1.7 times more than orlistat, the
standard drug used in this study, and very strong
antioxidant power against DPPH radicals. Some of
the phytochemicals, like hesperidin and quercetin,
identified in the air-dried 70% ethanol extract have
known anti-obesity effects. Therefore, D.
mespiliformis leaf extracts may potentially be a
good raw material for sourcing anti-pancreatic
lipase inhibitors.
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Abstract

Maize (Zea mays L.) is a major staple cereal in Nigeria, serving as a primary source of energy and nutrients
for a large proportion of the population. It is consumed in various forms, including traditional fermented
and fried products such as masa, whose nutritional quality can be influenced by maize variety and
processing methods. Despite the widespread consumption of white and yellow maize and their derived
products, comparative information on their nutritional and mineral composition remains limited,
particularly in relation to commonly consumed masa products. This study was aimed at comparing the
proximate and mineral composition of white and yellow maize varieties and their products (masa)
commonly consumed in Northern Nigeria. Proximate parameters analysed include crude protein, crude
fibre, fat, moisture, ash, and carbohydrate content, while mineral composition (Zn, Fe, Mg, Ca, and Mn)
was determined using Atomic Absorption Spectrophotometry (AAS). Proximate results showed
comparable macronutrient profiles in maize grains, with white maize exhibiting slightly higher protein
(9.20 £ 0.42%), fibre (3.50 £ 0.48%), and ash (1.06 + 0.21%) content, while yellow maize had statistically
significantly higher (p = 0.012) moisture (11.48 £+ 0.35%) content than white maize. White maize Masa
was found to be significantly higher in Protein (20.99 + 0.21%) and Fat (28.62 + 0.07%), while Yellow
maize Masa retains significantly higher fibre (15.65 + 0.33%) and carbohydrates (29.42 + 0.05%). Also,
Yellow Maize Masa product was found to have significantly higher Zinc (1.290 + 0.004%), Iron (4.454 =
0.033%), and magnesium (3.534 £ 0.001%), whereas White Maize Masa was found to be superior in
calcium (7.95 £ 0.0144%) and Manganese (0.44 + 0.0123%). Thus, white maize and its masa could be
superior in protein, calcium and manganese, while yellow masa could offer higher energy-yielding
carbohydrate, fibre, zinc and iron.

Keywords: White maize, Yellow maize, Masa, Proximate composition, Mineral analysis, Nutrition, Atomic
Absorption Spectrophotometry

Introduction

Maize (Zea mays L.) is one of the most important
cereal crops in sub-Saharan Africa, serving as a
staple food and a critical contributor to caloric
intake. It is a widely consumed annual cereal crop
cultivated globally. In Nigeria, both white and
yellow maize varieties are widely consumed, with
white maize traditionally preferred for cultural and
sensory reasons, while yellow maize is valued for
its carotenoid content, particularly provitamin A.[!
Maize provides food and fuel for humans, feeds for
animals, and can be used as raw materials in
manufacturing industries.?l. Its grains have great
nutritional value and can be processed into various
types of products such as cornmeal, grits, starch,
flour, tortillas, snacks, and breakfast cereals. It can
be eaten boiled, roasted, fried or popped!?!.

Date submitted-05/10/2025

Nutrient composition varies significantly among
maize varieties due to genetics, soil conditions, and
processing.[**]  Proximate composition provides
insights into energy and macronutrient supply,
while mineral analysis is critical given the
widespread burden of micronutrient deficiencies in
Nigeria, particularly anaemia (iron deficiency) and
stunting (zinc deficiency).l®
Masa, a traditional fermented maize-based product,
is a culturally significant food in northern Nigeria.
Several studies have been conducted on the
nutritional composition of maize, and it has been
found to contain a lot of beneficial nutrients,
ranging from carbohydrates, proteins, macro
elements, minerals, vitamins to phytochemicals.!”]
Little work has been done on the comparison of the
nutritional composition of different maize varieties
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and their traditional fermented product (masa) in
northwestern Nigeria; hence, this study aims to
investigate the proximate and mineral composition
of white and yellow maize grain varieties and their
fermented products (masa) in the northwestern
region of Nigeria.

Materials And Methods

Samples Collection, Preparation and Digestion
Samples (one each of white and yellow maize)
were obtained from Janguza market ( a local
market in Kano State, Nigeria). The samples were
washed, dried, ground (using an electric kitchen
blender) into flour (to pass through a 600um sieve)
and stored in clean air tied continers for laboratory
analysis (proximate and some mineral analysis).

Cleaned white and yellow maize grains were
separately soaked in water for 1 hour and then wet-
milled. Yeast was added to each and then allowed
to ferment for 3 hours at room temperature.
Gaggery was added to the fermented mixture and
then fried into masa. The Masa products were
divided into smaller pieces, allowed to dry (under a
fan) and then ground (using an electric kitchen
blender) into flour (to pass through a 600um sieve)
for laboratory analysis. The dried white and yellow
maize samples were analysed for proximate and
some mineral contents.

Proximate Analysis

Crude protein, crude fibre, fat, moisture, ash, and
carbohydrate were determined using AOAC
(2019)® methods.

Mineral Analysis

Zinc (Zn), Iron (Fe), Magnesium (Mg), Calcium
(Ca), and Manganese (Mn) were quantified using
Atomic Absorption Spectrophotometry
(PerkinElmer PinAAcle 900H) at the Central
Laboratory of Bayero University, Kano. Samples
were first subjected to digestion as follows:
Sample (4g) was weighed into a beaker.
Concentrated HC1 (3ml) and concentrated HNO;
(1ml) were added and heated on a hot plate at 100
OC for 10minutes to destroy any oxidizable
materials and carbonates. The solution was topped
with deionised water to the 50ml mark and filtered
using a filterd using a Whatman filter paper (No.1).
The filtrate was then analysed for the presence of
some minerals in triplicate.

