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conditions:

a. Title:

Atitle should summarize the main idea of the manuscript. It should identify the variables under investigation
and the relationship between them. It should be concise and fully explanatory for readers when standing
alone. It is recommended to be no more than 12 words and with no abbreviations. It should be typed in
uppercase and lowercase letters, centered in the upper half of the page.

b. Author's name and institutional affiliation:

Every manuscript should include the name of the author and the institutional affiliation of the author when
the research was conducted.

Author's name:

The preferred form of an author's name is first name, middle initial(s), and last name, with no titles (e.g., Dr.,
Professor) or degrees (e.g., PhD, PsyD, EdD). If the manuscript is done by more than one author, the names
of the authors should be in the order of their contributions, centered between the side margins.
Institutional affiliation:

The affiliation (i.e. institution) should be centered under the author’'s name on the next line. If an author has
no institutional affiliation, list the city and state of residence below the author's name. The emails for all
authors should be provided.

c. Abstract:

An abstract in both Arabic and English must be included, with the former version in the language of the
manuscript. It should be in a form of a brief, comprehensive summary of the contents of the manuscript
written in a single paragraph with no paragraph indentation. It must not exceed 200 words.

The abstract should clearly describe the problem under investigation, in one sentence if possible; identify
the purpose of the research, the essential features of study method; the participants’ relevant characteristics
such as age, sex, and ethnic and/or racial group; the basic findings including statistical significance levels;
and the conclusions and the implications or applications. Keywords (3 - 5) should follow the abstract to
increase user's ability to find useful information in the manuscript.

Introduction:

The body of a manuscript starts with an introduction that frames the problem under study and explores the
importance of the problem (why the problem deserves new research). The statement about importance
might involve the need to resolve any inconsistency in results of past work and/or extend the reach of a
theoretical formulation and/ or investigate a practical problem that people suffer. The introduction ends in
concluding the statement of the problem with a brief but formal statement of the purpose of the research
that summarizes the material preceding it.

The author needs to discuss the relevant related literature in the introduction. A scholarly description of the
earlier work will provide a summary of the most recent directly related work and recognize the priority of the
work of others. The description of relevant literature will present what other aspects of this study have been
investigated in the previous studies and how the current study differs from the earlier ones. For summarizing
earlier works, focus should be on the topic (research syntheses of the topic), methodological issues, relevant
findings, and main conclusions.

The discussion of related literature should demonstrate the logical continuity between previous and present
work (demonstration of gaps); and the development of the problem should have enough breadth and
clarity that make it easy to understand by a wide range of professionals.

After developing the theoretical background and the problem of the study, the author has to state the
objectives and the hypotheses or specific questions. The introduction should be 10 to 15% of the manuscript.
It starts on a separate page (i.e. p. 3).

https://doi.org/10.20428/jst.v30i6



d. Method:

This section describes in detail how the study was conducted, including conceptual and operational
definitions of the variables used in the study. A comprehensive description of the methods used enables the
reader to evaluate the appropriateness of the methods and the reliability and the validity of the results. It may
include participant characteristics, sampling procedures, sample size, measures and research design.

e. Results:

Results section summarizes the collected data and the analysis done on those data. It should provide
sufficient detail about the data to justify the study conclusions. The results should also include details that
may not match the study expectation; or even small effect sizes (or statistically non-significant findings)
particularly when theory predicts large (or statistically significant) ones. Uncomfortable results should not be
omitted. The data can be presented in tables or figures (data presented in tables should not be represented
in figures). Tables should be numbered in order of mention in the text. Tables can be single-spaced and
should not contain any lines. Asterisks may be used to indicate significant findings. Symbols, acronyms or
abbreviations should be used sparingly. Explanatory footnotes should be used whenever possible rather
than overlong titles. Images should be submitted as high-resolution files (300 dpi or higher) in TIFF format
(LZW compression) or JPEGs.

f. Discussion:

After presenting the results, their implications should be evaluated and interpreted, especially with respect
to the original hypotheses. The author needs to examine, interpret, and draw inferences and conclusions
from the results emphasize any theoretical or practical consequences of the results (Results and discussion
can be combined in one section). Similarities and differences between the results and the work of others
should be used to contextualize, confirm, and clarify the conclusions. Each new statement should contribute
to the interpretation and to the reader's understanding of the problem.

The interpretation of the results should discuss the limitations or weaknesses of the study, and address
alternative explanations of the results. It also discusses the generalizability of the findings. This critical analysis
should take into account differences between the target population and the accessed sample.

g. Conclusion:

This concluding section presents a brief, reasoned and justifiable commentary on the importance of the
findings. It is tightly reasoned, self-contained, and not overstated. In this section, the importance of the
problem (as stated in the introduction) should be discussed; what larger issues might depend on the
findings; and what propositions are confirmed or disconfirmed.
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Abstract— This study aimed to isolate and characterize
Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli)
from vegetable and fruit samples collected in Aden Governorate,
Yemen. Additionally, it sought to analyze the phytochemical and
physicochemical properties of aqueous and ethanolic extracts from
mixed-herb {turmeric, Curcuma longa (C. longa), ginger, Zingiber
officinale (Z. officinale), and Indian costus, Saussurea costus (S
costus)}. A cross-sectional study was conducted between August
and November 2023, with samples obtained from central markets.
Bacterial isolation was performed using selective media: Mannitol
Salt Agar (MSA) for S. aureus and Eosin Methylene Blue (EMB)
agar for E. coli. Results revealed a significantly higher prevalence
of S. aureus (32.07% in vegetables; 14.29% in fruits) compared to
E. coli (15.09%) in vegetables; undetected in fruits). Phytochemical
screening confirmed the presence of bioactive constituents,
including flavonoids, alkaloids, terpenoids, and tannins, which
likely contributed to antimicrobial effects and emphasizing their
therapeutic potential. The total ash content was measured at 5.78%,
indicating suitable mineral content for therapeutic applications. The
moisture content was 10.76%, which helps reduce microbial growth.
Extractive values showed that water is more efficient in extracting
polar compounds, while ethanol isolates non-polar compounds. The
pH values of both aqueous and ethanolic extracts were slightly
acidic, which helps preserve the stability of bioactive compounds.
These findings highlight the need for improved agricultural hygiene
and storage practices to minimize bacterial contamination in fresh
produce. Additionally, the study advocates for further research into
the bioactive compounds of plant extracts, optimization of extraction
protocols, and exploration of synergistic combinations to enhance
their application in food safety and natural antimicrobial therapies.
This study underscores the potential of plant-derived compounds in
combating foodborne pathogens and supports their integration into
targeted strategies for public health, pharmaceutical development,
and sustainable agriculture.

Keywords— Staphylococcus Aureus,
Ethanolic and Aqueous Extracts,
Physicochemical.

Escherichia Coli,
Phytochemicals,

https://doi.org/10.20428/jst.v30i1.2597

I. INTRODUCTION

Staphylococcus aureus and E. coli are two significant
bacterial pathogens that pose considerable health risks to
contaminate food products, particularly vegetables and fruits.
These bacteria are associated with a wide range of infections
and foodborne illnesses, making them a critical focus for
public health interventions [1].

Staphylococcus aureus is a Gram-positive bacterium that is
part of the normal flora of the skin and mucous membranes in
humans and animals [2]. Despite its commensal nature, it can
cause severe infections when it breaches host defenses,
leading to conditions ranging from mild skin infections to
life-threatening diseases like septicemia [3]. The increasing
prevalence of antibiotic-resistant strains, such as methicillin-
resistant S. aureus (MRSA), exacerbates its threat to public
health [4].

Escherichia coli, a Gram-negative bacterium
predominantly residing in the intestinal tract of warm-
blooded animals, can also lead to serious health
complications. Pathogenic strains like E. coli O157:H7
produce Shiga toxins, causing severe gastrointestinal distress
and systemic complications such as hemolytic uremic
syndrome (HUS), particularly in vulnerable populations [5].

The contamination of vegetables and fruits with these
pathogens often arises from poor agricultural practices,
including the use of contaminated irrigation water or
improper handling during harvest and distribution. S. aureus
is commonly introduced through human contact, while E. coli
can infiltrate food through exposure to animal waste or
untreated water [6, 7]. Such contamination is a leading cause
of foodborne illnesses, necessitating robust prevention and
mitigation strategies.

Journal of Science
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Natural antimicrobial agents derived from plants
offer a promising alternative to conventional antibiotics,
particularly against antibiotic-resistant strains. Medicinal
plants like (turmeric, ginger and Indian costus) have been
widely recognized for their antimicrobial properties,
attributed to bioactive compounds such as alkaloids,
flavonoids, and glycosides [8]. These natural compounds
provide a basis for exploring plant-based antibacterial
treatments that could improve food safety and reduce
dependency on synthetic antibiotics.

This study investigates the microbial contamination of
vegetables and fruits in Aden Governorate, Yemen, focusing
on the isolation and identification of S. aureus and E. coli.
Additionally, it analyzes the phytochemical and
physicochemical properties of mixed-herb extracts from
(turmeric, ginger and Indian costus). The research aims to
develop natural, plant-based solutions to reduce bacterial
contamination in food products, thereby enhancing food
safety, improving agricultural practices, and mitigating
public health risks associated with foodborne illnesses.

Il. MATERIALS AND METHODS
A. Microbiology Methods and Procedures

1. Study Area: Aden, a port city in southern Yemen on
the Arabian Peninsula, lies near the eastern entrance
to the Red Sea. It is located about 170 km (110 mi)
east of the Bab-el-Mandeb strait and to the north of
the Gulf of Aden. Due to its strategic coastal position,
Aden acts as a vital maritime link between the Red
Sea and the Arabian Sea, facilitating connections
across Africa, Asia, and the Middle East.
Historically, Aden has been a major trading hub
since ancient times and was a key port during British
colonial rule from 1839 to 1967. Its natural harbor,
one of the world’s largest, has played a significant
role in the region’s maritime commerce. As of 2023,
Aden’s population stands at approximately
1,080,000, making it one of Yemen's largest cities
[9].

2. Sample Collection: Vegetable and fruit samples,
including lettuce, cabbage, Spinach, -carrots,
potatoes, beets, strawberries, grapes, and
watermelon, were collected in the morning from the
central market in Al-Shaikh. The samples were then
transported to the Yemen Standardization,
Metrology, and Quality Control Organization for
analysis.

3. Maintenance Media: Bacterial isolates were
preserved in a medium composed of 85% nutrient
broth (NB) and 15% glycerol, stored at -20°C to
ensure long-term viability.

4. Gram Staining: Gram staining was performed to
differentiate S. aureus (Gram-positive) from E. coli
(Gram-negative), facilitating initial identification.
The procedure involved the following steps:
Application of crystal violet dye. Fixation with
Lugol’s  solution. Washing with alcohol.
Counterstaining with safranin.

5. Preparation of Culture Media: General and
selective media, including Blood Agar (BA),

Journal of Science

and Technology

6.

MacConkey Agar (MA), and (MSA), were prepared
as follows: Media were sterilized via autoclaving to
ensure aseptic conditions. Sterility was confirmed
by incubating prepared media prior to use. Media
were stored under sterile conditions for bacterial
cultivation.

Preparation of Fresh Vegetable and Fruit Samples:
Each sample (250 grams) was thoroughly washed
with distilled water to remove surface debris.
Samples were stored in sterile containers to prevent
contamination. Tryptone Soy Broth (TSB) was
sterilized by autoclaving and used as an enrichment
medium. Serial dilutions of the samples were
prepared and incubated at 37°C for 24 hours.
Selective media, including MSA, (EMB), and Xylen
Xylose Lysine Deoxycholate (XLD), were
employed to isolate S. aureus, E. coli, and other
Gram-negative bacteria [10].

Biochemical Testing of Staphylococcus aureus and
Escherichia coli: Biochemical tests were performed
to identify and characterize bacterial species based
on their metabolic activities:

a) Catalase Test, differentiates catalase-
positive Staphylococcus species from
catalase-negative Streptococcus species
[11].

b) Coagulase Test, identifies S. aureus by
detecting coagulase enzyme activity, which
causes plasma coagulation [11].

c) Oxidase Test, detects cytochrome ¢
oxidase activity, distinguishing oxidase-
positive bacteria such as Pseudomonas sp.,
from oxidase-negative E. coli [11].

d) Methyl Red (MR) Test, confirms stable
acid production from glucose fermentation,
a characteristic of E. coli [12].

e) Indole Test, detects indole production from
tryptophan hydrolysis, with a positive
result confirming E. coli [13].

f) Citrate Utilization Test, determines the
ability to use citrate as a sole carbon source,
distinguishing citrate-negative E. coli from
other enteric bacteria [14].

g) DNase Test, identifies DNase activity in S.
aureus, indicated by a clear zone around
the colony [15]. Capsule Staining,
highlights bacterial capsules using copper
sulfate, confirming capsule presence as a
virulence factor [15].

h) Urease Test, differentiates urease-positive
Proteus mirabilis from urease-negative E.
coli [13].

i) Sugar Fermentation Test, evaluates glucose
and fructose fermentation by S. aureus and
E. coli, indicated by a yellow color change
in the pH indicator [16].

j)  Kligler Iron Agar (KIA), assesses
carbohydrate fermentation and hydrogen
sulfide production, aiding in the
identification of E. coli [17].
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k) Voges—Proskauer (VP) Test, detects
acetoin  production  from  glucose
fermentation, used to differentiate enteric
bacteria [13].

