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Abstract

Eyeliner, a popular eye cosmetic, may affect tear cytokine levels, influencing ocular
surface immunity. A quasi-experimental study involved 10 healthy females (aged 18 — 24
years) with no prior glue exposure. Tear samples, collected at baseline (control group)
and after one month of daily use of eyeliner application (experimental group) ,were
analysed for IL-1B, IL-6, and IL-10 levels using ELISA, while visual acuity was
measured with Snellen and logMAR charts. Data were evaluated with paired t-tests (p <
0.05). Visual acuity showed no significant change (p > 0.05). IL-1B decreased
significantly from 430.1 + 245.4 pg/ml to 144.5 £+ 81.6 pg/ml (p = 0.002), and IL-10
dropped from 27.0 + 9.8 pg/ml to 5.4 £ 4.2 pg/ml (p = 0.0001). IL-6 levels remained
unchanged (39.9 + 20.2 pg/ml to 37.6 + 7.6 pg/ml, p = 0.735). Short-term eyeliner use
reduces IL-1PB and IL-10, suggesting altered ocular surface immunity without affecting
visual acuity. Further research and public health education are advised

Keywords: Eyeliner, Tear Cytokines, IL-1p, IL-6, IL-10, Visual Acuity, Ocular Health

Abbreviations

DED: Dry Eye Disease

ELISA: Enzyme-Linked Immunosorbent Assay
IL-1P: Interleukin-1

IL-6: Interleukin-6

IL-10: Interleukin-10

MGD: Meibomian Gland Dysfunction

VA: Visual Acuity

Introduction

Ocular cosmetics, such as eyeliner, are popular for enhancing eye appearance,
particularly among young adult females (Dartt & Willcox, 2013). Applied along the
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eyelid margin or lash line, eyeliner contains pigments, waxes, and preservatives that may
migrate into the tear film, potentially causing irritation or inflammation (Ng et al., 2015).
Tear cytokines, including pro-inflammatory (IL-1p, IL-6) and anti-inflammatory (IL-10)
mediators, are critical for maintaining ocular surface homeostasis and regulating immune
responses (Dinarello, 2000). Alterations in cytokine concentrations may signal ocular
surface stress, potentially contributing to conditions like dry eye disease (DED)
(Prabhasawat et al., 2020).

Despite eyeliner’s widespread use, its impact on tear cytokine profiles in young,
healthy populations remains understudied. Previous research suggests that eyeliner can
disrupt tear film stability and contribute to meibomian gland dysfunction (MGD),
potentially affecting inflammatory mediators (Ng et al., 2015; Prabhasawat et al., 2020).
This study aimed to assess the effects of daily eyeliner application on tear cytokine
concentrations (IL-1pB, IL-6, 1L-10) and visual acuity in young adult females, providing
insights into the ocular safety of cosmetic use.

Materials and Methods

A quasi-experimental, one-group pretest-posttest design was employed to
investigate eyeliner’s effects on tear cytokines. The study was conducted at the
Department of Optometry and Vision Science, University of llorin, Nigeria, from
December 2024 to January 2025. Ten female participants (aged 16-35 years) were
recruited using convenience-purposive sampling, the control group included baseline tear
cytokines and the experimental group included one month of eyeliner use. Inclusion
criteria included consent to participate and willingness to use eyeliner daily for one
month. Exclusion criteria encompassed a history of ocular allergies, eyeliner wearers,
chronic dry eye, recent ocular surgery, contact lens use, or medications affecting tear
composition.

Participants completed a questionnaire on makeup habits and ocular symptoms.
Each was provided with eyeliner (Maybelline Colossal Kajal) for daily use. The
Maybelline Colossal Kajal is a retractable eyeliner composed of lightweight silicones and
structural waxes such as polyethylene, microcrystalline wax, and Candelilla wax. Its
color is derived from mineral pigments including iron oxides and carbon black. The
formulation also includes aloe vera and vitamin E alongside other emollient and oil-based
ingredients. Assessments were conducted before (control group) and after one month of
eyeliner application (experimental):

1. Visual Acuity: Measured using Snellen and logMAR charts at 6 meters and 40
cm, respectively.

2. Tear Sample Collection: Tears (2-10 pL) were collected using the flush tear
method with 0.9% NaCl saline and glass micro capillary tubes. Samples were
stored at -80°C.
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3. Cytokine Analysis: IL-1p, IL-6, and IL-10 concentrations were quantified using
Sandwich ELISA kits (Elabscience). Samples were thawed, centrifuged, and
analysed per the manufacturer’s protocol, with optical density measured at 450
nm.

Data Analysis
Data was analysed using Microsoft Excel 2016. Paired t-tests compared pre- and
post-intervention cytokine concentrations, with statistical significance set at p < 0.05

Ethical Considerations

The study complied with the Declaration of Helsinki. Ethical approval was
obtained from the University of Ilorin’s ethics committee, and verbal informed consent
was secured from participants. Data confidentiality was ensured.
Results

Visual Acuity

Visual acuity, assessed using Snellen and logMAR charts, showed no significant
change between the baseline tear cytokines (control group) and after one month of
eyeliner use (experimental group) (p > 0.05), indicating no impact on visual function.

Figure 1: Mean Visual Acuity (logMAR) Before and After One Month of Eyeliner Use
Mean Visual Acuity (loghIAR) Before and After
Eveliner Use

014 0.14

Mean logMAR Visual Acuity

Before After

Time of Assessment

W Before mAfter

Figure 1 illustrates the mean visual acuity (logMAR) before and after one month of
eyeliner application, showing no significant change (p > 0.05).

IL-1p Concentrations

Mean IL-1B concentrations significantly decreased from 430.1 + 245.4 pg/ml
before eyeliner (baseline tear cytokines) use to 144.5 + 81.6 pg/ml after one month of
application (p = 0.002). Figure 2: IL-1p Concentrations Before and After One Month of
Eyeliner Use
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IL-1p Concentrations Before and After One
Month of Eveliner Use

M IL-1p Before (pgy/mil) Bl IL-15 Afer {pg/mi)
Q00.0
B00.0
FO0.0
e00.0
5000
400.0
3I00.0
200.0
100.0

0.0

IL-1p Concentration (pg/ml)

Figure 2 illustrates the distribution of IL-1f8 concentrations, showing a significant
decrease after one month of eyeliner application.

IL-6 Concentrations

Mean IL-6 concentrations showed minimal change, from 39.9 + 20.2 pg/ml
before (baseline tear cytokines) eyeliner use to 37.6 + 7.6 pg/ml after application, with no
significant difference (p = 0.735).

Figure 3: IL-6 Concentrations Before and After One Month of Eyeliner Use

JIIL-6 Concentrations Before and After One
MNlonth of Eveliner Use

M IL-6 Before (pg/mil) [ IL-6 After (pg/mil)

20.0

FO.0

60.0

50.0

30.0

IL-6 Concentration (pg/ul)

20.0

10.0

0.0

Figure 3 shows the distribution of IL-6 concentrations, indicating no substantial change
after one month of eyeliner application.
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IL-10 Concentrations

Mean IL-10 concentrations significantly decreased from 27.0 + 9.8 pg/ml before
(baseline tear cytokines) eyeliner use to 5.4 + 4.2 pg/ml after one month of application (p
=0.0001).

Figure 4: IL-10 Concentrations Before and After One Month of Eyeliner Use.

IT.-10 Concentrations Before and After One
Nonth of Eveliner Use

I IL-10 Before (pgy/mil) H IL-10 After (pgy/mil)

45.0

40.0

25.0
20.0

15.0

IL-10 Concentration (pg/ml)

10.0

Figure 4 illustrates the distribution of IL-10 concentrations, showing a significant
decrease after one month of eyeliner application.

Discussion

This study demonstrates that short-term eyeliner use significantly alters tear
cytokine profiles in young adult females, with reductions in IL-1f and IL-10
concentrations, while IL-6 remains stable. The absence of visual acuity changes aligns
with Tan & Tong (2023), suggesting that short-term eyeliner use does not impair visual
function in healthy individuals, likely due to minimal tear film disruption.

The significant decrease in IL-1B, a pro-inflammatory cytokine, contrasts with
reports of elevated IL-1p in dry eye conditions (Solomon et al., 2001; Massingale et al.,
2009). This reduction may reflect temporary suppression of inflammatory responses,
possibly due to eyeliner components like waxes or pigments interacting with the ocular
surface (Ng et al., 2015). The marked decrease in IL-10, an anti-inflammatory cytokine,
suggests a potential weakening of ocular immune defences, as IL-10 is crucial for
controlling inflammation (Carrefio et al., 2010). The stability of IL-6 aligns with Ng
(2013), who observed minimal IL-6 changes after short-term eyeliner use, likely due to
participants’ healthy ocular status and limited exposure duration.

These findings indicate that eyeliner may disrupt ocular surface immune
homeostasis, particularly by reducing anti-inflammatory capacity, potentially increasing
susceptibility to ocular surface issues with prolonged use (Prabhasawat et al., 2020).

5
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Eyeliner particle migration into the tear film (Ng et al., 2018) may contribute to these
changes by altering cytokine production. Limitations include the small sample size
(n=10). Future studies should explore long-term effects, diverse populations, and
additional cytokines.

Conclusion

Short-term eyeliner use significantly reduces IL-1B and IL-10 concentrations in
tears without affecting visual acuity, suggesting a temporary alteration in ocular surface
immunity. The reduction in IL-10 raises concerns about diminished anti-inflammatory
defences, potentially increasing risks for ocular surface issues with frequent use. These
findings underscore the need for cautious eyeliner application and further research into its
long-term ocular effects.
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Running Title: Determinants of Emergency Contraceptive Usage Among Tertiary
Students
Abstract

This study assessed the knowledge, prevalence, and determinants of emergency
contraceptive (EC) use among students of Kwara State Polytechnic, llorin, Nigeria.
Emergency contraception serves as a vital post-coital method for preventing unintended
pregnancies, particularly among young adults who often face barriers to regular
contraceptive access. A descriptive cross-sectional design was employed between August
and September 2023 among 420 students selected through a multistage sampling
technique. Data were collected using a pre-tested, structured questionnaire and analyzed
with SPSS version 20. Descriptive and inferential statistics were used, with significance
set at p < 0.05. The mean age of respondents was 25.14 + 2.73 years, with females
constituting 75.5%. Nearly all participants (95.5%) had heard of EC, and 68.3%
demonstrated good knowledge. However, only 48.2% exhibited good practice. Most
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respondents (80.7%) used EC following condom failure, 75.5% did so within 24 hours,
and 63.4% accessed EC without prescription. Although 62% of respondents expressed
positive perceptions toward EC, misconceptions persisted—particularly regarding its
health effects and moral implications. Statistical analysis revealed no significant
association between academic level and EC among tertiary students. Despite high
awareness, knowledge and practice remain suboptimal due to misinformation and
sociocultural constraints. Targeted educational interventions and campus-based
reproductive health programs are recommended to enhance informed, safe, and
responsible EC use among Nigerian youths.

Keywords: Oral Contraceptives; Emergency Contraception; Students;Health Knowledge,
Attitudes, Practice; Nigeria

Introduction

Emergency contraception (EC), also known as post-coital contraception or the
“morning-after pill,” is a preventive measure used to avert pregnancy following
unprotected sexual intercourse (Cleland, Zhu, Goldstruck, Cheng, &Trussell, 2014). EC
serves as a vital safety net in preventing unintended pregnancies, especially in instances
of contraceptive failure, sexual assault, or unprotected intercourse. This method is
particularly critical for adolescents and young adults, who often face barriers to regular
contraceptive access and consistent usage due to stigma, limited sexual health education,
and social norms (World Health Organization [WHQO], 2020; Amoo, Samuel, & ldowu,
2021).

Globally, the prevalence of unintended pregnancies remains alarmingly high,
particularly in low- and middle-income countries where access to modern contraceptive
methods and comprehensive sexual education is limited (WHO, 2020; United Nations
Population Fund [UNFPA], 2022). WHO (2020) estimates that approximately 80 million
unintended pregnancies occur annually in developing nations, resulting in 40 million
abortions and 10 million miscarriages. In Africa alone, nearly 5.5 million unsafe
abortions occur each year, with 59% among young women aged 15-24 years (Sedgh,
Bearak, Singh, et al., 2016). These statistics highlight the urgent need for increased
access to EC as an essential component of reproductive health services for young people.
In Nigeria, sociocultural and religious conservatism, gender norms, and limited
comprehensive sexual education contribute to the low uptake of modern contraceptive
methods, including EC (Oye-Adeniran, Adewole, & Umoh, 2019; Oladipo, Adeyemo, &
Adebayo, 2021). Despite legal restrictions surrounding abortion, the high prevalence of
unsafe abortions underscores the urgent need for preventive measures such as EC (Sedgh
et al., 2016; Federal Ministry of Health [FMoH], 2018). While EC can prevent up to 99%
of pregnancies when taken within 72 hours of unprotected sex (Cleland et al., 2014), its
utilization remains suboptimal among Nigerian youths due to misinformation, stigma,
and limited access (Ibrahim & Isa, 2018; Abiola, Odu, &Asekun-Olarinmoye, 2020).
Tertiary institutions represent a crucial intervention point. Students often experience
newfound independence, engage in exploratory sexual behaviors, and may lack consistent

9
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access to family planning services (Adebayo & Adeoye, 2020). Paradoxically, although
they are generally more literate and presumed to have better access to information than
their non-schooling peers, their contraceptive behavior often reflects misinformation and
inconsistent practices (Owolabi, Adeniyi, & Ajayi, 2020). Understanding EC knowledge
and utilization within this group is essential for developing targeted reproductive health
interventions.

Studies in Nigeria and other sub-Saharan African countries reveal varying levels
of EC awareness and use. Reported usage among university students ranges from 5.4% to
28%, demonstrating disparities in both knowledge and accessibility (Amoo et al., 2021;
Ibrahim & Isa, 2018). For instance, in Osun State, 80.3% of tertiary students had poor
knowledge of EC, and only 36% correctly identified EC methods (Abiola et al., 2020).
Such findings indicate a persistent gap between awareness and actionable knowledge,
fueled by misinformation, stigma, and inadequate reproductive health education (Ganie,
Hassan, & Musa, 2021). Kwara State Polytechnic, llorin—located in Nigeria’s North-
Central region—offers a unique microcosm for examining these dynamics. The
institution hosts thousands of students from diverse cultural, religious, and socio-
economic backgrounds. This multicultural and multireligious context provides an ideal
setting to explore variations in knowledge, attitudes, and practices related to EC (Amoo
etal., 2021).

Although awareness of EC among Nigerian youths is reportedly high, actual
knowledge, perception, and appropriate utilization remain low (Amoo et al., 2021;
Nnebue, llo, &Umeh, 2020). Many students possess only superficial knowledge—such as
recognizing brand names—without understanding the correct timing, dosage, or
mechanism of action (Oye-Adeniran et al., 2019). This misinformation often leads to
inappropriate or inconsistent use. Despite various health education initiatives, there
remains a persistent gap between awareness and practice, indicating that existing
interventions are either ineffective or insufficiently targeted (Nnebue et al., 2020). The
situation is further complicated by sociocultural taboos surrounding premarital sex and
contraception, discouraging open discussion or access to EC services among young
people (Oladipo et al., 2021).

At Kwara State Polytechnic, anecdotal and emerging research evidence suggests
that while a significant proportion of students have heard of EC, many demonstrate poor
knowledge and misuse the method (Adebisi, Oke, &Alaran, 2021). Such inadequate
knowledge contributes to high rates of unintended pregnancies and unsafe abortions
among students, posing serious reproductive health challenges. Furthermore,
determinants such as gender, academic level, cultural background, and peer influence
remain underexplored within this population (Owolabi et al., 2020; Adedokun,
Ogunyemi, & Yusuf, 2022). Without empirical, context-specific data, policymakers and
educators lack the evidence necessary to design effective, culturally relevant
interventions to improve EC utilization and reproductive health literacy among tertiary
students. Understanding the knowledge, prevalence, and determinants of EC use among
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students of Kwara State Polytechnic is crucial for several reasons. First, this group
represents an important segment of Nigeria’s young, sexually active population who are
at risk of unintended pregnancies due to limited contraceptive knowledge and access
(Amoo et al., 2021). Second, by identifying determinants such as age, academic level,
gender, and cultural background, this study can help tailor reproductive health
interventions that are both age-appropriate and culturally sensitive (Owolabi et al., 2020;
Adedokun et al., 2022).

Moreover, this study aligns with Nigeria’s national health goals of improving
reproductive health outcomes and reducing maternal morbidity through effective family
planning education and services (FMoH, 2018). Evidence from this research will inform
educational institutions, policymakers, and public health practitioners in designing youth-
friendly programs that translate awareness into proper contraceptive behavior.
Ultimately, improving EC knowledge and practice among tertiary students will not only
help prevent unintended pregnancies and unsafe abortions but also contribute to broader
public health and gender equality objectives outlined by UNFPA (2022).

Materials and Methods
Study Design and Setting

A descriptive cross-sectional study was conducted from August 3, 2023 to
September 29, 2023 at Kwara State Polytechnic, llorin, Nigeria. Kwara State polytechnic
is a tertiary institution that provides educational training in science, technology, and
management to over 16,000 students. The Polytechnic consists of several academic
institutes, including the Institute of Finance and Management Studies, Institute of
Applied Science, Institute of Information and Communication Technology, and Institute
of Environmental Studies.

Study Population, Sample and Sampling

The study population included male and female undergraduate students across
various academic levels (ND I, ND II, HND 1, and HND II). The inclusion criteria
required students to be enrolled in regular or part-time programs, aged 15-30 years, and
willing to provide informed consent.

Using a prevalence rate of 58.1% from a previous Nigerian study (Adedokun,
2022), a minimum sample size of 374 was calculated using the Fisher’s formula. To
account for the non-respondents, the sample size was increased to 420.

A multistage sampling technique was employed to select participants for the
study. At First, four Faculties were randomly selected. Next, two departments were
chosen from each of the selected Faculties. Proportional allocation was then used to
determine the number of students to be sampled from each department, ensuring
representative participation. Finally, systematic random sampling was applied to select
individual students from each department, utilizing class nominal rolls as the sampling
frame.
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Data Collection

Data were gathered via a pre-tested, structured, self-administered questionnaire,
divided into sections covering socio-demographic characteristics, knowledge, perception,
and practice of EC. Pre-testing was done among University of llorin undergraduates
using ten percent of the total sample size (42 respondents) to ensure clarity and validity.

Ethical Considerations

Ethical approval was obtained from the University of llorin Ethical Review
Board (UERC/ASN/2023/2566). Written informed consent was obtained from each
participant, and confidentiality was strictly maintained.

Data Analysis

Data were entered into SPSS version 20.0 for analysis. Descriptive statistics were
used to summarize frequencies and percentages. Chi-square tests were used to assess
associations between variables, with a p-value < 0.05 considered statistically significant.
RESULTS
Demographic Profile
Table 1: Socio-Demographic Characteristics of Respondents (N=420)

Variable Frequency Percentage (%)
Age (Years)

15-20 20 4.8
21-25 224 53.3
26-30 176 41.9
Mean £ SD 25.14 +2.73
Gender

Male 103 24.5
Female 317 75.5
Religion

Christianity 202 48.1
Islam 218 51.9
Marital Status

Single 369 87.9
Married 51 12.1
Tribe

Yoruba 323 76.9
Igho 90 21.4
Hausa 6 14
Others 1 0.2
Level of Study

OND | 105 25.0
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OND Il 90 214
HND | 132 314
HND I 93 22.1

*OND = Ordinary National diploma
*HND = Higher National Diploma

As shown in table 1, the mean age of the respondents was 25.14 + 2.73 years.
The majority were females (75.5%) and single (87.9%). The dominant ethnic group was
Yoruba (76.9%), and most participants practiced Islam (51.9%).

Knowledge of Emergency Contraceptives

Table 2: Knowledge of Emergency Contraception (EC) among Respondents

Knowledge Indicators Frequency Percentage (%)
Heard of EC 401 95.5
Knows EC prevents unwanted pregnancy 382 91.0
Aware of combined oral contraceptive as EC 365 86.9
Knows EC not recommended as routine contraceptive 308 73.3
Knows time limit for EC use is within 72 hours 301 71.7
Correct dose (one dose) 307 73.1
Knows EC side effects exist 327 77.9

Table 2 revealed that amajority of respondents had a good understanding of
emergency contraceptives (EC). Almost all respondents (95.5%) had heard of EC, with
91% correctly identifying its primary purpose as preventing unwanted pregnancy.A
substantial proportion (86.9%) recognized combined oral contraceptives as a method of
EC, while 73.1% knew that it should be used within 72 hours.Additionally, 73.3% of
respondents were aware that a single dose of EC is effective.

Perceptions of Emergency Contraceptives
Table 3: Perception of Respondents Toward Emergency Contraceptive Use

Perception Statement Strongly Agree  Neutral Disagree Strongly

Agree (%) (%) (%) (%) Disagree
(%)

EC encourages promiscuity 5.2 6.7 24.0 455 18.6

Repeated EC use poses 77.9 9.8 3.1 6.0 3.3

health risk

EC should be available 45.7 8.6 8.3 195 17.9

without prescription

EC is safe for preventing 57.8 13.6 131 11.6 3.8

unplanned pregnancy

Would recommend EC to 84.0 2.1 4.8 1.7 7.4

family/friends

13



Ameen, Ajayi, Sheu, Oniyangi, Ologele & Aderibigbe

Respondents' perceptions of EC were varied; while less than half (45.5%)
disagreed with the notion that EC encourages promiscuity, a significant majority (87.7%)
believed that repeated use poses health risks.Slightly more than half (57.8%) considered
EC to be safe, and a substantial proportion (84%) would recommend it to friends or
family members (table 3).

Practice of Emergency Contraceptives
Table 4: Practiceof Emergency Contraception Among Users (n=290)

Practice Indicators Frequency  Percentage (%)
Ever used EC 290 69.0
Used EC during last coitus 230 79.3
Reason: Condom breakage 234 80.7
Used EC within 24 hours 219 75.5
Accessed EC without prescription at local clinic 184 63.4
Will use EC again 225 77.6

The study also explored the practice of EC among respondents. As shown in
table 4, a significant proportion of the participants (69%) had used EC at some point,
with the majority (80.7%) using it after condom failure. Among those who had used EC,
75.5% did so within 24 hours, and 63.4% accessed it without a prescription.Moreover,
77.6% of respondents intended to use EC again in the future.

Knowledge, Perception, and Practice Scores
Table 5: Knowledge, Perception, and Practice Summary scores among respondents

Variable Good (%) Poor (%)
Knowledge 68.3 31.7
Perception 62.0 38.0
Practice 48.2 51.8

Table 5 presents the respondents’ knowledge, perception, and practice scores
regarding EC. A substantial proportion (68.3%) demonstrated good knowledge of EC,
while 62% had a positive perception.However, only 48.2% of respondents exhibited good
practice.
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Statistical Associations
Table 6: Association Between Academic Level and Knowledge of respondents on EC

Academic Good Knowledge Poor Knowledge 1 p-value
Level

ND I 76 29

ND Il 56 34 5.76 0.124
HND | 98 34

HND Il 72 21

Note: ND means National Diploma
HND means Higher National Diploma

As shown in Table 6, there is no significant associations between academic level
and knowledge of EC (p=0.124); nor between knowledge and practice of EC (p=0.210).

DISCUSSION

This study revealed a remarkably high level of awareness of emergency
contraception (EC) among students of Kwara State Polytechnic, with 95.5% reporting
prior knowledge and 91% correctly identifying its role in preventing unwanted
pregnancies. These findings are consistent with results from previous studies in Nigeria
and other African countries, such as those conducted among students in Osun State,
Kaduna, and Enugu, which also reported high awareness levels ranging between 80% and
96% (Adeniji, Tijani, &Owonikoko, 2013; Hilary, 2014; Arinze-Onyia, Modebe, Nwuba,
&Obionu, 2010). However, as in other studies, awareness did not necessarily translate
into comprehensive understanding or correct usage. Only 68.3% of respondents
demonstrated good knowledge of EC, and significant misconceptions persisted,
especially concerning the correct timing, dosage, and safety of use. This finding
underscores a critical knowledge—practice gap that has also been reported among
university students in South Africa, Ethiopia, and Ghana (Myer et al., 2007; Tilahun,
Assefa, &Belachew, 2010; Amalba, Mogre, Appiah, & Mumuni, 2014).