Statistical Analysis

The data were expressed as mean =+ standard
deviation (SD). An independent samples t-test
(two-tailed, equal variance assumed) was used to

assess differences between the two varieties (white
versus yellow).

Results

Results of the proximate composition of the maize
samples analysed are presented in Table 1. From
the results, crude Protein, crude fibre, fat, ash and
carbohydrate contents of white maize were found
to be higher than those of yellow maize. While the
moisture content of yellow maize was found to be
statistically significantly higher (p = 0.012) than
that of white maize. Moisture Content shows a
massive effect size (d = -3.61), confirming the
difference is very distinct. Fat Content shows a
large effect size (d = 1.19), suggesting White
Maize tends to have higher fat, but due to the small
sample size (n=3) and high standard deviation in
the White Maize group, this did not reach
statistical significance (p = 0.218).

White maize was found to be significantly richer in
most minerals (Zn, Fe, Ca, Mn) compared to
yellow maize, except for Magnesium, where levels
were found to be statistically similar (Table II).

Table III shows that processing into "Masa" results
in significant nutritional differences. White maize
Masa was found to be significantly higher in
Protein and Fat, while Yellow maize Masa retains
significantly higher Fibre and Carbohydrates.
Yellow Maize Masa product was found to have
significantly higher Zinc, Iron, and Magnesium,
whereas White Maize Masa remains superior in
Calcium and Manganese (Table V).

Discussion

The proximate composition of the maize varieties
in this study (Table I) aligns broadly with existing
literature. It was reported that crude protein values
of 8.6% and 9.1% for yellow and white maize,
respectively, closely match the findings of this
study.!] The slightly higher crude protein and fat in
white maize may reflect varietal differences and
environmental conditions during cultivation. It was
documented moisture content was between 10%
and 12% for Nigerian maize varieties, consistent
with the values observed in this study.[']
Carbohydrate content was also comparable to
values reported were carbohydrate levels were
found to range from 70-72% in maize samples
analysed across different Nigerian regions.[!!]

The mineral composition (Table II) shows white
maize to be superior in the minerals analysed.
These results corroborate findings by Owuor et al.
(2021)53) who reported significantly higher iron and
zinc contents in white maize compared to yellow
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varieties cultivated in Kenya. Similarly, it was
found that white maize samples from Nigeria had
higher calcium and manganese content, supporting
the findings of this study.l'”l Zinc is critical for
immune function, and its deficiency is common in
low-resource settings. The higher zinc content in
white maize (1.13 = 0.0067mg/kg vs.1.09 = 0.0099
mg/kg) suggests its potential advantage in
addressing micronutrient deficiencies, consistent
with a study!”) which emphasised dietary zinc as a
limiting nutrient in cereal-based diets. Iron content
was significantly higher in white maize, a finding
that aligns with a previous study!, which noted
that yellow maize tends to prioritise provitamin A
accumulation (like p-carotene) at the expense of
iron and zinc. The iron content of 2.10 + 0.0147
mg/kg in white maize could be essential in the
context of anaemia prevention in women and
children. No significant difference was observed in
magnesium content, suggesting that both maize
types contribute comparably to dietary magnesium
needs. This is in agreement with the report of Oboh
et al. (2017)P), which observed negligible
differences in Mg levels between different maize
cultivars grown in Nigeria. Calcium levels were
significantly higher in white maize, which supports
bone health, muscle function, and nerve
transmission. This finding agrees with a study that
reported enhanced calcium levels in white maize
harvested from acidic soils, potentially explaining
the observed variation.l'3) Manganese content was
also higher in white maize, as seen in earlier
studies.''This trace mineral is important for
enzymatic functions and bone formation. The
superior mineral profile of white maize
underscores its relevance in food-based strategies
to address micronutrient malnutrition in Nigeria.

The proximate analysis of masa revealed distinct
nutritional differences between white and yellow
varieties. White masa had higher protein (20.99%)
and fat content (28.62%), which may enhance
satiety, contribute to protein-energy adequacy, and
provide a more nutrient-dense food option. In
contrast, yellow masa contained more crude fibre
(15.65%) and carbohydrate (29.42%), offering

higher energy yield and potential digestive benefits.

Moisture and ash contents were comparable
between the two. These results suggest that
fermentation and processing into masa not only

preserve varietal nutrient characteristics but also
highlight their functional roles in the diet.

The mineral analysis further confirmed that some
micronutrients,  particularly  calcium  and
manganese, are higher in white maize and its masa,
while zinc and iron were found to be significantly
(p < 0.05) higher in yellow maize masa (Table IV).
This is consistent with earlier findings!*? and
indicates that masa processing does not diminish
some of the inherent mineral advantages of white
maize. The higher protein content in white masa
and the iron content in yellow masa are particularly
relevant in Nigeria, where deficiencies in these
nutrients are widespread contributors to anaemia
and growth faltering.!'4]

Thus, these results emphasise the complementary
roles of white and yellow masa in meeting diverse
nutritional needs. White masa provides higher
protein and mineral density, supporting growth and
micronutrient adequacy, while yellow masa offers
energy and fibre benefits. This dual advantage
underscores the importance of varietal selection in
nutrition-sensitive agriculture and dietary planning,
and highlights how food processing methods like
fermentation can influence nutrient availability.

Conclusion

This study revealed that both white and yellow
maize varieties are nutritionally rich, though
important differences exist in their masa products.
White maize had comparatively  higher
concentrations of protein, fibre, and essential
minerals (Zn, Fe, Ca, and Mn), while yellow maize
contained more moisture. When processed into
masa, white masa retained a superior protein and
fat profile, together with higher concentrations of
key minerals, whereas yellow masa provided
higher = carbohydrate = and fibre  content.