B. Plant Sample Collection and Preparation

1.

Sample Collection: Dried root samples of (turmeric,
ginger and Indian costus) were collected from a
herbalist in the Aden Crater area (Al-Ekbar). The
plant materials were identified and authenticated by
Dr. Othman Al-Hawshabi, Professor of Taxonomy
of Flowering Plants and Flora, at the Biology
Department, Faculty of Science, Aden University.
After authentication, the roots were processed using
traditional methods: Ground into fine powder.
Purified to remove impurities. Combined into a
homogeneous mixture for subsequent analysis.

Extraction Procedure: To maximize the range of
isolated phytochemicals, a dual extraction method
was employed:

a) Alcoholic Extraction: Alcoholic extraction
was performed using Soxhlet extraction
with 70% ethanol to target alcohol-soluble
components.  Following  established
protocols [18, 19, 20]: 40 grams of dried
powdered roots were subjected to Soxhlet
extraction with 400 mL of 70% ethanol for
6-8 hours. The extract was filtered through
sterile gauze and centrifuged, followed by
filtration using Whatman No. 1 filter paper.
The filtrate was dried in a Petri dish and
stored at 4°C for later analysis.

b) Aqueous Extraction: Aqueous extraction
targeted water-soluble compounds using
distilled water [18, 19], 40 grams of dried
powdered roots were combined with 400
mL of distilled water and shaken on a
magnetic stirrer at room temperature for 24
hours. The mixture was filtered,
centrifuged, and dried in a laboratory oven
at 50°C. The dried extract was stored at 4°C
until required for further experiments.

Phytochemical Screening: Phytochemical screening
identified bioactive compounds using standard
colorimetric tests [21, 22]. Alkaloids were detected
using Dragendorff's reagent, where a yellow or
orange precipitate indicated their presence. Tannins
were identified using 1% FeCls, resulting in a
greenish-black coloration. Saponins were confirmed
by the formation of persistent foam after shaking
with water. Flavonoids were detected by a yellow
color upon the addition of NaOH. Steroids and
triterpenoids were identified by heating with H2SOs,
where a red or pink coloration indicated steroids,
while a reddish-brown ring confirmed the presence
of triterpenoids.
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4. Physicochemical Analysis: Determination of
Extractive Value, the extractive value measures the
quantity of phytochemicals soluble in a specific
solvent, reflecting extraction efficiency:

Weight of the extract
Extractivevalue% = —————— — — — — — X 100
Weight of the air — dried drug

Soxhlet extraction (70% ethanol) and distilled water
were used for alcoholic and aqueous extracts,
respectively [22].

5. Loss on Drying (Moisture Content): Moisture
content impacts plant stability and preservation:

Weight before dryin —
Weight after drying Weight
Moisture (%)= - ————————— — — — — x 100
Weight of the sample
Samples were dried in a pre-heated oven at 135°C,
minimizing microbial contamination risks [23].
Ash Content Determination, ash content indicates
the purity of plant materials:
Ash weight

Weight of the sample

Samples were heated in a muffle furnace at 500°C
until complete combustion yielded white ash,
reflecting minimal contamination [24].
Determination of pH, the pH was measured by
mixing 5 grams of dried plant powder with 50 mL of
distilled water, stirring for 10 minutes, filtering, and
recording the pH with a calibrated pH meter [25].

I11. RESULTS

A. Total Number of Vegetable and Fruit Samples

The study focused on isolating S. aureus and E. coli from
vegetable and fruit samples to evaluate the antimicrobial
effects of aqueous and ethanol plant extracts. The results are
summarized as follows in (Table 1): Vegetable Samples (53):
17 samples (32.07%) tested positive for S. aureus. 8 samples
(15.09%) tested positive for E. coli. 28 samples (52.83%)
were excluded. Fruit Samples (21): 3 samples (14.29%)
tested positive for S. aureus. No E. coli was detected. 18
samples (85.71%) were excluded.

Table 1: Prevalence of Staphylococcus aureus and
Escherichia coli in Vegetable and Fruit Samples

Sample Source Vegetable Fruit Samples
Samples
Number of Samples 53 (100%) 21 (100%)

Positive Samples 25 (47.17%) 3 (14.29%)
Ignored Samples 28 (52.83%) 18 (85.71%)
S. aureus (Positive) 17 (32.07%) 3 (14.29%)
E. coli (Positive) 8 (15.09%) 0

B. Results of Bacterial Identification
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The bacterial identification process confirmed the presence of
S. aureus and E. coli in vegetable and fruit samples. Various
growth media were used to isolate and differentiate the
bacteria, as outlined below:
1. Staphylococcus aureus, (MSA), Yellow colonies
indicating mannitol fermentation. Vogel &
Johnson Agar (VOG), Black colonies due to
tellurite reduction. Blood Agar, White colonies
with beta hemolysis (clear zones around
colonies). Nutrient Agar, Large white colonies.
2. Escherichia coli, (EMB) Agar, Purple to black
colonies with a green metallic sheen, indicative
of lactose fermentation. MacConkey Agar: Pink
colonies with a darker halo due to lactose
fermentation. (XLD) Agar: Circular yellow
colonies, indicating acid production from xylose
fermentation. Blood Agar: Gray colonies with
partial hemolysis (alpha hemolysis).

C. Results of Biochemical Tests

Biochemical testing provided crucial insights into the
physiological and metabolic characteristics of S. aureus and
E. coli isolated from vegetable and fruit samples (Table 2).
Capsule Test, E. coli was positive, indicating the presence of
a polysaccharide capsule. S. aureus was negative. Catalase
Test, both bacteria tested positive, confirming their ability to

decompose hydrogen peroxide. Coagulase Test, S. aureus
was positive, distinguishing it from other staphylococcal
species. E. coli was negative. Hemolysis, S. aureus showed
beta hemolysis (complete lysis of red blood cells). E. coli
exhibited alpha hemolysis (partial lysis). Oxidase Test, both
bacteria were negative, aligning with their facultative
anaerobic nature. DNase Test, S. aureus was positive,
indicating virulence. E. coli was negative. Gram Stain, S.
aureus appeared as Gram-positive cocci (blue). E. coli
appeared as Gram-negative rods (red). Citrate Utilization, S.
aureus was positive, showing citrate usage as a carbon
source. E. coli was negative. Indole Test, E. coli was positive,
confirming indole production. S. aureus was negative.
Voges-Proskauer (VP) Test, S. aureus tested positive for
acetoin production. E. coli was negative. Methyl Red (MR)
Test, both bacteria were positive, indicating strong acid
production from glucose fermentation. Motility Test, E. coli
was motile, whereas S. aureus was non-motile. Hydrogen
Sulfide (H2S) Production, both bacteria were negative for H>S
production.

Sugar Fermentation, both bacteria fermented glucose, but
only E. coli produced gas. S. aureus fermented lactose,
mannitol, and sucrose, while E. coli showed variability in
sugar fermentation. Urease Test, both S. aureus and E. coli
were negative.

Table 2. Biochemical Test Results for Identification of
S. aureus and E. coli Isolated from Vegetables and Fruits

Biochemical Test

Staphylococcus aureus

Escherichia coli

Capsule Test - +
Catalase Test + +
Coagulase Test + -
Hemolysis Beta (B) Alpha (x)
Oxidase Test - -
DNase Test + -
Gram Stain Blue (Cocci) Red (Rod)
Citrate Utilization + -
Indole Test - +
Voges-Proskauer (VP) + -
Methyl Red (MR) Test + +
Motility Test - +
Hydrogen Sulfide (H-S) - -
Sugar Fermentation
- Glucose + + (with gas)
- Lactose + +
- Fructose + -
- Mannitol + +
- Xylose - +
- Sucrose + +

Urease Test

D. Isolation of Staphylococcus aureus and Escherichia coli
from Vegetables and Fruits

The study aimed to isolate S. aureus and E. coli from various

vegetable and fruit samples using a six-dilution method across

three culture media: MSA, XLD, and EMB. The cultivation

process was performed in Tryptone Water for 24 hours, and

the procedure was repeated three times to enhance accuracy.
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The results showed variability in bacterial isolation across
different samples and repetitions (Table 3; 4).

The isolation rates of S. aureus and E. coli varied significantly
across vegetable types. Cabbage showed a S. aureus isolation
rate of 19.04% and the highest E. coli isolation rate among
vegetables at 40.54%, with undesirable bacteria at 4.21%.
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Lettuce had isolation rates of 16.67% for S. aureus and
35.14% for E. coli, with undesirable bacteria at 9.47%.
Spinach presented a moderate S. aureus isolation rate of
17.86% and E. coli at 24.32%, with undesirable bacteria at
12.63%. Beetroot and potatoes had the highest S. aureus
isolation rates at 20.24%b, but E. coli was not detected in either
sample (0%), while undesirable bacteria were found at 20%.
Carrots had the lowest S. aureus isolation rate at 5.95%o, with
no E. coli detected and the highest level of undesirable bacteria

K. N. Q. Salem, et. al
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at 32.63%. Fruit samples showed a different contamination
pattern. Watermelon had the highest S. aureus isolation rate
at 75%, with no E. coli detected and undesirable bacteria at
30%. Grapes had a S. aureus isolation rate of 25%, with E.
coli absent and undesirable bacteria at 34%. Strawberries
showed no contamination by S. aureus or E. coli, but
undesirable bacteria were present at 36%b, the highest among
fruits.

Table 3: Percentage of Staphylococcus aureus and Escherichia coli in Vegetable Samples

Total count of vegetable Type of vegetable

Staphylococcus aureus

Escherichia coli  Ignored bacteria

samples for all repeats sample
18 samples of vegetable Cabbage 19.04% 40.54% 4.21%
Lettuce 16.67% 35.14% 9.47%
Spinach 17.86% 24.32% 12.63%
Beets 20.24% 0 20%
Carrots 5.95% 0 32.63%
Potatoes 20.24% 0 20%
Table 4: Percentage of Staphylococcus aureus and Escherichia coli in Fruit Samples
Total count of fruit samples for all Type of fruit Staphylococcus Escherichia Ignored
repeats sample aureus coli bacteria
9 samples of fruit Grapes 25% 0 34%
Strawberry 0 0 36%
Watermelon 75% 0 30%

Prevalence of Bacteria in Vegetables. S. aureus: The highest
prevalence was observed in beetroot, potatoes, and cabbage
(~20%), while the lowest detection rate was in carrots
(5.95%). This suggests potential contamination due to post-
harvest handling practices. E. coli: The highest prevalence
was recorded in cabbage (40.45%) and lettuce (35.14%),
whereas no detection was observed in beetroot, carrots, or

potatoes. This absence may be attributed to water
contamination sources or inadequate washing procedures.
Prevalence of Bacteria in Fruits. S. aureus: The highest
prevalence was found in watermelon (75%), followed by
grapes (25%). No detection was observed in strawberries,
indicating better hygienic conditions or natural resistance to
bacterial contamination (Table 5).

Table 5: Prevalence of S. aureus and E. coli in VVegetables and Fruits

Sample Type S.aureus (%) E.coli (%) Other Bacteria (%)
Vegetables 19.04-20.24  24.32-40.54 4.21-32.63
Fruits 25-75 0 30-36

E. Mean Count of S. aureus in Vegetables

The mean count of S. aureus across dilutions showed a
decreasing trend, with the highest mean at 10 (0.944),
progressively declining to 0.389 at 107 Significant
differences were observed among vegetable types (Table 6).

Specifically, beetroot and potatoes exhibited the highest
mean counts (0.944), followed by cabbage (0.889) and
spinach (0.833). The lowest mean count was found in carrots
(0.278), indicating lower susceptibility to contamination.

Table 6: Mean Counts of S. aureus in Vegetables

Vegetables 10* 102 103 10* 10° 10° Mean
Cabbage 1.000 1.000 1.000 1.000 1.000 0.333 0.889
Lettuce 1.000 1.000 1.000 0.667 0.667 0.333 0.778
Spinach  1.000 1.000 1.000 1.000 0.667 0.333 0.833
Beetroot  1.000 1.000 1.000 1.000 1.000 0.667 0.944
Carrots 0.667 0.667 0.333 0.000 0.000 0.000 0.278
Potatoes  1.000 1.000 1.000 1.000 1.000 0.667 0.944

F. Mean Count of Escherichia coli in Vegetables

The mean count of E. coli across dilutions remained stable at
0.444 up to dilution 1074, then significantly declined to 0.056
at 10 (Table 7). Vegetable-specific findings revealed the

highest mean counts in cabbage (0.833) and lettuce (0.722),
with moderate counts in spinach (0.500). No detectable E.
coli was found in beetroot, carrots, or potatoes.