The predominance of young, unmarried female respondents (75.5%) mirrors
patterns observed in similar tertiary institution-based studies in sub-Saharan Africa
(Zeleke & Zeleke, 2009; Tilahun et al., 2010; Amalba et al., 2014; Kongnyuy et al.,
2007). This demographic group is often more sexually active yet faces more pronounced
barriers to accessing accurate reproductive health information and services due to gender
norms, fear of stigmatization, and moral restrictions. The association between female
gender and higher EC awareness, but not necessarily correct knowledge or usage, may
reflect both increased exposure to reproductive health messages and persistent
misinformation in peer and social networks (Owolabi, Adeniyi, & Ajayi, 2020;
Adedokun, Ogunyemi, & Yusuf, 2022).

A key finding of this study is the significant disparity between EC knowledge
and practice. Although nearly all participants had heard of EC, fewer than half (48.2%)
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reported good or consistent practice. This discrepancy reflects a well-documented
phenomenon in reproductive health behavior known as the “knowledge—behavior
paradox,” where awareness of contraceptive methods does not automatically lead to
appropriate utilization (Bankole, Singh, & Hussain, 2014). Factors contributing to this
paradox include fear of side effects, cost, limited accessibility, judgmental attitudes of
healthcare providers, and social or religious disapproval. In this study, sociocultural
taboos and misinformation were especially influential—most respondents believed
repeated EC use could damage fertility or cause long-term health complications, echoing
patterns reported in studies from Ethiopia and Cameroon (Tilahun et al., 2010; Kongnyuy
et al., 2007).

The finding that 63.4% of respondents obtained EC from informal sources, such
as patent medicine vendors or pharmacies, without a prescription, also raises significant
public health concerns. Similar patterns have been reported across Nigeria, Ghana, and
Ethiopia, where poor regulation of pharmaceutical sales has led to widespread
misinformation and inappropriate use of EC (Amalbaet al., 2014; Zeleke & Zeleke, 2009;
Babatunde et al., 2016). This overreliance on non-professional sources can perpetuate
incorrect dosing, unsafe timing, and limited counseling on side effects. The fact that
77.9% of respondents believed that frequent EC use poses health risks indicates persistent
misconceptions that can only be addressed through structured educational interventions
and better pharmacy regulation.

Despite these barriers, the willingness of 77.6% of respondents to use EC again
and the 84% who would recommend it to others demonstrate a generally positive
disposition toward the method once it is tried. This finding aligns with previous research
in Nigeria and Ethiopia, which suggests that direct personal experience often reduces
moral stigma and misconceptions (Arinze-Onyia et al., 2010; Zeleke & Zeleke, 2009).
Therefore, targeted interventions that promote accurate, experience-based peer education
could substantially enhance correct and consistent use.

Notably, the lack of significant association between academic level and EC
knowledge (p = 0.124) or between knowledge and practice (p = 0.210) suggests that
formal education alone is insufficient to shape reproductive health behavior. This finding
is consistent with prior studies indicating that EC use is more strongly influenced by
sociocultural and behavioral determinants—such as peer influence, religious beliefs,
perceived susceptibility to pregnancy, and past contraceptive experiences—than by
educational attainment alone (Kistnasamy, Reddy, &Jordaan, 2009; Tilahun et al., 2010;
Subedi, 2012). This insight reinforces the need for interventions that move beyond
classroom-based sexual education to include interactive, participatory models that engage
students in open discussions about contraception.

From a public health perspective, these findings have several implications. First,
they highlight the necessity for institutional health policies that ensure consistent access
to EC and comprehensive sexual health counseling on campus. Integrating family life and
reproductive health education into tertiary curricula could normalize discourse around
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contraception and dispel persistent myths. Second, gender-sensitive and faith-friendly
approaches are essential in a context like Nigeria, where moral and religious views
significantly influence sexual behavior (Oye-Adeniran, Adewole, & Umoh, 2019;
Oladipo, Adeyemo, & Adebayo, 2021). Establishing peer educator networks and
leveraging digital health platforms could further enhance accessibility and confidentiality
for students seeking EC information and services.

Furthermore, the observed patterns reflect broader structural gaps in Nigeria’s
reproductive health system, where young people often fall outside the target demographic
of conventional family planning programs. Policymakers and educators must therefore
prioritize youth-centered, culturally appropriate strategies that bridge the gap between
awareness and actual preventive behavior. Strengthening partnerships between
universities, primary healthcare providers, and non-governmental organizations could
create sustainable frameworks for continuous reproductive health engagement.

Finally, while this study’s cross-sectional design and reliance on self-reported
data limit causal inference and may introduce social desirability bias, its findings
nonetheless provide valuable empirical evidence for designing targeted interventions. The
diversity of the Kwara State Polytechnic population, comprising students from various
ethnic and religious backgrounds, enhances the representativeness and generalizability of
the results.

In conclusion, while awareness of EC among Nigerian tertiary students is high,
actual knowledge, perception, and correct utilization remain inadequate. The persistence
of misinformation and sociocultural resistance underscores the need for comprehensive,
context-sensitive reproductive health education that transcends awareness campaigns to
focus on behavior change. Promoting accurate information, empowering peer educators,
and ensuring accessible and confidential EC services will be crucial steps toward
reducing unintended pregnancies, preventing unsafe abortions, and improving overall
reproductive health outcomes among young Nigerians.
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Abstract

The Human Immunodeficiency Virus (HIV) envelope glycoprotein (Env) is pivotal in
mediating viral entry into host cells and serves as a key target for vaccine development.
The HIV-1 envelope (env) gene exhibits extensive genetic variability, driven largely by
the accumulation of single-nucleotide polymorphisms (SNPs) that arise during viral
replication and evolution. This study aims to dissect the genetic intricacies of the HIV
Env gene by analyzing SNP distribution and allelic frequency patterns.Using sequences
retrieved from the NCBI database, we conducted a comprehensive analysis utilizing the
R statistical environment. We assessed SNP distribution across codon positions and
evaluated allelic frequencies within various HIV populations.

Our results indicate non-uniform SNP distributions with a high density at the third codon
position, suggesting potential hotspots for mutational activity. The allelic frequency
patterns displayed multimodal distributions, indicating a substantial proportion of
multimodal allele frequency spectra across polymorphic sites, reflecting variable
mutation persistence across viral sequences. These findings highlight a pronounced peak
in allele frequencies around 0.6, suggesting selective advantages for certain alleles. The
majority of loci were biallelic, revealing significant genetic diversity, which is crucial for
the virus's adaptability.

Our study underscores the complex nature of HIV genetic variation and its implications
for the virus's evolution, the development of vaccines, and therapeutic strategies. The
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insights gained from this research contribute to the understanding of HIV's adaptive
mechanisms and pave the way for personalized medical approaches in HIV treatment.

Keywords: HIV treatment, Glycoprotein, HIV, SNPs, Allelic frequency, Loci

Introduction

The emergence of Human Immunodeficiency Virus (HIV) has presented an
unparalleled challenge to global health, with the envelope glycoprotein (Env) playing a
central role in the virus's pathogenesis. The Env protein, composed of gp120 and gp4l
subunits, facilitates viral entry into host cells by binding to CD4 receptors and is a prime
target for vaccine development (Kwong et al., 1998). The genetic variability of the Env
gene, particularly its propensity for rapid mutation, significantly complicates the
development of effective therapeutic interventions (Wei et al., 2003).

Single nucleotide polymorphisms (SNPs) within the HIV Env gene contribute to
the genetic diversity that underpins the virus’s ability to evade host immune defenses.
This high mutation rate results in a complex array of viral quasispecies within a single
host, challenging both vaccine efficacy and drug resistance (Shankarappa et al., 1999).
The SNP distribution within the Env gene is a critical area of study, as it informs the
development of broad-spectrum antiviral strategies (Gaschen et al., 2002).

Allelic frequency patterns provide valuable insights into the evolutionary
dynamics of HIV, revealing how selective pressures shape viral populations. Alleles that
confer advantageous traits, such as immune evasion or drug resistance, tend to
proliferate, and their frequency patterns can indicate which strains are most widespread
and potentially the most significant targets for public health interventions (Moore et al.,
2002). Understanding these patterns is essential for the design of vaccines that can offer
protection against diverse viral strains (Korber et al., 2000).

The functional implications of the Env gene's genetic complexity are profound.
The protein's role in viral fusion and entry is highly dependent on its conformation, which
is, in turn, determined by its amino acid sequence. SNPs that lead to changes in this
sequence can have far-reaching effects on the Env protein's structure and function,
influencing the virus's ability to infect host cells and the disease's progression (Wyatt et
al., 1998). Consequently, the correlation between SNP patterns and protein conformation
is an important focus for developing antiretroviral therapies (Li et al., 2019; Doria-Roseet
al., 2010; Binley et al., 2004).

The significance of elucidating the genetic intricacies of the HIV Env gene
extends beyond scientific inquiry to the potential for clinical impact. As research
advances, the insights gained from SNP and allelic frequency analyses will be integral to
tailoring antiretroviral therapies and vaccines to combat HIV/AIDS effectively. The
pursuit of precision medicine in this context promises a new frontier in the management
and treatment of HIV, offering hope for personalized and highly effective interventions.

The aim of this study was to characterize the distribution and frequency patterns
of single-nucleotide polymorphisms (SNPs) across the HIV-1 envelope (env) gene using
publicly available nucleotide sequence data. By examining patterns of nucleotide
variation along the env coding region, this work seeks to provide a detailed descriptive
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overview of mutation distribution within one of the most genetically variable regions of
the HIV-1 genome.

Specifically, the objectives were to describe codon position—specific SNP
distribution across the env gene, quantify allele frequency spectra at polymorphic sites,
and assess patterns of site-level polymorphism across viral sequences. The study adopts a
descriptive, sequence-based analytical framework to elucidate the mutational landscape
of the HIV-1 env gene, without making population-genetic inferences that rely on diploid
inheritance or Hardy—Weinberg assumptions.

METHODOLOGY
Sequence Retrieval and Data Preparation

HIV-1 envelope (env) gene nucleotide sequences were retrieved from the
National Center for Biotechnology Information (NCBI) GenBank database. Only
sequences annotated as HIV-1 env were included. Sequences corresponding to HIV-2,
incomplete genome fragments unrelated to env, and laboratory-derived reference
constructs were excluded.

Only full-length env coding sequences were retained for analysis to ensure
positional consistency across alignments. Sequences containing extensive ambiguous
nucleotides (>5% Ns) were excluded. Where available, associated metadata such as
country of origin and year of collection were retained for descriptive purposes; however,
no formal population stratification was performed due to inconsistent metadata
availability across records.

Once acquired, the sequences underwent a rigorous data cleaning and
standardization process. This step involved importing the sequences into bioinformatics
software, where they were aligned using ClustalW. The alignment was crucial to ensure
uniformity and comparability across all sequences.

Single-nucleotide polymorphisms were identified using a position-by-position
comparison across the aligned env sequences. For each alignment column, nucleotide
variation was recorded relative to the consensus sequence derived from the dataset.

Insertions and deletions (indels) were treated as missing data rather than allelic
states. Alignment positions with gaps present in more than 20% of sequences were
excluded from downstream analyses to minimize artefactual inflation of polymorphism
arising from alignment uncertainty. Only nucleotide substitutions at retained positions
were considered for SNP analyses.

Genetic Analysis Using adegenet in R

The analysis phase initiated with the import of the prepared sequence data into
the R statistical computing environment, renowned for its robust data handling and
analytical capabilities. Here, the adegenet package, specifically tailored for genetic data
analysis, was employed. Preliminary data checks were performed to ensure the integrity
and compatibility of the sequence data with the adegenet package’s functions, setting the
stage for a detailed and accurate genetic analysis.
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The core of the analysis involved SNP distribution and allele frequency
computations using adegenet’s diverse functionalities. The ‘find.clusters’ function
allowed for the identification of groups of sequences with similar SNP patterns,
illuminating the genetic relationships within the virus population. Additionally, allele
frequencies were calculated for each locus, offering insights into the prevalence and
distribution of different alleles within the population. These frequencies were then
analyzed in the context of population genetics, utilizing parameters like heterozygosities
and Hardy-Weinberg equilibrium tests to delve into the population’s genetic diversity and
evolutionary dynamics. This comprehensive genetic analysis provided a rich tapestry of
data, illuminating the intricate genetic landscape of the HIV env gene and its implications
for the virus’s evolution, potential for immune escape, and challenges in vaccine
development.

SNP frequency tabulation and visualization were conducted using the adegenet
package in R. Although adegenet was originally developed for diploid organisms, it was
employed here solely as a computational framework for summarizing SNP occurrence
and allele frequency distributions, without invoking diploid population-genetic
assumptions.

No analyses assuming Hardy—Weinberg equilibrium, heterozygosity, or diploid
inheritance were performed. Each sequence was treated as a haploid viral genome, and
allele frequencies were interpreted descriptively rather than inferentially.

RESULTS

Codon Position-Specific SNP Distribution in the Genome

The distribution of single nucleotide polymorphisms (SNPs) across different
codon positions of a genome was visualized in Figure 1. Our analysis revealed that SNPs
were not uniformly distributed across the codon positions. Codon position 3 showed the
highest SNP density, with peaks at nucleotide positions that may be indicative of regions
within the genome where mutations do not result in amino acid changes and are therefore
more likely to be tolerated by natural selection.
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Figure 1. Codon position—specific distribution of SNPs across the HIV-1 env gene.
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Density plots show the distribution of SNPs across codon positions 1, 2, and 3
derived from aligned full-length env sequences. Higher SNP density at codon position 3
reflects tolerance of synonymous substitutions.

Specifically, the density plot for codon position 3 revealed three pronounced
peaks, suggesting potential hotspots of mutational activity or regions under less
evolutionary constraint. These peaks, particularly the most prominent at around
nucleotide position 1250, point to areas that may be significant in terms of viral evolution
and immune system interaction. The lower SNP densities observed at codon positions 1
and 2 suggest these regions may be under stronger functional or structural constraints, as
changes here are more likely to alter the protein product.

Distribution of Second Allele Frequencies

In Figure 2, we examined the distribution of second allele frequencies within our
study population. The data exhibited a distinct multimodal distribution with notable peaks
at allele frequencies of approximately 0.2, 0.5, and 0.8. The peak at 0.5, which surpassed
a density of 2, may indicate a substantial proportion of heterozygous alleles within the
population. This could reflect a balanced genetic variation, possibly due to a heterozygote
advantage or a population structure that supports a diversity of alleles.
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Figure 2. Distribution of minor allele frequencies across polymorphic sites. Density plot showing
the frequency spectrum of second alleles across retained SNP sites in aligned HIV-1 env
sequences.

The presence of multiple peaks in the distribution also suggests that the
population may not be in Hardy-Weinberg equilibrium, which could be due to a variety
of evolutionary influences such as selection, migration, or genetic drift. The valleys
between these peaks, particularly between the 0.2 and 0.5 frequency ranges, may
represent allelic combinations that are less favored or underrepresented in the population.

Overall Allele Frequency Distribution

The overall allele frequency distribution of the population was depicted in Figure
3. The histogram with an overlaying density line revealed a striking peak around the 0.6
allele frequency, suggesting a predominance of certain alleles within the population. This
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peak is significantly higher than any other observed in the distribution, possibly
highlighting a selective advantage for these specific alleles or the effects of a genetic
bottleneck.
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Figure 3. Overall allele frequency distribution across polymorphic loci. Histogram and density
overlay summarizing allele frequency patterns across all SNP sites included in the analysis.

The other peaks, although lower in density, contribute to the genetic diversity
within the population and suggest the existence of multiple alleles at varying frequencies.
These findings highlight the complex nature of genetic variation and the need to consider
a broad range of allelic differences when examining population genetics. The distribution
pattern may have important implications for understanding the adaptive significance of
these alleles and for the design of genetic studies, particularly those related to disease
susceptibility and resistance.

Individual Variation in SNP Presence

Figure 4 depicts a detailed assessment of SNP distribution across viral sequences
in the dataset, as indexed by their genomic positions. The analysis presents the presence
or absence of a second allele for each SNP site, offering a comprehensive view of the
genetic variation within the cohort.
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Figure 4. Presence and absence of minor alleles across SNP indices. Each column represents a
polymorphic site, and each row represents a viral sequence. Red indicates presence and blue
absence of the minor allele at that position.
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The plot illustrates two distinct categories for each SNP index: the absence (blue)
and presence (red) of the second allele. A clear pattern emerges where certain SNP
indices exhibit a high degree of polymorphism across the population, as indicated by the
dense clustering of red bars. Conversely, other SNP sites predominantly display the
absence of the second allele, suggesting these sites may be more conserved or less
polymorphic in nature.

Conservation and Polymorphism Patterns

A notable concentration of polymorphic SNPs is observed at specific indices,
particularly around the 200 and 400 marks, where the red bars indicate the presence of
the second allele. This suggests these regions are highly variable within the population,
potentially implicating these loci in adaptive responses or disease susceptibility. In
contrast, regions represented primarily by blue, particularly near the index of 100, signify
a lower occurrence of the second allele, indicating a higher degree of conservation at
these genomic positions.

Polymorphism Spectrum Across Loci

Figure 5 and the accompanying statistical analysis reveal the distribution of the
number of alleles per locus in our study population, highlighting the extent of
polymorphism within the sampled genetic sites. The histogram presents the count of loci
corresponding to one, two, three, and four alleles.
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Figure 5. Distribution of allelic states per polymorphic site. Bar chart showing the proportion of
loci exhibiting one, two, three, or four nucleotide states across aligned env sequences.

Our analysis indicates that a majority of loci are biallelic, with approximately
56.7% of sites having two alleles. Monoallelic loci, which contain only a single allele,
account for 20.9% of the sample. Sites with three alleles are observed at 12.4%, while the
least common are tetra-allelic loci, constituting 10.0% of the sample. The mean
percentage of loci with more than one allele was calculated to be 43.2%, suggesting a
significant proportion of the loci exhibit allelic variation.

26



Centrepoint Journal Volume 29. No. 2 (2025)

Polymorphic Site Analysis

The preponderance of biallelic loci indicates a notable level of genetic diversity
at many of the sampled sites, which may suggest a population that is not highly inbred
and has a history of diverse allele introduction. The presence of monoallelic loci reflects
regions of the genome that may be under strong purifying selection or simply reflect a
lack of mutation events. Conversely, the tetra-allelic sites, though less frequent, point to
loci with high genetic flexibility and potential hotspots for evolutionary change or genetic
recombination.

DISCUSSION

Codon Position-Specific SNP Distribution in the Genome

The observed SNP density peaks at codon position 3 within the HIV Env gene
offer novel insights into the mutational landscape of the virus. This finding aligns with
the understanding that the third codon position is often more variable due to the
redundancy of the genetic code, which can tolerate synonymous mutations without
altering amino acid sequences (Edwards et al., 2006). Such regions may serve as
evolutionary buffers, allowing the virus to adapt to host immune pressures while
maintaining vital protein functions (VandeWoude et al., 2006). Our results extend the
findings of Smith et al.,(2009) reported similar patterns in viral evolution, suggesting that
these regions may be crucial for the development of vaccines that can anticipate and
counteract viral mutation strategies.

In contrast, the relative conservation seen at codon positions 1 and 2 underscores
the functional constraints imposed by the need to maintain protein integrity. This
conservation is crucial, as changes at these positions often lead to nonsynonymous
mutations that can significantly alter protein structure and function (Lee et al., 2008). The
interplay between mutational flexibility and structural conservation we observed provides
a more comprehensive picture of the Env gene's evolution, which has important
implications for drug design, as noted by Jones et al., (2004). The identification of these
peaks not only advances our understanding of HIV genetic variability but also highlights
potential targets for antiretroviral therapies that could inhibit viral replication more
effectively by focusing on conserved regions.

Distribution of Second Allele Frequencies

The multimodal distribution of second allele frequencies with a notable peak at
the 0.5 frequency mark reveals a significant degree of heterozygosity within the study
population. This pattern suggests the presence of balancing selection, which has been less
commonly reported in HIV studies. It is consistent with findings from other pathogens
where heterozygote advantage contributes to genetic diversity as a mechanism for
survival (Lauring & Andino, 2010). The comparison with the results from Fujita et al.,
(2014) indicates that such allelic distributions could influence the population's response
to HIV infection and may be critical for understanding the long-term dynamics of the
virus within hosts.
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Our study also raises questions about the Hardy-Weinberg equilibrium within the
HIV population. The presence of multiple peaks implies that evolutionary factors such as
genetic drift, migration, or selection may be at play (Lee et al., 2008). These findings are
particularly interesting when compared to the work by Lee et al., (2008), who observed
that deviations from Hardy-Weinberg equilibrium in HIV populations could indicate
underlying processes that drive the epidemic spread. This suggests that allele frequencies
in the Env gene could serve as markers for tracking viral transmission and for developing
more effective public health interventions.

Overall Allele Frequency Distribution

The pronounced peak at the 0.6 allele frequency is a novel finding that indicates
a potential selective advantage for certain alleles within the HIV Env gene. This could be
indicative of alleles that enhance viral fitness, possibly by improving binding efficiency
to host receptors or by evading immune detection (Williamson et al., 2005; Schiffer et
al., 2013). Our results complement those of Shukla et al., (2020) who found that certain
Env gene alleles were associated with increased viral load and decreased host immune
response. This suggests that these alleles could be key determinants of disease
progression and targets for therapeutic intervention.

Furthermore, the lower-density peaks observed in our study add to the
understanding of the genetic diversity and adaptive capacity of HIV. These findings are
in line with the work by Patel et al., (2013) who identified similar allelic distributions as
indicators of a complex evolutionary history shaped by multiple selective pressures. By
highlighting the importance of a broad range of allelic differences in population genetics,
our study provides a framework for future investigations into the adaptive significance of
these alleles, particularly in relation to vaccine design and disease susceptibility (Jones et
al., 2004).

Individual Variation in SNP Presence

The high degree of polymorphism at specific loci across viral sequences in the
dataset highlights the potential for individual variation in susceptibility to HIV infection
and response to treatment. This individual variability is a cornerstone of personalized
medicine and has been documented in other studies, such as those by Pascual et al.,
(2002) where SNP distributions were correlated with differential drug efficacy. Our
findings suggest that certain regions of the Env gene are hotspots for mutation and may
be critical for personalizing treatment strategies.

The contrast between regions with high polymorphism and those that are
conserved suggests that both variable and stable regions of the HIV genome are
important for understanding the disease. As described by Sun et al., (2021) conserved
regions may offer targets for broad-spectrum antiretroviral drugs, while polymorphic
regions could inform the design of personalized therapies. The implications of our
findings for genetic studies are significant, providing a roadmap for future research aimed
at improving therapeutic outcomes for individuals living with HIV.

28



Centrepoint Journal Volume 29. No. 2 (2025)

Polymorphism Spectrum Across Loci

Our analysis, which indicates a majority of loci as biallelic, reveals a level of
genetic diversity that may reflect a non-inbred population with a history of diverse allele
introduction. This diversity is essential for the population's adaptability and resilience to
external pressures, such as infectious diseases or environmental changes. This is
supported by the findings of Falcinelli et al., (2019) who associated biallelic loci with
greater adaptive potential in pathogen populations. The presence of multi-allelic loci,
although less frequent, may represent areas of the genome that are evolving rapidly and
could be significant for understanding evolutionary changes in the virus (Pennings &
Hermisson, 2006).

The distribution of alleles per locus across the population underscores the need
for detailed examination of these polymorphic sites. The presence of multiple alleles at a
single locus, as we have found, may indicate balancing selection, gene flow, or
population structure effects, similar to the observations made by Edwards et al., (2006).
Such findings offer a window into the adaptive potential of the population and could have
far-reaching implications for the development of HIV treatments and vaccines that are
tailored to population-specific genetic profiles (Gao et al., 1992).

This study is limited by the use of publicly available sequence data, which lack
uniform geographic and epidemiological annotation. Consequently, allele frequency
patterns are interpreted descriptively rather than as population-level evolutionary
estimates. In addition, as HIV is a haploid virus, classical diploid population-genetic
measures are not applicable. Nevertheless, the descriptive SNP landscape presented here
provides valuable insight into mutation distribution across the HIV-1 env gene.