These results suggest that white masa may
contribute more meaningfully to protein and
micronutrient adequacy, making it valuable in
combating deficiencies such as anaemia and
stunting, while yellow masa offers advantages in
energy and dietary fibre intake. The findings
reinforce the role of maize in addressing nutrient
deficiencies and highlight the importance of
varietal choice in food processing, nutrition policy,
and agricultural interventions.
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Table 1: Proximate Composition of White and Yellow Maize Varieties

Component White Maize (%) Yellow Maize (%) t-statistic P-value Effect Size (d)

Crude Protein 9.20 +0.42 8.90 £0.34 0.96 0.391 0.79

Crude Fibre 3.50 £0.48 3.30£0.50 0.49 0.643 0.41

Fat Content 4.40+0.71 3.80 +£0.04 1.46 0.218 1.19

Moisture Content  10.27 +0.32 11.48 £0.35 -4.42 0.012 -3.61

Ash Content 1.06 £ 0.21 0.98 +£0.63 0.21 0.845 0.17

Carbohydrate 71.57 £0.01 71.54 £0.05 1.02 0.366 0.83

Bold values indicate statistically significant differences (P < 0.05)

Table 2: Mineral Composition of White and Yellow Maize Varieties

Element White Maize Yellow Maize (mg/kg) t-statistic P-value  Effect Size
(mg/kg) (d)

Zinc (Zn) 1.13 £ 0.0067 1.09 + 0.0099 5.80 0.004 4.73

Iron (Fe) 2.10+£0.0147 1.41 £0.0398 28.17 <0.001 23.00

Magnesium (Mg) 18.19 £0.139 18.10+0.130 0.82 0.459 0.67

Calcium (Ca) 7.95+£0.0144 7.64 £0.0104 30.23 <0.001 24.68

Manganese (Mn) 0.44£0.0123 0.40 £ 0.0068 4.93 0.008 4.02

Bold values indicate statistically significant differences (P < 0.05)

Table 3: Proximate Composition of Masa from Yellow and White Maize

Component Yellow Masa (%) White Masa (%) t-statistic  P-value Effect Size (d)

Crude Protein 17.16 £0.07 2099 +£0.21 -29.97 <0.001 -24.47

Crude Fibre 15.65 +0.33 13.35+0.53 6.38 0.003 5.21

Fat Content 23.77+0.23 28.62 +0.07 -34.94 <0.001 -28.53

Moisture 12.17 £0.44 13.10 £0.33 -2.93 0.043 -2.39

Ash Content 1.83 £0.71 1.70 £0.13 0.31 0.771 0.25

Carbohydrate 29.42 + 0.05 22.24+0.34 36.19 <0.001  29.55

Bold values indicate statistically significant differences (P < 0.05)

Table 4: Mineral Composition of Masa from White and Yellow Maize

Element White Masa Yellow Masa t-statistic P-value Effect Size
(mg/kg) (mg/kg) (d)

Zinc (Zn) 1.206 + 0.003 1.290 + 0.004 -29.10 <0.001 -23.76

Iron (Fe) 3.573 £0.040 4.454 £0.033 -29.43 <0.001 -24.03

Magnesium (Mg)  3.528 £0.001 3.534 £ 0.001 -7.35 0.002 -6.00

Calcium (Ca) 13.25+£0.19 12.21 +£0.02 9.43 0.001 7.70

Manganese (Mn) 0.639 + 0.007 0.612 + 0.006 5.07 0.007 4.14

Bold values indicate statistically significant differences (P < 0.05). Effect Size: Cohen's d > 0.8 is
considered a "Large" effect. Almost all significant differences here show very large effect sizes, indicating

a clear distinction between the varieties.
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Abstract

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder strongly associated with oxidative stress,
metabolic dysregulation, and progressive organ damage. Cigarette smoking is a major modifiable risk
factor that exacerbates oxidative stress, impairs antioxidant defences, alters nutritional status, and
accelerates diabetic complications, particularly those affecting the kidneys and cardiovascular system. This
study investigated the combined effects of cigarette smoking on oxidative stress, kidney function, vitamin
status (vitamins A and C), body mass index (BMI), and glycemic control among type 2 diabetic and non-
diabetic subjects attending Murtala Muhammad Specialist Hospital and Muhammad Abdullahi Wase
(Nassarawa) Hospital, Kano State, Nigeria. A cross-sectional comparative design was adopted, involving
forty (40) participants grouped into: type 2 diabetic smokers, type 2 diabetic non-smokers, non-diabetic
smokers, and non-diabetic non-smokers. Biochemical analyses included serum malondialdehyde (MDA),
superoxide dismutase (SOD), vitamin C, vitamin A, fasting blood glucose, serum creatinine, serum urea,
and BMI assessment. Diabetic smokers exhibited significantly elevated oxidative stress markers, impaired
antioxidant status, reduced vitamin A and C levels, increased BMI, and evidence of compromised kidney
function compared with non-smokers (p < 0.05). The findings demonstrate that cigarette smoking
synergistically worsens oxidative stress, nutritional imbalance, and renal dysfunction in type 2 diabetes.
Smoking cessation should therefore be prioritised as a critical component of comprehensive diabetes
management.

Keywords: Type 2 diabetes mellitus, cigarette smoking, oxidative stress, kidney function, vitamin A, BMI

Introduction

Type 2 diabetes mellitus (T2DM) is a major global
public health challenge characterised by chronic
hyperglycemia arising from insulin resistance and
relative insulin deficiency . Its prevalence has
increased markedly worldwide, particularly in
developing countries, due to rapid urbanisation,
sedentary lifestyles, dietary transitions, and
population ageing [ In sub-Saharan Africa,
including Nigeria, the growing burden of T2DM
poses serious clinical and economic challenges.