Table 7: Mean Counts of E. coli in Vegetables
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L

Vegetables 10" 102 102 10* 105 10° Mean

Cabbage 1.000 1.000 1.000 1.000 0.667 0.333 0.833

Lettuce  1.000 1.000 1.000 1.000 0.333 0.000 0.722

Spinach  0.667 0.667 0.667 0.667 0.333 0.000 0.500

Beets 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Carrots ~ 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Potatoes  0.000 0.000 0.000 0.000 0.000 0.000 0.000

G. Mean Count of S. aureus in Fruits Specific Findings: Watermelon exhibited the highest mean

Trends Across Dilutions: The highest mean count was  count (0.333), followed by grapes (0.111). No detectable S.
observed at dilutions 107, 102, 104, and 10~% in watermelon ~ aureus was found in strawberries (Table 8).
(0.333), then decreased to 0.000 from 10~ onward. Fruit-

Table 8: Mean Counts of S. aureus in Fruits
Fruits 10 102 102 10* 105 10° Mean
Grapes 0.333 0.333 0.000 0.000 0.000 0.000 0.111
Strawberries 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Watermelon 0.667 0.667 0.333 0.333 0.000 0.000 0.333

H. Phytochemical Analysis of Ethanolic and Aqueous inefficiency in extracting these polar compounds. Aqueous

Extracts extract, contained polar compounds such as fucoidans and
Ethanolic extract (Table 9; Fig. 1), showed a broad range of ~ amino acids, which were absent in the ethanolic extract.
bioactive compounds, including alkaloids, flavonoids, Showed presence of glycosides, flavonoids, tannins,
terpenoids, glycosides, tannins, resins, and carbohydrates. terpenoids, and carbohydrates, albeit at possibly lower
Amino acids and fucoidans were absent, indicating ethanol's concentrations.

Table 9: Phytochemical composition of ethanolic and agueous extracts

Phytochemical Ethanolic Extract Aqgueous Extract
Alkaloids Positive (brown precipitate)  Positive (no brown precipitate)

Glycosides Present Present
Saponins Present Present
Flavonoids Present Present
Flavanones Present Present
Tannins Present Present
Resins Present Present
Fucoidans Absent Present
Terpenoids Present Present
Amino Acids Absent Present

Carbohydrates Present Present

I,

negative

Alkaloid's result on Alkaloid's result on Glycosides Saponins
ethanolic extract aqueous extract
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Terpenoids result

Fucoidan's result
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Resin

‘ POSiﬂVE

Amino acids result Carbohydrates result

Fig. 1. Reslts of phytochemical analysis of ethanolic and aqueous extracts.
A= Ethanolic extract, B= Aqueous extract

. Physiochemical Properties of Plant Extracts

Total Ash Content measured value: 5.78%. Indicates
moderate mineral content and purity, suitable for therapeutic
applications. Moisture content, measured value, 10.76%.
Moderate moisture reduces microbial growth and preserves
bioactive compounds. Extractive values, agqueous extract,

15.96%. Ethanolic extract, 14.87%. Highlights water's
efficiency in extracting polar compounds and ethanol’s
ability to isolate non-polar compounds. pH values, agueous
extract, 5.113 (slightly acidic). Ethanolic extract, 5.37
(slightly acidic). Acidity preserves bioactive stability,
beneficial for pharmaceutical formulations.

Table 10: Summary of Physiochemical Properties

Parameter Value Significance
Total Ash Content 5.78% Indicates mineral content and purity.
Moisture Content 10.76% Ensures stability and prevents microbial growth.
Aqueous Extract Value  15.96% Efficient extraction of polar compounds.
Ethanolic Extract Value 14.87%  Efficient extraction of non-polar compounds.
Aqueous Extract pH 5.113 Suitable for preserving bioactive.
Ethanolic Extract pH 5.37 Suitable for stable formulations.

V. DISCUSSION

A. Importance of the Study

This study contributes to improving food safety in Yemen by
exploring natural antimicrobial alternatives to combat
bacterial contamination in vegetables and fruits. In a country
facing challenging agricultural conditions, including limited
access to clean water and proper sanitation, the findings
emphasize the potential of plant-based extracts to reduce the
presence of harmful pathogens like S. aureus and E. coli [26].
By utilizing locally available medicinal plants, this research
offers a sustainable, cost-effective solution to enhance food
safety, reduce reliance on synthetic antibiotics, and mitigate
the public health risks associated with foodborne illnesses.

" https://doi.org/10.20428/jst.v30i1.2597

B. Bacterial Isolation and Identification
Mannitol Salt Agar effectively isolated S. aureus, as
evidenced by the red-to-yellow color change due to mannitol
fermentation. Similarly, (EMB) agar successfully isolated E.
coli, with its characteristic black colonies and green metallic
sheen. These results underscore the importance of selecting
appropriate media for bacterial isolation, as MSA and EMB
are reliable for S. aureus and E. coli, respectively [27, 28].
Biochemical tests revealed distinct metabolic
characteristics of S. aureus and E. coli, aiding in accurate
identification. Both bacteria tested positive for catalase,
indicating their ability to survive in oxygen-rich
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environments, while S. aureus was differentiated by the
coagulase test, marking it as a pathogenic species [29]. The
DNase test confirmed S. aureus's virulence [30], and sugar
fermentation tests highlighted the metabolic versatility of
both bacteria, with E. coli demonstrating motility and gas
production [31]. The profiling of E. coli further confirmed its
metabolic traits, including positive results for catalase,
indole, and lactose fermentation [32], while S. aureus
exhibited beta-hemolysis, indicating its pathogenic potential.

C. Contamination Levels in Vegetables and Fruits:

The study revealed significant variations in bacterial
contamination across different produce types. Cabbage
exhibited the highest E. coli contamination (40.54%),
exceeding global averages reported in similar studies [33],
while lettuce showed unexpectedly high E. coli levels
(35.14%) compared to earlier findings [34]. In contrast,
carrots and strawberries demonstrated lower contamination
rates, likely due to differences in cultivation practices or
surface morphology. Notably, S. aureus was detected in
potatoes and watermelon, suggesting post-harvest handling as
a critical contamination source [35, 36].

These discrepancies highlight the role of agricultural and
environmental factors in shaping contamination risks. For
instance, the use of untreated irrigation water—a common
practice in regions like Yemen and Bangladesh [37, 38]—
likely contributed to the elevated E. coli levels in leafy greens.
Furthermore, Yemen’s hot climate may accelerate bacterial
proliferation, particularly when combined with poor storage
conditions [39].

The WHO estimates that nearly 10% of the global population
suffers from foodborne illnesses annually [40], with
developing nations disproportionately affected due to
inadequate sanitation infrastructure [41]. This aligns with our
findings, where contamination rates in Yemeni produce
mirror trends observed in other resource-limited settings.
We propose that, adopting treated irrigation water and
organic fertilizers to minimize pathogen introduction [42,
43]. Training farmers on post-harvest hygiene protocols,
including tool sanitation and temperature-controlled storage
[44]. Implementing national food safety standards aligned
with WHO guidelines to enhance export competitiveness
[45].

D. Phytochemical Analysis of Plant Extracts

Phytochemical analysis of (turmeric, ginger, and Indian
costus) extracts revealed various bioactive compounds, with
solubility influenced by the solvent used. Ethanolic extracts
were rich in alkaloids and glycosides, known for their
pharmacological properties, while aqueous extracts
effectively extracted polar compounds like amino acids.
Phytochemical tests confirmed the presence of flavonoids,
glycosides, saponins, tannins, carbohydrates, terpenoids, and
resins in both extract types. Notably, alkaloids were present
in the ethanolic extracts, while the aqueous extract was
negative in Wagner’s test, highlighting the solvent’s role in
alkaloid extraction. Amino acids were exclusive to agqueous
extracts, confirming their water-soluble nature. Glycosides,
present in both extracts, are beneficial for cardiovascular
health, such as lowering blood pressure. Our results are
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consistent with previous studies identifying flavonoids,
glycosides, and terpenoids in these plants [46].

Agueous extracts showed higher extractive values,
indicating a greater concentration of water-soluble
compounds, including vitamins and glycosides, which are
valuable for therapeutic applications targeting such
compounds [47]. Ethanolic extracts, although lower in
extractive value, were rich in secondary metabolites like
alkaloids and flavonoids, responsible for distinct
pharmacological effects [48]. Combining water and ethanol
as extraction solvents can provide a more comprehensive
profile of active compounds, enhancing therapeutic potential
[49].

E. Physiochemical Properties of Extracts

The ash content of 5.78% indicates moderate mineral content
and purity, aligning with acceptable standards [50]. The
moisture content of 10.76% supports proper storage and
handling while minimizing microbial growth [51]. The
extractive values of 15.96% for aqueous extract and 14.87%
for ethanolic extract highlight the efficiency of water in
extracting polar compounds and ethanol in isolating non-
polar compounds [52, 53]. Both extracts showed mildly
acidic pH values, suitable for preserving bioactive stability
[54].

F. Public Health and Economic Implications

Plant extracts can significantly improve food safety by
reducing bacterial contamination in vegetables and fruits,
offering a natural alternative to chemical preservatives. This
approach not only enhances the quality and safety of
agricultural products but also reduces the risk of foodborne
ilinesses, which are a major public health concern, especially
in regions with limited access to clean water and proper
sanitation [55].

Enhancing food safety vyields significant economic
benefits by reducing losses from bacterial contamination
[56]. Implementing improved hygiene practices, along with
safer storage and handling methods, minimizes spoilage of
agricultural products, thereby reducing waste and extending
the shelf life of fresh produce, which increases its market
value. Additionally, improving food safety can enhance the
competitiveness of agricultural exports [45]. Products that
meet international safety standards are more likely to be
accepted in global markets, leading to higher demand and
better prices for exporters. Furthermore, reducing foodborne
ilinesses can lower healthcare costs and prevent productivity
losses, contributing to overall economic stability and growth
[57].

G. Limitations and Future Directions

One limitation of the current study is the relatively small
sample size, which may affect the generalizability of the
results. A larger sample size could provide more robust data
and a clearer understanding of bacterial contamination in
various agricultural products. Additionally, this study
focused only on S. aureus and E. coli, and did not explore
other pathogenic bacteria that may also pose risks to food
safety, such as Salmonella, Klebsiella spp., or Listeria. Future
studies should consider expanding the scope by including a

https://journals.ust.edu/index.php/JST



https://journals.ust.edu/index.php/JST

broader range of bacterial species and increasing the sample
size to enhance the validity of the findings. This would help
provide a more comprehensive understanding of bacterial
contamination in produce and contribute to more effective
food safety strategies.

V. CONCLUSION

This study highlights the potential of plant extracts (turmeric,
ginger, and Indian costus) as natural antimicrobial agents to
reduce bacterial contamination in Yemeni vegetables and
fruits. Key pathogens (S. aureus and E. coli) were isolated
using selective media (MSA and EMB) and differentiated via
biochemical tests (e.g., catalase, coagulase). Contamination
levels varied significantly, with leafy greens (cabbage, lettuce)
showing the highest E. coli rates (40.54% and 35.14%), likely
due to poor irrigation and handling practices. Phytochemical
analysis revealed solvent-dependent extraction efficiencies:
ethanolic extracts yielded alkaloids/flavonoids, while aqueous
extracts contained polar compounds like amino acids. The
extracts’ mild acidity (pH 5.1-5.4) and stability support their
use as safe, sustainable alternatives to synthetic preservatives.
By mitigating contamination, these extracts can enhance food
safety, reduce economic losses from spoilage, and improve
Yemen’s agricultural competitiveness, offering a scalable
solution for regions facing similar challenges.

ACKNOWLEDGMENTS
We sincerely thank Prof. Dr. Othman Al-Houshabi for his
valuable collaboration in identifying the plant species and for
his insightful contributions in refining certain formulations in
our research. His expertise and guidance have greatly enriched
our study.

REFERENCES

[1] D. C. Zaharia, A. A. Muntean, M. G. Popa, A. T.
Steriade, O. Balint, R. Micut, C. Iftene, I. Tofolean, V.
T. Popa, C. Baicus, M. A. Bogdan, and M. I. Popa,
“Comparative analysis of Staphylococcus aureus and
Escherichia coli microcalorimetric growth,” BMC
Microbiol., vol. 13, p. 171, 2013, doi: 10.1186/1471-
2180-13-171.

[2] Centers for Disease Control and Prevention (CDC),
“Staphylococcus aureus basics,” [Online]. Available:
https://www.cdc.gov/staphylococcus-
aureus/about/index.html. [Accessed: 2024].

[3] T. A. Taylor and C. G. Unakal, “Staphylococcus
Aureus,” StatPearls [Internet], Treasure Island (FL):
StatPearls Publishing; 2024. [Online]. Auvailable:
https://www.ncbi.nlm.nih.gov/books/NBK441868/

[4] A. M. Algammal, H. F. Hetta, A. Elkelish, D. H. H.
Alkhalifah, W. N. Hozzein, G. E. Batiha, N. El Nahhas,
and M. A. Mabrok, “Methicillin-Resistant
Staphylococcus aureus (MRSA): One Health
Perspective Approach to the Bacterium Epidemiology,
Virulence Factors, Antibiotic-Resistance, and Zoonotic
Impact,” Infect. Drug Resist., vol. 13, pp. 3255-3265,
2020, doi: 10.2147/IDR.S272733.