CONCLUSION

Our study on the HIV envelope glycoprotein gene reveals significant genetic
variability, highlighting regions with high mutation rates that are potential targets for
vaccine development and therapy. The observed SNP distribution and allelic frequency
patterns emphasize the virus's adaptive mechanisms to evade immune responses. This
genetic diversity underlines the challenges in creating universal HIV treatments,
suggesting a need for personalized therapeutic strategies. Our findings point towards the
potential of tailored interventions, informed by individual genetic profiles, to enhance
treatment efficacy and guide vaccine design. These insights mark a significant step
towards more effective, personalized approaches in combating HIV.
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Abstract

Contribution of poultry production to food security, nutritional adequacy, and economy
in Nigeria cannot be overemphasizsd. Despite these benefits,challenges associated with
disease managementundermine productivity in the sub-sector. This study assessed the
disease management practices of poultry farmers in Kwara State, Nigeria. Specifically, it
identified the common poultry diseases prevalent in the study area, examined farmers’
behaviour toward disease occurrence and patterns, and evaluated the disease management
strategies employed. Asimple random sampling procedure was used to select 229
farmers, and data were collected using an interview schedule. The results showed that
Gumboro disease (63.8%), a viral infection, was the most prevalent disease, followed by
coccidiosis (58.5%) and fowl cholera (58.5%). Of the sixteen diseases identified, viral
diseases accounted for 53.3%, bacterial diseases for 33.3%, and parasitic diseases for
13.3%. All respondents (100%) reported using antibiotics, mainly sourced from drug
shops (69.9%). Furthermore, 82.7% had administered antibiotics within the previous
month, mainly through oral routes (80.8%). However, only 48.9% complied with
recommended withdrawal period. Common disease management practices included
minimising farm entry (X = 4.43), routine farm disinfection (X =4.21), and record keeping
(x = 4.62). Conversely, the use of antibiotics as growth promoters (x = 3.66) and
antimicrobial sensitivity testing  (AST) (X = 1.93) were less practiced. The study
concludes that poultry diseases were frequent and largely managed through extensive
antibiotic use for prophylaxis, growth promotion, and treatment. Consequently,
intensified awareness is recommended to curb indiscriminate antibiotic use and mitigate
potential public health risks.

Keywords: Antibiotics, Disease, Drug, Infection, Management, Poultry

Introduction

Poultry is one of the most widely practiced livestock subsectors of agriculture in
Nigeria. The country hosts one of Africa’s largest poultry industries, with an estimated
population of about 180-249 million birds, producing approximately 300-454 thousand
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tonnes of poultry meat and 3.8-650 thousand tonnes of eggs annually (Anosike et al.,
2020; Endacott et al., 2021; Nwobodo et al., 2023; Fadipe et al., 2025). The subsector
provides substantial employment opportunities for a large segment of the population,
with an estimated 14 million jobs generated along various poultry production value chain
among different age groups and genders. Poultry production is widely regarded as the
most commercialised livestock subsector in Nigeria, contributing about 8% to the
national Gross Domestic Product (GDP). Furthermore, poultry accounts for over 30% of
agriculture’s contribution to GDP, making it one of the most significant contributors to
the country’s economic growth (Endacott et al., 2021; Olutumise et al., 2023). Beyond
employment and income generation, poultry farming plays a vital role in household
welfare improvement and poverty reduction by providing profitable livelihood
opportunities for both small holder and urban farmers (Olutumise et al., 2023;
Okwuokenye et al., 2025; Idowu et al., 2025).

In addition to its economic importance, the poultry sector contributes
significantly to human nutrition. Poultry products are essential components of balanced
diets and play a critical role in addressing nutritional deficiencies globally (Cao et al.,
2024). Poultry meat and eggs provide high-quality and affordable sources of protein,
essential vitamins, minerals, and beneficial fatty acids. Notably, they are important
sources of n-3 long-chain polyunsaturated fatty acids (n-3 LC-PUFA), which are crucial
for human health but are often deficient in diets, particularly in regions with low fish
consumption (Mancinelli et al., 2022). Beyond food, poultry by-products such as
feathers, bones, and beaks are utilised in various industrial processes. For example,
poultry feathers are increasingly used in bioprocessing to produce valuable protein
hydrolysates with applications in organic fertilizers, animal feed ingredients, cosmetic
formulations, and biofuel production (Callegaro et al., 2019).

In Nigeria, the most common poultry species raised include chickens, turkeys,
guails among others. Among these, chickens remain the most popular and
commercialised, accounting for over half of all livestock and approximately 69% of all
birds kept in the country (Ewubare&Ozar, 2018; Anosike et al., 2020; Adeyonu et al.,
2021). Poultry production systems in Nigeria range from extensive (open grazing,
particularly for indigenous/local birds), semi-intensive, to intensive systems. Most
commercial poultry farms operate intensive systems, while smallholder farmers,
especially in less developed areas, commonly practice semi-intensive or extensive
systems. Based on scale and output, poultry production in Nigeria can be categorised into
backyard/smallholder, semi-commercial, and commercial operations (Anosike et al.,
2020; Endacott et al., 2021; Oyeniyi et al., 2024; Olutumise et al., 2023; Fadipe et al.,
2025). Despite their dominance, the majority of poultry farmers in Nigeria are classified
as smallholders in terms of flock size and financial returns.

Despite its immense potential and contributions to food security and economic
development, the poultry sector faces numerous challenges. These include rising input
and feed costs, disease outbreaks, labour shortages, limited availability of feed
ingredients, scarcity of veterinary and livestock health professionals, and climate and
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environment related stressors (Anosike et al., 2020; Bamidele et al., 2022; Ndahi et al.,
2023; Osuji et al., 2024; Fadipe et al., 2025). Poultry diseases are caused by a wide range
of pathogens, including viruses, bacteria, fungi, protozoa, parasites, as well as non-
infectious factors. The economic impact of these diseases varies depending on the type of
pathogen involved and the severity of infection, but disease outbreaks are consistently
reported as a major source of economic loss in poultry production (Ekiri et al., 2025).

Newcastle Disease (ND) is the most prevalent and devastating poultry disease in
Nigeria, frequently reported as the leading cause of poultry morbidity and mortality
across different regions. Other commonly reported diseases include Gumboro disease
(Infectious Bursal Disease), salmonellosis, coccidiosis, fowlpox, and chronic respiratory
disease; however, Newcastle Disease remains the most widespread and economically
significant (Hyelda et al., 2021; Mera&Adenrele, 2020; Ebajemito et al., 2025). Globally,
over 100 distinct poultry pathogens including viruses, bacteria, and other agents are
recognised as significant threats to poultry production and public health (Bertran et al.,
2020). Respiratory disease syndromes, in particular, often involve multiple pathogens
acting concurrently, resulting in more severe disease outcomes and higher mortality rates
(Regmi et al., 2020; Yehia et al., 2023; Fasina et al., 2024; Liu et al., 2025; Kovécs et al.,
2025).

To manage poultry diseases, farmers have adopted various strategies, with the
most common being the use of antimicrobials and vaccines for both prophylaxis and
treatment. In Nigeria, studies indicate that approximately 60-90% of poultry farmers rely
heavily on antimicrobials, including antibiotics such as ampicillin, ciprofloxacin, and
doxycycline, often without veterinary prescription. This practice raises serious concerns
about antimicrobial misuse and the development of antimicrobial resistance (AMR)
(Bamidele et al., 2022; Ejikeugwu et al., 2025). In addition to conventional drugs, some
farmers utilise herbal remedies and locally formulated concoctions for disease treatment
(Adebayo, 2023; Bada&Adewole, 2024). While biosecurity measures are employed by
some farmers, their adoption remains inconsistent, with many paying little attention to
standard biosecurity protocols.

The misuse of antimicrobials, including their use as growth promoters and for
routine disease prevention, has contributed to the global challenge of antimicrobial
resistance, posing risks to both animal and human health. Although vaccination is an
effective tool for reducing disease incidence and limiting antibiotic use, its usage is
constrained by limited farmer knowledge, inadequate access to veterinary services, and
poor extension support (Islam & Rahman, 2023). Poultry management systems utilised
by farmers further influence disease susceptibility, as high stocking densities, poor
ventilation, and inadequate hygiene increase the transmission of infectious diseases.
Studies in Nigeria have shown that extensive systems often exhibit higher prevalence of
infections such as coccidiosis compared to well-managed intensive systems (Joseph et al.,
2025; Kovacs et al., 2025).

Furthermore, several poultry diseases are zoonotic and can be transmitted to
humans through direct contact or consumption of contaminated poultry products. The

47



Centrepoint Journal Volume 29. No. 2 (2025)

presence of drug residues in meat and eggs, resulting from non-compliance with
recommended withdrawal periods, poses additional public health risks. Evidence
suggests that many poultry farmers in Nigeria do not adhere to withdrawal period
guidelines due to poor awareness, self-medication practices, cost-saving motives, and
limited access to veterinary professionals (Jibril et al., 2021; Njoga et al., 2021; Ndahi et
al., 2023; Islam & Rahman, 2023). Studies indicate that over 60% of farmers fail to
observe recommended withdrawal periods, increasing the risk of antimicrobial residues
in poultry products (Kiambi et al., 2021; Sha’arani et al., 2024).

Given that poultry management is closely linked to disease control and has
significant implications for human health, effective and sustainable disease management
practices are critical. Against this backdrop, this study focuses on analysing the disease
management practices adopted by poultry farmers in Kwara State, with the aim of
understanding existing practices and identifying pathways for improved and sustainable
interventions. Considering the limited number of studies conducted on this subject in the
study area, this research seeks to bridge an important knowledge gap and contribute to
improved poultry health management and public health safety.The objectives of the study
were to determine the common poultry disease in the study area, investigate farmers’
behaviour towards disease outbreak; examine the disease management strategies ustilised
by the farmers and to examine if there is no significant relationship between farmers
socio-economics characteristics and disease management practices.

METHODOLOGY

This study was conducted in Kwara State, located at approximately latitude
8.9669°N and longitude 4.3874°E, within Nigeria’s North-Central geopolitical zone.
Geographically, the State shares boundaries with several states and also has an
international border with the Republic of Benin to the west. Specifically, Kwara State is
bordered by Niger State to the north, Kogi State to the east, and Oyo, EKkiti, and Osun
States to the south. Administratively, the State comprises sixteen Local Government
Areas (LGASs), namely Asa, Baruten, Edu, EKkiti, Ifelodun, llorin East, llorin South, llorin
West, Irepodun, Isin, Kaiama, Moro, Offa, Oke-Ero, Oyun, and Pategi. Agriculture
constitutes the primary economic activity in Kwara State, with a large proportion of the
population engaged in crop and livestock production, including poultry farming.
Common poultry species reared in the State include chickens, turkeys, and quails. Kwara
State lies within the Southern Guinea Savanna agro-ecological zone and is characterized
by moderate annual rainfall ranging from 1,000 to 1,500 mm, relative humidity of about
60-70%, and mean temperatures between 25°C and 30°C (Adeoye& Adebayo, 2020).
These climatic conditions are generally favorable for poultry production and
management. The State experiences two distinct seasons: a wet season, which typically
lasts from April to October, and a dry season occurring between November and March.
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Study Design

The study adopted a survey research design and utilized primary data. Data were
collected using a semi-structured questionnaire developed in Kobo Toolbox and
administered to selected poultry farmers through the Kobo Collect mobile application.
The questionnaire was structured in line with the study objectives, which included
identifying common poultry diseases experienced by farmers in the study area, examining
farmers’ responses to disease outbreaks, and assessing the disease management strategies
employed. To ensure content validity, the questionnaire was reviewed and validated by
experts in agricultural extension and veterinary medicine. The reliability of the
instrument was further assessed using the test-retest method to determine its internal
consistency.

Sampling Procedure and Sample Size

The target population for the study comprised all registered poultry farmers in
Kwara State, Nigeria. A total of 229 poultry farmers were selected using a systematic
random sampling technique. The sampling frame was obtained from the Poultry Farmers
Association of Nigeria (PFAN), which provided the list of registered poultry farmers in
the State.

Statistical Analysis

Both descriptive and inferential statistical tools were employed for data analysis.
Common poultry diseases experienced by the respondents were assessed using
dichotomous (Yes/No) responses, coded as 1 and 0, respectively. Respondents were
required to indicate from a list of prevalent poultry diseases those that had affected their
farms in recent times. These responses were analyzed using frequency counts and
percentages. Farmers’ behaviors during disease outbreaks were also measured using
Yes/No responses and analyzed using descriptive statistics. Disease management
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practices were evaluated using a five-point Likert scale comprising Never (0), Rarely (1),
Sometimes (2), Often (3), and Regularly (4). Mean scores were computed from ten
related management practice statements to generate an index of disease management
practices, which was used to classify respondents into high or low management practice
categories. The relationship between the disease management practice index and the
socio-economic characteristics of the respondents was examined using regression
analysis, with statistical significance tested at p < 0.05.

Results and Discussion
Poultry Common Disease Recently Experienced on the Farm

Table 1: Common Poultry Diseases Ranked by Prevalence and Causative Organisms

S/No Disease Frequency Rank Causative Organism Disease
(%) Group

1 Gumboro 146 (63.8)  1st Infectious bursal disease Viral
disease (IBD) virus (IBDV)

2 Coccidiosis 134 (58.5) 2nd Eimeria spp. Parasitic

3 Fowl cholera 134 (58.5) 2nd Pasteurellamultocida Bacterial

4 Chronic 129 (56.3) 4th Mycoplasma gallisepticum  Bacterial
respiratory (+ E. coli)
disease (CRD)

5 Newcastle 129 (56.3) 4th Newcastle disease virus Viral
disease (NDV)

6 Infectious 48 (21.0) 6th Avibacteriumparagallinarum  Bacterial
coryza

7 Helminth 16 (7.0) 7th Ascaridiagalli, Parasitic
infestation Heterakisgallinarum

8 Escherichia 16 (7.0) 7th Escherichia coli Bacterial
coli infection

9 Egg drop 15 (6.6) 9th Egg drop syndrome virus Viral
syndrome (EDS-76)

10 Infectious 12 (5.2) 10th  Infectious bronchitis virus Viral
bronchitis (IBV)

11 Fowl pox 12 (5.2) 10th  Avipoxvirus Viral

12 Salmonellosis 5 (2.2) 12th  Salmonella spp. Bacterial

13 Avian 5(2.2) 12th  Avian encephalomyelitis Viral
encephalitis virus

14 Marek’s 3(1.3) 14th  Gallid herpesvirus 2 Viral
disease

15 Avian 3(1.3) 14th  Influenza A virus Viral
influenza

Source: Field Survey, (2025); Multiple responses were allowed
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The Table presents the distribution, ranking, causative organisms, and disease
groups of common poultry diseases reported by respondents in the study area. The results
indicate a high burden of infectious diseases, dominated largely by viral, bacterial, and
parasitic agents.

The findings revealed that Gumboro disease (Infectious Bursal Disease) was the
most frequently mentioned disease among the respondents. It affects 63.8% of
respondents’ farm and ranking first. This high prevalence underscores the endemic nature
of IBD in the study area and suggests possible gaps in vaccination coverage, vaccine
handling, or biosecurity practices. The findings are in consonant with the observation of
Hyelda et al., 2021; Mera&Adenrele, 2020; Ebajemito et al., 2025. Given its viral
etiology and immunosuppressive effects, its dominance may predispose flocks to
secondary infections. Similarly, it was revealed that coccidiosis and fowl cholera were
jointly ranked second with 58.5% occurrence each. The high prevalence of coccidiosis,
caused by Eimeria species, reflects challenges related to litter management, hygiene, and
stocking density. The equally high occurrence of fowl cholera (Pasteurellamultocida)
indicates substantial bacterial disease pressure, possibly exacerbated by poor sanitation
and improper antimicrobial use. The finding is in line with the report of Joseph et al.
(2025), Olajide (2025) and Ebajemito et al. (2025) where it was stated that coccidiosis
and fowl cholera are indeed common poultry diseases in Nigeria. They further argued
that coccidiosis is frequently reported with prevalence rates ranging from about 10% to
46% in different regions, such as Bauchi State, Akwa Ibom State, and Ogun State, with
younger birds and poor management practices increasing susceptibility.

In addition, Chronic respiratory disease (CRD) and Newcastle disease (NCD)
ranked fourth, each reported by 56.3% of respondents. CRD, often involving
Mycoplasma gallisepticum and secondary E. coli infection, points to suboptimal
ventilation and biosecurity, while the high prevalence of Newcastle disease highlights
persistent viral circulation despite vaccination programs. The is in line with the findings
of Olorunshola et al. (2025) where it was established that NCD is highly reported in
Kwara State among poultry farmers. Meanwhile, the diseases with moderate prevalence
included infectious coryza (21.0%), reflecting bacterial respiratory challenges, while
helminth infestations and Escherichia coli infections (each 7.0%) indicate ongoing
parasitic and opportunistic bacterial problems at lower intensity. Whereas, diseases of
relatively low occurrence included egg drop syndrome, infectious bronchitis, and fowl
pox, each affecting fewer than 7% of respondents’ farm. These conditions may be better
controlled through vaccination or may occur sporadically in the study area. Salmonellosis
and avian encephalitis were rarely reported (2.2%), while Marek’s disease and avian
influenza were the least reported diseases (1.3%), suggesting either effective control
measures or underreporting due to limited diagnostic confirmation.
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Table 2: Antibiotic use Behaviour and Patterns among the Respondents

S/No. Practices Frequency Percentage Ranks
1 The use of antibiotics?
Yes 229 100
No 0 0
2 Source of antibiotics used
Drug shop 160 69.9
Government vet 35 15.3
private vet 29 12.7
A friend/relative 5 2.2
3 The used of antibiotics in the last 1 Month?
Yes 187 82.7
No 39 17.3
4 Route of administration of antibiotics
Water/Oral 185 80.8
Injection 39 17.0
Feeds 5 2.2
5 Frequency of usage of antibiotics?
Weekly 11 4.8
Monthly 177 77.3
Others 41 17.9
6 Giving antibiotics to day old chicken?
Yes 204 89.1
No 25 10.9
7 FIRST STEP taken when birds are sick
Apply medication 165 72.1
Try traditional medicine 8 35
Go and buy medicine 20 8.7
Call/ask/WhatsApp friend/family 13 5.7
Call/ask/WhatsApp Government Vet 23 10.0
8 Farmers’ Responses to Antibiotic
Ineffectiveness
Try different antibiotics 149 65.1 1
Increase drug dosage 51 22.3 2"
Consult with animal health professional 33 14.4 3™
Combine with other antibiotics 26 11.4 4"
Change to herbal medicine 20 8.7 5t
Consult with animal health professional 11 4.8 6"
9 Why do you think antibiotics are no
longer effective?
I don't know 16 7.9
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Abuse of drug use 28 13.8

Under dosing 13 6.4

The disease is becoming stubborn 38 18.7

The strength of the antimicrobial is no 70 34.5

longer effective

It depends on the brands or markers 26 12.8

Use of wrong prescription 12 59
10 Do you observe withdrawal period

after administering antibiotics?

Yes 112 48.9

No 117 51.1

Source: Field Survey, (2025); Multiple responses were allowed

The Table revealed that the use of antibiotics use was universal among the
respondents, with 100% reporting the use of antibiotic. This indicates a complete
dependence on antimicrobials in poultry production and disease management. The result
is in line with the observation of Ejikeugwu et al. (2025) and Chah (2022) where it was
stated that antibiotic use is widespread and common among poultry farmers in Nigeria. It
was reported that over 90% of farmers use antibiotics primarily for disease treatment,
growth promotion, and prophylaxis. The primary source of antibiotics was drug shops
(69.9%), followed by government veterinarians (15.3%) and private veterinarians
(12.7%). The heavy reliance on drug vendors who may lack diagnostic capacity raises
concerns about inappropriate drug selection, incorrect dosing, and misuse. The finding is
in consonant with the report of Ndahi et al. (2023) who stated that the primary source of
antibiotics for poultry farmers in Nigeria is over-the-counter purchases without veterinary
prescription, often obtained directly from agro-veterinary shops or markets. Antibiotics
are frequently administered in the form of medicated feed or water, with farmers having
gasy access to a wide range of antimicrobial products, including some containing
multiple antibiotic classes.

The Table further reveals the antibiotic exposure of the poultry birds. The
findings showed that the antibiotic exposure was high, with 82.7% of respondents having
used antibiotics within the last one month, indicating frequent and continuous use
amongst the poultry farmers. The majority of farmers reported monthly antibiotic use
(77.3%), while others used antibiotics weekly (4.8%) or at irregular intervals (17.9%).
Most antibiotics were administered via drinking water (80.8%), a route associated with
inconsistent dosing and reduced therapeutic effectiveness. Meanwhile, the injection was
observed to be less common (17.0%) among the respondents. It further showed that other
methods were rarely used (2.2%). Furthermore, it was revealed that 89.1% of farmers
administered antibiotics to day-old chicks, which indicated that antibiotics were routinely
use as prophylactic instead being used for treatment. The early-life exposure predisposes
the chick into a major risk factor for antimicrobial resistance development. The finding is
in line with the report of Ndahi et al. (2023) where it was stated that in Nigeria, 98% of
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poultry farmers use antibiotics as prophylactic treatment for day-old chicks. Likewise,
Bamidele et al. (2022) established commonness of antibiotics usage among poultry
farmers in Nigeria. More so, Hambolu et al. (2024) posited that the common mode of
administering antibiotics among poultry farmers in Nigeria is primarily through
medicated feed and water. Farmers frequently add antibiotics directly to poultry feed or
drinking water for treatment, prophylaxis, and growth promotion purposes. Similarly,
Ndahi et al. (2023) and Ejikeugwu et al. (2025) reported that monthly administration of
antibiotics was prevalent, with many farmers routinely giving antibiotics to day-old
chicks and throughout the production cycle.

The Table revealed the emergency responsibility the first-step taken when birds
fall sick, the majority of respondents (72.1%) reported directly purchasing medication,
bypassing diagnosis or veterinary consultation. This reinforces the dominance of self-
medication practices. Only 10.0% contacted government veterinarians, while others
relied on traditional medicine (3.5%) or advice from friends and family (5.7%). This
pattern reflects limited access to veterinary services and weak integration of professional
animal health support into poultry disease management. The findings are in line with the
observation of Sanni et al. (2022) and Ekpono et al (2024) where it was observed that the
main response strategy to disease outbreak is the use of antibiotics. They further stated
that farmers often recognize disease through clinical signs like diarrhea, respiratory
distress, and poor bird condition, and may use antibiotics to suppress the condition.

When farmers observed that antibiotics previously used on their birds were no
longer effective, the findings revealed that most (65.1%) of the farmers switch to a
different antibiotic which was ranked 1%. Similarly, 22.3% of respondents also reported
increasing drug dosage while 11.4% combined multiple antibiotics. This suggested a
trial-and-error approach to treatment rather than evidence-based decision-making.More
so, it also indicated a medically inappropriate practices that are known to accelerate the
development of antimicrobial resistance. Meanwhile, only a small fraction of respondents
sought professional help, with 14.4% and 4.8% consulting animal health professionals,
indicating that veterinary expertise is largely underutilised. Additionally, the Table
posited that 8.7% of farmers resorted to herbal remedies, reflecting a shift toward
alternative treatments when conventional antibiotics fail. Since multiple responses were
allowed, these findings underscore the coexistence of multiple risky practices adopted
simultaneously by farmers.Bamidle et al. (2022) posited that poultry farmers use
combination of pharmaceutical treatments with ethnoveterinary medicine to manage
infectiveness of antibiotics. The findings align with the report of Ndahi et al. (2023) and
Ejikeugwu et al. (2025) where it was observed that poultry farmers used stronger
antibiotics to management antibiotic ineffectiveness.

Furthermore, the farmers’ perceptions on why antibiotics were no longer
effective differ. The most frequently cited reason was that the strength of the
antimicrobial is no longer effective (34.5%), followed by beliefs that the disease had
become stubborn (18.7%) and abuse of drug use (13.8%). Smaller proportions attributed
treatment failure to brand differences (12.8%), under-dosing (6.4%), wrong prescriptions
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(5.9%), or admitted having no knowledge (7.9%). These responses suggest partial
awareness of antimicrobial resistance, though misconceptions remain prevalent. This
result is in line with the observation of Oloso et al. (2022) and Chah et al. (2022) where it
was stated that many farmers believe that increasing the dosage or switching antibiotics
when initial treatments fail contributes to resistance and treatment failure in poultry
disease management.

More so, the result indicated that despite widespread antibiotic use, compliance
with withdrawal periods was low. Slightly over half of the respondents (51.1%) admitted
that they do not observe recommended withdrawal periods, while only 48.9% reported
compliance. This non-compliance poses significant public health risks through
antimicrobial residues in poultry meat and eggs which eventually contracted by the
human. Sha’arani et al. (2024) and Mohammed et al. (2025) stated that majority of
farmers in Nigeria do not comply with withdrawal period instruction due to ignorance
and economic reasons.

Table 3: Management Practices Used by the Respondents (n = 229)

S/No Practices N R S (@] RG Mean Decision
1 Restriction of farm 1.3 39 52 293 603 443 Highly
access

to minimize disease
introduction.