Oxidative stress is a central mechanism in the
pathogenesis of diabetes and its long-term
complications. Persistent hyperglycemia enhances
the production of reactive oxygen species (ROS)
through glucose autoxidation, non-enzymatic
protein glycation, activation of the polyol pathway,
and mitochondrial dysfunction B>l When
antioxidant defences are overwhelmed, oxidative
stress results in lipid peroxidation, protein
oxidation, and DNA damage, contributing to
endothelial dysfunction and organ injury 431,
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Cigarette smoking is an established independent
risk factor for insulin resistance, poor glycemic
control, and increased morbidity and mortality
among diabetic patients [©7. Tobacco smoke
contains numerous free radicals and pro-oxidant
compounds that directly induce oxidative damage
while also depleting endogenous antioxidants [68],
In individuals with diabetes, smoking amplifies
oxidative stress and accelerates the progression of
microvascular complications such as nephropathy,
neuropathy, and retinopathy, as well as
macrovascular diseases including cardiovascular
and cerebrovascular disorders 7121,

Beyond oxidative stress, smoking adversely affects
nutritional status and body composition. It has
been associated with alterations in body mass
index (BMI) and depletion of essential
micronutrients, including antioxidant vitamins
such as vitamins A and C !9, Vitamin A plays a
crucial role in immune regulation, epithelial
integrity, and antioxidant defence, while vitamin C
is a key water-soluble antioxidant involved in
scavenging free radicals and regenerating other
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antioxidants [>!%, Deficiencies in these vitamins
may further predispose diabetic patients to
oxidative injury and organ dysfunction.

Diabetic nephropathy remains one of the most
serious long-term complications of T2DM and a
leading cause of end-stage renal disease worldwide
[, Smoking has been shown to worsen renal
hemodynamics, increase albuminuria, and
accelerate the decline in renal function in diabetic
patients 2. However, limited integrated data exist
in northern Nigeria on the combined effects of
smoking on oxidative stress, kidney function,
vitamin status, and BMI in individuals with T2DM.

This study, therefore, aimed to comprehensively
evaluate the impact of cigarette smoking on
oxidative stress markers, kidney function indices,
vitamin A and C status, BMI, and glycemic control
among type 2 diabetic and non-diabetic subjects
attending selected tertiary hospitals in Kano State,
Nigeria.

Materials and Methods

Study Area and Population

The study was conducted at Murtala Muhammad
Specialist Hospital and Muhammad Abdullahi
Wase (Nassarawa) Hospital, Kano State, Nigeria.
Kano is located in north- western Nigeria and is
characterised by a tropical savannah climate. The
study population consisted of diagnosed type 2
diabetic  patients and apparently  healthy
non- diabetic individuals attending the selected
hospitals.

Study Design and Sample Size

This was a cross-sectional comparative study.
Forty (40) subjects were recruited and divided into
four groups of ten (10) participants each:

e Group A: Type 2 diabetic smokers

¢ Group B: Type 2 diabetic non- smokers
e Group C: Non- diabetic smokers

e Group D: Non- diabetic non- smokers

Ethical Clearance

Ethical approval for the study was obtained from
the Kano State Ministry of Health Ethics
Committee. Informed consent was obtained from
all participants before sample collection.

Sample Collection

Venous blood samples were collected after an
overnight fast using standard phlebotomy
procedures. Serum was separated by centrifugation
and stored appropriately until biochemical analyses

were performed, following established laboratory
protocols [10],

Biochemical Analysis

Determination of Serum Malondialdehyde
(MDA)

Serum malondialdehyde (MDA) was determined
as an index of lipid peroxidation using the
thiobarbituric acid reactive substances (TBARS)
method with absorbance measured at 532 nm, as
described by Tiwari et al. Bl.

Determination of Superoxide Dismutase (SOD)

Serum SOD enzyme activity was determined
according to the method described by Sun and
Zigman ¢l Here, the SOD enzyme assay
determines the difference between superoxide
anion decomposition and production, that is, its
ability to inhibit the autoxidation of adrenaline.

Determination of Vitamin C
Serum vitamin C concentration was estimated
using the dinitrophenylhydrazine

spectrophotometric method, as previously reported
[9,10]

Determination of Vitamin A

Serum vitamin A was determined
spectrophotometrically following extraction and
colour development as described by Rutkowaski
and Grzegorzewski [17],

Determination of Kidney Function Indices
Serum creatinine and urea concentrations were
determined using standard biochemical methods to
assess renal function, as outlined in clinical
biochemistry manuals and prior studies 121,

Determination of Serum Electrolyte Levels
Serum Electrolytes, including Chloride (Cl),
Sodium (Na), Potassium (K) and Bicarbonate
(COy3"), were determined using standard laboratory
methods as described by Maruna and Trinder [*°].

Determination of Fasting Blood Glucose (FBG)
Fasting blood glucose levels were measured using
Randoe's glucose oxidase/peroxidase method of
Barham and Trinder %],

Body Mass Index (BMI) Assessment

Body mass index (BMI) was calculated as weight
in kilograms divided by height in meters squared
(kg/m?) and classified according to World Health
Organisation criteria 21,

Statistical Analysis

Data were analysed using appropriate statistical
software. Results were expressed as mean =+
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standard deviation, and comparisons between
groups were performed using analysis of variance
(ANOVA). Statistical significance was set at p <
0.05.

Results

Oxidative Stress, Antioxidant Status, Glycemic
Control and BMI

Malonaldehyde (MDA): The highest increase in
the level of Malonaldehyde is seen in type 2
diabetic cigarette smoking patients (group A)
followed by Non cigarette smoking type 2diabetic
patients (Group B), while the lowest level of MDA
is seen in non-type 2 diabetic cigarette smokers
(Group C) followed by Non type 2 diabetic non
cigarette smoking individuals (Group D) with very
little increased difference between the two, at
(p<0.05) level of significant difference.