[5] B. Pakbin, W. M. Briick, and J. W. Rossen, “Virulence
Factors of Enteric Pathogenic Escherichia coli: A
Review,” Int. J. Mol. Sci., vol. 22, no. 18, p. 9922, 2021,
doi: 10.3390/ijms22189922.

https://doi.org/10.20428/jst.v30i1.2597

K. N. Q. Salem, et. al
Volume 30, Issue (6), 2025

[6] J. Kadariya, T. C. Smith, and D. Thapaliya,
“Staphylococcus aureus and staphylococcal food-borne
disease: an ongoing challenge in public health,” Biomed.
Res. Int, wvol. 2014, p. 827965, 2014, doi:
10.1155/2014/827965.

[7]1 S. M. Gambushe, O. T. Zishiri, and M. E. El Zowalaty,
“Review of Escherichia coli O157:H7 Prevalence,
Pathogenicity, Heavy Metal and Antimicrobial
Resistance, African Perspective,” Infect. Drug Resist.,
vol. 15, pp. 4645-4673, 2022, doi:
10.2147/IDR.S365269.

[8] K. Nair, Turmeric (Curcuma longa L.) and Ginger
(Zingiber officinale Rosc.) - World's Invaluable
Medicinal Spices: The Agronomy and Economy of
Turmeric and Ginger, 2019, doi: 10.1007/978-3-030-
29189-1.

[9] Encyclopaedia Britannica, “Aden,” Britannica, 25 Mar.

2023. [Online]. Available:
https://www.britannica.com/place/Aden. [Accessed: 24
May 2023].

[10]A. O. Eni, L. A. Oluwawemitan, and O. U. Solomon,
“Microbial quality of fruits and vegetables sold in Sango
Ota, Nigeria,” Afr. J. Food Sci., vol. 4, no. 5, pp. 291—
296, 2010.

[11] B. M. Al-Joda and A. H. Jasim, “Studying the Efficiency
Dependence of CR-39 Detector on the Chamber Height,”
J. Univ. Babylon Pure Appl. Sci., vol. 29, no. 2, pp. 68—
176, 2021.

[12]S. Aryal, “Methyl Red (MR) Test - Principle, Procedure
and Result Interpretation,” Microbiology Info, 2018.
[Online]. Available:
https://microbiologyinfo.com/methyl-red-mr-test-
principle-procedure-and-result-interpretation/

[13]J. F. MacFaddin, Biochemical Tests for Identification of
Medical Bacteria, 3rd ed., Philadelphia: Lippincott
Williams & Wilkins, 2000.

[14] C. R. Mahon, D. C. Lehman, and G. Manuselis, Textbook
of Diagnostic Microbiology, 5th ed., Elsevier, 2015.
[15]W. C. Winn, Koneman’s Color Atlas and Textbook of
Diagnostic Microbiology, Lippincott Williams &

Wilkins, 2006.

[16]S. Aryal, “Staphylococcus aureus - An Overview,”
Microbe  Notes, 2022. [Online].  Awvailable:
https://microbenotes.com/staphylococcus-aureus-an-
overview/

[17]1P. Tille, Bailey & Scott’s Diagnostic Microbiology,
Elsevier Health Sciences, 2017.

[18]J. B. Harborne, Phytochemical Methods: A Guide to
Modern Techniques of Plant Analysis, 2nd ed., London
and New York: Chapman and Hall, 1984.

[19]S. S. Handa, P. S. Sumnan, L. Gennaro, and D. R. Dev,
Extraction Technologies for Medicinal and Aromatic
Plants, International Centre for Science and High
Technology, UNIDO, 2008.

[20] K. Moothy, T. Punith, R. Vinodhini, and N. Thajuddin,
“Antimicrobial activity and qualitative phytochemical
analysis of Punica granatum Linn (Pericarp),” J. Med.
Plants Res., vol. 7, no. 9, pp. 474479, 2012.

Journal of Science
and Technology

10


https://doi.org/10.20428/jst.v30i1.2597
https://doi.org/10.20428/jst.v30i1.2597
https://www.cdc.gov/staphylococcus-aureus/about/index.html
https://www.cdc.gov/staphylococcus-aureus/about/index.html
https://www.ncbi.nlm.nih.gov/books/NBK441868/
https://www.britannica.com/place/Aden
https://microbiologyinfo.com/methyl-red-mr-test-principle-procedure-and-result-interpretation/
https://microbiologyinfo.com/methyl-red-mr-test-principle-procedure-and-result-interpretation/
https://microbenotes.com/staphylococcus-aureus-an-overview/
https://microbenotes.com/staphylococcus-aureus-an-overview/

11

K. N. Q. Salem, et. Al, et. al
Volume 30, Issue (6), 2025

[21]N. R. Farnsworth, “Biological and Phytochemical
Screening of Plants,” J. Pharm. Sci., vol. 55, no. 3, pp.
225-276, 1996, doi: 10.1002/jps.2600550302.

[22]H. O. Edeoga, D. E. Okwu, and B. O. Mbaebie,
“Phytochemical constituents of some Nigerian medicinal
plants,” Afr. J. Biotechnol., vol. 4, no. 7, pp. 685-688,
2005.

[23]G. Nasser and H. Ahmed, “Study of Chemical
Composition, Antioxidant and Antimicrobial Properties
of Two Selected Medicinal Plants,” M.Sc. thesis, Univ.
of Aden, Yemen, 2022, p. 157.

[24] Anonymous, Pharmacopoeia of India, Ministry of
Health, Govt. of India, New Delhi, 1996.

[25]E. H. Mansour and A. H. Khalil, “Evaluation of
antioxidant activity of some plant extracts and their
application to ground beef patties,” Food Chem., vol. 69,
no. 2, pp. 135-141, 2000.

[26]C. Ingrao, R. Strippoli, G. Lagioia, and D. Huisingh,
“Water scarcity in agriculture: An overview of causes,
impacts and approaches for reducing the risks,” Heliyon,
vol. 9, pp. e14194, 2023.

[27]S. E. Sharp and C. Searcy, “Comparison of mannitol salt
agar and blood agar plates for identification and
susceptibility testing of Staphylococcus aureus in
specimens from cystic fibrosis patients,” J. Clin.
Microbiol., vol. 44, no. 12, pp. 4420-4423, 2006.

[28]D. J. Leininger, J. R. Roberson, and F. Elvinger, “Use of
eosin methylene blue agar to differentiate Escherichia
coli from other gram-negative mastitis pathogens,” J.
Vet. Diagn. Invest., vol. 13, no. 3, pp. 273-275, 2001.

[29] T. Foster, “Staphylococcus,” in Medical Microbiology,
4th ed., S. Baron, Ed. Galveston, TX: Univ. of Texas
Medical Branch, 1996, ch. 12.

[30]D. P. Kateete, C. N. Kimani, F. A. Katabazi, A. Okeng,
M. S. Okee, A. Nanteza, M. L. Joloba, and F. C. Najjuka,
“Identification of Staphylococcus aureus: DNase and
mannitol salt agar improve the efficiency of the tube
coagulase test,” Ann. Clin. Microbiol. Antimicrob., vol.
9, p. 23, 2010, doi: 10.1186/1476-0711-9-23.

[31]N. Sultana, D. Mridha, R. Sohel, M. Mahmud, M.
Shahid, and H. Ahosanul, “Isolation, identification and
antibiogram of verotoxin producing Escherichia coli
from raw salad vegetables at Jashore, Bangladesh,” Afr.
J. Microbiol. Res., vol. 15, pp. 401407, 2021.

[32] P. Singh and A. Prakash, “Isolation of Escherichia coli,
Staphylococcus aureus, and Listeria monocytogenes
from milk products sold under market conditions at Agra
Region,” Acta Agric. Slov., vol. 92, no. 1, pp. 83-88,
2008.

[33]B. V. Maikai and D. O. Akubo, “Coliform count and
isolation of Escherichia coli in fresh fruits and
vegetables sold at retail outlets in Samaru, Kaduna State,
Nigeria,” Niger. Vet. J., vol. 39, no. 4, pp. 327-337,
2018.

[34] K. Holvoet, I. Sampers, B. Callens, J. Dewulf, and M.
Uyttendaele, “Moderate prevalence of antimicrobial
resistance in Escherichia coli isolates from lettuce,
irrigation water, and soil,” Appl. Environ. Microbiol.,
vol. 79, no. 21, pp. 6677-6683, 2013.

Journal of Science

and Technology

[35]D. Devi and R. Gogoi, “Isolation and identification of
microorganisms from some spoiled fruits and vegetables
collected from Nagaon, Assam,” Plant Archives, vol. 21,
no. 1, pp. 1779-1782, 2021. [Online]. Available:
https://doi.org/10.51470/PLANTARCHIVES.2021.v21.
nol.242

[36]P. C. Obinna-Echem and L. Koanyie, “Quality and safety
characteristics of minimally processed watermelon
(Citrullus lanatus) sold in selected locations in Port
Harcourt,” Eur. J. Agric. Food Sci., vol. 2, no. 3, pp. 1-
6, 2020. [Online]. Available:
https://doi.org/10.24018/ejfood.2020.2.3.57

[37]P. Mead, L. Slutsker, V. Dietz, L. Mccaig, J. Bresee, C.
Shapiro, P. Griffin, and R. Tauxe, “Food-related illness
and death in the United States,” Emerg. Infect. Dis., vol.
5, pp. 607-625, 1999, doi: 10.3201/eid0505.990502.

[38] A. N. Angelakis, G. Tchobanoglous, A. G. Capodaglio,
and V. A. Tzanakakis, “The importance of
nonconventional water resources under water scarcity,”
Water, vol. 16, no. 7, p. 1015, 2024, doi:
10.3390/w16071015.

[39]S. Bolan, L. P. Padhye, T. Jasemizad, M. Govarthanan,
N. Karmegam, H. Wijesekara, D. Amarasiri, D. Hou, P.
Zhou, B. K. Biswal, R. Balasubramanian, H. Wang, K.
H. M. Siddique, J. Rinklebe, M. B. Kirkham, and N.
Bolan, “Impacts of climate change on the fate of
contaminants through extreme weather events,” Sci.
Total Environ., vol. 909, p. 168388, Jan. 2024, doi:
10.1016/j.scitotenv.2023.168388.

[40] World Health Organization, “Food safety,” 2024.
[Online]. Available: https://www.who.int/news-
room/fact-sheets/detail/food-safety.

[41] T. Bintsis, “Foodborne pathogens,” AIMS Microbiology,
vol. 3, no. 3, pp. 529-563, 2017, doi:
10.3934/microbiol.2017.3.529.

[42]S. Mishra, R. Kumar, and M. Kumar, “Use of treated
sewage or wastewater as an irrigation water for

agricultural  purposes—Environmental, health, and
economic impacts,” Total Environment Research
Themes, wvol. 6, p. 100051, 2023, doi:

10.1016/j.totert.2023.100051.

[43] A. Sharma and R. Chetani, “A review on the effect of
organic and chemical fertilizers on plants,” Int. J. Appl.
Sci. Eng., vol. 5, pp. 677-680, 2020.

[44]H. Chen, A. J. Kinchla, N. Richard, A. Shaw, and Y.
Feng, “Produce growers' on-farm food safety education:
A review,” J. Food Prot., vol. 84, no. 4, pp. 704-716,
2021, doi: 10.4315/JFP-20-320.

[45]S. Henson and S. Jaffee, “Food safety standards and
trade: Enhancing competitiveness and avoiding
exclusion of developing countries,” Eur. J. Dev. Res.,
vol. 18, no. 4, pp. 593-607, 2006. [Online]. Available:
https://doi.org/10.1080/09578810601070753

[46]E. M. Abdallah, K. A. Qureshi, A. M. Ali, and G. O.
Elhassan, “Evaluation of some biological properties of
Saussurea costus crude root extract,” Biosci. Biotechnol.
Res. Commun., vol. 10, no. 4, pp. 601-611, 2017, doi:
10.21786/bbrc/10.4/2.

[47]S. S. Pawar and M. G. Jadhav, “Determination of
extractive value and phytochemical analysis of Bacopa

https://journals.ust.edu/index.php/JST



https://journals.ust.edu/index.php/JST
https://doi.org/10.51470/PLANTARCHIVES.2021.v21.no1.242
https://doi.org/10.51470/PLANTARCHIVES.2021.v21.no1.242
https://doi.org/10.24018/ejfood.2020.2.3.57
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://doi.org/10.1080/09578810601070753

monnieri  (L),”  2016. [Online].  Available:
https://www.researchgate.net/publication/296701173

[48]V. Varadharajan, U. K. Janarthanan, and V.
Krishnamurthy, = “Physicochemical,  phytochemical
screening and profiling of secondary metabolites of
Annona squamosa leaf extract,” World J. Pharm. Res.,
vol. 1, no. 4, pp. 1143-1164, 2012.

[49] M. Jacotet-Navarro et al., “What is the best ethanol-water
ratio for the extraction of antioxidants from rosemary?
Impact of the solvent on yield, composition, and activity
of the extracts,” Electrophoresis, vol. 0, pp. 1-11, 2018.