2 Ensuring proper 00 52 39 10.0 80.8 4.66 Highly
ventilation to reduce
respiratory infections.

3 Disinfection of poultry 00 6.1 87 428 424 421 Highly
houses and equipment.

4 Maintenance of optimal 1.3 13 52 249 67.2 455 Highly
stock density to
minimize stress and
disease transmission.

5 Provision of clean and 00 39 13 52 895 4.80 Highly
fresh water to prevent
bacterial contamination.

6 Use of proper vaccine 00 13 105 393 489 4.36 Highly
handling and
administration
techniques to ensure
effectiveness.

7 Following correct 79 48 39 463 37.1 4.00 Highly
dosages and withdrawal
periods to prevent
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residues in eggs
and meat.

8 Keeping detailedrecord 1.3 13 7.9 127 76.9 4.62 Highly
of antimicrobial use,
vaccination, and disease
outbreaks to monitor
resistance trends.

9 Avoiding antibioticsuse 9.2 9.2 166 37.1 279 366 Low
as growth promoters.

10 Conduct of antimicrobial 49.3 288 92 48 79 193 Low
sensitivity testing (AST)
before treatment to
ensure the right drug is
used.

Source: Field Survey,

Regularly (RG)
Average = 4.12

The Table presents the disease management practices used by the respondents. It
was revealed that practices related to biosecurity and hygiene recorded the highest levels
of compliance. For instance, ensuring proper ventilation to reduce respiratory infections
had a mean score of 4.66, with over 80% of respondents reporting regular
implementation. Similarly, provision of clean and fresh water to prevent bacterial
contamination was the most consistently practiced measure (X = 4.80). This indicates a
strong awareness of the role of water hygiene in disease prevention. Restriction of farm
access to minimize disease introduction (X = 4.43) and maintenance of optimal stock
density (X=4.55) were also highly practiced, indicating that farmers recognize the
importance of limiting disease transmission through controlled movement and reduced
stocking stress.Disinfection of poultry houses and equipment (X = 4.21) and the use of
proper vaccine handling and administration techniques (X=4.36) further demonstrate a
generally strong commitment to preventive health management among the respondents.
Additionally, keeping detailed records of antimicrobial use , vaccination, and disease
outbreaks was widely adopted (X = 4.62), suggesting an appreciable level of farm-level
monitoring and accountability.

In contrast, practices directly related to antimicrobial stewardship showed notable
weaknesses. Conducting antimicrobial sensitivity testing (AST) before treatment
recorded the lowest mean score (X =1.93), with nearly 78% of respondents indicating
that they never or rarely perform AST. This highlights a major gap in evidence-based
drug selection and suggests reliance on empirical treatment . Similarly, avoiding the use
of antibiotics as growth promoters was classified as low (X = 3.66), indicating continued
non-therapeutic antibiotic use among a substantial proportion of farmers.Although
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following correct dosages and observing withdrawal periods recorded a relatively high
mean (X =4.00), the presence of respondents who rarely or never adhere to this practice
raises concerns about antimicrobial residues and public health risks. Ola et al. (2025)
reported similar management practices among poultry farmers.

Hypothesis Testing

Table 4: Regression Analysis between Selected Socio-economic
Characteristics and Disease Management Practices of the Respondents.

Model Unstandardized Standardized T Sig.
coefficient coefficients
B Std. Error Beta
1 Constant 31.400 2.321 13.526  0.000
Age 0.041 0.046 0.097 0.886 0.377
Years of education -0.006 0.101 -0.004 -0.060 0.952
Annual income 5.239E-008  0.000 0.073 1.102 0.272
Years of poultry 0.022 0.074 0.027 0.290 0.772
experience
Sex -1.458 0.880 -0.113 -1.657 0.099
Marital status 3.312 0.867 0.314 3.818 0.000
Sources of income  1.167 0.943 0.083 1.237 0.217
Membership 2.639 0.787 0.220 3.353 0.001
Disease problem 7.180 1.142 0.442 6.287 0.000

R =0.450 R?*=0.202 F (9,219) =6.179

The Tablepresents the results of the multiple regression analysis examining the
influence of selected socio-economic and farm-related characteristics on the dependent
variable (management practices index).The regression constant (B = 31.400, t = 13.526,
p< 0.001) is statistically significant, indicating that when all predictor variables are held
constant, the baseline level of the management practices index remains high.Among the
explanatory variables, marital status, membership of poultry-related associations, and
disease problem significantly influenced management practices. Marital status showed a
positive and statistically significant effect (B = 3.312, f = 0.314, t = 3.818, p< 0.001),
implying that married respondents were more likely to use better management practices
compared with their unmarried counterparts. This may be attributed to increased
household responsibility and greater commitment to farm sustainability. Likewise,
membership in poultry or farmer associations also had a positive and significant
relationship with management practices (B = 2.639, p = 0.220, t = 3.353, p = 0.001). This
suggests that farmers who belong to organised groups are more exposed to extension
services, peer learning, and shared information, thereby enhancing their adoption of
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improved management practices. More so, disease problem emerged as the strongest
predictor in the model (B = 7.180, B = 0.442, t = 6.287, p< 0.001), indicating that farmers
who frequently experience disease outbreaks tend to adopt more intensive management
practices. This reflects a reactive response whereby increased disease pressure compels
farmers to improve biosecurity and disease control measures.

Conversely, age, years of education, annual income, years of poultry farming
experience, sources of income, and sex did not significantly influence management
practices (p> 0.05). Although sex showed a negative coefficient (B = —1.458) and
approached significance (p = 0.099), it did not meet the conventional threshold for
statistical significance. The non-significance of education and experience suggests that
adoption of management practices in the study area may be driven more by practical
challenges and social networks than by formal education or accumulated experience.

Conclusion and Recommendations

This study established that Gumboro disease, coccidiosis, and fowl cholera were
the most prevalent diseases affecting poultry farms in the study area. Disease
management is largely antibiotic dependent, with antibiotics mainly sourced over the
counter and routinely used for both treatment and prevention. It is often without
veterinary prescription and regulation. Although farmers use several preventive
measures, particularly biosecurity, hygiene, and vaccination-related practices, critical
gaps remain in antimicrobial stewardship. The disease profile revealed the predominance
of viral infections, followed by bacterial and parasitic diseases, highlighting the need for
strengthened vaccination programmes, improved biosecurity, and routine disease
surveillance. The coexistence of multiple disease groups increases the risk of co-
infections, which may further drive indiscriminate antibiotic use. Test of relationship
showed that marital status, membership of farmer associations, and prior disease
experience significantly influenced management practices, while most demographic and
economic factors had limited effects. It is therefore recommended that veterinary
extension services be strengthened to educate poultry farmers on the implications of the
continuous and indiscriminate use of antibiotics. In addition, stricter regulation and
enforcement of veterinary drug sales should be implemented to curb over the counter
access without prescription. Targeted farmer education programmes should also be
promoted to encourage the adoption of alternative disease management strategies,
including improved biosecurity, vaccination, and responsible antibiotic use.
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Abstract

Hyperglycemia, a hallmark feature of diabetes mellitus, contributes significantly to
metabolic dysfunction and oxidative stress. The growing burden of diabetes, particularly
in low- and middle-income countries, has intensified the search for affordable plant-based
interventions that may aid glycemic regulation. This study evaluated the
antihyperglycemicand antioxidant effects of aqueous and methanolic extracts of Ipomoea
batatas L. leaves in streptozotocin-induced diabetic Wistar rats. Fresh leaves of I. batatas
were air-dried, pulverized, and extracted using distilled water and methanol. Acute oral
toxicity was assessed using the Lorke method. Diabetes was induced by intraperitoneal
administration of streptozotocin (65 mg/kg body weight). Diabetic rats were administered
aqueous or methanolic leaf extracts at doses of 100, 200, and 400 mg/kg body weight for
14 days. Fasting blood glucose levels, body weight, and activities of antioxidant enzymes
(superoxide dismutase, catalase, glutathione peroxidase, and glutathione reductase) were
evaluated. Phytochemical screening revealed the presence of flavonoids, tannins,
saponins, alkaloids, phenols, terpenoids, steroids, and cardiac glycosides in both extracts.
Treatment with the extracts resulted in a significant (p < 0.05) reduction in fasting blood
glucose levels, attenuation of diabetes-associated weight loss, and modulation of
antioxidant enzyme activities in a dose-dependent manner. The methanolic extract at 400
mg/kg exhibited effects comparable to glibenclamide. These findings suggest that I.
batatas leaf extracts possess antihyperglycemic activity and antioxidant potential,
supporting their traditional use in glycemic regulation.

Keywords: Hyperglycemia; Ipomoea batatas; Streptozotocin; Antihyperglycemic
activity; Antioxidant enzymes
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by
persistent hyperglycemia resulting from impaired insulin secretion, insulin action, or
both. It is a major global public health concern due to its rising prevalence and
association with long-term complications such as cardiovascular disease, nephropathy,
neuropathy, and retinopathy (American Diabetes Association, 2021; Saeedi et al., 2019).
In sub-Saharan Africa, including Nigeria, diabetes management is often complicated by
delayed diagnosis, limited access to healthcare services, and the high cost of conventional
pharmacotherapy (BobgaBilla, 2023). Although insulin and oral antihyperglycemic
agents are effective in controlling blood glucose, their prolonged use may be associated
with adverse effects such as hypoglycemia, weight gain, and gastrointestinal disturbances
(Cerf, 2020). These limitations have stimulated increasing interest in medicinal plants as
complementary approaches for glycemic control.

Medicinal plants are widely utilized in traditional medicine owing to their
accessibility and bioactive phytochemical content. Compounds such as flavonoids,
phenolics, alkaloids, and saponins have been shown to modulate glucose metabolism and
oxidative stress through mechanisms including enhancement of insulin sensitivity,
stimulation of glucose uptake, and attenuation of free radical generation (Majid et al.,
2019; Rahman et al., 2021).

Ipomoea batatas L. (sweet potato), a member of the Convolvulaceae family, is
extensively cultivated as a food crop. While its tubers are commonly consumed, the
leaves are rich in dietary fiber, vitamins, minerals, and polyphenolic compounds
(Cartabiano-Leite et al., 2020; Suhendy, 2023). Ethnobotanical surveys document the
traditional use of |. batatas leaves in the management of diabetes, inflammation, and
other ailments. Importantly, several experimental studies have already reported the
antihyperglycemic and antioxidant activities of I. batatas leaves (Zhao et al., 2007;
Rafiu& Luka, 2018; Almoraie, 2019; Akhtar et al., 2018; Arisanti et al., 2023).

However, variations in extraction solvents, dosage regimens, and oxidative stress
markers evaluated across studies necessitate further investigation to clarify dose-
dependent effects and antioxidant enzyme responses in standardized experimental
models. Therefore, the present study aimed to evaluate the antihyperglycemic activity
and antioxidant enzyme modulation of aqueous and methanolic extracts of Ipomoea
batatas leaves in streptozotocin-induced diabetic Wistar rats.

MATERIALS AND METHODS

Chemicals and Reagents

Streptozotocin and Glibenclimide were purchased from KunleAra' Pharmacy in
Ibadan and they were of analytical grade. Methanol and distilled water used for the
extraction were obtained from the Department of Biochemistry and Biotechnology
postgraduate laboratory, Ibrahim BadamasiBabangida University Lapai, Niger State,
Nigeria. All other chemicals and reagents used for sample analysis were supplied by
Merck (Darmstadt, Germany).
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Collection and Identification of Plant Material

Plant Material Preparation

Fresh leaves of Ipomoea batatas L. were collected in August 2024 from Lapai
Local Government Area, Niger State, Nigeria. The plant was authenticated at the
Herbarium of the Department of Biological Sciences, lbrahim BadamasiBabangida
University, Lapai (Voucher No. 432). Leaves were air-dried at room temperature (25-28
°C) for 14 days and pulverized using a mechanical grinder.

Extraction Procedure

Fifty gram (50 g) of powdered leaf material was subjected to cold maceration
separately using 200 mL each of distilled water and methanol for 24 hours with
intermittent stirring. The resulting extracts were filtered using muslin cloth followed by
Whiteman’s filter paper (No 1). Aqueous and methanolic extracts were concentrated
using a water bath (aqueous extract) and rotary evaporator (methanolic extract). The
paste was poured into a beaker and resulting extract was freeze dried and stored in an air-
tight container for further use. The extract was reconstituted in distilled water to give the
required doses of 100, 200 and 400 mg/kg bw used in this study.

Experimental Animals

Seventy healthy male Wistar rats (181.450 + 13.43 g) were obtained from
Animal holding unit of the Department of Biochemistry, Federal University of
Technology Minna, Niger State. Animals were acclimatized for one week under standard
laboratory conditions with access to standard feed and water ad libitum. All experimental
procedures were approved by the Institutional Animal Ethics Committee.

Ethical Approval

Approval for the use of animals was obtained from the Ethical Review
Committee of the Department of Biochemistry Ibrahim BadamasiBabangida University
Lapai, Niger State, Nigeria. (the ethical clearance statement was verbally obtained from
Departmental PG board as we were not aware of the existence of Institution Ethical
Committee until now that we were told about committee existence. Therefore, we could
not get approval number from the institutional review board before this study was carried
out).

Phytochemical Screening

Qualitative screening of the extracts for alkaloids, flavonoids, tannins, saponins,
phenols, terpenes, steroids, and cardiac glycosides was carried out through the established
protocols described by Balamurugan et al. (2019) based on water and methanol solvents
used.
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Acute Toxicity Study

Acute oral toxicity was evaluated using the method described by Lorke (1983).
Extracts were administered at graded doses up to 5000 mg/kg body weight, and animals
were observed first for 24 hours and the observation was later extended to 14 days for
signs of toxicity or mortality. The LDso was estimated accordingly.

Induction of Diabetes

Diabetes was induced by a single intraperitoneal injection of Streptozotocin (65
mg/kg body weight) freshly dissolved in cold citrate buffer (0.1 M, pH 4.5) into the rats.
Rats with fasting blood glucose > 200 mg/dL after 72 hours were considered diabetic as
described by Solihah et al. (2023).

Experimental Design

Rats were randomly assigned into nine groups (n = 5) and the rats in each group
were orally administered the extracts once daily for 14 days. Blood glucose was
measured on days 0, 4, 8, 12, and 14.

AE = aqueous extract and ME = methanolic extract

Group 1: Non-diabetic Control (NDC)

Group 2: Diabetic rats orally administered distilled water (Diabetic Control).

Group 3: Diabetic rats orally administered 10mg/kg body weight of standard drug,
glibenclamide.

Group 4: Diabetic rats orally administered 100mg/kg body weight of aqueous extract.
Group 5: Diabetic rats orally administered 200mg/kg body weight of aqueous extract.
Group 6: Diabetic rats orally administered 400mg/kg body weight of aqueous extract.
Group 7: Diabetic rats orally administered 100mg/kg body weight of methanolicextract.
Group 8: Diabetic rats orally administered 200mg/kg body weight of methanolicextract.
Group 9: Diabetic rats orally administered 400mg/kg body weight of methanolicextract.

Biochemical Analyses

After two weeks of experimental period, the rats were subjected to a twelve-hour
fasting prior to their been euthanized by exposing the animals to an overdose of
chloroform in the anesthetic box with the lid on. The heart of each sacrificed rat was
pierced and blood drawn into clean sample bottles. A Denley BS400 centrifuge (England)
was used at 2556 g to separate the serum from the collected blood samples after been
allowed to coagulate for ten minutes. The collected sera were subjected to evaluation of
blood glucose level, and estimation of oxidative stress biomarkers.

Statistical Analysis

Data were expressed as mean = SD. Statistical analysis was performed using
[GraphPad Prism version XX]. One-way ANOVA followed by Tukey’s post-hoc test was
used, with significance set at p < 0.05.
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Results and Discussion
Phytochemical Analysis

The aqueous and methanolic extracts of Ipomoea batatas (sweet potato) leaves
contained numerous important bioactive chemicals, according to qualitative
phytochemical screening. Saponins, tannins, flavonoids, and phenols were found to be
more present in the methanolic extract than in the aqueous extract. Alkaloids, flavonoids,
cardiac glycosides, terpenoids, steroids, and phenols were detected in both extracts, but
their proportions were somewhat different as shown in Table 1.

Table 1. Qualitative Phytochemical screening of Ipomoea batatasleaves extracts

Water Methanol
Saponins + +++
Tannins + +++
Alkaloids + +
Flavonoids + +++
Cardiac glycoside + +
Terpenoids + +
Steroids + +
Phenols + +++

Key: + Present

Toxicology Studies

The results for sub-acute toxicity test for leaf extracts of I. batatas is shown in
Table 2. The leaf extracts of I. batatas did not result in any deaths, behavioral
abnormalities, and significant body weight changes during the toxicological evaluation.
In this study, the administration of the extracts to rats showed no mortality nor any
negative behavioral display suggesting that the extracts were well-tolerated, even at the
higher dose of 5000 mg/kg body weight.

Table 2. LD of Ipomoea batatasleaves extracts on Wistar rats
50

Dosage (mg/kg bw) No. of animals  Mortality Mortality
(Aqueous (Methanolic
extract) extract)

Phase 1

10 3 Nil Nil

100 3 Nil Nil

1000 3 Nil Nil

Phase 2

1900 3 Nil Nil

2500 3 Nil Nil

5000 3 Nil Nil
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Body weight of wistar rats administered aqueous and methanolic extracts of
Ipomeabatatas leaves

Table 3 shows the body weight change of the experimental rats over the course
of two weeks of experimental period for both the diabetic and non-diabetic groups. A
significant (p > 0.05) increase in average body weight of rats in normal control group was
observed during the experimental period (from 174+5.95 g on day 1 to 193+5.90 g on
day 14). In contrast, the average body weight of rats in diabetic control group
significantly (p > 0.05) decreased over the experimental period (from 159 + 7.51 g at day
0 to 127 £ 6.03 g at day 14). Glibenclamide (BLG)-treated rats showed a significant (p >
0.05) increase in weight (155 + 6.68 g in day 0 to 174 + 4.50 g in day 14 as compared to
untreated diabetic rats. Rats treated with both aqueous and methanolic extracts showed a
dose-dependent increase in their weights after two weeks of treatment with the highest
dose (AE-400 and ME-400 mg/kg) resulted in a significant (p > 0.05) increase in body
weight (208+1.50 g and 210+6.85 g, respectively). Based on this study, administration of
methanolic extract of Ipomoea batatasLeaves significantly (p > 0.05) prevented the
weight loss caused by diabetes.

Table 3. Effect of administration of aqueous and methanolic extracts of Ipomoea
batatasLeaves on body weight of Streptozotocin-induced diabetic wistar rats

Sample DAY 1 (g) DAY 4 (g) DAY 7 (9) DAY 10 (g) DAY 14 (g)
Normal 17412 +5.95° 17823 +2.54° 180.43 +8.56° 190.63 +2.80°  193.33 +5.90°
Control

Diabetic 159.65 +7.51*° 154.88+1.21* 146.66 +1.39° 137.78 £5.40° 127.78+6.03°
control

GLB-5mg/ 155.34 +6.68%  156.67 £0.97%° 16577 +1.87° 17256 +9.11°  174.77 +4.50°
kg bw

AE-100mg/kg
bw

172.74 + 8.10°

178.45 +2.13°

182.45 +2.78°

184.44 + 1.37°

187.55 + 2.00°

AE-200mg/ 159.15+2.00°  164.45+2.17° 167.44+6.03° 170.45+2.90° 173.34 +3.00°
kg bw
AE-400mg/ 17153 +2.82° 17533 +2.65° 182.33+2.50° 195.12+9.77°  208.89 + 1.50°
kg bw
ME-100mg/ 180.66 + 1.85™ 183.98 +2.65¢ 18523 +7.18° 189.76 +2.19° 197.29 +3.00¢
kg bw
ME-200mg/ 187.74 +2.45° 19133 +6.96e 194.66+9.199 196.56 +5.65c  199.93 + 4.00°
kg bw
ME-400mg/ 175.87 +4.98°  184.56+6.58°  192.67+2.68° 200.78 +6.51% 210.76 + 4.98°
kg bw

Values are expressed in mean + standard error of mean of triplicates. Values with the
same superscript across the row have no significant difference at p < 0.05.

Keys: AE-ageous extract, ME-methanolic extract, GLB — Glibenclimide, bw — body weight.
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Glucose level of Streptozotocin-induced diabeticwistar rats administered aqueous
and methanolic Extract of Ipomoea batatasL eaves.

Table 4 shows the blood glucose levels of Streptozotocin-induced diabetic wistar
rats administered methanolic and aqueous extracts of Ipomoea batatas leaves The glucose
levels in the normal control group ranged from 76.90+£0.14 mg/dl before induction to
74.64+0.08 mg/dl on day 14. Following induction, the glucose levels in the diabetic
control group increased significantly (p > 0.05) to 235.78+2.30 mg/dl, and remained
significantly (p > 0.05) hyperglycemic for the duration of the experiment. The
glibenclamide treatment caused a significant (p > 0.05) decrease in glucose level to
80.02+2.33 mg/dl at day 14. Methanolic and aqueous extracts of Ipomoea batatasLeaves
significantly (p > 0.05) reduced glucose levels in a dose-dependent manner. The AE-400
group decreased from 265.18+0.26 to 92.06+£0.96 mg/dl, whereas the ME-400 group
decreased from 342.40+1.31 to 87.26£1.56 mg/dl. Although both treatments were
redeeming, the 400 mg/kg methanolic extract (ME-400) showed a significantly (p > 0.05)
higher reduction in glucose levels by the 14th day, suggesting a more blood sugar
lowering effect in diabetic rats.

Table 4. Glucose level of Streptozotocin-induced diabetic wistar rats administered
aqueous and methanolic extracts of Ipomoea batatasLeaves.

Sample Dayl (mg/dl)  Day4 (mg/dl) Day7(mg/dl) Dayl0 (mg/dl) Dayl4 (mg/dl)
Normal Control 76.90£0.14°  82.68+1.59% 80.7+1.02°  77.68+0.55% 74.64 +0.08°
Diabetic control 78.00+0.27°  23578+2.30° 237.97#1.85° 239.05+1.20° 240.18 £ 0.9'
GLB-5mg/kgbw  82.84+0.78" 255,60 +0.25° 197.07+1.68° 139.56+1.95°  80.02 +2.33"
AE-100mg/kgbw  74.10+1.23%  278.14+0.70° 234.87+1.28° 199.61+1.52° 164.34 +1.86"
AE-200mg/kgbw  85.14+0.43" 31500+ 1.61% 266.50+1.74° 196.25+1.80° 126.00 + 1.86
AE-400mg/kgbw  76.85+0.48° 26518 £0.26° 207.89+0.61° 141.63+0.92°  92.06 * 0.96°
ME-100mg/kg bw ~ 77.86 £1.27°  289.08 +0.56" 235.75+0.72¢ 190.51+0.93 145.26 + 0.98¢
ME-200mg/kg bw ~ 90.00 £0.91¢  314.10 +2.60" 236.83+2.05" 168.92+1.90° 113.58 + 1.76°
ME-400mg/kg bw ~ 83.08 £0.95°  342.40+1.31' 233.07#1.44° 149.80+1.55°  87.26 * 1.56°

Values are expressed in mean + standard error of mean of triplicates. Values with the
same superscript down theColumn have no significant difference at p < 0.05.

Keys: AE-ageous extract, ME-methanolic extract, GLB — Glibenclimide, bw — body
weight, Day 1- the day STZ was administered, Day 4 — 3 days after the administration of
STZ, Day 14- 14 days of treatment after the diabetes has been confirmed in the
experimental rats.
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Antioxidants activity of Streptozotocin-induced diabeticwistar rats administered
aqueous and methanolic Extract of Ipomoea batatasLeave

The antioxidant status was assessed by measuring the activities of catalase,
superoxide dismutase (SOD), glutathione peroxidase (GPx), and glutathione reductase
(GR), as indicated in Table 5. In comparison to the normal control, the diabetic control
rats showed a significant (p > 0.05) increase in the activities of all antioxidant enzymes,
indicating oxidative stress. However, following the aqueous extract treatment, the
antioxidant enzyme activity significantly (p > 0.05) decreased in a dose-dependent
manner. The ME-400 showed lowest activity of catalase (9.58+0.64 U/mL) and
Glutathion reductase (GR) (89.34+1.50 U/mL), indicating a significant improvement in
oxidative defense. The groups AE-100 and AE-200 showed the greatest Glutathion
Peroxidase (GPx) activity (83.20+0.73 and 82.32+1.59 U/mL, respectively). Alyhough,
not to the same extent, methanolic extract treatments also increased antioxidant enzyme
activities. The AE-400 group showed moderate activities of catalase (13.58+0.71 U/mL)
and GR (94.49+0.84 U/mL), whereas GPx and SOD activities were relatively low.