Superoxide dismutase (SOD): The level of
Superoxide dismutase (SOD) an enzymatic
antioxidant that fights against reactive species, is

found to be significantly low in type 2 diabetic
cigarette smoking patients (Group A) followed by
Non cigarette smoking type 2 diabetic patients
(Group B), while the highest level of SOD is seen
in group D followed by the group C at (p<0.05)
level of significant difference.

Vitamin C (Ascorbic acid):

There is a significant decrease in the level of
vitamin C in group A, followed by group B, while
an altitudinous increase is seen in group D, with
little difference in the result of group C at a p<0.05
level of significance.

Fasting Blood Glucose (FBG):

Group A are found to be significantly
hyperglycemic with an intense increase in glucose
level, followed by group B, while group D and C
can be considered normal, but C is slightly
hyperglycemic compared to group D at (p<0.05)
level of significant difference.

Table 1. Serum glucose, Oxidative Stress Markers and Antioxidant Levels among Study Groups

Parameter T2DM T2DM Non-diabetic Non-diabetic
Smokers Nonsmokers Smokers Nonsmokers
MDA (pumol/L) 1.785 £ 1.331>  1.594 + 0.405 1.027 £0.281 1.013 £0.247°
SOD (mg/dL) 0.002 £0.0022  0.004 £ 0.006 0.011+0.017 0.020 £ 0.021®
VitaminC (mg/dL) 10.31 £2.83¢+ 1242 +1.93 12.87 £2.71 17.39 £8.19®
FBG (mmol/L) 1236 £3.97*  10.89 +£3.11 4.36 +£0.84 4.28 £0.43b
(\2;;1:)111;11)& 0.708+0.107°  0.838+0.011° 0.877 +0.051" 1.07+0.162¢
BMI (Kg/m?) 25.00+0.881¢  26.05+0.701° 26.50+1.500¢ 26.52+1.118°¢

Values are mean + SD. Different superscripts within a row indicate a significant difference (p < 0.05).

3.2 Kidney Function Indices

The results of kidney function indices presented in
Table 2 revealed that type 2 diabetic smokers have
significantly higher levels of Urea, Creatinine and
electrolytes (Na, K, Cl and COs") compared to type

2 diabetic non-smokers. The pattern shown by the
kidney function indices is as follows: T2DM
Smokers > T2DM Non-smokers > Non-diabetic
Smokers > Non-diabetic Non-smokers.

Table 2: Serum kidney parameters ( mmol/L)in diabetic and non-diabetic patients

GROUP UREA CREATI SODIUM POTA CHLORIDE BICAR
NINE SSIUM BONATE

T2DM 27.7+£3.03* 1.461+0.09? 177.29+6.79* 7.02+0.92° 118.5+6.89* 43.5+2.832

Smokers

T2DM 21.0247.74° 1.207+0.19° 164.5+7.71° 6.40+0.64° 114.2+£3.192 35.53+9.89P

Nonsmokers

Non-diabetic 20.78+5.390 0.942+0.07¢ 141.67+5.32¢ 6.17+0.29° 111.1£5.67° 26.6549.37¢

Smokers

Non-diabetic 7.9+£0.89¢ 0.81+0.16° 134.5+6.38¢ 4.42+1.020 99.5+1.87¢ 18.98+5.364

Nonsmokers

Values are mean = SD. Different superscripts
within a column indicate a significant difference (p
<0.05).

Overall, diabetic smokers exhibited the most
adverse biochemical and anthropometric profiles,
characterised by significantly increased oxidative
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stress, impaired antioxidant defences, reduced
vitamin A and C levels, higher fasting blood
glucose, increased BMI, and evidence of
compromised kidney function compared with non-
smokers (p < 0.05).

Discussion

The present study offers a comprehensive
evaluation of the interactive effects of cigarette
smoking and type 2 diabetes mellitus on oxidative
stress, antioxidant status, kidney function, vitamin
A and C levels, body mass index, and glycemic
control. By integrating metabolic, nutritional, and
renal parameters, the findings provide a broader
understanding of how smoking accelerates
diabetes-related pathophysiology, with important
implications for disease management and
prevention.

Consistent with previous studies, diabetic smokers
in this study exhibited significantly elevated

malondialdehyde (MDA) levels, reflecting
increased lipid peroxidation and heightened
oxidative stress. Hyperglycemia-induced

overproduction of reactive oxygen species (ROS),
coupled with the abundant free radicals and pro-
oxidants present in cigarette smoke, creates a
synergistic oxidative burden that overwhelms
endogenous antioxidant defences B30l Similar
elevations in MDA among diabetic smokers have
been reported by Morrow et al. and Tiwari et al.,
who demonstrated that smoking independently
amplifies lipid peroxidation in both diabetic and
non-diabetic populations -],

The observed reduction in superoxide dismutase
(SOD) activity among diabetic smokers further
supports the notion of compromised antioxidant
defence mechanisms. SOD plays a critical role in
dismutating superoxide radicals into less reactive
species; its depletion suggests persistent oxidative
insult and enzymatic inactivation. Comparable
reductions in SOD activity have been documented
in diabetic patients with poor glycemic control and
in chronic smokers, reinforcing the additive
deleterious effects observed in this study [*#,

Antioxidant vitamin depletion was a prominent
finding, with significantly lower serum vitamin C
and vitamin A levels among diabetic smokers.
Vitamin C, a primary water-soluble antioxidant, is
rapidly consumed during oxidative stress, while
vitamin A is essential for epithelial integrity,
immune modulation, and redox homeostasis.
Previous investigations have similarly reported
reduced antioxidant vitamin levels in smokers and

individuals with diabetes, attributing this to
increased utilisation, impaired absorption, and
altered metabolism [>!°1. The combined deficiency
observed here may further predispose diabetic
smokers to oxidative tissue damage and immune
dysregulation.