[50]M. A. Buternio, C. Cavaliere, A. L. Capriotti, and C.
Crescenzi, “Extending the applicability of pressurized
hot water extraction to compounds exhibiting limited
water solubility by pH control: Curcumin from the
turmeric rhizome,” Anal. Bioanal. Chem., vol. 401, no.
9, pp. 2977-2985, 2011.

[51] A. K. Sachan and A. Kuma, “Stability testing of herbal
products,” J. Chem. Pharm. Res., vol. 7, no. 12, pp. 511-
514, 2015.

[52]M. C. Ali et al., “Effective extraction of flavonoids from
Lycium barbarum L. fruits by deep eutectic solvents-
based ultrasound-assisted extraction,” Talanta, 2019.
[Online]. Available:
https://doi.org/10.1016/j.talanta.2019.05.012

[53]N. Zahed, R. Esmaeilzadeh Kenari, and R.
Farahmandfar, “Effect of different extraction methods on
antioxidant properties and encapsulation efficiency of
anthocyanin of pomegranate peel,” Food Sci. Nutr., vol.
11, no. 7, pp. 3780-3787, 2023. [Online]. Available:
https://doi.org/10.1002/fsn3.3362

[54]0. R. Alara, N. H. Abdurahman, and O. A. Olalere,
“Ethanolic extraction of flavonoids, phenolics and
antioxidants from Vernonia amygdalina leaf using two-
level factorial design,” J. King Saud Univ. Sci., vol. 32,
no. 1, pp. 7-16, 2020. [Online]. Auvailable:
https://doi.org/10.1016/j.jksus.2017.08.001

[55]K. Pacyga, D. Ronga, and I. Michalak, “Plant extracts—
Importance in sustainable agriculture,” Ital. J. Agron.,
vol. 16, 2021, doi: 10.4081/ija.2021.1851.

[56] M. Focker and H. J. van der Fels-Klerx, “Economics
applied to food safety,” Curr. Opin. Food Sci., vol. 36,
pp. 18-23, 2020. [Online]. Available:
https://doi.org/10.1016/j.cofs.2020.10.018

[57] PathSpot Technologies, “Economic impact of foodborne
illnesses in the food industry and how to prevent them,”
2024. [Online]. Available: https://www.pathspot.com.

https://doi.org/10.20428/jst.v30i1.2597

K. N. Q. Salem, et. al
Volume 30, Issue (6), 2025

Journal of Science
and Technology

12


https://doi.org/10.20428/jst.v30i1.2597
https://doi.org/10.20428/jst.v30i1.2597
https://www.researchgate.net/publication/296701173
https://doi.org/10.1016/j.talanta.2019.05.012
https://doi.org/10.1002/fsn3.3362
https://doi.org/10.1016/j.jksus.2017.08.001
https://doi.org/10.1016/j.cofs.2020.10.018
https://www.pathspot.com/

-K. A. Al-Masouri
“Volume 30, Issue (6), 2025

Studying and Identifying the Challenges of

Implementing Artificial Intelligence Systems in Yemen

Based on Content Analysis and Fuzzy Cognitive Mapping

K. A. Al-Masouri

Received: 29/03/2025
Revised: 28/04/2025
Accepted: 29/04/2025

© 2025 University of Science and Technology, Aden, Yemen. This article can
be distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

Al 3ale) (Soan el (e (it 35 ralt ¢ L gt 91ty aglatl aaels 2025 ©
Alzmatly Catgelly Mg (o pd ol ¥ £ Liall Jusido vy uns 3 gliel! Salelt

College of Computer and Information Technology, Saba University, Republic of Yemen
*Corresponding Author’s Email: khalidahmed2009@gmail.com

Journal of Science .

13 https://journals.ust.edu/index.php/JST
and Technology



https://journals.ust.edu/index.php/JST
mailto:khalidahmed2009@gmail.com

K. A. Al-Masouri
Volume 30, Issue (6), 2025

Studying and ldentifying the Challenges of Implementing Acrtificial
Intelligence Systems in Yemen Based on Content Analysis and Fuzzy
Cognitive Mapping

Khaled Ahmed Al-Masouri
College of Computer and Information Technology,
Saba University,
Republic of Yemen,
khalidahmed2009@gmail.com

Abstract— Today, due to the expansion of knowledge and
the increasing complexity of decision-making, the use of
information systems, especially artificial intelligence (Al),
has become increasingly important. Advanced and emerging
technologies have undoubtedly played an undeniable role in
the growing development of technological advancements
across all industries. Most countries that have succeeded in
achieving superior technologies have been able to transform
ideas and knowledge into practical, high-selling products by
adopting appropriate Al-related policies and strategies.
Therefore, in this article, we address the significant
challenges facing Al development in the Republic of Yemen.
After identifying the challenges using content analysis and
interview tools, we prioritized these challenges and the
intensity of the relationship between them using fuzzy
knowledge mapping. The statistical population for this study
was selected from experts and specialists in the field of
information and communications technology, particularly
those specializing in artificial intelligence. In this study, 36
central challenges to Al development in the country were
first identified based on existing strategic documents and
content analysis. Then, based on four primary impact
matrices—the fuzzy impact matrix, the impact strength
matrix, and the final impact matrix—and using FCMapper
and Pajek, fuzzy knowledge maps were drawn. The research
results show that the five main challenges facing Al
development in the country include unwillingness to invest
economically in Al, lack of mechanisms for Al market
growth and development, lack of necessary Al laws and
regulations, lack of specialists and experts in Al-related
fields, and lack of data exchange platforms.

Keywords— Artificial intelligence, challenges, Yemen,
content analysis, fuzzy cognitive maps, information and
communications technology.
the challenges facing Al development (Rao & Verweij,
2017).

Yemen, like other countries, should strive to develop an Al
development program. Therefore, it is necessary to prioritize
Al development challenges. In this regard, this research aims
to answer the fundamental question, taking into account the
specific characteristics of our country: What are the main
challenges in Al development in the Republic of Yemen?
Challenges that, if appropriate measures are not taken to
address them, Al development will not be achieved.

https://doi.org/10.20428/jst.v30i6.2908

Therefore, in the next article, while listing the challenges
facing Al development in the country, we will also develop a
system for linking and prioritizing these challenges. In fact,
in this research, we sought to organize these challenges. The
36 challenges were extracted from expert opinions without
discovering the relationships between them. Therefore, in this
step, we sought to identify the connections between these
challenges using fuzzy cognitive maps. By organizing the
extracted factors, the fuzzy cognitive maps, on the one hand,
sorted these factors and, on the other hand, identified the
relationships between the challenges. In fact, this process
relies on four primary impact matrices: a fuzzy impact matrix,
an impact strength matrix, and a final impact matrix.
Identifying the connections between challenges helps
policymakers and decision-makers understand which other
challenges might change if one challenge is resolved and
whether this change and the changes occurring in the other
challenges are related to the other challenges. Is this
beneficial to the system?. Fuzzy cognitive mapping helps us
determine the intensity of these relationships and the impacts
and implications of these challenges on each other.
Therefore, the purpose of the current study is to prioritize Al
development challenges to help IT and Al leaders and
managers, based on variables such as financial and human
resource constraints, business, time, etc., address the
challenges that will be of greater importance and wider
impact, as multiple constraints do not allow for solving all
challenges at once. The next section reviews the relevant
literature. The research methodology is then presented. Data
analysis and research findings are then examined in detail.
The final section provides discussion, conclusions, and future
recommendations.

Journal of Science
and Technology

14


mailto:khalidahmed2009@gmail.com

15

K. A. Al-Masouri
Volume 30, Issue (6), 2025

A8 gdima A J...C\U Gld gdian @)i e 2l ) aay s giall
Aglgll Al dbgdiany Al 58 ddhiany (aluall il
A e ki) A Gy Pajek s FCMapper (siss n pladiul
a5 ) A )l Awadl) clbaadl) o Gia) il Helay Al
DY) b A ) are sdedi U b elihaa¥) olSHI ok
™ )_._\}Lﬁ} 5ad Q\,}ﬂ uas-u ‘Lfct\km\]\ £ 1S4 @ 953\..4'.@‘}1\

) Jals Gl Gali g ¢ oo lilua)

Silai Gl clbaaill ¢ elilaay) oIS cAsalifall cilalst)
gl A el Tail Al (s il

Journal of Science

and Technology

gaidlall

Ja 53 (e 48 gite CHLE (3385 A Conad ) J 5l b i
el M e el Alle 5 Alee Cilatia ) A jeally lSEY)
Jsbin el celihia¥) olSAL (gl daulio Cladl jiul 5 Gl
‘_g gc\_\bm\ﬂ <Al Jg# 4;\_53 g_ﬂ\ B):uﬁ\ Q\_JA;.\S\ el sda ‘?A
<l 53l 5 (5 simall Jalas alasialy cbaall 3aas dey 5 Agiadl) 4y ) sanl)
) alaiinly Ly A80all 5o 5 colaaill o2 iy ol Lias (ALl
03] Slanl adinall HLis) &5 85 Agluall 4 el Ll Al
Glogleall L iS5 Jlas (3 Caadially ¢l il e Ayl
D.AA ‘55} G{:L&Lm‘)“ 9\5.\“ ‘59 ur)md\ Ml;} chL\aSY\J
st 8 ga sl doail i) N e 23 pe Y

https://journals.ust.edu/index.php/JST



https://journals.ust.edu/index.php/JST

|. INTRODUCTION

Artificial intelligence (Al) is one of the key technologies
that has significantly contributed to administrative processes
and solved many societal problems. It has become a focus of
interest for many societies. Over time, the use and
exploitation of Al technologies in factories, healthcare,
banking, and security, as well as e-commerce, media, and
mobile application platforms, has witnessed significant
growth. Despite these developments, along with the
technological advancements and solutions Al generates, more
variables are emerging regarding how things are done and
whether existing resources are sufficient to meet people's
changing needs. Therefore, in addition to the unresolved
issues, the challenges appear unsolvable, and experts are not
sufficiently skilled to master their systems(Zhang et al, 2021).
Today, various economic, political, legal, social, security,
and commercial sectors have demonstrated pioneering
applications, and these will be integrated into human life in
the not-too-distant future. Life would be difficult without Al.
Overall, given its ability to process data and transform it into
information, defined as goal-oriented behavior, and keeping
pace with the rapid development of technology and the
dissolution of organizations, human-centered companies will
transform organizations and companies and enable their
innovation management (Parida & Gassmann, 2021). This
transformation is due to the multidisciplinary nature of Al,
which has led to the emergence of diverse fields and
activities. Al is a field of study, development, and innovation
derived from diverse disciplines such as computing,
mechanical engineering, and other industries that utilize
characteristics of human intelligence such as mental abilities,
learning, adaptability, acceptance, and decision-making
(Chen, Chen, & Lin, 2020). At the policymaking level as
well, decision-makers still need to understand the
perspectives and expectations of societies and companies
regarding Al from a future perspective so they can make
decisions and formulate appropriate policies accordingly.
This is because technology-related decisions impact the lives
of millions of people and competition, and millions of
companies will face long-term consequences (Lauterbach,
2019).
Yemen, like other countries, should strive to develop an Al
development program. Therefore, it is necessary to prioritize
Al development challenges. In this regard, this research aims
to answer the fundamental question, taking into account the
specific characteristics of our country: What are the main
challenges in Al development in the Republic of Yemen?
Challenges that, if appropriate measures are not taken to
address them, Al development will not be achieved.
Therefore, in the next article, while listing the challenges
facing Al development in the country, we will also develop
a system for linking and prioritizing these challenges. In fact,
in this research, we sought to organize these challenges. The
36 challenges were extracted from expert opinions without
discovering the relationships between them. Therefore, in
this step, we sought to identify the connections between these
challenges using fuzzy cognitive maps. By organizing the
extracted factors, the fuzzy cognitive maps, on the one hand,
sorted these factors and, on the other hand, identified the
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relationships between the challenges. In fact, this process
relies on four primary impact matrices: a fuzzy impact
matrix, an impact strength matrix, and a final impact matrix.
Identifying the connections between challenges helps
policymakers and decision-makers understand which other
challenges might change if one challenge is resolved, and
whether this change and the changes occurring in the other
challenges are related to the other challenges. Is this
beneficial to the system?. Fuzzy cognitive mapping helps us
determine the intensity of these relationships and the impacts
and implications of these challenges on each other.
Therefore, the purpose of the current study is to prioritize Al
development challenges to help IT and Al leaders and
managers, based on variables such as financial and human
resource constraints, business, time, etc., address the
challenges that will be of greater importance and wider
impact, as multiple constraints do not allow for solving all
challenges at once. The next section reviews the relevant
literature. The research methodology is then presented. Data
analysis and research findings are then examined in detail.
The final section provides discussion, conclusions, and
future recommendations.