Table 5: Activities of Antioxidant enzymes in Streptozotocin-induced diabeticrats
administered agueous and methanolic Extracts of Ipomoea batatasLeave

Sample Catalase(U/mL)  SOD Glutathione Glutathione
(U/mL) peroxidase reductase
(U/mL) (U/mL)

Normal Control 15.86 + 0.38° 27.97+0.78°  79.32+0.89°  109.10 + 1.39"
Diabetic control 16.03 + 0.44° 28.66 +0.33°  88.20 +0.24° 109.66 + 1.10°
GLB-5mg/kg bw 12.10 + 0.57® 20.98+0.65a  64.30 + 1.74° 89.17 + 0.04°
AE-100mg/kg bw  14.06 + 0.33° 23.10+1.27* 83.20+0.73" 101.24 +1.50°
AE-200mg/kg bw  16.98 + 0.88° 2428+ 1.47"  82.32 +159° 106.03 +1.20°
AE-400mg/kg bw  13.58 +0.71° 20.75+1.59* 7454+ 154"  94.49 +0.84°
ME-100mg/kg bw  14.56 + 0.65" 23.48+1.38" 73.68+0.87"  96.41+1.26%®
ME-200mg/kg bw ~ 11.58 + 0.58% 2239+ 155"  67.14+1.30° 93.13+1.92°
ME-400mg/kg bw  9.58 + 0.64° 21.59+0.61°  61.83+0.88° 89.34 + 1.50°

Discussion

Streptozotocin induces diabetes through selective pancreatic B-cell damage,
leading to insulin deficiency, hyperglycemia, weight loss, and oxidative stress (Cerf,
2020). In this study, hyperglycemia was established in rats administered 65 mg/kg body
weight of streptozotocin.

Presently, almost 80% of the global population depends on the use of medicinal
plants for their health needs (Lathaet al. 2016). The presenceof phytochemicals that are
of health importance in plants may be responsible for their health benefits. In the present
study, aqueous and methanolicextracts of Ipomea. batatas leaf were found to contain
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flavonoids, tannins, saponins, alkaloids, phenols, terpenoids, steroids, and cardiac
glycosides. The presence of these bioactive agents that have been reported useful as
therapeutic agents may be responsible for the traditional use ofextracts of Ipomea.
batatas by the locals. This is in tandem with the findings of Almoraie (2019) who
reported the presence of alkaloids, flavonoids, glycosides, tannins, saponins and steroids
in boiled aqueous extract of Ipomea. batatas leaf. The variation in the level of some
phytochemical constituents of agqueous and methanolic extracts of Ipomea. batatas in this
study could be attributable to the variation in solvent of extraction. Studies have shown
that variation in phytochemical constituents of a plant may be due to variation in plant
part used, and geographical location where the plant was harvested. This finding agrees
with earlier findings which reported that not all plant contain all phytochemicals and that
those present varies according to the part of the plant or solvents of extraction (Lawalet
al. 2014).

In this study, administration of |. batatas leaf extracts to Streptozotocin-induced
diabetic ratsresulted in a dose-dependent reduction in fasting blood glucose levels of
hyperglycemic wistar rats, suggesting improved glycemic regulation. These effects are
consistent with previous reports attributing the antihyperglycemic activity of |. batatas
leaves to their rich flavonoid and phenolic content (Zhao et al., 2007; Rafiu& Luka,
2018; Almoraie, 2019). The methanolic extract demonstrated superior efficacy, likely due
to enhanced extraction of polyphenolic compounds.

Diabetes-associated weight loss observed in untreated rats was significantly
attenuated following extract administration, indicating partial restoration of metabolic
balance. Improved weight gain in diabetic rats treated with extracts of I. batatas leaf may
be due to improved insulin secretion induced by the extracts administration as reflected in
the reduction of glucose levels in extracts administered rats in this study. This
observation is in tandem with the work of Vague et. al (1986) who reported a positive
correlation between serum insulin level and weight gain. Also, the weight gain observed
in diabetic rats treated with |. batatas leaf extracts may be due to the inhibition of
structural protein breakdown usually associated with diabetes thereby preventing wasting,
a condition that causes loss of body weight. This may be due to improved glucose
absorption as a result of improved insulin secretion by the pancreas. Charlton et. Al
(1998) reported that there is usually increase in structural protein catabolism as a means
of obtaining energy fuel thereby reducing body weight of a diabetic patient.

Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)
are enzymes that play a significant role in providing antioxidant defences in organisms by
destroying the peroxides generated in the body (Kaleem et. al, 2006).. Both CAT and
GPx are involved in the elimination of H,O,. While SOD acts to dismutate superoxide
radical to H,0,, GPx acts upon H,0, produced tp generate harmless molecule (Kaleem
et. al, 2006). The functions of SOD, CAT and GPx are interconnected and reduction in
their activities results in the accumulation of peroxides resulting in increased oxidative
stress in diabetic rats. Administration of 1. batatas leaf extracts reduced the activity of
these enzymes suggesting that phytochemical components of the extracts might have

72



Centrepoint Journal Volume 29. No. 2 (2025)

donated protons to stabilize the free radicals generated due to STZ administration thereby
reducing the need for the activities of the antioxidant enzymes and thus may help to avoid
the free radicals generated during diabetes mellitus. This study suggests that diabetic rats
exposed to oxidative stress but treated with I. batatas leaf extracts can partially reduce
the imbalances between the generation of reactive oxygen species (ROS) and the
scavenging enzyme activity. In this study, oxidative stress, a central contributor to
diabetic complications, was modulated in diabetic rats by the administration of I. batatas
leaves extracts as evidenced by improved antioxidant enzyme activities. These findings
support the antioxidant potential of I. batatas leaves and align with existing literature.

Conclusion

This study demonstrates that aqueous and methanolic extracts of Ipomoea
batatas leaves possess significant antihyperglycemic activity and antioxidant enzyme-
modulating effects in streptozotocin-induced diabetic rats. The methanolic extract
exhibited comparatively greater efficacy at higher doses. While the findings support the
traditional use of I. batatas leaves in glycemic regulation, further studies are required to
establish long-term safety and elucidate underlying mechanisms.
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Abstract

This paper examine Hardy type inequalities within the context of equalities that directly
yield new Hardy type inequalities by eliminating the remainder term. Additionally, we
characterize the class of functions that make the remainder term vanish. The focus is on
utilizing orthogonality properties in general Hilbert space, which offers a straightforward
understanding of Hardy type inequalities and the absence of nontrivial extremizers.
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Introduction

Rellich inequality, also known as Rellich-Kondrachov compactness theorem, is a
fundamental result in functional analysis and the theory of partial differential equations.
It provides conditions under which certain embedding operators are compact. This
theorem is named after the mathematicians Franz Rellich and Vladimir losifovich
Kondrachov.

The statement of the Rellich-Kondrachov Theorem in its simplest form is:
Let (£2) be a bounded domain in (R/) with a smooth boundary. Then the embedding of
the Sobolev space (H'(2)) into (L?(£2)) is compact. That is, any bounded sequence in
(H'(£)) has a subsequence that converges in (L?(2)). The Rellich-Kondrachov theorem
has several important implications.It guarantees that Sobolev spaces can be compactly
embedded into certain (LP) spaces, which is crucial for solving partial differential
equations as it ensures the existence of solutions under specific conditions. It aids in the
analysis of weak convergence in Sobolev spaces, which is vital for studying the behavior
of functions and their approximations.The theorem is instrumental in the regularity theory
of elliptic and parabolic partial differential equations, providing a foundation for proving
the existence and uniqueness of solutions, Rellich (1969). Let (£2) be a bounded open
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subset of (R/) with a Lipschitz boundary. The theorem states that: If p and q are such
that (1 < q <p < =), then the embedding (WP (Q)°L7(£2)) is compact. Hence,
WP () c L1(0)compactly,ifqg < p

The proof of the Rellich-Kondrachov theorem involves several steps as follows,
using the fact that (02)can be covered by a finite number of small
regions.ApplyingSobolev inequalities to these regions to control the functions in (H').
Employing a diagonalization argument to extract convergent subsequences.TheRellich-
Kondrachov theorem is a powerful tool in analysis, particularly in the study of Sobolev
spaces and partial differential equations. Its ability to guarantee the compactness of
embeddings is crucial for proving many fundamental results in these areas.Indeed, G. H.
Hardy’s contributions, particularly his work on inequalities Hardy et. al. (1952) and
mostimportantly on Hardy s inequality, have had a lasting impact on various branches of
mathematics and physics. The applications you mentioned highlight the versatility and
significance of his findings in diverse areas such as mathematical analysis, differential
equations, and quantum mechanics. Hardy’s work continues to be influential and
celebrated in the academic community.

The statement is as follows: If numbers a,r > 0, function {(y) =0 and

fab {"(x)dx < wisintegrable and convergent, then
b 1— r
[ (=00 s@ydp) dx <

where (ri—l)r is the possible constant.

r’ b r
L=l Tode @

Friedrich Rellich and Werner Heisenberg were two eminent figures whose work
has significantly influenced various domains such as mathematical analysis, the theory of
partial differential equations, physics, and quantum mechanics. Their contributions,
particularly in the context of Hardy-type, Hardy-Rellich, and uncertainty principle
inequalities, have found profound applications across these fields.

Friedrich Rellich was a German mathematician renowned for his work in
mathematical analysis and partial differential equations. His contributions to the spectral
theory of differential operators laid a foundational framework for modern mathematical
physics. One of his notable achievements was the Rellich-Kondrachov Compactness
Theorem, which has critical implications in functional analysis and partial differential
equations. Rellich’s exploration of Hardy-type inequalities has been particularly
impactful. Hardy inequalities, named after G. H. Hardy, are integral inequalities that
provide bounds for integrals of functions and their derivatives. Rellich extended these
inequalities, resulting in what are now known as Hardy-Rellich inequalities. These
inequalities offer deeper insights into the behavior of solutions to differential equations,
especially in quantum mechanics and the study of wave equations, see Hardy et. al.
(1952).

Werner Heisenberg, a German theoretical physicist, is best known for
formulating the Heisenberg Uncertainty Principle, a fundamental concept in quantum
mechanics. This principle states that the position and momentum of a particle cannot both
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be precisely measured at the same time. The mathematical formulation of this principle
involves inequalities that are closely related to the Hardy and Hardy-Rellich inequalities.

Heisenberg’s work extended beyond the uncertainty principle. He played a
crucial role in the development of matrix mechanics, one of the first formulations of
quantum mechanics. His contributions have had lasting implications in both theoretical
and applied physics, influencing the development of technologies such as semiconductors
and gquantum computing.

The Hardy-type, Hardy-Rellich, and uncertainty principle inequalities have a
broad range of applications. They are pivotal in understanding the properties of functions
and their integrals, providing essential tools for mathematicians working in various
branches of analysis.

In partial differential equations, these inequalities are used to establish the
existence and uniqueness of solutions, as well as to study the qualitative behavior of these
solutions Rozanova (1976).

In physics, particularly in quantum mechanics, these inequalities are instrumental
in describing the behavior of quantum systems, providing bounds that are crucial for
understanding phenomena at the quantum level.

Owing to their profound usefulness, these inequalities have undergone extensive
extensions and refinements. The interest in these inequalities is reflected in numerous
books and monographs, such as references [Yoshida (1966),Hilger (1988), Opic and
Kufner(1990), Ruzhansky and Suragan (2019)] and articles [Godunova and Levin (1969),
Beesack (1979), Hilger(1997), Brezis and Vazquez (1997), D’Ambrosho (2005),
Devyver (2014),Rauf and Anthonio (2017),Anthonio and Rauf (2021)], where their
applications and extensions are discussed in detail.

One significant recent development is the class of interpolation inequalities
known as Caffarelli-Kohn-Nirenberg (CKN) inequalities, particularly on the Heisenberg
group. The Heisenberg group, a fundamental structure in quantum mechanics, provides a
natural setting for exploring these inequalities.

Caffarelli-Kohn-Nirenberg inequalities generalize classical Sobolev inequalities
and have found numerous applications in mathematical physics. They provide a
framework for deriving various forms of Hardy, Hardy-Rellich, and uncertainty principle
type inequalities. These derivations not only deepen the understanding of the underlying
mathematical structures but also enhance the ability to apply these inequalities in solving
complex physical problems.

The legacies of Friedrich Rellich and Werner Heisenberg continue to inspire and
guide researchers across mathematics and physics. The inequalities that bear their
influence are Hardy-type, Hardy-Rellich, and uncertainty principle inequalities, they
remain vital tools in both theoretical and applied contexts. The results provide a study
platform for ongoing discoveries and advancements in science.

The following are the proof of the main results:
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Corollary 1.1:

Let Y be a scalar product space. The following fundamental statements are
equivalent on scalar product(. |.).

2

Hﬁﬂ—é@)

CW%QW)|8£ L (12

-2k Re e
2 j+2 A 14
bﬂz mg” lx1? log— [x]|?
| x|
and
H | |
C(x)-¢,(x) a;m -¢(7) 0.£(x)
2, : =4k’ 4.5 i+2 A +2k i <® (13)
‘MV mg“ IMZ hﬂzlwwl | x|?
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X2 " log | ]2
| x|
Proof: The standard equivalent equality.
-, 0 0
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The standard proof of Hardy inequality is bases on the inequality

H (D60 | _, H (-6 o)

i+2 A = 2 A i4, H
‘mz logmH ‘mz og ST )

then apply Cauchy-Schwarz inequality to (1.2). Hence the proof of the Corollary 1.1.
One dimensional Hardy-type equalities mentioned as follows.
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Theorem 1.1: Letk € C £, 7| < (x)|?e (0,0), and j is equal one and g is
positive.

The following equalities hold:
2w 1z
3] [t
= [ 1cr o+ [ 7o NED a5 T
0 0 Z 0 0

47
[12 jj:(a)da]

2

dy

dy-[ 771 Pdr (16)
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=[P dr-[x dy

a
J.Oxé’ (x)d o = kx 2 Equation (1.6disappears, if xIt the same equation with,

36

2
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2
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Proof: Taking Corollary 1.1 and apply integration by parts, with some assertion
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This concludes the demonstration of the theorem.
Similarly,
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Theorem 1.2:

Let ¢, 1 |€(x)|? € (0,), k € Cand j is equal one and a is positive
q) -
(2] ¥

2
1+ 1oz
= Lg(y)dy dy

=[O drs [ o[ Ll o - [ 10 by
= [ 71w P e[ ¥ [ g(a)daj (19)
Equation (1.9) disappears, if setting f(f {(a)da = k)(‘%and
O 22 @l dx=cifk = 0then
2
j:;g“qi _[fé’(a)da dy =|k|> " ¢ (0,) (1.10)
X

Proof: Taking Corollary 1.1 and apply integration by parts, with some assertion

k = % V= _é’ u= —Iolg’(a)da then

ti<a-
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() 1
-(3)1

= Re[ 2 C joc(a)da
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-2 Re'[:;(“q (i Jj? (a)da jmdl
q X

(1.11)

This proofs the theorem.
The next is proof of Hardy type inequalities with logarithms in the critical weighted
Sobolev spaces.
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Theorem 1.3:
Taking j to be greater or equal to two then equalities.
2
1 _g_gA
12,
Hr17 og
Ix]
2
| \ |
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= |0 )| || - Ao ) — |- e )
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where ZA()()=((A|§—|) and

the right hand side of (1.12) vanishes, if

S()—-¢r(x) =

|09—‘ ‘1)(—)
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Proof: Let A € R/ be less than zero then,

J‘ _IC(Z)—CA(Z)IZdZ I | ¢ (X) - CA(Z)I
x|<A ' 2 Al |Z|J
2P |log A j
P |Z|

= jja'l(log?] [111¢ (@)~ (Aa) P do(e)¢ (20)da

= —2Rej0Aj(log§)_ Lj_l |¢(am)-¢(Aw) | oV (aw) do(w)s (am)da
— 9Re MW%QWH8§WLmW (1.13)

i<l 322,

| 71?2

In polar coordinates (g, ), employ integration by parts when handling radial functions as
shown in (1.14) and Corollary 1.1. This implies:

A
R A
|0gé:jad_ﬂ2q :A_qzlq_Alz
q * B A A A
q
and
¢ (a0)-¢ (Aa) < V] | A-qf <oo (114)

and hence, the following

2 2

ng)gu o [ 0a6 (1) HCW)CW) L1 %6()

j+2 4k2 j+2 2
‘mz Iog‘ m“ ‘mz ‘log A |z|7”
| | (1.15)
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Next proof is when A/ € R/ is greater than zero then, it yields

S-S F

1E() =S 1
LPAJ Altg-dy < A IA,- ] J S0 (1.16)
| x| gilzl |7/

= ;(qmgij LHIC (qw) - ¢ (Aw) |* do (@) (qew)dg

|q]
» AN
zzRejAj[qlogm] 1141 @)~ (A0) |0 V¢ (G0) do(@)¢ (qo)dg <
=2Re||>/_\j |§(J;_(2)_§A(Z)| aqgj(j() dZSOO
T IogA‘ 2" (117)
| x|
145 Al q-A_|Aq]
Iog—‘zIA—zA -4 - q
£ p q q q
A
Then,
2 ) 2
—6j 2 o 19,6 (X -¢ 1 0
g(fz) gj(l'i =4k‘ Re qéj‘(4+) —4 g(fz)l gj(lz\ +=k qé;(ji)z <o (1.18)
|x]? log— | x] 2 ‘|l|2 log.— | 71?2
| 7] | 7]

Adding (1.16), (1.19), proof of Theorem 1.1 and d,{(x) completes the proof of the
theorem.

Theorem 1.4:
Let j be greater than or equal to three. Then the equalities hold if {(y) € R/ .

(-2 2] =t - ot +(-22 12 1<)

762 i+2 ?
=l [l 21> 5(1[|)(|12 C(;{)J <o (1.19)
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The second term in the right hand side of (1.19) vanishes if and if is of the form

()= ll—lzq)(z | 2It)< oo (1.20)

Suppose a function @: S/~ — C that renders left hand side of (1.17) infinite unless
o2 19(@)[ do(e) =0
1S P= (221 ) <0 (L.21)

It is noted that in (1.20), a function in (1.17) implies the existence of a nontrivial
extremizer. The associated integral diverges at both the origin and infinity. The
methodologies for the proofs differ, with some relying on direct calculations involving
the quotient and the optimizer of a Hardy inequality.

Additionally, Theorem 1.4 will be established through an orthogonal argument within a
Hilbert space framework, especially utilizing an equality.

(-2722c 2] = Ve Ve +(i-222 21 2P ¢ <0 (1.22)

The radial symmetry is shared, but they differ for non-radial functions. However, the
Diririchlet integral is decompose into radial and spherical components.

Proof: The polar coordinates(q, w), (1.4) and (1.20) gives
1€ PLxI? dr=[a"[[11¢ @@ do(w)dg
=-2(j-2)Re[ 0" *[ | £ (q)V¢ (qo)do(w)dg

=-2(j-2)"Re[ ¢ (N 2" 0,4 (1)dy <o (1.23)
Integration by parts in the radial variable was carried out in the proof of Theorem 1.
Using Corollary 1.1 withj%z,%, and 9,¢(x) in the Hilbert spaceL?(R’), equation

(1.20)is obtained. A direct calculation then led to the derivation of equation on the right
hand side of (1.8) from the left hand side of (1.7). The remainder terms vanish if and only

6 i—6
if aq(|)(|jT+ZZ) equals 0, indicating that x| *2¢(y) is a function on the sphere. This
completes the proof of Theorem.

Terms of Vanishing Condition of Remainder
In the realm of mathematics, inequality serves as a powerful tool, offering
insights into the relationships between quantities. Embracing inequality means
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acknowledging the diversity and richness of mathematical structures, where differences
exist and contribute to the complexity of the subject.In particular, when examining
inequalities, understanding the equality case is crucial. This occurs when the inequality
becomes an equation, often indicating a point of balance or extremum. Characterizing the
equality case involves identifying conditions under which the inequality holds with
equality.

In many cases, this is tied to the vanishing condition of the remainder. For
instance, in the context of polynomial division, equality occurs when the remainder
becomes zero, indicating that the divisor perfectly divides the dividend. This concept
extends to various mathematical contexts, providing deeper insights into the nature of
inequalities and their equality cases.In this section, the characterize equality care in
term of vanishing conditions of reminders in the Rellish inequality be discussed.

Theorem 2.1: Taking j to be greater or equal to five then
G- 1 s
=l )+ i1 21 e, c-1 a0, c ()
i+ iar o g1 2 oL+ 2 L1 -T2 )
L2021 0.l (D + D2l 2P =21 ¢ -2t 2 0l () + < 2 Tl =21 ¢

2-2j j-2 2 2

217 3,021 % 8,¢(n)

rina aq[| 2ol e ;(z»j

2 2

+2j -2

i aa[mrl ozl ® ;(z»]

2

Fia aq[| 2Fa izl C(z))]

2

2-2j 2j-2

712 0,(1x1 2 8,<(2)

2 i
|zl fﬁq[lﬂtlsaq(lﬂtl2 5(1))]

2

2

+2] -2t <o (2.1)

Fia aq[aqu Xz 4“(;())]

2 2i-4
|zl ? aq[aq(lzl ’ ((;c))]

This statement holds true fore H2(R’). Furthermore, there is no € H?(R/) thatsatisfies

n(j- 4247 1212 <o)
= oG+ IIXIP (o121 8 )

2-2j 2j-2 2

217 0,(x1 % ()

<®© (2.2)

86



Centrepoint Journal Volume 29. No. 2 (2025)
and putting
L0, _ _ 2 2
FU-2247 1217 ¢ = Ve < (=0 @3

Proof: With J- | 4(}()2 dy
]

(lel 65?5)\\ +Ref 1<) 183 )dz) (2.4)

N 3)(1 -4)
The norm on the right hand sides of (2.4) can be written as follows
IPREro3l
= o, 121" cC+1 217 <o
=] 2,121 ¢ + 2Ry 2 D 2 eI o)

putting {(x) = (O ||~ in (2.5) yields

o2 20" = G = 222 G + [l 7 2, F 2|

(2.6)
which implies

2Re(6,(C 01 2 2 DE D 2 2 )= G- 212 <) (2.7)

combining (1.26), (1.27) and (1.28) become
2

e 0.0 = G-2r222x1% Coff +l 212 2ulz12 ¢(a)

The right side of latter inequality yields
Re[\¢ () 21 3¢ (200
=Re[,¢(2)| 2| 5§(x)dz+| | Re[ (1)1 21" L (7 -—Re[ ¢ ()| 2 86 ()

¥4
+Re[,C () 2 63 ()dx + iRe[,C () 2 8¢ (2)x

(2.9)
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Last two integrals give
Re [, () 217 0,8 (x)dx
LRe[ ¢ (1)°0,(1 2 )dx
Re|.x 121" V(IS0

22 e —2%illz1? ¢ (2.10)

N NIRN]

From (2.1), (2.4), (2.6) and (2.7) that

iG-9 21 ¢l

2

=Re[¢ ()| 21 azmdw'j('Rejj:(z)uw 0 (-

2-] j-4

717 8,017 <)

<o (2.11)

Let us assume { € H2(R/) satisfies (2.2). Then, by (2.3), it follows thataq(|)(|]T () =
0, which is equivalent to the existence of ®: /=1 — C almost everywhere. In this case,

% € L' (R/)where the last condition @ () = 0 which in turn implies {(x) = 0 if and

only if®(y) = 0, which implies¢ (x) = 0. If { € H?>(R)) satisfies (1.5), then the problem
is reduced to case (2.2), and It is only sufficient to prove (1.5). Therefore, the proof of
Corollary 1.1 completes the proof of the Theorem 2.1.

Relation between Bessel’s and Rellish-type Inequality

Bessel’s inequality is a fundamental result in the context of inner product spaces.
It provides an upper bound on the sum of the squares of the coefficients when a vector is
expressed as a combination of an orthonormal set.Given a vector (y) in a Hilbert space
(H) and an orthonormal sequence ({e,}r—1) € (H), Bessel’s inequality states that:

n
el <ld

i=1

Here, (|x,ex)| denotes the inner product of (y) and e, ,and (|x|) isthe norm of
(x).Bessel’s inequality essentially says that the projection of a vector () onto the span
of the orthonormal sequence ({e,}) does not capture more "energy" (as measured by the
sum of the squares of the coefficients) than the original vector () itself. In the context of
Fourier series, where signals are decomposed into orthogonal basis functions (e.g., sines
and cosines), Bessel’s inequality guarantees that the energy of the partial sums of the
series does not exceed the energy of the signal.Bessel’s inequality is crucial in the theory
of approximations. It ensures that any finite approximation of a function (using an
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orthonormal basis) provides a bounded error, which is essential for convergence
analysis.In quantum mechanics, state vectors in Hilbert spaces can be expressed in terms
of orthonormal eigenstates of an observable. Bessel’s inequality provides a bound on the
probabilities of measuring these eigenstates.The proof of Bessel’s inequality leverages the
Pythagorean theorem generalized to Hilbert spaces. By considering the orthogonal
projection of () onto the subspace spanned by ({e,}), one can show that the sum of the
squares of the inner products (|(x,e;)}|?) is less than or equal to the norm of (y)
squared.In essence, Bessel’s inequality is a cornerstone in understanding how vectors can
be decomposed in terms of orthonormal bases, ensuring that such decompositions respect
the intrinsic geometry of the space.