Renal function impairment was more pronounced
among diabetic smokers, as evidenced by elevated
serum creatinine and urea concentrations.
Smoking-induced endothelial dysfunction, renal
vasoconstriction, and oxidative injury to
glomerular  structures are  well-documented
mechanisms that accelerate diabetic nephropathy
(12, Nilsson et al. reported a strong association
between smoking, microalbuminuria, and declining
renal function in type 2 diabetes, findings that
align closely with the present results ['2l. These
observations underscore smoking as a critical
modifiable risk factor in the progression of diabetic
kidney disease.

Body mass index (BMI) findings revealed that
diabetic subjects, particularly smokers,
predominantly fell within the overweight range.
Although smoking has historically been associated
with lower body weight, emerging evidence
suggests that in the context of diabetes, smoking
coexists with central adiposity and insulin
resistance "1, This paradoxical relationship may
be mediated by hormonal dysregulation, chronic
inflammation, and lifestyle factors, further
compounding metabolic risk.

Collectively, the findings of this study are in
agreement with and extend existing literature by
demonstrating that cigarette smoking exacerbates
oxidative stress, depletes critical antioxidant
vitamins, impairs renal function, and worsens
metabolic control in type 2 diabetes. The integrated
approach adopted here strengthens the evidence
base linking smoking to accelerated diabetic
complications, particularly in resource-limited
settings.

From a public health perspective, these results
highlight the urgent need to incorporate structured
smoking cessation programs into diabetes care
protocols. Nutritional interventions aimed at
improving antioxidant vitamin status, alongside
aggressive glycemic control, may further mitigate
oxidative damage and delay the onset of
complications. Future longitudinal studies with
larger sample sizes are warranted to establish
causal relationships and explore the potential
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benefits of targeted antioxidant supplementation in
diabetic smokers.

Conclusion

Cigarette  smoking significantly aggravates
oxidative stress, depletes antioxidant vitamins A
and C, impairs kidney function, alters body mass
index, and worsens glycemic control in individuals
with type 2 diabetes mellitus. Diabetic smokers are
therefore at substantially higher risk of developing
oxidative stress-mediated complications, including
diabetic nephropathy and other long-term sequelae.
Integrating smoking cessation into diabetes
management strategies is essential to reduce
disease burden and improve patient outcomes.

6. Recommendations

1. Smoking cessation programs should be
integrated into diabetes care.

2. Routine monitoring of oxidative stress
markers in  diabetic  patients  is
recommended.

3. Public health policies should emphasise
awareness of the synergistic risks of
smoking and diabetes.
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Abstract

Micronutrient malnutrition, particularly iron (Fe) and zinc (Zn) deficiency, remains a major public
health challenge in regions where cereal-based diets predominate. Pearl millet (Pennisetum
glaucum), a drought-tolerant staple widely consumed in semi-arid regions, offers significant
potential for biofortification. This study combined physiological and molecular approaches to
evaluate Fe and Zn uptake, tissue distribution, and genetic diversity among three local pearl millet
varieties. Plants were cultivated in sandy loam soil spiked with iron oxide and zinc oxide under
screenhouse conditions. At vegetative and physiological maturity stages, root, stem, leaf and seed
tissues were harvested and analysed using atomic absorption spectrometry. In parallel, genetic
polymorphism among the varieties was assessed using two microsatellite (SSR) primer pairs.
Diversity parameters including polymorphic information content (PIC), binary scoring and
UPGMA cluster analysis were determined. Results showed significantly (p < 0.05) higher
accumulation of Fe and Zn in roots at both growth stages, confirming efficient uptake but
restricted internal mobility. At physiological maturity, Fe remained largely confined to roots,
while Zn showed relatively greater accumulation in seeds, indicating differential remobilisation
behaviour. Hierarchical clustering based on mineral profiles revealed close relatedness between
two varieties, while the third was distinct. SSR analysis detected allelic polymorphism with
moderate PIC values (0.35-0.47), and UPGMA clustering similarly grouped the varieties into two
major clusters, corroborating mineral distribution patterns with genetic relatedness. The findings
demonstrate that limited phloem remobilisation constrains natural enrichment of pearl millet
grains with Fe and Zn. Importantly, the observed genetic variability provides a foundation for
selecting parent lines for breeding programmes aimed at improving micronutrient density.

Keywords: Pearl millet, iron, zinc, tissue distribution, biofortification, microsatellite markers.

1. Introduction
Iron (Fe) and zinc (Zn) deficiencies affect through

an effective

food crops with micronutrients,

billions globally, especially in populations
dependent on cereal staples. These deficiencies,
often referred to as 'hidden hunger', especially
affect women and children, due to their
physiological needs.'!  The micronutrient
content of edible plant tissues depends on
uptake from soil, root absorption, xylem
transport to vegetative tissues and eventual
remobilisation through the phloem into seeds.
However, Fe and Zn exhibit limited phloem
mobility, often accumulating in high-
transpiring tissues such as roots and leaves
rather than grains. Biofortification of staple

Date submitted-15/10/2025
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breeding or fertilization, is
strategy to combat widespread dietary
deficiencies in human populationst!! Cereals
and cereal products have been reported to
supply up to about 50% of Fe and 30% of Zn
in human diet.”) The inadequate intake of
several micronutrients, including Fe and Zn,
that affects billions of people globally
contextualises the relevance of improving
mineral bioaccessibility in cereals. [*!

Pearl millet (Pennisetum glaucum) is highly
adapted to arid and semi-arid regions and
constitutes a major dietary component in many

Date Accepted-28/11/2025
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African and Asian communities.[* With regard
to nutritional quality, pearl millet is at least
equivalent to maize and generally superior to
sorghum in protein content and quality and
metabolisable energy levels,’] as well as
digestibility.l] Furthermore, pearl millet does
not usually contain significant amounts of
condensed polyphenols, such as the tannins
commonly found in other staple crops such as
sorghum, which can decrease digestibility.[”]
Pearl millet grain also has a more complete
amino acid profile than maize or sorghum.!
Taken in totality, these qualities make pearl
millet a major contributor of dietary protein
and mineral intake in a variety of rural
populations in sub-Saharan Africa.l>> 1%
Despite its resilience and nutritional quality,
the bioavailability of Fe and Zn in the grain
remains low due to physiological limitations in
uptake, translocation and remobilisation.