Il. THEORETICAL FOUNDATIONS

Artificial intelligence (Al) is the key to achieving dramatic
transformations in applications and operations in most
organizations. Today, leveraging Al is considered one of
the core activities of organizations. Al, as an academic
discipline, was introduced and formally announced by John
McCarthy (2006) at the Dartmouth Conference in 1956 and
has since attracted the attention of many organizations.
Artificial intelligence is a branch of computing or
computational science that includes expert systems,
algorithms, and slow computer programs. The true goal of
Al is to mimic the human mind and make decisions like
humans(Tolan et al. 2021).

Some thinkers believe that artificial intelligence (Al) is
poised to disrupt the world. They argue that Al and
intelligent machines capable of performing high-level
mental processes such as reasoning, perception, learning,
problem-solving, and decision-making, with advances in
data collection, analysis, and computer processing power,
have created opportunities to surpass human intelligence
and enrich the way people live and work (Aayog, 2018).
Such changes and developments brought about by the
advancement of Al will naturally and inevitably create
challenges, and if left unaddressed, they will inevitably lead
to: If managed, corpses become an opportunity, but if left
unchecked, they become a threat. Some of the challenges
fall under the category of cultural challenges: ethical,
psychological, social, and related to public trust. They arise
when Al designers and engineers fail to consider human and
social values in order to achieve their own goal of
responsible Al products and services. A number of
challenges arise when Al's relationship with legal issues,
human rights, and regulations related to contracts, labor
law, criminal law, etc. is neglected (Prec, Ozer, & Hojnik,
2019).
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I11. RESEARCH BACKGROUND
Al research has made significant contributions both
domestically and internationally. Among the important
research with a long history, we can look back at some of the
outstanding studies.
Boden (1998) presented a paper titled "Creativity and
Artificial Intelligence." In this paper, he considers creativity
to be a fundamental characteristic of human intelligence and
believes that creativity poses a challenge to Al. The
researcher argues that Al techniques can be used to generate
new ideas in three ways: by creating clusters of similar ideas,
exploring possible conceptual spaces, and creating changes
and transformations that make previously impossible ideas
possible (Boden, 1998).
In another study, Zhang et al. (2021) examined ethics and
governance in Al. Researchers in the field of machine
learning and artificial intelligence have worked on the ethics
and governance of Al in situations such as job creation, job
support, and job selection.
Tolan et al. (2021) studied the impact of Al on employment
in society. By designing a framework for analyzing the
impact of Al on employment, they categorized Al-related
jobs, thereby improving people's awareness and perspectives
on entering the labor market.
In a separate study, Miller (2018) focused on the social
sciences to explain Al and believes that Al can be explained
based on such studies and research on the subject of
philosophy, mental sciences/psychology, and psychology.
In another noteworthy study, Cath (2018) examined Al
governance frameworks across ethical, technical, and legal
dimensions, and the challenges and opportunities related to
these three dimensions. In his view, the wide-ranging
impacts of Al on banking, social welfare, and human rights
point to the proliferation of Al, or, in other words, the
governance of Al, which must be considered to evaluate its
fairness and transparency (Cath, 2018).
In another study (Saghiri et al., 2022), researchers focused on
overcoming the challenges of Al. They argue that many
sciences are organized based on observations of human
intelligence, and therefore, numerous challenges arise in
developing these sciences at the heart of Al-based systems.
Some of the most significant challenges include the existence
of systems for identifying problems, data integrity and
imprecision, robustness, reliability, confidentiality, and
controllability (Saghiri et al., 2022).
In another study focusing on the challenges of using Al in the
education and higher education sectors, researchers
addressed the challenge and divided the important issues in
this field into three main sections: challenges related to
research in education, challenges related to policy, and
challenges and opportunities related to the relationship
between educational institutions, universities, and industry
(Luan et al., 2020). The challenges discussed in detail in the
literature are those arising from the future of artificial
intelligence. In other words, according to some researchers,
if the production and application of Al in various fields
grows unchecked, posing serious threats to medicine,
transportation, and even weapons systems, it will create an
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which is
risks

overreliance on technology-based services,
extremely costly and significantly increases
(Pietikéinen & Silvén, 2021).

Responsible Artificial Intelligence: Requirements and
Challenges is another study that addresses the risks and
challenges facing responsible Al. It also addresses the social
challenges of Al. The social risks of Al mentioned in this
study include: decreased job opportunities, increased
decision-making errors, negative behavioral changes in
society, threats to military regimes, democracy, and
economic challenges (Ghallab, 2019). Another study
specifically on Al examines the status of Al use in
cybersecurity in the United States. This study aims to assess
the current challenges posed by the rise of Al to
cybersecurity. This study considers various dimensions of
security, validity, reliability, data, system reliability, and
analytics, and addresses the relationship between Al and
cyberspace (Soni, 2020). Foreign research in the field of Al
can be seen in Table 1.
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Table 1. Research in the field of artificial intelligence

Results Subject Reference Number
Providing a collective vision for Al experts to highlight significant opportunities Artificial Intelligence: A Disciplinary & Dwivedi 1
and realistically assess the impacts, challenges, and emerging research topics in Perspective on Challenges, Williams, 2019
the field of Al. Opportunities, Research, Application,
and Policy Issues
Demonstrate the important role of Al in productive employment. Examining Ethics and Governance in ,Zhang, et.al 2
Al 2021
.Categorize Al-related jobs Impacts of Al on Employment in 3
Society
Create explainable Al based on philosophy, psycholinguistics, and social Artificial Intelligence with a Social 4
psychology. Science Focus
How and how to guide Al development in the ethical, legal, and technical aspects Al Governance: Ethical, Legal, and 5
of Al governance. Technical Challenges and
Opportunities
The necessity of using Al in digital pathology, leveraging opportunities, and Al and Digital Pathology: Challenges 6
overcoming challenges. and Opportunities
Categorize Al systems that are being used in health, and develop a global map of Challenges and Opportunities of Al in 7
Al startups. Health and Hygiene
The Role of Artificial Intelligence Technologies in Creating New Rules Creativity and Artificial Intelligence Boden, 1998 8
Important challenges facing Al include problem recognition, data integrity, What are the problems of artificial ,Saghiri, et.al 9
invalidity, reliability and trust, confidentiality, controllability and predictability, intelligence? 2022
etc.
Among the most important challenges facing Al in the education sector are Talks about the use of artificial ,Luan, et.al 10
challenges related to educational research, challenges related to policymaking, intelligence in the education sector 2020
and challenges related to the relationship between educational institutions and
universities with industry.
Over-reliance on technology-based services is very costly and entails significant Threats posed by the unbridled growth  ,Pietikdinen 11
risks. of artificial intelligence Silvén. 2021
Decreased employment opportunities, increased decision-making errors, negative  Responsible Al: Requirements and Ghallab, 2019 12
societal behavioral changes, threats to military regimes, democracy, and economic  Challenges
challenges.
The various dimensions of security, data integrity and validity, system reliability, The use of artificial intelligence in Soni, 2020 13

and potential solutions for the relationship between Al and cyberspace.

cybersecurity in the United States
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IVV. Research Methodology
The current study is an applied descriptive study that uses
content analysis to analyze Al development challenges and
fuzzy cognitive mapping to prioritize Al development
challenges. Figure 1 illustrates the research process.

Content Analysis

In addition to fieldwork, objective and experimental
observation, long-term observations, library studies, and
participation in meetings and group discussions, a semi-
structured approach was used to collect information.
Therefore, the central method of collecting information in this
article is content analysis, which will be briefly explained
below. The process of content analysis begins when the
researcher seeks to identify patterns of meaning and themes
in the data. This can be done through summarization. Data
retrieval is then completed. The final stage of this process is
to report on the content and meaning of the patterns and
themes present in the data. Analysis is also a process that
develops over time (Luan, et al., 2020). Data analysis using
thematic analysis relies on the coding process. A theme or
concept expresses the concept of a pattern present in the data
and related to the research questions. This method is a textual
data analysis process that transforms scattered and diverse
data into rich and detailed data. The content grid organizes
the following content based on specific procedures through
four stages: "exposing the text," "capturing and understanding
seemingly irrelevant information,” "analyzing qualitative
information," and finally "systematically observing a person,
interaction, group, situation, organization, or culture™: 1. Core
themes (the codes and key points in the text), 2. Structured
content (articles) obtained by combining and summarizing
core themes, and 3. Overarching themes (higher-order themes
that comprise the governing principles of the text as a whole)
(Prec, Ozer & Hojnik, 2019).

In the first step of data analysis, interview outputs were
analyzed using categorical content analysis, and the
complications and harms caused by the development of
artificial intelligence were identified. These complexities, in
effect, constitute the input to the second step of analysis using
fuzzy cognitive maps.

Fuzzy cognitive maps

Cognitive maps based on graph theory, by Axelrod (1994),
were coined the title "A Structure for Evaluating Complex
Social Relationships." Cognitive mapping is a technique
used to model complex systems and identify causal
relationships between them. Therefore, it has been applied in
various technical and social sciences.

Recognizing that cognitive maps, including expert
perspectives, relate to subjective, not real, reality.
Obijectively, and taking into account the quantitative ability
of fuzzy logic, Kandasamy (1986) introduced weighted
cognitive maps. Fuzzy cognitive maps are fuzzy graphical
structures for representing causal relationships, representing
the degree of ambiguity of the causal relationships between
concepts with a number in the range [1, -1]. Fuzzy values, in
addition to expressing the intensity of the relationship
between variables, also indicate the direction of the
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relationship. For cognitive map analysis, we can count the
number of variables and the number of correlations, but
graph theory provides more indicators in addition to the
number of variables (concepts and phrases) and correlations
(relations and links) (Ozesmi, 2018). The type of variables in
a map is important because it shows how variables behave in
relation to other variables. The presence of diverse variables
in a cognitive map also makes understanding its structure
easier. There are three types of variables: sender variables,
receiver variables, and centrality variables. These variables
are determined by their output and input scores. The output
rank is the absolute value of the row sum of the variable
values in the adjacency matrix and indicates the ability of the
associative relationships extracted from the variable. The
input rank of the column sum is the absolute value of the
variables and indicates the ability to assimilate the
relationships entered into the variable. The centrality (total
influence) of a variable is the algebraic sum of its input score
(hydro arrow) and its output score (output arrows).

https://journals.ust.edu/index.php/JST


https://journals.ust.edu/index.php/JST

Personal interviews with
experts in the field of artificial
intelligence to learn about the

challenges of applying
artificial intelligence.

Review the historical and
research background of the
topic.

K. A. Al-Masouri -
Volume 30, Issue (6), 2025 :

Identifying the main
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key challenges (IM matrix)
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challenges through the FZM Bl coefficients to key challenges
matrix

Assigning correlation

via the SRM matrix

Extracting the final matrix

Graphic design
FM FCM

Factor analysis via fuzzy

cognitive mapping

Figure 1. Research Implementation Process

Centrality refers to the contribution of each variable to the
cognitive map and indicates how the variable relates to other
variables and the strength of these relationships (Eden,
1992).

Research by Rodriguez-Repiso (2007) shows that the FCM
method, a combination of the Analytical Hierarchy Process
and the Critical Success Chain, works better. One of the most
important advantages of spatial cognitive maps is the clear
temporal variability. It is possible that the researcher does not
have a solid understanding and knowledge of the problem,
but with increasing experience and knowledge, new concepts
can be easily added, eliminating the need to explain and
analyze the problem from the beginning. This method can
provide a highly strategic view of concepts and greatly assist
the analyst in providing comprehensive and in-depth
analyses. From an applied perspective, FCM can also provide
managers with the ability to change strategies and monitor
results. Fuzzy cognitive mapping and scenario design
simulations and analysis help experts and decision makers
identify different paths toward goals, key factors in achieving
goals, and the feasibility of achieving goals based on experts'
beliefs (Asadi et al., 2019).

It is worth noting that the statistical research community
includes a number of academics, researchers, and experts
relevant to the development of the ICT sector in the country.
For the sample, we selected individuals who, in our opinion,
have the most information on the topic compared to other

[ ]
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authors. The reason for selecting these individuals was their
experience and level of knowledge.

I. Data Analysis and Research Results
Text Coding and Extracting Key Themes
At this stage, to identify the most important challenges in Al
development, 32 interviews were conducted with university
academics, knowledge-based companies, experts from
executive agencies, and policymakers, based on Table (2).
Considering that this part of the research uses a qualitative
approach, the 32 experts selected through cumulative
sampling constitute an acceptable number, and the researcher
achieved data sufficiency with this number of experts. In
other words, unlike other methods, probability sampling,
which aims to generalize the results of a representative
sample of the population to the entire population under study,
is not considered a goal in qualitative research. The criterion
for describing or explaining a phenomenon is its most
detailed form. Therefore, a criterion was introduced to
achieve the maximum amount of information about the
phenomenon. This criterion in this field of qualitative
research is called saturation. Data saturation or theoretical
saturation is one of the methods used in research. Qualitative
criteria for determining sufficiency were used in the sample.
It should be noted that the characteristic is that the number of
members of the theoretical category or stratum has reached
saturation. This situation allows for more data that can be
expanded, modified, amplified, or added to existing theory.
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Therefore, after a careful study of the texts, and in order to
ensure that the challenges are realistic and useful, and that
the models are actually practical, taking into account the
harmful effects of the current situation, the challenges
identified through interviews, literature, and documentary

Among the experts, we selected three faculty members
specializing in artificial intelligence, two CEOs of Al
companies, a planning and budgeting expert, an IT expert,
and three Al consultants working in FCM.