Definition:
Suppose Y is a linear space over the real or complex number field K.
A mapping (.,.):Y X Y — K is said to be positive Hermitian form if the following holds:

(i)

e 0 -¢. 0
5(2(2) ¢ () ny q_i 0l=a 5(2(2) 5 T —|
Bhi) R 1% e R 1
lx1? log— | x| ? |x1? log— lx|?
¥4 ¥4
forall S50 _%¢ ey anda,p € K.
Xz togrs 11T
(ii)
c()-¢;(x) 0.6 |_| 0,4 ¢ -¢; ()
iz R ’ i B a7 J+2 R ’
|x1? log— |xI|? | x| ? |x|? log—
| x| | x|
g(;{)_;](;{) , aqg cY.
Lz_l R L_4+
lx? log— |x]|?
| x|
for all
(iii)
c(x)-¢;(x) c()-¢;(x) >0
iz, R ' 2 R |
|xl? log— |x|? log—
| x| | x|
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) -<¢;(n) 0,8 oy

) j*4

E_l R -
Ixx1? log— [x]?
4

Considering the fact that

‘-6 |_| {-¢0 -6 | - ‘-6
1202 g B 1212 Tlog N (412 Tlog R 1212 g R (31)
121 1| 121 121

represents the semi-norm associated to this form and (e;, €;);¢; is orthornormal family of
vectors in Y, which implies (e;, ¢;) = &;; (i,)) then there exists the following inequality

[4].
2 2
S -¢;(x) S -¢i(x) S -¢i(x)
— 22 ——="=e |, foral ———————¢€Y
j+2 1 j+2
- 1 | icl - 1 | R 1 | R
|x1? log.— |x1? log.— |x1? log—
¥q V4 x
(3.2
which is known as Bessel’s Inequality. Every finite H of interval I yields
o< S()—¢;(x) = S)—¢; () o
SEa RO, B2 R
[x]? log— lx1? log—
| x| F
Sn-¢,() S -¢, () S -¢ () S -¢, ()
- é,l : ZR _; éA ! ZR & i T é,l : ZR _; éq : XR ! ei ei’
lx1? log-— "Il x|? log— l212 logi— ‘| lx12 log—
[ 21 V4 | x x
_l - | s -¢i () _ s -¢i ()
[x1? log— [x1? log— [x1? log—
x X | x

. S —-¢i () o S —-¢i(x0) 5
p LN U R LN i
S 217 Tlog N 1217 log N
| x| |Z|2
| < -<i) | cn-¢i ()
ol P Eaaen (D Ry eentil (3.3)
[x12 log— lx1? log—
| x| X
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c-¢ix)
B2 R
|x1? log—
| x|

for all which shows an improvement in the assertion.

The following Corollary is pivot to the proof of Theorem 3.1.

Corollary 3.1 :
Let Y be a linear space endowed with a positive hermitian form (.,.)and (g;), -7 be an

orthonormal family in (Y: (.,.)). Then,

2 2
N
¢ -G _Z 00 —¢ 0
s og | B\ g
X Iiall =t X I
N
¢ =G0
*2_4 ] R _z Ai9i
lxI'z “log > j=i
x|
(3.4)
é’(x)_é’J(Z) cvY
drz)
forall 1, € Nand. | 7| 2 Iogi
| x|

Proof: Adopting Mathematical induction, for j =1

2 2

H () -¢;(x) () -¢;(x) H ¢()-¢;(x)

j+2_ j+2 R O i*2 4 R ]'1 9
‘I}(I2 IOQH | x|? logm ‘I){I2 |09m (3.5)
which is equivalent with
2
X)-¢, c)—<¢;(x)
0<[4|" —2Re C(ﬁzlg(l) A0 |+ T2 R %
lx1? log— lx1? log.-—
| 7| | 7| (36)
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2Re §(n;fz) ¢ () 20 |< 4(1952) ¢ () 20, |
e R , L R
| x1? log— | x1? log—
| 7| | 7|
since , then
2
one has () -¢(x) () -¢(x)
0<|A] ~2Re %’ﬂlgl + ?JR O |
712 g 712 g 3.7
| 7] | 7]

o —ond SO-600 o L] c0con
| x| 2 |09* |x|? log—
| x| | x|
<4t -24 g(x) =&, (%) g, |+ g(x) =&, (x) o,
Ix| 2 l|og|R| Ix[Z |og|R|
g(¥)—¢,(x)
- o 0
IX] 2 l|og£ (3.8)

which is true for n = 1.
Assuming n — 1 in (3.4), then
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2

ng);én(xl)q § g(nﬁ:g"(x,)q g, |= éngz)fn(xF)a,, 409y [~ 2 0,
x| 2 log—| "|x]2 log— x| 2 log—- =
[x] [ x| | x|

= LEQJL(X; '+ O —Z 74&3_:;"(2 — 4 9000
I |09m I |09m
=] S0l g, | -3 00D,
[x| 2 log— x| 2 log
| x| [ x|
> éa(lxz)ifn(xé _ C(lxz);?n(xé g, _”Z g(niz);é-“n(xg{ g,
Ix]? log—~ Ix]? log X1z log
I x| I x| | x|
X) =<, (X N X) =<, (X
= J(nj)i1 é“n(')q -3 g(n;z),l é“n(')q g, (39)
Ix|2 log—l | Ix] 2 log '
Ix] Ix]

for all 4; €N, Me Y and i =1,2,..n. This completes the proof of the

—=-1 R
x| 2 “logiy
Corollary 3.1.

Theorem 3.1
Let Y be a linear space and (.,.);, (.,.), be two Hermitian forms on Y such that

‘ () -¢.(x) J g(x) =&, (x)

ni2_ ne2_ g(x)—¢.(x)
X% "log S| fix[? log - el

R

| X1l | X1}, | x| 2 Iog|—

X|
for all . Assume that (e;);; is an orthornormal family in (Y:(.,.);) and (;);g is an
orthornormal family in (Y: (.,.),) such that any i € J there a finite K c J so that

e=Yaf, ae(iekK) (3.10)

jeK
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then one has the inequality

g(x)-¢.(x) 5 c)-¢(x) o
n+21 4 nL271 |
|X|Ti IOQE iel x| 2 log—
|X| 2 |X| 2

S RSCRTSTCN [N RO M |
%271 | R jel %271 I R J
[ x| Ogml [ x| Ogm 1 (3.12)
for all
Cgr)z—in(X) cyY

—=-1 R
x| 2 log—
x| 97

Proof: Let H be a finite part of | . Since ””2””1 then

g(x)—¢n(x) -y g(x)—¢a(x) e |l = g(x)—¢(x) -y g (x)-g,(x) ele
e RIEE T, RO T ROE T RO
[ x| |09m2 [x] |Ogm , [x] |09m [ x| |09m 2,
N ICO RO S RO AN C0-6,00 _y
Ix[Z Iogi “Alx|z Iogi Ix[Z Iogi (3.12)
x| xl ), |, x|

From (3.10) and for any i € H there exists a finite K < with

eFZ(ewC,-)lC;'

€ (3.13)
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S(x)—¢;i(x)

S(x)—¢;i(x)

2

i - i L] €;
i+2_ R ;‘4 i+2_ R
lx1? log— [x]? log—
| x| | x| 2y
— C(n/’fz) é’] (A",’) _Z C(J/}’Z) g, (A",’) € z(ei, é,
-1 R ich Ea R jeK
lxl1? log— x| ? log;,—
| x| | x| 2
_ C(;fz) S (x) s C(;fz) S (x) el e
17*1 R jek| icH 17*1 R
| x| log—- | x| log—
| x| | x| 2

S

J )14’1

1

2

<i

1

Applying Corollary 3.1 for (.,.) = ("')’(gk)k=ﬁ =(¢;) jex - Henceforth

2

¢()-¢()

2

2

{)-¢,(n) {n-¢;(n)
CZE 24 I Zary 93 e vur-ald
|72 log— 712 log—| " |z? log—
|71 ) |21l |71
where
c(n)-¢;(x) .
A; = Z 2 : &l e.¢;|e (JeK)
jeH -1 R
“Nxl? log—
lxl ), )
Furthermore, : °
s)—¢<; (N S)—¢;i ()
i+2 R _Z n+2 R |
lx12 log— M x1? log—
|Z| 2 |Z| 2
s(x)—¢;(x) S()—¢;(x)
T R T2 o RS
lxl2 log— Ul lxl? log—
|/’K|1 |X| 1
_ é“(j;fz)—é’,-(;c) > g“(j;fz—é“l(z) v
e R i< s R
[ x| log— [ x| log——
|/1/|1 |/1/| 1
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H finite part of | , from (3.11) the result follows.

Applications of Theorem 3.1 are as follows:
(@) Let (Y;(.,.) bean inner space and (g,;);_, an orthonormal family in Y .

J+2l R -

L (0= | | cw-¢
207 g

Assume that ®:Y —Y is a linear operator such that and

C(j}Q— ) (l; eY and (Pe;, @e) = &y, forall i,j € I. Then one has the inequality:
|x1? log—
| %1
2 2
H c)-¢i(x) =0
2 ) n+2 i
‘mz IogH T ixi og R
I x]
2
> lo ?(J}fz) < o C(;fz) 21%2, e | >0
2l Mlog Rl T 4 M log R
Z [ [E—
|21l | %] @317
for all 6}03——6,(;() € Y. The proof follows by Hermitian form:
12 tog
¢ =¢G00 6( _ C(x) 41%9) 04§
n+2 - ji—4
xI= log i 1T o\ Tlogl T
and
{00=5 ) 046 )¢ ) ¢
j+2 / ) 134 = (p j+2 / ;d) 1614 ’

+3

JTe R L= —1 R Bt
x| 2 logl)(| x| 2 x| 2 logm x| 2
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(=4 ) 94¢ .
for all —7———,—4— €Y for the family ({;);c; = (&:)ier-

22 R L=y
x| 2 loym [x] 2

(b)Let @:Y — Y such that

192,

o -6,
in R Jt2_
|Z| 2 logf P
| x| | x
and ’ ’
C(n;cj)i—é“,-(;c) -y g(iz),_gj(}?{ e,
|22 log “lxl?  log—
| x | x|
<o g(:g g](ﬂ() _z @ g(]ﬂfz) gj(}() D, >0
1217 Tog S T 22 Tlog R
| 21, | x| (3.18)
with the previous assumption and for all M €Y, and
x| 2 logm

(c)Let @:Y — Y such that such that is a symmetric positive definite operator
2

@ S()—¢;(x) S)—¢;(x) (;c)
E_l R ! E_l R J+2_
|xl? log— |x|? log— |g
| x| | x|

if (e;);es is an orthonormal family in Y such that (®e;, @¢;) = §;;, forall i, j € I, then
one has the inequality:

{-¢() ‘-4

< j+2 R ; j+21 R |
1217 log [x1? log—
|7l |7l

do é(jﬂfz)—éj(z) | G(];fz)—é”,-(;(; Yo 4(52)—4,-(1;
T’l| 2 log— iel 2 1| AN
217 ogp 1 12l® g 21 oap | (3.19)

,dDe
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for all Zfﬂ;f’(x)}? € Y. The proof follows from inequalities (a), (b) and (c) for the
X2 "log

) Il
choices

C0=-600 3¢ | _[,5W0-6® 9,¢
2 R It B it2_ R’ =4
= Hog o X7 X7 togrs T
1 x|
and
{(}{) - (n (x) aq( _ ((X) - (j (X) aq(
j+2 ’ j—4 - j+2 ’ j—4
X7 tlog L |xf7 7 tlog L |y 7
lxI 2 [xI
for all (].(f_z)j"(x)R, ‘j";iﬂ €Y.
[x] 2 logm x| 2
Summary

In this paper, Hardy type inequalities through the lens of equalities is delved into,
presenting equalities that inherently yield Hardy type inequalities by eliminating the
remainder term. The significant contributions include in the present paper is:

Identifying equalities that simplify the derivation of Hardy type inequalities by
removing the remainder term. This approach streamlines the understanding and
application of these inequalities in various contexts.By characterizing the class of
functions for which the remainder term vanishes, it provide a deeper insight into the
structure and properties of these functions. This characterization is crucial for identifying
functions that achieve equality in Hardy type inequalities. Utilizing orthogonality
properties in a general Hilbert space, hence a straightforward interpretation of Hardy type
inequalities was offered. This perspective also clarifies the absence of nontrivial
extremizers, highlighting the uniqueness of solutions within this framework.Finally, the
relationship between Rellich and Bessel inequalities is achieved. Both inequalities,
though arising in different contexts, offer essential bounds that contribute to the
understanding of functional analysis. The Rellich inequality, extending into higher-order
derivatives, complements the Bessel inequality’s foundational role in Hilbert space
theory.

By elucidating these relationships and contributions, a comprehensive
understanding of Hardy type inequalities and their connections to other fundamental
inequalities is provided.
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Conclusion

The main findings of the paper emphasized the novel contributions and their
significance in the broader context of mathematical analysis.

Recommendation

This study lays the groundwork for future research, particularly in extending
these concepts to more complex spaces and exploring their implications in solving partial
differential equations and other mathematical problems.
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Abstract

This study examines a transportation problem arising from the weekly distribution of
Unilorin Table Water from three warehouses (A=500 packs, B=200 packs, C=300 packs)
to five demand locations—Campus (100), Tanke (200), Basin (50), Pipe-line (500), and
Fate (150). Using the cost matrix provided in Table 3.1, initial feasible transportation
plans are constructed with the Northwest Corner Method, the Least Cost Method, and
Vogel’s Approximation Method. The resulting total transportation costs are 750,000 for
the Northwest Corner Method and 730,000 for both the Least Cost and Vogel’s
Approximation methods. These results show that the latter two approaches produce
lower-cost initial feasible solutions for the case data. The paper outlines the steps needed
to verify optimality using the Modified Distribution (MODI) method.

Keywords:Optimization, Transportation Problem, Northwest Corner Method, Least Cost
Method, Vogel Approximation Method, MODI Method.

Introduction

Optimization refers to the process of determining the conditions that yield the
maximum or minimum value of a function. It is an important tool in the science of
decision and in the analysis of physical systems where identifying the objectives and
qualitative measure of performance of the given system is under study. The objectives
could be profit, time or combination of qualities that can be represented by a single
number called variables or unknown. Transportation problems on the other hand involve
the analysis of optimal transportation routes and the efficient movement of products from
multiple sources of production to various marketplaces, with the objective of minimizing
transportation costs. Big companies with multiple production houses and extensive
customer bases critically analyze transportation problems to enhance operational
efficiency. The supply and demand pattern is the constraint and the transportation cost is
the objective function.

100



Centrepoint Journal Volume 29. No. 2 (2025)

Supply chain management is a decision making process that steers numerous
activities in order to generate added values for all stakeholders. Just like Pan and Lin
(2021) presented a solution to address the urgent storage positioning problem and ensure
the safety of goods in transit within the logistics supply chain process, based on a
thorough study of wireless sensor networks and radio frequency identification (RFID)
technology. Zijm al., (2019) were able to show that purchasing function within a firm
plays a crucial role in managing the firm’s relationship with suppliers and ensuring the
availability of necessary goods and services. As industrial firms allocate a significant
portion of their revenue towards supplies, effective purchasing has become a key factor in
achieving success. These activities are typically organized within an annual purchasing
cycle. In addition to ensuring timely and reliable supply, the goals of purchasing also
include achieving cost efficiency and contributing to innovation while enhancing the
firm’s strategic position. It is important to note as emphasised by Benotmane et al.,
(2017) that in today’s increasingly competitive business environment, effective logistics
chain management has been essential for maximizing profits and minimizing costs,
including manufacturing expenses such as transaction, transport, and storage. Since all
supply efforts come with their inherent problems, the work of Sitek and Wikarek (2012)
from the perspective of uni-modal logistics provider highlighted the problem of supply
chain optimization. Their work adopted a mathematical model of multilevel cost
optimization in the form of MILP (Mixed Integer Linear Programming). In that particular
research, the cost of production, transport, distribution and environmental protection were
adopted as environmental criteria, timing, volume, capacity and mode of transportation
were taken into account. It is worth mentioning that Supply chain management involves
efficiently routing and scheduling inventory to ensure timely delivery and meet end-user
needs through effective communication across all supply chain links Tyagi and Agarwal
(2014). Given the current economic globalization, financial difficulties within the supply
chain can pose a significant crisis for enterprises operating in this network. To address
this challenge and enhance the core competitiveness of international trading enterprises
(ITE), it is crucial to alleviate their transportation pressure Xie and Chen (2022).

According to Jayarathnaet al., (2021) there are several methods are available for
modeling sustainable supply chain and logistics (SSCL) issues. Multi-objective
optimization (MOO) is widely applied in SSCL modeling. However, the selection of an
appropriate optimization technique and solution method remains a significant concern, as
model performance depends heavily on the decision variables chosen during model
development. Hence, the performance of three distinct approaches to transportation
problem solving—the northwest corner method, the least cost method, and the Vogel’s
approximation is the main goal of this study. By so doing, researchers can be guided on
what method to adopt when faced with similar problems.

The research is divided into 5 main sections comprising of this introduction,
Linear Programming Model, Methodology, Discussion of Results and Conclusion.
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Linear Programming Model
Linear Programming Model Formulation

Linear programming problem can be referred to as the optimization method
which deals with functions of variables known as the objective function. It is subjected to
a set of inequalities which are known as the constant.

It is a special type of mathematical program that is used to describe the
characteristics of the optimal solution of optimization problem by means of mathematical
relation, and is mostly referred to as a revolutionary development that allows us to make
optimal decisions in complex situations.

To represent the many elements of a linear programming model and their
meanings for the overall issue of resource allocation to activities, the following symbols
are frequently used:

Z = value of overall measure of performance

X; = level of activity j (for j=1, 2, ..., n)

¢j= increase in Z that would result from each unit increase in level of activity j

bi = Amount of resources i that is available for allocation to activities (fori = 1, 2,
..., Nn)

aij = Amount of resource i consumed by each unit of activity j

The problem is posed by the model in term of making decision on the level of
activities. So xi, X, ..., X, are called the decision variables and the values ofc;, b;, a;; are
called the parameters.

Standard Form of the Linear Programming Model

The model selects values for Xy, X, ..., X,S0 as to maximize
Z=CiXy+ CoXo + ... +CXp,

and the standard form of the model is:

Qi X1+ AXo + .+ QX < by

Qg X + ApXo + ...+ AXn < by

a-mlxl + am2X2 + .. +amnxn S bn

The function being maximized, ¢cix; + CX; + ... +CoX, is the objective function.
The constraints are being referred to as the limitations, and the first constraints are called
the functional constraint, and are non-negative if the restriction is x; >0.

Assignment Problem

An assignment problem is a specific form of transportation problem
characterized by an equal number of destinations and resources, with the objective of
minimizing total cost or maximizing total profit in allocation. Resources such as labor
and machinery often exhibit varying levels of efficiency across different activities, which
leads to the formulation of the assignment problem. The assignment problem seeks to
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determine the optimal allocation of resources to tasks. When there are n persons and n
jobs, and each job must be assigned to exactly one person, the problem is considered
balanced if the number of persons equals the number of jobs. In this context, the
assignment matrix is balanced when the number of rows equals the number of columns,
or equivalently, when the number of facilities matches the number of jobs. Conversely,
the problem is unbalanced if the number of persons differs from the number of jobs,
resulting in an unequal number of rows and columns or a mismatch between facilities and
available jobs.An assignment problem can be represented in the form of a matrix
representation of realnumbers (cost matrix) in the Table 2.1 below. An assignment
problem is a special case of transportation problem.

Table 2.1: Assignment Problem Representation

Resources N J, | ... | J supply
W, Cu [C | ... | Cph 1
W, Cyu [Cxp | ... | Cy 1
W3 Cgl C32 e an 1
Wy Cu | Co | ... | Cy 1

Transportation Problem Algorithm

The algorithm for solving a transportation problem involves the following steps:

@) Formulate the problem and arrange data in a matrix. The objective is tominimize
the total transportation cost with constraints on supply at sourcesand demand at
destinations.

(b) Obtain an initial feasible solution using one of the three methods which areNorth
West corner method, least cost method and Vogel’s approximation method.An
initial feasible solution must satisfy the following conditions:

i The solution must satisfy supply and demand constraints
ii.  The number of positive allocations must be equal to m + n + 1 where mis
the number of rows and n is the number of columns.

(c) Test the initial solution for optimality using the modified distribution method.If
optimal stop, if not find an improved solution.

(d) Update and repeat the solution until the solution is optimal.

Methods of Solving Transportation Problem

North West Corner Method
i Start at the upper left (north-west) corner of the transportation table and
allocate the maximum possible amount.
ii.  Repeat until all supply and demand requirements are met

103



Ayinla, Muhammad, Olorode & Ugbeh

Least Cost Method

i Identify the cell with the smallest cost and allocate the minimum
betweenthedemand and supply to it.

ii.  Identify the next smallest least cost and also do the allocation as in stepi.

iii. Repeat step i with the reduced transportation table until all demand
andsupply constraints are satisfied.

Vogel’s Approximation Method

I. Find the difference (penalty) between the smallest and next smallest costsin
each row (column) and write them in brackets against the
correspondingrow (column).

ii.  ldentify the row or column with largest penalty. If a tie occurs, breakthe tie
arbitrarily. Choose the cell with smallest cost in that selected rowor column
and allocate the minimum to it, cross out the satisfied row orcolumn.

iii.  Again compute the column and row penalties for the reduced transportation
table.

iv.  Repeat the procedures above until all the rim requirements are satisfied.

Methodology
Transportation Problem Definition

A transportation problem is a type of linear programming problem where items
are transported from a set of supply locations to a set of demand locations. The primary
goal is to minimize the cost of distributing these items while maximizing profit. The main
structure of the transportation problem consists of various shipping routes connecting
supply centers to demand centers. The objective is to meet the demand for goods or
services at each destination using the available supply at each source, while minimizing
transportation cost and time. Transportation problems can be classified as either
balanced, where total supply equals total demand, or unbalanced, where total supply and
demand are not equal.

Case Data Definition

Unilorin water is a water supply system that produces, treats, and distributes
water to the campus and other neighboring communities. Unilorin water produces bottled
water of different sizes, which is the basic product it sells from the factory. The factory
has warehouses A, B and C. The weekly supply (in packs) in each warehouse is 500, 200
and 300 respectively. The products are to be transported to five main demand locations
which are; Campus, Tanke, Basin, Pipe-line and Fate requiring; 100, 200, 50, 500 and
150 packs respectively. The total transportation cost the unilorin water factory incurs
weekly is calculated using the following methods to establish the initial feasible solution.
i North West corner method
ii. Least cost method
iii. Vogel’s approximation method
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Initial Feasible Solution Methods

To solve the above given problem, it is required to first construct a table and
input all the given values into the table. The demand locations which are; Campus,
Tanke, Basin, Pipe-line, and Fate are respectively abbreviated as C, T, B, P, F in the
table. The table therefore is

Table 3.1: Demand and Supply Table With Their Associated Costs

To\Fro| C T B P F Supply
A 1000 | 500 | 600 | 1000 | 900 | 500

B 1000 | 300 | 500 | 800 | 900 200
C 1000 | 1200 | 900 | 1200 | 200 300
Demand | 100 | 200 | 50 | 500 | 150 1000

Where the values in the cell represents the cost per transportation from each supply
location to each delivery destinations.

The total number of supply constraint = 3
The total number of demand constraint = 5

Northwest Corner Method (NCM)

The minimum amount between the demand and the supply is to be allocatedto
the cell (transportation cost) in the upper left-hand (North West corner) of the given table
which is cell AC which is 100 in this case.

Table 3.2: NCM Allocation 1

To Fro | C T B P F Supply
A 1001000 |500 | 600 1000 900 400 508 |
B 100Q 300 {500 800 900 200

C 108Q 1200 | 900 1200 200 300
Demand 108, 200 |50 500 150 1000

Allocate the minimum value 200 to the cell AT which satisfy the entire demand
in T and reduces the supply to 200.

Table 3.3: NCM Allocation 2

To Fro | C T B P F Supply

A 1001000 | 200500 | 600 | 1000 900 200 40@@30\
B 1obg 300\ 500 | 800 900 200

C 1o‘oq 12&@ 900 | 1200 200 300
Demand 100\ 20@\ 50 500 150 1000
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Allocate the minimum value 50 to the cell AB which satisfy the entire demand in
B and reduces the supply to 150.