Genetic research in relation to Fe and Zn
uptake, accumulation and distribution, and
understanding tissue-specific distribution of
these minerals at different growth stages are
crucial for biofortification efforts in pearl
millet.[']

In view of the physiological limitations to
micronutrient remobilisation in cereals and the
need to identify genotypes with superior
nutrient-partitioning traits, this study integrates
mineral distribution analysis with molecular
characterisation. The distribution of Fe and Zn
in different tissues of local millet varieties was
evaluated at vegetative and physiological
maturity stages, alongside assessment of
genetic polymorphism using simple sequence
repeat (SSR) markers. This combined
approach provides insight into both the
physiological behaviour of micronutrients and

The sequences of the genomic SSR primers used are given below:[

Primerl:

the underlying genetic variability relevant to
biofortification efforts.

2. Materials and Methods

2.1 Study Site

The experiment was conducted in a
screenhouse at Bayero University, Kano,
Nigeria.

2.2 Seed Collection,
Treatment

Seeds of three locally sourced pearl millet
varieties were planted planted in 5 L plastic
pots filled with sandy loam soil. The soil was
spiked with 0.6 g Fe.Os; and ZnO prior to
planting. Plants were arranged in a completely
randomised design with three replicates.

Planting and Soil

2.3 Agronomic Management

Watering, thinning and fertiliser application
(NPK 15:15:15 and urea) followed standard
agronomic practices for millet cultivation.

2.4 Sampling Stages

Plants were harvested at: Week 3 (vegetative
stage) and Week 12 (physiological maturity).
Tissues were separated into root, stem, leaves
and seeds.

2.5 Sample Digestion and Mineral Analysis
Dried samples (0.2 g) were acid-digested and
analysed for Fe and Zn using atomic
absorption spectrometry (AAS).

2.6 SSR  Marker-Based Polymorphism
Assessment

Genomic DNA was extracted from young
leaves and amplified using two published pearl
millet SSR primer pairs. PCR products were
resolved on agarose gel and scored by
presence/absence of alleles to generate a

binary data matrix.
12]

— Forward: 5'-CTGGACTCACCATGATGACG-3’
— Reverse: 5'-GTGACCGTGTATGCTTGGTG-3'

Primer2:

— Forward: 5'-GCTTGCTGCTCTTCTTGCTT-3'
— Reverse: 5-TGGCACTTGACAGGACAGAG-3'
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Polymorphic Information Content (PIC) for
each SSR locus was calculated to determine
the informativeness of the markers used for
locus-specific ~ polymorphism  assessment
among the pearl millet varieties. Following
allele separation on agarose gel, distinct allele
sizes for each primer pair were scored across
the varieties. The frequency of each allele at a
given locus was determined from the
presence/absence data matrix. PIC values were
computed according to the formula described
by Botstein et al.'3! From the binary data, a
similarity matrix was generated using Simple
Matching Coefficient (SMC) and used to
generate an UPGMA dendrogram.

2.7 Statistical Analysis

Data were expressed as mean £ SD (n = 3).
JASP statistical package (version 0.95.4.0)
was utilised for data analysis. ANOVA with

Tukey post-hoc analysis was performed at p <
0.05.

3. Results

3.1 Soil Characteristics

The soil was slightly acidic (pH 6.3), sandy
loam, with low nitrogen content — conditions
favourable for cereal growth and micronutrient
availability.

3.2 Fe and Zn Distribution at Vegetative Stage
At week 3, Fe and Zn concentrations were
significantly (p < 0.05) higher in root tissues
compared to the leaves and stems. The
concentration of the minerals was generally
higher in leaves compared to the stem even
though no significant differences were
observed. The observed differences among the
vegetative tissues indicate active uptake but
limited translocation.

Table 1: Iron and zinc levels across different tissues of millet (P. glaucum) at vegetative stage (3

weeks) of growth.
(a) Iron

Pearl millet Fe (mg/kg)

Root Stem Leaves
Variety-1 296.66+18.93? 162.22+7.57° 183.33+5.13
Variety-2 319.00+26.67% 171.33£06.51° 195.67+7.10°
Variety-3 318.67+23.07* 167.67+8.08° 188.00+4.36°
(b) Zinc

Pearl millet Zn(mg/kg)

Root Stem Leaves
Variety-1 57.33+£11.49* 26.67+3.79° 29.66:£6.03°
Variety-2 55.00+6.08* 24.66+5.03° 32.30+3.79°
Variety-3 51.34+7.772 30.00+4.58P 35.00+£5.29b

Values are mean+SD. Values along rows bearing dissimilar superscripts are significantly different.

3.3 Fe and Zn Distribution at Physiological
Maturity. At week 12, significant differences
(p < 0.05) were observed across tissues in Fe
content in all the studied varieties. Roots
retained the highest concentrations of Fe,

while seeds showed the lowest accumulation,
indicating poor remobilisation to grains. On
the other hand, significantly higher levels of
zinc were seen in the seeds relative to the other
tissues.
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Table 2: Iron and Zinc Levels across Different Tissues of Millet(P. glaucum)at Maturation Stage

(12weeks)of Growth.
(a)lron
Pearl millet Fe (mg/kg)

Root Stem Leaves Seeds
Variety-1 272.67€17.21? 146.33+£17.95° 135.67+6.51¢ 46.00+7.554
Variety-2 284.00+25.24° 157.33+£28.15° 128.67+4.51¢ 49.67+9.07¢
Variety-3 302.67+34.21* 163.00+£14.73° 134.33+6.66° 47.00+7.55¢
(b) Zinc
Pearl millet Zn (mg/kg)

Root Stem Leaves Seeds
Variety-1 24.60+5.51° 29.00+4.58? 24.324+4.932 37.00+7.00°
Variety-2 25.00+4.58? 28.05+3.46° 23.334+4.932 36.67+7.51°
Variety-3 21.70+3.212 25.304+4.732 20.67+2.10? 33.00+6.25°

Values are mean+SD. Values along rows bearing dissimilar superscripts are significantly different.