Collecting, summarizing, and classifying the coded texts and
arriving at final factors

K. A. Al-Masouri
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Table 2. Demographic characteristics of the research sample

studies were examined, and through their analysis and
synthesis, 86 main themes were identified. After extraction,
36 themes were finally selected. Table 3, for example, shows
the extraction of some key themes.

Number verage Work | ob Position
Experience

8 9 University faculty member specializing in artificial
intelligence

9 6 CEO of knowledge and innovation companies
developing artificial intelligence services

1 16 Expert in the Planning and Budgeting Authority

1 8 Expert in the Office of the Vice President for Science

and Technology

13 19 IT experts in the executive branch

Table 3. Classification of Al Development Challenges

At this stage of the content analysis process, initial themes
were extracted from the interviews and transcripts, ultimately
arriving at 36 final themes. The results are shown in Table 4.

challenge title general  name  of | code
challenge

Lack of trust in artificial intelligence Acceptance C1
Artificial Intelligence

Low public awareness and ambiguity about the concept of artificial c2

intelligence and misconceptions about it

Low level of knowledge (awareness) among managers in the field of 3C

artificial intelligence

Lack of a comprehensive plan for Al development C4

Perception of Al activities as time-consuming and costly C5

A lack of urgency in solving problems through scientific methods and

resistance from large private and public companies to the use of artificial C6

intelligence

Lack of scientific centers responsible for developing artificial | Research and | C7

intelligence Development

Research-centric approach at universities rather than focusing on |in Artificial | C8

problem-solving in the field of artificial intelligence Intelligence

The uniqueness of Al for each project (meaning that after learning in one

field, such as health or transportation, Al cannot be used in another field, c9

and a new learning algorithm must be developed for each project).

Lack of international collaboration between Yemeni researchers and C10

specialists

Weak university-industry relations in the field of Al and the absence of C11

interaction mechanisms

Lack of appropriate infrastructure and equipment for modeling, testing, C12

and experimentation
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the Al market

Lack of the necessary mechanisms for the growth and development of | Marketing, commercial | C13

and economic interest

The country's unfavorable position regarding the establishment and | in artificial intelligence

maintenance of Al companies and jobs Cl4
Unwillingness to invest economically in the field of Al C15
Limited private sector access to powerful servers for processing big data Cl6
Difficulty accessing non-native software C17
Lack of bandwidth commensurate with Al activities C18
Size and space limitations for storing Al-related data and information C19
Poor data quality required for Al systems C20
Lack of proper knowledge of existing data and the presence of dark C22
(unknown) data
High costs of data classification C22
Lack of platforms for data sharing C23
Lack of basic tools for Arabic language processing for Al activities C24
Insufficient knowledge about Al capabilities Educational and | C25

Research Interest in

Difficulty teaching Al to people

Artificial Intelligence | C26
Educational and

Weakness in Al specializations and graduates

Research Interest in | C27
Artificial Intelligence

and benefits of Al.

Lack of specialists and experts in Al-related fields C28
Lack of specialized Al research centers C29
Lack of necessary laws and regulations in the field of Al Laws and Ethics | C30
Related to Artificial

Ethical challenges in Al Intelligence C31
Difficulty and confusion in integrating existing systems with Al C32
systems

Negative consequences of using Al (such as bias, unemployment, etc.) C33
Lack of standards for accrediting Al-related activities in relevant C34
institutions.

The multiplicity and abundance of laws and IT policymakers in the C35
country.

Lack of sufficient knowledge among legislators about the capabilities C36

Analyzing Cognitive Maps to Identify Al Development
Challenges

To create a fuzzy cognitive map of Al development
challenges, the first step is to compile a preliminary matrix.
Therefore, the first step of the Al development challenge
questionnaire was presented to 10 experts in the fields of Al,
ICT, and industrial management. They were asked to rate the
importance of each component on a five-point Likert scale,
with categories of very high (VH), high (H), medium (M),

https://doi.org/10.20428/jst.v30i6.2908

low (L), and very low (VL). By collecting the experts'
opinions, the preliminary matrix was created.

Fuzzy Matrix Calculations

Triangular fuzzy numbers are used to transform qualitative
variables into quantitative variables. The mechanism for this
transformation can be seen in Table 5.
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Table 4. Triangular fuzzy numbers, five-point Likert scal

fuzzy number triangular fuzzy value abbreviation verbal
symbol variable
(0,0,0.25) 1 VL Too little
(0,0.25,0.5) 2 L Little
(0.75,0.5,0.25) 3 Average
(1,0.75,0.5) 4 H Alot
(1,1,0.75) 5 VH Too much

There are various methods for converting a fuzzy number
into a specific number, including the center of gravity
method, the surface center method, the maximum value
Relationshipl

L _L+M+U_ , L+2M+U , L+4M+U
X == Xim = ) Xy = c

; — — 1 2 3
Crisp number = 7 * = Max(Xmax Xmaxr Xmax)

After converting the qualitative variables to fuzzy triangular
numbers and converting the fuzzy triangular numbers to
specific numbers, a fuzzy matrix is created. Given these
relationships, the remaining elements take values between
zero and 1. In this step, there must be an upper and lower
bound. In this research, according to expert opinion, 5
represents the upper bound and 2 represents the lower bound.
In Table 6, the fuzzy matrix summarizes the challenges of Al

development:

Power Relationship Matrix Calculations

The power relationship matrix, or SRM, is a square matrix
containing the same number of rows and columns as the
number of Al development challenges. In this study, the row
and column headings in the power relationship matrix
represent the Al development challenges. In this section, the
relationship between these components is studied as a binary
relationship. Each element in this matrix represents the
magnitude of the impact of challenge i on challenge j in the
same matrix. This element can take values between 1 and -1.
Each element of this matrix can take three values: positive,
zero, or negative. If this value is positive, it indicates a direct
connection between challenges i and j. If the value is
negative, this indicates an inverse or negative connection
between challenges i and j. If its value is zero, nothing
happens between challenges i and j.

Forming the Final Matrix

When completing the SRM matrix, there may be some
misleading data. This means that all the factors whose
relationships were previously identified in the matrix may
have illusory or incorrect relationships. In this situation, an
expert in information analysis must be consulted to convert
the SRM matrix to an FM matrix. In this situation, the FM
matrix only displays numerically ambiguous elements, and
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method, the summation center method, and the weighted
average center method. In this study, the center of gravity
method was used with the help of Equation 1.
this matrix displays the causal relationship between the
factors.
In this section, we consulted experts who have worked in
the field of information technology and are also familiar
with artificial intelligence topics. To identify the
relationships between components, a cross-sectional table
with the main column and row was provided to the experts
as challenges for Al development. The experts were asked to
select the relationship between the components from three
scenarios: direct (positive), inverse (negative), and no
relationship (zero). To ensure the identification of the type of
relationship between the components, multiple experts in the
field were consulted. An odd number of experts were
selected and the relationship type was determined using the
majority rule.

Graphic Representation of the Fuzzy Cognitive Map

In this stage, the graphical representation of the fuzzy mind
map will be displayed to illustrate the challenges facing Al
development. Figure 2 shows a fuzzy mind map of the
challenges facing Al development. The final matrix of Al
development challenges, after calculation and completion,
becomes an input to the FCMapper program. After
performing the calculations in the first stage, this program
determines the values of the indicators for analyzing
connections, the most important of which are: network
density or density indicators, out degree, in degree, and
centrality, which will be discussed in the next section. The
second output of the FCMapper program is a file for drawing
the connection network between components and factors as
a network file. This file can be used as input for a network
mapping program. In this research, the PEJK2 program was
used to draw a map. In this map, each arrow between
components i and j indicates the relationship between those
two components. The degree and intensity of the relationship
between two components is indicated by a number on the
arrow. In the case of mutual communication between
components, double-headed arrows are used.

Analysis of Fuzzy Cognitive Mapping Indicators

https://journals.ust.edu/index.php/JST
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As shown in Table 6, the network density index is
approximately 16 percent, indicating the ratio of the number
of existing connections to the total possible connections. The
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number of map factors corresponding to the challenges of Al
development in the current study was 36, and the number of
regular connections was 213.

Table 5. Fuzzy Cognitive Mapping Indicators

density Total Total number of number number of number of numberof number
number number of disconnections of regular transmissions  receptions  of
of connections selfloops  connections ordinary
factors

0.16 36 213 0 0 213 3 2 31

Analyzing External, Internal, and Centrality Indicators
in Knowledge Maps

Three other main indicators are calculated by FCMapper:
externality, internality, and centrality. The internality
indicator indicates the total weight of the directional arrows
entering an element, node, or network. In effect, this
indicator demonstrates the influence of the element; the
higher the indicator, the greater the influence of the node in
the network. Table 7 illustrates the internal, external, and
centrality challenges facing Al development.

As the table shows, the most effective approach focuses on
the challenge of focusing university research on Al, which
was assigned a score of 11.86. According to Figure 2, a
knowledge map of the connections between the challenges,
the three challenges with the greatest impact after this
challenge were "Lack of proper knowledge of existing data
and the presence of dark (unknown) data,” "Unwillingness to
invest economically in Al" and "Low quality of data
required for Al systems,” each with an impact of
approximately 0.81. They have.

Following the main article challenge, the challenges of "lack
of mechanisms for the growth and development of the Al
market," "lack of platforms for data sharing,” and
"unwillingness to invest economically in AI" were
significantly impacted, with scores of 10.96, 11.03, and
11.81, respectively.

The second indicator examined is the externality or influence
index. As can be seen in Table 7, the highest degree of
external influence or impact belongs to "Unwillingness to
invest economically in Al," "Lack of necessary laws and
regulations in the field of Al," and "Lack of specialized Al
research centers," with scores of 11.68, 12.58, and 12.62.

https://doi.org/10.20428/jst.v30i6.2908

The last indicator examined in this study is the centrality
index. This index, which is derived from the sum of the
external and internal indicators, indicates the importance of
one component in its overall influence and impact on the
other components. A component with the highest degree of
centrality does not necessarily mean it has the highest degree
of internality or externality. In Table 7, the centrality of the
challenges facing Al development is arranged in descending
order.

As can be seen in Table 7, the challenges of "Unwillingness
to invest economically in Al" "Lack of necessary
mechanisms for the growth and development of the Al
market," and "Lack of necessary laws and regulations in the
field of Al" have the highest centrality scores, with scores of
18.05 and 20.60. 23.59.

The challenge of "unwillingness to invest economically in
Al," with a centrality of 23.59, has the highest overall impact.
The challenges that have the greatest impact on the challenge
of "unwillingness to invest economically in Al" are: "lack of
the necessary mechanisms for the growth and development
of the Al market," "lack of necessary laws and regulations in
the field of Al," "lack of specialized Al research centers," and
"low quality of data required for Al systems," with a weight
of 0.81. Therefore, developing Al in the country requires
focusing on the challenge of economic investment in Al as a
top priority. To focus on this challenge, attention must be
paid to the role and impact of four challenges: "Lack of
necessary mechanisms for the growth and development of
the Al market," "Lack of necessary laws and regulations in
the field of Al," "Lack of specialized Al research centers,"
and "Low quality of data required for Al systems".
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Table 7. Degree of externality, internality, and centrality of challenges

Challenge Inner uter Central Challenge Inner uter Central
Degree Degree Degree Degree Degree Degree

C15 10,96 12,62 23,59 Cl 78/7 1,51 9,29
C13 11,81 8,79 20/6 C2 5,51 3/16 8,67
C30 5,47 12,58 18/05 C31 6,2 2,36 8.56
C28 6/15 10.04 16,18 C25 3,06 5,34 8,39
C23 11,03 4,68 15,72 Cl1 5,48 1,53 7,01
Co 5,38 10.16 15,54 C24 5,34 1,56 6,9

C34 4,68 10/16 14,84 (OX] 0 5,47 5,47
C8 11,86 1,57 13,42 C17 3,09 2,32 5,41
C29 1,56 11,68 13,24 Cl4 2,36 2,41 4,77
C21 8,7 2,35 11,05 Clé6 3,93 0,77 4,75
C20 6,26 4,78 11,04 C35 0 4,63 4,63
C26 4,67 6,12 10,79 C22 3,04 1,56 4,6

C19 7,11 3,26 10,37 C33 1,55 1,55 3,1

C4 0,79 9,29 10,08 C10 1,5 1,54 3,05
C27 3,84 6,21 10,05 C32 1,57 0,76 2,33
C7 2,3 7,73 10,03 C9 0,79 0 0,79
C18 3,96 5,56 9,51 Cs 0,76 0 0,76
C12 7,91 1,58 9,49 C36 0 0,75 0,75