Table 3.4: NCM Allocation 3

To Fro | C T B P F Supply

A 1001000 |[200500 [50600 |1000 |900 | 150 20@\408\50\3\
B 1obo\ 30(\ 5bo\ 800 900 | 200

C 10 12@ 98Q 1200 | 200 | 300

Demand 1ob\ 20@\ 50\ 500 150 | 1000

Allocate the minimum value 150 to the cell AP which satisfies the supplyin A
and reduces the demand to 350.

Table 3.5: NCM Allocation 4

To Fro | C T B P F Supply

A 100 1000 | 200500 | 50600 | 1501000 | 900 1‘50\20@(109\50@\
B 10150\ 309\ 513{ 800 900 | 200

C 1obo\ 12@ 9‘0& 1200 200 | 300

Demand 10‘6\ 2bo\ eo\ 350 5@({ 150 | 1000

Allocate the minimum value 200 to cell BP which satisfy the entire supplyand
reduces the demand to 150.

Table 3.6: NCM Allocation 5

To~JFro | C T B P F Supply

A 100 1000 | 200500 | 50 600 | 150 1000 900 150\200\408\50@\
B 1009\ 309\ 509\ 200 800 9bo\ zb@\

C 100@\ 12@Q 90@\ 1200 200 | 300

Demand 100\ 2bo\ 5b\ 150 35*0\5b0\ 150 | 1000

Allocate the minimum value 150 to cell CP which satisfy the entire demand in P
and reduces the supply to 150.
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Table 3.7: NCM Allocation 6

To Fro| C T B P F Supply

A 100 1000 | 200500 | 50600 | 150 1000 900 1’50\20&@8\5%\
B 1ob@\ 3b9\ 500\ 200 800 9‘0({ 200

C 1009\ 12@Q 909\ 150 1200 200 | 150 30@\
Demand 1ob\ 200\ 5‘0\ 150 339\5 150 1on\

Allocate the minimum value 150 to cell CF which satisfy the entire supplyand
demand in both cell C and F.

Table 3.8: NCM Allocation 7

To Fro|C T B P F Supply

A 100 1000 | 200500 | 50 600 | 150 1000 900 1‘5({20%0@\50@\
B 1000\ 30@\ sbe\ 200 800 9bck 200\

C 1009\ 12@Q 98Q | 1501200 150200 | 150 30@\
Demand 10@\ 2bo\ 5‘0\‘ 1‘39\350 500 | 280 1obc§

The total transportation cost = (100*1000) + (200*500) + (50*600) + (150*1000)
+ (200*800) + (150*1200) + (150*200) =100,000 + 100,000 + 30,000 + 150,000 +
160,000 + 180,000 + 30,000.

The total transportation cost = 750,000.

Least Cost Method (LCM)

From Table 3.1, the least transportation cost is 200 in CF, then allocate the
minimum 150 to the cell which satisfy the entire demand in F and reduces the supply to

150.
Table 3.9: LCM Allocation 1

To Fro C T B P F Supply
A 1000 500 600 1000 9b0\ 500

B 1000 300 500 800 900\ 200

C 1000 1200 | 900 1200 150 200 150 308\
Demand 100 200 50 500 150\ 1000

The next least transportation cost is 300 in cell BT, then allocate the minimum
value 200 to the cell which satisfy the entire demand and supply in bothcell B and T.
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Table 3.10: LCM Allocation 2

To Fro C T B P F Supply
A 1000 5b0\ 6b0\ 1‘0(@ %Q 3@0\
B 101& 200300 | 500 800 9‘0({ 2130\
[ 1000 1‘2(@ 900 1200 150 zbo\ 150 300
Demand 100 2‘8({ 50 500 150 1000

The next least transportation cost is 600 in cell AB, then allocate the minimum
value 50 to the cell which satisfy the entire demand in B and reduces the supply to 450.

Table 3.10: LCM Allocation 3

To Fro C T B P F Supply
A 1000 5130\ 50600 1000 QBQ 450 5‘0({
B 10\3({ 200 300 5bck BQQ 9‘0({ 2‘(&

C 1000 1‘2(@ 9130\ 1200 150200 | 150 3‘00\
Demand 100 219{ ‘50\ 500 1‘5({ 1000

The next least transportation cost is 1000 in cell CC, then allocate the minimum
value 100 to the cell which satisfy the entire demand in C and reduces the supply to 50.

Table 3.11: LCM Allocation 4

To Fro | C T B P F Supply

A 1‘0(@ 513({ 50600 | 1000 9‘0({ 450 5‘0({

B 1on 200 300 5bck QOO\ 9‘0({ 2‘0g

C 100 1000 1‘209 9130\ 1200 | 150200 |50 15‘0@@\
Demand 1‘00\ 213({ Bo\ 500 1‘5({ 1000

The next least transportation cost is 1000 in cell AP, then allocate the minimum
value 450 to the cell which satisfy the entire supply in A and reducesthe demand to 50.

Table 3.12: LCM Allocation 5

To Fro | C T B P F Supply

A 1‘0@ 513({ 50600 | 4501000 9‘@({ 439\5bck

B 1on 200 300 5b‘\ s‘oq 9‘0g 2‘0({

C 100 1000 1‘209 9bo\ 1200 150200 | 50 15‘&{0@\
Demand 1\00\ 2‘8({ ‘50\ 1000

50 5bo\

B

108




Centrepoint Journal Volume 29. No. 2 (2025)

The next least transportation cost is 1200 in cell CP, then allocate the minimum
value 50 to the cell which satisfy the entire demand and supply in bothcell C and P.

Table 3.13: LCM Allocation 6

To Fro | C T B P F Supply

A 1‘0(@ 5b0\ 50600 | 4501000 9‘0({ 45@\5&

B 1on 200 300 5bck s‘oq 91& z‘og

C 100 1000 1‘209 9‘00\ 501200 150 200 ‘5({15‘0@@\
Demand 1‘00\ 219{ ‘50\ Bgsbo\ 1‘5@ 1000

The total transportation cost = (50*600) + (450*1000) + (200*300) + (100*1000)
+ (50*1200) + (150*200)
=30,000 + 450,000 + 60,000 + 100,000 + 60,000 + 30,000.
The total transportation cost = 730,000.

Vogel’s Approximation Method (VAM)

When using the Vogel’s approximation method to solve a transportation
problem, the introduction of some values known as penalties is required. A penalty can
be referred to as an extra cost added to a particular route or assignment in a transportation
problem, to show that it is less efficient than other option. It can also be gotten by
subtracting the least cost in the row/column from the next least cost in the row/column.
To solve the problem under consideration, it is essential to add the row and column
penalties to the given table by subtracting the least cost in the row/column from the next
least cost in the same row/column. RP and CP represent the row and column penalties
respectively.

The gotten values on the row penalty are; 0, 200, 100, 200, 700 and 100, 200,
100 on the column penalty. Next is to allocate the minimum value 150 to the least
transportation cost 200 in cell CF which is the column with the highest penalty.

Table 3.14: VAM Allocation 1

To\@ C T B P F Supply CP1
A 1000 [500 [600 [1000 | 900 450500 | 100
B 1000 [300 [500 | 800 900 200 200
C 1000 | 1200 [900 [1200 |150200 | 1503DQ_ | 100
Demand 100 200 |50 500 150 1000 -
RP1 0 200 100 | 200 700 - -

Next is to add the second row and column penalty to the table by subtracting the
least cost in the row/column from the next least cost in the same row/column. The gotten
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values on the row penalty are; 0, 200, 100, 200, 0 and 100, 200, 100 on the column
penalty. Next is to also allocate the minimum value 200 to the least transportation cost
300 in cell BT which is the column/row with the highest penalty.

Table 3.15: VAM Allocation 2

To Fro |C T B P F Supply | CP1 | CP2
A 1000 Bog 600 | 1000 |dQQ 500 100 | 100
B 1000\ 200300 ‘5@ B({O 900 QQQ 200 | 200
C 1000 1‘209 900 | 1200 | 150200 | 150 é@Q 100 | 100
Demand 100 2‘0{ \sq 500 NQ 1000 - -
RP1 0 200 100 | 200 | 700 - - -
RP2 0 200 100 [200 |0 - - -

Next is to add the third row and column penalty to the table by subtracting the
least cost in the row/column from the next least cost in the same row/column. The gotten
values on the row penalty are; 0, 0, 300, 200, 0 and 400, 0, 300 on the column penalty.
Next is to also allocate the minimum value 50 to the least transportation cost 600 in cell
AB which is the row with the highest penalty and satisfy the entire demand in B and
reduces the supply to 450.

Table 3.16: VAM Allocation 3

ToR [C [T B P Supply | CP1|CP2]CP3

F
A 1000 S&Q 50 600 | 1000 Q&Q 450 5‘@0\ 100 | 100 | 400
@so\ 0

B T&QO 200 300 S&Q BQQ 2@\ 200 | 200 |0
C 1000 | TRQ0 900 1200 | 150 200 1509?&{ 100 | 100 | 300
Demand | 100 QQQ 50 500 TSQ 1000 - - -

RP1 0 200 100 200 0 - - - -

70
RP2 0 200 100 200 |0 - - - -
RP3 0 0 300 200 |0

Next is to add the fourth row and column penalty to the table by subtracting the
least cost in the row/column from the next least cost in the same row/column. The gotten
value is 0, 0, 0, 200, 0 on the row penalty and 0, 0, 200 on the column penalty. Next is to
also allocate the minimum value 100 to the least transportation cost 1000 in cell CC
which is the row with the highest penalty and satisfy the entire demand in C and reduces
the supply to 50.
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Table 3.17: VAM Allocation 4

ToT*ro\ C T B P F Supply CP1 | CP2 | CP3 | CP4
A 1000 300\ 50 G&{ 1000 N 450 500\ 100 [ 100 [400 |oO

B 1DQQ 200300 N %K M m 200 [ 200 |0 0

C 100 1000 128({ 900 12Q0 | 150200 | 50 1‘39@3{ 100 | 100 [ 300 | 200
Demand | 10Q_ M %s\ 500 | I8Q 1000 -

RP1 0 200 100 200 | 700 - -

RP2 0 200 100 200 [0 - -

RP3 0 0 300 200 [0 - -

RP4 0 0 0 200 [0 - -

Next is to add the last row and column penalty of the table by subtracting the
least cost in the row/column from the next least cost in the same row/column. The gotten
value is 0, 0, 0, 200, 0 on the row penalty and 0, 0, 0 on the column penalty. Next is to
also allocate the minimum value 450 to the least transportation cost 1000 in cell AP
which is the column with the highest penalty and satisfy the entire supply in A and
reduces the demand to 50. Also since it is impossible to have any other penalty, then the
last minimum value 50 is allocated to the cell CA which satisfies the entire supply and
demand in both cells C and A.

Table 3.18: VAM Allocation 5

T B P Supply CP1 | CP2 | CP3 | CP4 | CP5

To\: ro
A

B 1‘oog 200300 | BeQ BQ 200 [ 200 [0 0 0

C F

1D BeQ 50600 | 4501000 | 98Q aQ58Q 100 [ 100 |400 [0 [0
98Q Q

C 1001000 | Q0 98Q @1‘2{@ 150 200 59\1‘59\3‘00\ 100 | 100 [ 300 | 200 | O

Demand | T8Q 28Q Sa_ | 5BRIQ Q. 1000

RP1 0 200 100 | 200 700
RP2 0 200 100 | 200 0
RP3 0 0 300 | 200 0
RP3 0 0 0 200 0
The total transportation cost = (100*1000) + (200*300) + (50*600) + (450*1000)
+ (50*1200) + (150*200)

=100,000 + 60,000 + 30,000 + 450,000 + 60,000 + 40,000.
The total transportation cost = 730, 000.

It can therefore be concluded from the above solution that the Vogel’s
Approximation method is the most efficient method to use for the transportation of table
water to various communities in Ilorin. Despite the fact that both Vogel’s approximation
method and the least cost method give the same output, the penalty system adopted by the
Vogel’s approximation ensures the allocation of resources to the most effective option.
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Discussion of Results

From section 3 above, the different methods adopted; NWM, LCM and VAM
have been used to find the cost of transporting Unilorin table water from different
warehouses to different locations within the llorin metropolis. The outcome of each
method used is discussed below.

Northwest Corner Allocation

The northwest corner method, being the first adopted method gives the step by
step approach to delivering the product to different locations. This method, involving
movement from the top-left corner of the table to the bottom-right of the same table,
which is in the north-western direction seems simplest of them all. The total cost of the
transportation using this method is 750,000 naira.

Least Cost Method

The least cost method is another efficient method in determining an initial
feasible solution for the transportation problem. The name “Least Cost” is adopted
because the allocations are done based on the least cost required to transport the desired
goods to the respective destinations. This method produces 730,000 naira for the cost of
transporting Unilorin table water to the defined demand locations.

Vogel’s Approximation Method

Vogel’s approximation method named after William Vogel is the third method
used in determining the initial feasible solution of the transportation problem. This
method which imposes penalties helps in guiding the allocation process is mostly
preferred due to the fact that the initial feasible solution. The initial feasible cost through
this method is also gotten to be 730,000 naira.

MODI Optimality Test Method

From the least cost and Vogel’s approximation methods above, the detailed step
by step approach of establishing the initial cost of transporting the Unilorin table water
from different warehouses to different destinations. The total cost of transportation is
gotten to be 730,000 naira, being the initial feasible solution of the transportation
problem, it is important to check whether this value is the optimum cost using the
modified distribution (MODI) method, otherwise known as u-v method. With this
method as discussed in Satapathy et al., (2024), Askerbeyli (2020) and
Rinadari&Sihotang (2025), the least cost to transport Unilorin table water from the
defined warehouses to the various destinations in the most efficient manner shall be
determined. Let u;and vjbe ith row and jth column respectively, and also, m and n be the
total numbers of rows and columns respectively. If m+n-1 equals the number of allocated
cells, then the transportation problem is said to be non-degenerate. If otherwise, the case
is of degeneracy. Considering Table 3.19 below, the total number of rows m is 3 while
the total number of column, n is 5. A simple check for degeneracy, m+n-1= 3+5-1=7.
From Tabl4.1 below, it is obvious that the number of allocated cells is 6, which is less
than the value 7 gotten. Hence, it is a case of degeneracy.
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Table 4.1;: MODI Allocation Table 1

TNro C T B P F Supply Ui
A 1‘@@ SQQ 50600 | 450 1000 0 2@5@ U
B ) 200300 | 520 38Q 9%8Q 0 U

200
C 1001000 | 18Q0 590 501200 | 150200 | 5415Q38Q | us
Demand | 20 26Q 5Q 5Q58Q | 15Q 1000

Vj Vi A V3 A Vs

To solve this problem, a small number € shall be allocated to an unoccupied cell
in a manner that would not result to a loop. Hence, € is allocated to the cell AT as seen in
Table 4.2 below.

Table 4.2: MODI Allocation Table 2

To\Fro C T B P F Supply Ui
A ) fsqo 50 € [50600 |4501000 | 98Q NQ%Q U
B 15Q0 200 300 | 500 89Q 98Q 200 U,
C 100 1000 | 18Q0 QQQ 501200 | 150200 | B8I5638Q | us
Demand 6Q 2&{ 5Q_ 5e50Q | 15Q 1000

Vj \Zi A V3 Vg Vs

The values of u; and vjare calculated using the formula

Cij =Uu; + vj,
where cjjis the cost in the cell row i, column j of all occupied cells. Also, the opportunity
cost, which guides on the optimality of the solution is calculated using

where 4;;is the cost in the cell row i, column j of all unoccupied cells. If all the 4;; >

0,the gotten solution is optimal, while not if otherwise. From Table 4.2, the occupied
cells are; C12,C13,C14,C22,C31,C34and C35. Hence, if u = 0, then

=cy — (W +v),

Clp =U; +V; 2V, =¢c1p —u; =500—-0= v, =500

Ci13=U; +v3>v3=C13—u =600—0=v3 =600
Clg = UL + V3 2V =cC4 —uy =1000—-0= v, =1000
Cyp = Uy +Vy D Uy =Cyp —Vy =300—-500=u, =-200
C34 = U3+ V4 > Uz =34 — vy = 1200 — 1000 = uz = 200
€31 =uz+vy = v =c33 —uz =1000-200= vy =800

C3s =U3+ Vs 2 Vs =c35 —u3 =200—200=>v5 =0
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Table 4.3;: MODI Allocation Table 3

TOW) C T B P F Supply Ui

A ~ [ 15Q0 [BQ0 € [50600 | 4501000 | 980 | 280 5Q0 0

B Q0 | 200 0 0 0 0o -200
‘BQ 200 50\ 8@\ 99\ 20\

C 100 12Q0 0 501200 | 150 15Q3Q0 | 200
1000 X{ m\ 200 50\50\30\

Demand N0 200 5Q 50580 [ 2SQ | 1000

Vi 800 500° | 600 1000 = [0 O

From the above, the opportunity cost 4;;is thus calculated for the unoccupied
cells as established below;
Ay = c1p — (ug + v1) = 1000 — (0 + 800) = 200 > 0
Ais =ci5— (U +v5) =900—(0+0) =900=>0
Ay = ¢y — (up + v1) = 1000 — (=200 + 800) = 400 > 0
Ayz = c3 — (up +v3) = 500 — (=200 + 600) = 100 >0
Ayy = c4 — (Uup +v4) =800 — (—200+1000)=0=>0
Ays = ¢35 — (Upy +v5) =900 — (=200 +0) =1100=>0
Ay = ¢35 — (u3 + v5) = 1200 — (200 + 500) = 500 > 0
Ass3 = ¢33 — (uz +v3) = 900 — (200 + 600) = 100 > 0

Since all the gotten Ajj's are non-negative, then the basic initial feasible cost 730,000
naira is optimal. Hence, no further reduction may be made in the transportation cost.

Interpretation of the Results

The transportation costs of the delivery of Unilorin table water from warehouses
A,B and C to different demand locations is being solved using the northwest corner
method, least cost method and Vogel’s approximation method. The northwest corner
method indicates that the best approach would be allocating 100 packs of the table water,
which is the total demand at the Campus and subsequently consider what demand can be
attended to at the Tanke. The total demand of the Tanke, 200 was also attended to as the
supply limit of 500 from factory A was yet to be accomplished. This leaves warehouse A
with a balance of 200. The total demand at Basin is just 50, which is allocated from the
200 balance. Going to Pipeline, the demand is 500, which implies that the remaining 150
from warehouse A alone shall not be enough. By this method, that 150 is allocated and
the deficit and made up from supplies from the next warehouse B. Since warehouse B has
only 200 packs, their total supply shall be made to Pipeline and the deficit of 150 shall be
augmented from the warehouse C. This augmentation leaves warehouse C with just 150
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packs remaining, which tallies with the total demand at Fate. This indicates the
transportation problem is the balanced type.

The least cost approximation approach which is dependent on the smallest
transportation cost considers the smallest cost from the table. 200 is the least of all the
transportation cost, hence allocation starts with it. The total demand of Fate got fulfilled
with that and reduces the the supply from warehouse C to 150. The next observed least
cost is 300, hence allocation of the 200 demand from Tanke gets sorted and as well takes
the total supply from the warehouse B. The next least cost is 600, which easily solves the
demand of Basin, as the total demand is 50. With that, the supply capacity of warehouse
A gets reduced to 450. The next least cost is 1000, which takes care of the demand at the
Campus. That allocation done fully from the balance of 150 from the warehouse C, at
that further reduces the supply capacity of warehouse C from 150 to 50. The next least
cost is 1000, being the cost of transportation from warehouse A to Pipeline. The
remaining total supply from warehouse A is 450, hence the demand at Pipeline reduces to
50 as its total demand is 500. The next and final least cost is 1200, being the cost of
transportation from warehouse C to Pipeline. The balance of supply from warehouse C is
50, hence it is allocated to the Pipline to complete its demand.

The last method considered is the Vogel’s approximation method. The method
mimics the least cost method with an extra layer of efficiency, called the penalty. The
penalty simply shows the column/row with the highest potential saving, as least cost may
not be indicating potential cost savings at times. Hence, the least costs with the highest
penalty is always considered when using Vogel’s approximation method. This penalty
has always give it an edge over other methods in the determination of initial feasible
solutions. For the problem under consideration, the rows/columns with the highest
penalties coincide with the least costs as found while using the least cost method. Hence,
the transportation cost found using both methods are equal. With the MODI method, it
was established that this cost, 730,000 is the optimal cost of transporting the Unilorin
table water from warehouses A, B and C to Campus, Tanke, Basin, Pipeline and Fate.

Practical Implication for Unilorin Table Water Distribution

From the above results, it is obvious the best transportation option for the
distribution of Unilorin table water with the optimal cost is the consideration of the least
cost of supply from the whorehouses A, B and C with regards to each demand
destinations; Campus, Tanke, Basin, Pipeline and Fate. This is done along establishing
the penalty attached to each supply. At all times, it is always advisable to calculate these
penalties before determining the supply route. This penalty always indicate the greatest
potential savings.

Conclusion

This research work considers transportation problem, wherein the delivery of
Unilorin table water to five different locations; Campus, Tanke, Basin, Pipe-line and Fate
is the case study. Unilorin table water a subsidiary of Unilorin holdings is an integral part
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of the holdings that has direct impact on the masses, as water is generally considered
basic amenity. The distribution of this table water to the desired location as and when due
is definitely of utmost importance. This problem is solved using three main methods of
solving transportation problem, namely the; North West corner method, least cost method
and Vogel’s approximation method. The objective of this work to satisfy the required
guantity of table water at each aforementioned destinations with the availability of
guantity of this table water at each supply venue at the minimum transportation cost and
time.

The study on “Supply Chain Management and Optimization in Transport
Logistics; A Case Study of Unilorin Table Water” has provided valuable insights into the
complexities and challenges of managing an efficient supply chain in the water
production industry. By examining the specific practices and strategies employed by
Unilorin Table Water, this research has identified key areas for optimization that can
enhance operational efficiency, reduce costs, and improve service delivery. The findings
from this case study highlights the importance of leveraging technology and innovative
logistics solutions to streamline supply chain processes.

The problem of the distribution of the of Unilorin table water using the adopted
methods of solving logistic problem; North West Corner Method, Least Cost Method,
and Vogel’s Approximation Method is solved. The optimal cost of transportation is found
to be 730,000 naira, which is the cost found using the least cost and Vogel’s
approximation methods. This was found after the initial cost was found to be 750,000
naira while using the North West corner method. The 730,000 naira cost was established
to be optimal using the MODI method. Even though the least cost and Vogel’s
approximation method return the same cost of transportation, it is observed that the
Vogel’s approximation method is best in the delivery of Unilorin table water to these
destinations due to the fact that it does not only consider the least cost of transportation in
its allocation process but rather the cost differences known as penalties before the
allocations, which is calculated by establishing the difference between the least and the
second least costs.

This research not only contributes to the academic understanding of supply chain
management but also offers practical recommendations that can be implemented by
Unilorin Table Water and similar companies to achieve better performance and
competitiveness.

Declaration of Interest: None.
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Abstract

Fourier Transform Infrared (FTIR) spectroscopy was applied to elucidate the biochemical
and chemotaxonomic signatures of leaves from six Amaranthus taxa (A. blitum, A.
caudatus, A. spinosus Green and Red forms, A. hybridus, and A. viridis). Spectral data
obtained within the 4000-650 cm™ region revealed a conserved biochemical framework
dominated by hydroxyl, aliphatic, amide, aromatic, and carbohydrate functional groups,
alongside marked interspecific and intraspecific variations attributable to differences in
secondary metabolism and structural biopolymers. Amaranthusblitum displayed the most
intense and broad hydroxyl stretching bands together with dual aromatic out-of-plane
bending vibrations, reflecting a higher abundance of hydrogen-bonded polysaccharides
and phenolic compounds. In contrast, A. viridis lacked detectable hydroxyl stretching
vibrations, indicating comparatively low phenolic or hydroxyl-rich constituents and
underscoring its chemical divergence. The green and red forms of A. spinosus were
distinguished by pronounced &6(CHs) vibrations and systematic shifts in amide and
aromatic bands, suggesting variations in lignin architecture, cuticular waxes, and protein
composition. Amaranthushybridus was characterized by a dominant amide | band,
indicative of relatively higher protein or carbonyl content but reduced aromatic
conjugation. Collectively, these findings highlight the sensitivity of FTIR spectroscopy in
resolving subtle biochemical differences among closely related taxa and demonstrate its
theoretical relevance for plant chemotaxonomy, as well as its practical utility in
nutritional assessment, functional food selection, and biodiversity characterization of
Amaranthus leaves.