When both stages of growth were considered,
a hierarchical cluster analysis (Figure 1)
revealed that variety-1 and variety-2 exhibited
the highest degree of relatedness based on their
Fe and Zn accumulation profiles across both

growth stages. Variety-3 was identified as the
most distinct variety, primarily due to
variations in mineral partitioning at the 12-
week mark.

Dendrogram of Three Varieties based on Metal Concentration Profiles

Euclidean Distance (Ward Linkage)

Variety-2

Variety-1
Variety

Variety-3

Figure 1: dendrogram of hierarchical cluster analysis showing the relatedness of the three pearl
millet varieties based on iron and zinc concentration profiles.

3.4 SSR Marker—Based Polymorphism

Two SSR loci revealed allelic variation among
the varieties (Table 3). Binary scoring showed
polymorphism across the loci, with varieties
sharing between 50-75% similarity. PIC
values were 0.47 and 0.35, respectively,
indicating moderate marker informativeness.

Presence/absence scoring (Table 4) revealed
allelic variation among varieties, with varieties
A and B sharing 75% similarity across the two
loci. These results demonstrate that
polymorphism exists at the tested SSR loci,
though genome-wide diversity cannot be
inferred from only two markers.
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Table 3: Simple Allelic Variation between the Pearl Millet Varieties based on the SSR Primer

Pair.

SSR Primer Locus Allele sizes (bp) Number of PIC
alleles

Primer-1 Locus 1 180, 185, 190 3 0.47

Primer-2 Locus 2 220, 230 2 0.35

PIC = Polymorphic information content

Table 4: Binary Scoring Matrix of Marker Loci Across Three Pearl Millet Varieties.

Variety Primer-1 180 Primer-1185 Primer-1190 Primer-2220 Primer-2 230
Variety-1 1 1 1 0
Variety-2 0 1 1 1
Variety-3 0 1 0 0 1

The dendrogram analysis revealed distinct
genetic  relationships among the three
evaluated varieties (Figure 2). The -cluster
analysis partitioned the varieties into two
primary groups. Variety-1 and variety-2

exhibited the highest genetic similarity and
share a 60% similarity profile. On the other
hand, variety-3 is the most genetically distant,
sharing only 40% average similarity with the
other two varieties.

UPGMA Dendrogram Based on Binary Marker Similarity

0.6

0.5 1

0.4 1

0.3 +

Genetic Distance

0.2

0.1

0.0
Variety-3

Variety-1

Varieties

Variety-2

Figure 2: UPGMA dendrogram showing genetic relationship among three pearl millet varieities
based on binary scoring of polymorphic marker loci.

4. Discussion

The significantly higher concentration of both
Fe and Zn in roots compared to the shoots is
consistent with the role of roots as the primary
site of nutrient uptake from the soil. The
preferential accumulation of Fe and Zn in roots
at both growth stages confirms restricted
mobility of these micronutrients within pearl
millet."l Similar to other graminaceous crops,
uptake occurs efficiently via root transport
systems, but remobilisation through phloem

into seeds is limited. This pattern is consistent
with the known behaviour of Fe and Zn as
elements with low phloem mobility. During

maturation, transpiration-driven xylem
transport declines, and without efficient
remobilisation mechanisms, micronutrients

remain locked in vegetative tissues. Zn uptake
in plants varies and is influenced by its
availability in the growth medium and the
plant's ability to absorb and regulate its
internal concentrations.[>:16]
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The findings explain why pearl millet grains,
despite adequate soil micronutrients, often
contain suboptimal Fe and Zn levels. This
physiological limitation presents a major
challenge to natural biofortification and
underscores the need for genetic strategies
targeting transporter systems responsible for
micronutrient remobilisation.!!”]

The level of polymorphism detected among
the pearl millet varieties confirms the rich
genetic diversity present in local genotypes
earlier reported.['”-!¥] This diversity is expected
due to the cross-pollinating nature of pearl
millet and long-term adaptation to diverse
ecological niches. The PIC values observed
indicate that the SSR markers used are
moderately informative and could be effective
for genetic characterisation of pearl millet.

The clear clustering pattern in the dendrogram
suggests that variety-1 and variety-2 likely
share a more common ancestor or have
undergone similar selection pressures, as
evidence by their high level of allelic co-
occurrence. This is corroborated by the similar
clustering of variety-1 and variety-2 based on
the Fe and Zn levels. These observations
indicate the significance of the findings
towards identifying genotypes for breeding
programmes aimed at improving micronutrient
traits.

Importantly, the genetic variation observed
provides a strong foundation for selecting
parent lines with superior micronutrient uptake
and remobilisation capacity. Combining
genetic diversity data with mineral distribution
results offers a powerful approach for
identifying candidate varieties suitable for
biofortification programmes.

5. Conclusion

Pearl millet demonstrates efficient absorption
of Fe and Zn from soil but exhibits limited
remobilisation of these micronutrients into
seeds. In addition, SSR microsatellite analysis
revealed substantial genetic variability among
the studied pearl millet varieties, indicating a

valuable genetic resource for breeding
programmes. Integrating knowledge of mineral
distribution with genetic variation provides a
useful foundation for breeding strategies aimed
at improving pearl millet grain micronutrient
density.
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