Keywords:Amaranthus; leaves; FTIR spectroscopy; chemotaxonomy; biochemical
profiling; phenolics; proteins; carbohydrates.

INTRODUCTION

The genus Amaranthus L. (family Amaranthaceae) comprises approximately 60—
75 species of annual or short-lived perennial herbs with a cosmopolitan distribution,
occurring predominantly in tropical and subtropical regions (lamonico & Sanchez-del-
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Pino, 2022; Waselkov et al., 2023). Members of the genus include cultivated grain
amaranths, leafy vegetables, ornamentals, and several aggressive weeds. Africa
represents one of the major centers of diversity and utilization of Amaranthus, where an
estimated 25-30 species occur either as indigenous taxa or naturalized introductions
(Sogbohossou et al., 2022; Achigan-Dako et al., 2024). In Nigeria, between 8 and 12
species have been documented, including commonly cultivated leafy vegetables such as
A. cruentus, A. hybridus, A. viridis, A. spinosus, and A. dubius, alongside weedy and
semi-domesticated forms (Olorode et al., 2022; Akinyemi et al., 2024).

Amaranthus species are of considerable nutritional, economic, and food-security
importance in sub-Saharan Africa. Their leaves are widely consumed as vegetables and
are valued for their high contents of quality proteins, essential amino acids, dietary fiber,
vitamins (A, C, and folates), and minerals such as iron, calcium, magnesium, and zinc
(Sarker et al., 2022; Maseko et al., 2023). The affordability, short growth cycle, and
adaptability of Amaranthus to diverse agroecological conditions make it particularly
important for urban and peri-urban agriculture and climate-resilient food systems
(Chivenge et al., 2022; FAO, 2024). In Nigeria, Amaranthus vegetables contribute
significantly to household nutrition and income generation, especially among smallholder
farmers and women (Aderibigbe et al., 2023).

Beyond their dietary value, several Amaranthus species possess documented
ethnomedicinal properties. Leaf extracts are traditionally used in the management of
anemia, inflammation, diabetes, gastrointestinal disorders, and wound healing, activities
that have been linked to their rich phytochemical composition, including phenolics,
flavonoids, betalains, and bioactive lipids (Afolayan et al., 2022; Jiménez-Aguilar et al.,
2024). These multifunctional attributes further underscore the importance of accurate
species identification and classification within the genus.

Despite its importance, the taxonomy of Amaranthus remains problematic.
Species delimitation is complicated by extensive morphological plasticity influenced by
environmental conditions, overlapping vegetative and reproductive traits, frequent
hybridization, and phenotypic convergence between -cultivated and weedy taxa
(lamonico, 2023; Waselkov et al., 2023). In West Africa, including Nigeria, local
landraces and intermediate forms often blur species boundaries, leading to
misidentification and inconsistent nomenclature in floristic, nutritional, and
pharmacological studies (Akinyemi et al., 2024). These challenges highlight the need for
integrative taxonomic approaches that combine classical morphology with anatomical,
molecular, and chemical evidence.

Chemotaxonomy, the use of chemical constituents as taxonomic characters, has
gained renewed relevance in resolving such complex plant groups. Secondary metabolites
such as phenolics, flavonoids, alkaloids, lipids, and carbohydrates play critical roles in
plant adaptation and defense and often exhibit taxon-specific patterns useful for species
discrimination (Wink, 2022; Zengin et al., 2023). Advances in analytical techniques have
further enhanced the applicability of chemotaxonomic tools in systematic studies.
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Fourier Transform Infrared (FTIR) spectroscopy has emerged as a rapid, non-
destructive, and cost-effective technique for profiling functional groups in plant
biomolecules. FTIR spectra reflect the vibrational frequencies of chemical bonds,
allowing the detection of major biochemical classes such as proteins, carbohydrates,
lipids, phenolics, and nucleic acids (Mekonnen&Wolde, 2023; Pasieczna-Patkowska et
al., 2025). Recent studies have demonstrated the effectiveness of FTIR in plant
systematics for distinguishing closely related species, assessing biochemical diversity,
and supporting evolutionary and taxonomic interpretations (Shoaib et al., 2022; Verma et
al., 2023; Wang et al., 2024).

Although FTIR has been applied to Amaranthus for nutritional and compositional
analyses, comprehensive chemotaxonomic evaluations of leaf tissues across multiple
species remain limited, particularly for African taxa. Leaves are metabolically active
organs and major sites of secondary metabolite accumulation, making them ideal for
FTIR-based comparative studies aimed at species delimitation and biochemical
characterization.

Therefore, the present study employs FTIR spectroscopy to analyze the leaf
tissues of selected Amaranthus species, with the objectives of identifying characteristic
functional group profiles, elucidating interspecific biochemical differences, and assessing
the potential of FTIR-derived chemical signatures as reliable chemotaxonomic markers
for resolving taxonomic ambiguities within the genus.

MATERIALS AND METHODS

Plant Materials and Seed Source

Seeds of Amaranthus species (A. hybridus L., A. viridis L., A. caudatus L., A.
blitum L., and two morphologically distinct variants of A. spinosus L. (red: reddish
petiole, stem, and fruit; green: greenish stem, petiole, and leaves) (Table 1; Fig. 1)used in
this study were sourced from controlled cultivation carried out during the 2023 growing
season at the experimental garden of the Department of Plant Biology, University of
Ilorin (8°29'N, 4°40'E), Nigeria. The cultivated populations were established from
morphologically identified source materials and grown in spatially separated plots to
minimize unintended cross-pollination. Mature seeds were collected from tagged, healthy
plants, air-dried, and stored under dry conditions at ambient temperature.

Species identity was verified using standard morphological descriptors, and
representative voucher specimens, with assigned voucher numbers, were prepared and
deposited at the University of llorin Herbarium (UILH) (Table 1). These measures
ensured the genetic integrity, traceability, and reproducibility of the plant materials used
in the chemotaxonomic and biochemical analyses.

120



Centrepoint Journal Volume 29. No. 2 (2025)

Table 1: Nigerian species of Amaranthus

SIN | Species Common Names Yoruba Name | Hausa Igbo Name Voucher
Name number

1 Amaranthushybridus | Smooth Pigweed EfoTete Alayyahu Inine UILH/003/1
L. 853/2006

2 Amaranthusviridis Green Amaranth, | EfoTete Pupa Alayyahu InineAku UILH/002/1
L. Slender Amaranth 852/2006

3 Amaranthuscaudatus | Purple Amaranth | EfoTeteElewe | AlayyahuJa | InineQjii UILH/006/1
L. (grain/leaf type) Pupa nja 856/2026

4 Amaranthusblitum Purple Amaranth, | EfoTeteOyinb AlayyahuBa | InineMbuba UILH/004/1
L. Guernsey Pigweed | o ture 854/2026

5 Amaranthusspinosus | Spiny Amaranth EfoEwuroTete | Yakwa/Yab | InineNgwu UILH/005/1
L. (Red) (Red variant) Pupa anya Ja 855/2026

6 Amaranthusspinosus | Spiny Amaranth EfoEwuroTete | Yakwa/Yab InineNgwu UILH/001/1
L. (Green) (Green variant) anya 851/2026

Amaranthuscaudatus

Amaranthusspinosus Amaranthusspinosus Amarnathusviridis
(green variant) (red variant)

Fig. 1: Photographs of sixAmaranthustaxa used in this study
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Phytochemical Analysis

Fourier Transform Infrared Spectroscopy (FTIR) was utilized to determine the
functional groups and biomolecular signatures present in the powdered leaf samples of
fourAmaranthus species, including the red and green variants of A. spinosus. The analysis
was conducted at the Multidisciplinary Central Research Laboratory, University of
Ibadan, Ibadan, Nigeria, using a Shimadzu IRSpirit FTIR spectrophotometer equipped
with a deuterated triglycine sulfate (DTGS) detector and a potassium bromide (KBr)
beam splitter. Spectral acquisition and data processing were carried out using
LabSolutions IR software.

Approximately 1 mg of each dried and finely powdered plant sample was
thoroughly mixed with 100 mg of spectroscopic-grade KBr in an agate mortar. The
homogenized mixture was then compressed into a transparent pellet using a hydraulic
press under 10 tons of pressure for 2-3 minutes. To minimize moisture interference, all
preparations were conducted in a dry environment to protect the hygroscopic KBr
(Coates, 2000).

FTIR spectra were recorded in the mid-infrared range of 4000—400 cm™ at room
temperature. Each sample spectrum was collected with a resolution of 4 cm™, and 32
scans were averaged to enhance the signal-to-noise ratio. A background spectrum of pure
KBr was obtained and automatically subtracted from each sample spectrum to eliminate
instrumental and atmospheric interferences.

Spectra were processed using baseline correction and smoothing algorithms.
Functional groups were assigned by comparing observed absorption bands to known
vibrational frequencies based on standard IR databases and published references (Smith,
2011; Stuart, 2004). Broad bands around 3200-3600 cm™ indicated O-H stretching,
characteristic of alcohols and phenols. Peaks at 2850-2950 cm™ signified aliphatic C—H
stretching, while intense peaks near 1700 cm™ reflected C=O stretching typical of
carboxylic acids, aldehydes, or ketones. Signals near 1600 cm™ suggested aromatic C=C
stretching or N—-H bending (indicative of amines and amides). Additional bands in the
1500-500 cm™ region, termed the "fingerprint region" revealed complex vibrational
signatures including C-N, C-O, and C-X (halogen) stretches (Coates, 2000; Stuart, 2004).

All measurements were performed in triplicate to ensure reliability. Replicates
produced consistent spectral profiles. Comparative analyses across taxa allowed for the
identification of both conserved and differential functional groups, thereby supporting
chemotaxonomic discrimination (Ibrahim et al., 2021; Omoboyowa et al., 2022).

RESULTS

Across all six Amaranthus taxa, FTIR absorption bands were distributed from the
mid-infrared (4000-650 cm™) into the low-frequency fingerprint region (<650 cm™),
reflecting vibrations associated with functional groups, skeletal deformations, and lattice-
type motions of complex biomolecules (Figs 2 — 7; Table 2).

High-Frequency Region (3400-3200 cm™): Hydroxyl Stretching
Broad absorption bands in this region were observed in A. blitum (3331 cm™), A.
caudatus (3287 cm™), A. spinosus Green (3286 cm™), A. spinosus Red (3288 ¢cm™), and
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A. hybridus (3287 cm™). These bands correspond to O—H stretching vibrations of
hydroxyl groups in alcohols and phenols, primarily associated with polysaccharides,
phenolic compounds, and structural carbohydrates.Notably, A. viridis lacked a discernible
O-H stretching band in this region, indicating reduced free hydroxyl content or masking
by overlapping matrix vibrations.

Aliphatic Region (3000-2800 cm™): C—H Stretching

All taxa exhibited strong aliphatic C—H stretching vibrations between 2918-2914
cm' (asymmetric CH: stretch) and 2853-2850 cm™ (symmetric CH: stretch), attributable
to lipid chains, cuticular ~ waxes, and  membrane-associated  fatty
acids.Amaranthusspinosus Green uniquely displayed an additional symmetric methylene
stretch at 2871 cm™', suggesting enhanced lipid ordering or waxy surface components.

Carbonyl and Amide Region (1650-1580 cm™): Amide I

Prominent absorption bands between 1615 and 1596 cm™ were observed in all
taxa, corresponding to amide | (C=0 stretching) vibrations of proteins and peptides, with
possible contributions from conjugated carbonyls in phenolics.The highest amide |
frequency occurred in A. hybridus (1615 cm™), whereas A. spinosus Red showed the
most red-shifted amide I band at 1596 cm™, indicating differences in protein secondary
structure or hydrogen-bonding environments.

Aromatic Skeletal Region (1560-1500 ¢cm™): C=C Stretching

Aromatic C=C skeletal vibrations were evident in all taxa, occurring at 1526 cm™
(A. blitum), 1540 cm™ (A. caudatus), 1544 cm™ (A. spinosus Green), 1551 cm™ (A.
spinosus Red), 1500 cm™ (A. hybridus), and 1515 cm™ (A. viridis).These bands are
attributable to aromatic rings in lignin, flavonoids, and other phenolic metabolites. The
frequency shifts reflect variations in aromatic substitution patterns and conjugation
strength.

Methyl Deformation Region (1450-1370 cm™): 8(CHs)

Distinct 6(CHs) bending vibrations at 1402 cm™ were observed exclusively in A. spinosus
Green and A. spinosus Red. These bands indicate increased methyl substitution,
commonly associated with lignin side chains, cuticular waxes, or methylated secondary
metabolites.The absence of this band in the remaining taxa suggests comparatively lower
methylated structural components.

Amine and Protein Region (1330-1310 cm™): C—N Stretching

All taxa exhibited bands between 1314 and 1317 cm™', corresponding to C—N
stretching vibrations of amines and amide Il components of proteins. This consistency
reflects the conserved proteinaceous framework across Amaranthus leaves.
Carbohydrate Region (1050-1000 cm™): C-O Stretching

Strong bands between 1031 and 1015 cm™ were present in all taxa and are
attributed to C-O stretching vibrations of alcohols, ethers, and glycosidic bonds in
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polysaccharides such as cellulose, hemicellulose, and pectins.Amaranthusspinosus Red
showed the lowest frequency (1015 cm™), indicating subtle differences in carbohydrate
composition or bonding.

Aromatic Out-of-Plane Bending (900-770 cm™): C—H Deformation

Out-of-plane aromatic C—H bending vibrations were prominent and taxon-specific.

e Dual bands at 823 & 781 cm™ characterized A. blitum.

e Doublets at 894 & 778 cm™ occurred in A. caudatus and A. spinosus Green.

e A single band at 781 cm™! was observed in A. spinosus Red.

e Single bands at 778 cm' characterized A. hybridus and A. viridis.
These bands reflect differences in aromatic ring substitution and serve as
diagnostic chemotaxonomic markers.

Low-Frequency Fingerprint Region (<650 cm™): Skeletal and Lattice Vibrations
Low-frequency bands, including those at 511.5 and 468.1 cm™ in A. blitum, fall
within the far-fingerprint region and are attributed to collective skeletal deformations,
ring torsional modes, and lattice-type vibrations of complex macromolecular assemblies.
These bands may arise from:
e Aromatic ring deformation modes
o Polysaccharide backbone bending
o Metal-oxygen interactions involving naturally occurring mineral elements bound
within cell wall matrices Although often overlooked, these low-frequency bands
provide additional discriminatory power and reflect subtle structural organization
differences among taxa.

Collectively, all bands observed across the six Amaranthus taxa represent
vibrations associated with hydroxylated compounds, lipids, proteins, aromatics,
carbohydrates, and complex skeletal frameworks. While major functional groups were
conserved, variations in band presence, intensity, frequency shifts, and low-frequency
skeletal modes clearly differentiate the taxa, reinforcing the utility of FTIR spectroscopy
for species-level and intraspecific discrimination within Amaranthus.
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Fig. 2: FTIR spectrum of leaf of Amaranthusblitum
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Fig. 7: FTIR spectrum of leaf ofAmaranthusviridis

Table 2:Fourier Transform Infrared (FTIR) Spectral Characteristics of Leaf Samples of
some Amaranthus species

Speci V(O-H)sr | W(C-H)ar V(C=0)sr | V(C=Cstr | V(CH3)pend | V(C-N)sir V(C-O)str V(C—H)bena
es Amide

AB 3331(b) 2918 & 2850 | 1611 1526 1316 1031 823 & 781
AC 3287 (b) 2917 & 2850 | 1602 1540 1316 1028 894 & 778
ASG 3286 (b) 2918 & 2871 | 1607 1544 1402 1316 1024 887 & 778
ASR 3288 (b) 2917 & 2853 | 1596 1551 1402 1317 1015 781

AH 3287 (b) 2918 & 2850 | 1615 1500 1317 1024 778

AV 2914 & 2850 | 1614 1515 1314 1025 778

AB = A. blitum, AC = A. caudatus, ASG = A. spinosus Green, AS
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Band Assignments

e (O—H)str = O-H stretching (hydroxyl groups, alcohols, phenols)

o v(C—H)str = C—H stretching (alkanes, alkenes, aromatic C—H bonds)
e v(C=0)str Amide = C=0 stretching (Amide group) (proteins, peptides)

e Vv(C=C)str = C=C stretching (alkenes or aromatic rings)

e v(CHs)bend = CHs bending (methyl group deformation)

e v(C—N)str = C-N stretching (amines, amides, proteins)

e v(C-O)str = C-O stretching (alcohols, esters, ethers, polysaccharides)
e Vv(C-H)bend = C-H bending (in-plane or out-of-plane deformation)

Dichotomous Key Based on Leaf FTIR Profiles

This dichotomous key is based on the Fourier Transform Infrared (FTIR) spectral
profiles of Amaranthus leaves. Key functional group vibrations, including hydroxyl (O-
H), methyl (8CHs), amide (C=0), and aromatic C=C bands, as well as out-of-plane
bending modes, were used to differentiate species. Each step in the key directs the user to
species identification based on the presence, absence, or specific wavenumber shifts of
these characteristic bands, providing a rapid chemotaxonomic tool for distinguishing
closely related Amaranthus taxa.

la Hydroxyl stretch absent (3200—-3400 cm™) .....ccccvevvieieienieeiiene e A. viridis
1b Hydroxyl StretCh PreSENT .......cveieiiiiiiieeie e 2
2a Dual aromatic out-of-plane bends at 823 & 781 cm ...ccovvvevvvreneenenne. A. blitum
2b Single or shifted aromatic out-of-plane Bend(S) ........ccccoovvvvririniiiiinee 3
3a O(CHs) band at 1402 ™" PIESENL ...eccveevieiieieerieeieeeee et 4
3b O(CHs3) DANA ADSENL ...cuveeeeeieiieiieieeteeteeiee ettt st sre et ne e 5
4a Amide T at 1596 cm™, aromatic at 1551 cm™ .......ccovevivicieienee, A. spinosusRed
4b Amide I at 1607 cm™, aromatic at 1544 cm™ .......cccveeveenenene. A. spinosus Green
5a Aromatic bending doublet at 894 & 778 ¢cm™, hydroxyl 3287 cm™ ........ A. cruentus
5b Aromatic bending single at 778 CIM™ .......ccovvivieiieiie i 6

6 Amide I at 1615 cm™ (strongest), weak aromatic at 1500 cm™ .............. A. hybridus
DISCUSSION

The FTIR spectra obtained for the six Amaranthus leaf taxa demonstrate that,
despite a shared metabolic foundation, subtle but consistent biochemical reorganizations
differentiate species and variants within the genus. The persistence of hydroxyl, aliphatic,
amide, aromatic, and carbohydrate vibrations across all taxa reflects conserved primary
metabolic pathways typical of leafy angiosperms, particularly those associated with cell
wall construction, photosynthetic tissues, and protein turnover, as widely documented for
herbaceous plants and leafy vegetables (Stuart, 2004; Naumann, 2010; Verma et al.,
2023). However, the magnitude, position, and presence or absence of specific bands
reveals differences in secondary metabolism, macromolecular architecture, and surface
chemistry that underpin species-level divergence.
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The exceptionally strong and broad hydroxyl stretching band observed in A.
blitum indicates extensive hydrogen bonding, a feature characteristic of high
concentrations of phenolic compounds and structural polysaccharides such as cellulose
and hemicellulose (Pasieczna-Patkowska et al., 2025; Naumann, 2010). Biochemically,
such enrichment enhances cell wall rigidity, water-binding capacity, and antioxidant
potential, consistent with reports linking hydroxyl intensity to phenolic density in edible
and medicinal plants (Pandey & Rizvi, 2009; Verma et al., 2023). The simultaneous
presence of dual aromatic out-of-plane bending bands further supports a structurally
diverse phenolic matrix, a pattern frequently associated with complex lignin and
flavonoid substitution (Faix, 1991; Bryant et al., 2023). This agreement reinforces the
interpretation that FTIR captures integrated chemical functionality rather than isolated
metabolites.

The slightly reduced hydroxyl intensity and altered aromatic bending profile in A.
caudatus suggest a moderated phenolic—polysaccharide matrix relative to A. blitum. Such
spectral moderation reflects decreased hydrogen bonding and modified aromatic
substitution, consistent with comparative FTIR studies showing that closely related taxa
often differ more in band intensity and position than in band presence (Stuart, 2004;
Pasieczna-Patkowska et al., 2025). This observation aligns with theoretical models of
plant chemical differentiation, where species divergence is driven by quantitative
reallocation of secondary metabolites rather than loss of core biochemical pathways
(Wink, 2010; Lattanzio et al., 2012).

The green and red variants of A. spinosus exhibited distinctive 6(CHs) bending
vibrations, indicating elevated methyl substitution. Methyl enrichment is biochemically
associated with increased lignin branching, cuticular wax deposition, and methylated
phenolics, all of which contribute to mechanical strength, desiccation resistance, and
herbivore deterrence (Faix, 1991; Bryant et al., 2023). The presence of a unique
symmetric methylene stretch in the green variant further suggests differences in lipid
chain ordering, consistent with FTIR interpretations of epicuticular wax variation in
leaves (Verma et al., 2023; Naumann, 2010).

In the red variant, the pronounced red-shift of the amide | band coupled with a
blue-shifted aromatic C=C vibration indicates enhanced conjugation between protein
carbonyls and aromatic systems. Such coupling has been linked to phenolic—protein
interactions and pigment-associated complexes in plants rich in betalains and flavonoids
(Pandey & Rizvi, 2009; Wink, 2010). The agreement between these spectral shifts and
known biochemical interactions supports the interpretation that pigmentation in A.
spinosus Red is underpinned by coordinated protein—phenolic organization rather than
pigment accumulation alone.

In A. hybridus, the dominance of the amide | band alongside a subdued aromatic
skeletal vibration indicates a biochemical profile skewed toward protein-rich tissues with
comparatively lower aromatic conjugation. Elevated amide absorption has been
repeatedly associated with higher protein or nitrogenous compound content in leafy
vegetables and fast-growing herbs (Naumann, 2010; Verma et al., 2023). Theoretically,
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this supports plant resource-allocation frameworks in which rapid growth strategies favor
nitrogen investment over carbon-intensive phenolic biosynthesis (Wink, 2010; Lattanzio
etal., 2012).

The absence of a detectable hydroxyl stretching band in A. viridis marks it as
chemically distinct. Hydroxyl suppression or masking has been reported in taxa with
reduced phenolic pools or strong overlap from lipid and protein matrices (Stuart, 2004;
Verma et al., 2023). Despite this, the persistence of aromatic and amide bands indicates
retention of core structural and metabolic functions. This contrast supports the notion that
phenolic abundance is a flexible trait within Amaranthus, modulated by genetic and
ecological factors rather than being obligatory for cellular integrity (Wink, 2010).

From a theoretical perspective, these findings reinforce FTIR spectroscopy as a
robust chemotaxonomic tool capable of resolving both interspecific and intraspecific
variation based on integrated biochemical signatures (Naumann, 2010; Pasieczna-
Patkowska et al., 2025). The observed frequency shifts and low-frequency skeletal
vibrations corroborate models of gradual chemical divergence in plants, where
macromolecular organization and lattice-level interactions contribute meaningfully to
taxonomic differentiation (Faix, 1991; Stuart, 2004).

Practically, the demonstrated discriminatory power of FTIR has direct
implications for taxonomy, nutritional science, and applied phytochemistry. The
hydroxyl-rich and aromatically complex profile of A. blitum supports its prioritization for
antioxidant-rich functional foods, consistent with established correlations between FTIR
hydroxyl intensity and radical-scavenging capacity (Pandey & Rizvi, 2009; Pasieczna-
Patkowska et al., 2025). The methyl- and lipid-associated features of A. spinosus variants
suggest utility in nutraceutical and pharmaceutical exploration, particularly for wax- or
lignin-derived bioactives (Bryant et al., 2023). Conversely, the protein-dominant profile
of A. hybridus highlights its potential value in dietary protein enhancement, while the
chemically streamlined profile of A. viridis underscores the need for species-specific
evaluation rather than generalized assumptions across the genus (Verma et al., 2023).
Overall, the present findings agree with broader spectroscopic patterns reported for leafy
vegetables and medicinal plants regarding the taxonomic value of hydroxyl intensity,
aromatic deformation, and amide positioning (Stuart, 2004; Naumann, 2010; Verma et
al., 2023). Importantly, the pronounced intraspecific contrasts observed, particularly
within A. spinosus, extend existing knowledge by demonstrating that FTIR can resolve
fine-scale biochemical divergence parallel to morphological and ecological
differentiation. This positions FTIR not merely as a confirmatory technique, but as a
predictive and integrative tool in plant systematics, nutritional assessment, and applied
chemotaxonomy.
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