Prioritizing challenges through fuzzy knowledge mapping
suggests that Al leaders and senior managers should first
work to increase investor motivation to invest in Al by
establishing knowledge-based companies, deploying Al
technologies in large factories, and using Al algorithms to
solve various problems in healthcare, transportation,
communications, and other areas. The lack of a mechanism
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necessary for the growth and development of the Al market
is another significant challenge, reflecting the inaccurate and
sometimes repetitive administrative procedures that hinder
Al development. In other words, given the novelty of Al
technology, the infrastructure is still lacking, and the
necessary conditions for its development in the local Yemeni
market are not yet fully in place.
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Figure 2. Research Knowledge Map
CONCLUSION

The lack of necessary laws and regulations in the field of
artificial intelligence is another challenge and the third
priority to be addressed. More specifically, legislative and
regulatory authorities should work to reform and amend the
legal implications of Al technology, reduce unnecessary
administrative and bureaucratic barriers, facilitate business,
increase tax exemptions and incentive subsidies, support Al
growth and innovation centers, support and develop
specialized laboratories for testing and experimenting with
Al products to enable faster entry into the mass market, and
assist in developing storage and processing infrastructure,
intellectual  property  protection  mechanisms, and
government procurement processes. This is the most
important step to mitigate the challenge of “investment
hesitation."”

e
I:nttps://doi.org/ 10.20428/jst.v30i6.2908

Important limitations of this limited research into the
challenges of Al development in the country include limited
access to experts. For future research, we suggest that for
each challenge, practical solutions, programs, and
procedures be provided to Al development managers and
officials to address these challenges. This issue is of great
importance because many organizations responsible for
emerging technologies, particularly Al, often face
administrative and inexperienced challenges in determining
appropriate procedures. To achieve this goal, a roadmap for
Al development must be developed and an efficient and
effective management system must be established to
implement this roadmap.
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Abstract

The aim of the present study is to examine the
effectiveness of designing a proposed adaptive
electronic testing system in assessing students'
cognitive ability and its role in increasing
university students’ academic achievement
through a comparison between the adaptive
electronic tests and the traditional electronic tests
in estimating cognitive ability using the maximum
likelihood method and the rule of completing the
test according to a standard score previously
determined. The participants of the study consisted
of 200 first-year students from five colleges at Adel
University for the academic year 2023/2024. The
findings of the study revealed that statistically
significant differences at the level of =0.05
between the average standard error for estimating
the ability between the adaptive test and the linear
test using the maximum likelihood method. It is
also observed that statistically significant
differences at the level of a. = 0.05 between the mean
scores of the experimental group, assessed using
the adaptive test, and the control group, assessed
using the linear test and in favor of the adaptive
test, the previous findings is strong evidence of the
effectiveness of adaptive test in improving students'
academic achievement. Based on the findings, the
study proposed some recommendations related to
the topic, emphasizing the importance of
integrating modern technology in assessment and
highlighting the role of adaptive electronic test in
advancing evaluation methods in higher education.
Keywords— Adaptive electronic testing, linear
electronic testing, assessment, cognitive ability,
academic achievement.
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Abstract— Hepatitis C is a liver infection prevalent in
developing countries, and early detection of this disease would
significantly reduce the mortality rate. Advances in artificial
intelligence have led to the development of medical diagnostics
systems. However, the decisions gotten from these systems are not
easily explainable to the end users. Data preprocessing, including
feature scaling and oversampling using Synthetic Minority
Oversampling Technique, was carried out on HCV data. Seven
classifiers—logistic regression, decision tree, random forest,
support vector machine, gradient boosting, K-nearest neighbor, and
multilayer perceptron (MLP)—were implemented. The models
were evaluated, and Shapley Additive Explanations (SHAP) values
were employed for model interpretability. MLP with standard
scaling has the best performance with an accuracy of 0.97 and a
sensitivity and specificity of 1.00. The features with the most
influence on the outcome are the albumin test, alkaline phosphatase,
alanine transaminase, and aspartate aminotransferase, while sex and
cholesterol had the least influence. A web-based diagnosis assistant
was deployed for early diagnosis.

Keywords— Hepatitis C, Artificial Intelligence, Explainable
Al, SHAP, Diagnosis Assistant.

I. INTRODUCTION

Hepatitis C is a prevalent liver infection caused by the
hepatitis C virus (HCV) and is likewise a major cause of liver
cancer and liver transplant. The virus can result in both acute
and chronic hepatitis, with symptoms ranging from a mild
infection to severe, lifelong contamination that includes
malignancy, cirrhosis, and damage to the liver. Most hepatitis
C infections result from exposure to infected blood through
unsafe practices [1]. Approximately 1.5 million cases of the
hepatitis C virus are diagnosed yearly, with about 58 million
people across the globe having a persistent infection. This
phenomenon is more prevalent in poorer developing nations,
especially in Africa and Asia [2]. Approximately 3.2 million
children and adolescents worldwide have chronic hepatitis C
infection, of which the mortality is estimated to be about
290,000 individuals for the year 2019 because of cirrhosis and
hepatocellular carcinoma (primary liver cancer) [1, 3].

Early discovery and diagnosis of the disease are essential
for effective and timely treatment, as this can result in a
reduction of morbidity and mortality rates worldwide.
Delayed treatment of the disease can result in other life-
threatening diseases such as cirrhosis, fibrosis, and many
other complications [4]. The medical diagnosis of liver
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diseases most often involves a laboratory blood test to
determine the levels of liver-related metabolites, more
commonly referred to as the liver function tests, and hepatitis
C antibody tests, which explain whether the patient is infected
with HCV [4, 5, 6]. Most of these tests are not as easy to
perform and thus negatively impact the early detection of the
disease. The use of available, reliable, and verifiable HCV
data for the diagnosis of the disease has therefore become a
viable option using artificial intelligence [6].

The healthcare industry has historically been a pioneer in
implementing new technologies such as the invention of new
medical procedures and the management of chronic diseases
[7]. Machine learning is now playing a significant part in
disease prognosis and treatment [8], medical imaging and
diagnostic services [9], the development of novel
pharmaceuticals [10], and the management of medical
records [11]. Recent research and advancements have led to
the development of medical diagnostic systems utilizing the
potential and decision-making ability of artificial intelligence
(Al) and machine learning (ML). The remarkable progress
experienced in diagnostics has been made possible by the
ability of Al-based systems to analyze, break down, and
comprehend information from complex data available [6, 12,
13].

As much as the performance of the model's predictions is
important, the explainability and interpretability of the
models are much more paramount to understanding how the
conclusions have been reached. This is even more essential
and expedient in data-driven healthcare Al assistants to give
the end-users, particularly health workers and physicians, the
necessary support to make informed decisions [14].
Understanding the basis for the diagnosis of a particular
health condition based on the various inputs or features
provided to the models is of great significance to reinforcing
and validating the decision of the physicians. SHAP (Shapley
Additive Explanations) is an efficient tool for explainable Al
both for global and local model interpretability which is based
on the game's theoretical Shapley values [15, 16, 17].

An analysis of the accuracy of existing ML methods and a
novel Al-based ensemble model on the prediction of hepatitis
C disease was the focus of the research [13]. It was observed
that the proposed ensemble method had the best accuracy of
95.6%, followed by the Quick, Unbiased, Efficient, Statistical
Tree and Bayesian network with accuracies of 94.6% and
94.5%, respectively. However, the study failed to consider the
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sensitivity and specificity of the models to understand the
kind of errors the models were making. In [18], Cascade RF-
LR implemented with oversampling utilizing the artificial bee
colony algorithm proposed to automatically detect the
probability of HCV in multiclass data. The proposed model
outperformed XGBoost, which was the second-best
performing model, with a difference of 0.02 in terms of
accuracy. A recent study employed k-means extreme machine
learning for chronic hepatitis diagnosis with an accuracy of
72.36% [19]. However, these studies did not take into
consideration the interpretability and explainability of the
systems.

A performance evaluation study of various ML models was
carried out on a dataset from the Jordan University Hospital
[4]. Sequential forward selection and oversampling were
applied, with the models including LR, KNN, DT, RF, and
neural network all achieving an accuracy of approximately
82.0%. Furthermore, the study presented a global model
interpretation by employing SHAP to show the feature
importance and impact on the models’ decisions.

The motivation for this project is the need for a diagnostic
system for HCV detection and its interpretability. The
objectives of this project are to collect HCV data, analyze and
preprocess the data, design and develop classification models
for the detection of hepatitis, and evaluate the models’
performances. In addition, the interpretation and explanation
of the models' outcomes will be presented using SHAP.
Furthermore, a web application for HCV diagnosis was
developed using React and FastAPI for the best-performing
classification model.

Il. MATERIALS AND METHODS
The following sections describe the dataset collected, analysis
and preprocessing steps, followed by the modelling steps for
the prediction and diagnosis of hepatitis.

Brief and succinct descriptions of the ML and
interpretability techniques are also provided. Data analysis,
model development and model interpretation were carried out
in Python [20], employing standard frameworks such as
Pandas [21], NumPy, Matplotlib [22] and Scikit-learn [23],
and SHAP [24] for global feature and local feature
importance.

A. Patients Information and Preprocessing
The UCI Machine Learning Repository, a reputable open-
access portal that offers benchmark datasets for machine
learning research, is where the dataset used in this study was
acquired [25, 26, 27]. Researchers specifically gathered the
Hepatitis C Virus (HCV) dataset for use in both academic and
clinical research. It consists of patient laboratory test results
gathered from healthcare facilities to aid in the diagnosis of
liver disease, including HCV and associated disorders.

The dataset has 14 attributes and 615 instances in total,
where two of the features are categorical data (category and
sex) and the remaining twelve features are numerical data.
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The Patient ID/No column was dropped as it contains a serial
number of patients and provides no information relevant to
the diagnosis of the patient’s condition. The remaining 11
numerical data comprise the age (in years) of the patients and
the results of laboratory liver function tests (LFTs) carried
out, which include the albumin test (ALB), alkaline
phosphatase (ALP), alanine transaminase (ALT), aspartate
aminotransferase (AST), bilirubin (BIL), cholinesterase
(CHE), cholesterol (CHOL), creatinine (CREA), gamma-
glutamy! transferase (GGT), and protein test (PROT). The
LFTs are blood tests used to measure different types of
enzymes, proteins, and other substances made by the liver [4,
28, 29]. The category feature is the dependent variable having
four (4) classes with the following labels: Hepatitis (Hep),
Cirrhosis (Cir), Fibrosis (Fib), Blood donor (BD), and
Suspect blood donor (SBD).

The dataset was refined to enable proper functioning of
the model the data would be used on with the following steps:
loading of the dataset, dropping of duplicates, dropping or
filling null values, encoding, etc. No duplicate data was
found, while there was a total of 26 missing data, which were
removed, resulting in a total of 589 instances remaining. This
choice was taken after determining that the missing values
were not concentrated in specific features, rendering
imputation unreliable without creating bias. The percentage
of missing data (~4.2%) was low enough that statistical power
would not be significantly impacted by deletion. In the
context of medical data, imputation could lead to distorted
values that may mislead the model, particularly for sensitive
biochemical markers.

The sex attributes were encoded as 1 and 0 for the male
and female genders, respectively. The descriptive statistical
analysis of the cleaned data is shown in Table 1, while the
distributions of the features are presented in Figure 1. The age
of the patient population ranged from 23 to 77 years, with a
mean of 47 years and a spread of years. There are quite a
handful of outliers in various features such as ALB, ALP,
ALT, AST, BIL, CREA, and GGT, but a choice to keep these
records is made as we are dealing with medical data.

Feature engineering is a significant task in optimizing the
correctness of a predictive algorithm on a dataset by
transforming the feature space. The extraction of features is a
very significant step in ML classification for selecting the best
features or attributes with the best predictive power, which
can be determined using the Pearson correlation coefficient
(PCC) [30, 31]. The PCC is a measure of the degree of
relationship between two features, X and Y, with values
ranging between -1 and +1, and has been calculated as shown
in Figure 2 using Equation 1 [32].

_ E[(X — pux)(Y — py)]
Pxy = Gy Oy

M
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Table 1. Descriptive Statistics of the Pre-processed Numerical

Age ALB ALP ALT AST BIL CHE CHOL CREA GGT PROT
Mean 47.42 41.62 68.12 26.58 33.77 11.02 8.20 5.39 81.67 38.20 71.89
Std 9.93 5.76 25.92 20.86 32.87 17.41 2.19 1.13 50.70 54.30 5.35
Min 23 14.90 11.30 0.90 10.60 0.80 1.42 1.43 8.00 4.50 44.80
25% 39 38.80 52.50 16.40 21.50 5.20 6.93 4.62 68.00 15.60 69.30
50% 47 41.90 66.20 22.70 25.70 7.10 8.26 5.31 77.00 22.80 72.10
5% 54 45.10 79.90 31.90 31.70 11.00 9.57 6.08 89.00 37.60 75.20
Max 77 82.20 416.60 32530 324.00 209.00 16.41 9.67 1079.10 650.90  86.50
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Fig. 1. Frequency Histograms of HCV Dataset Features.
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Fig. 2. Bivariate Correlation of the Numerical Features

Where pX and p_Y are the means of X and Y respectively,
6 X and ¢ Y are the standard deviations of X and Y
respectively and E is the expectation.

Of the 12 variables or features, ALB was moderately
correlated with PROT (p=0.571) and weakly correlated with
CHE (p=0.361).

[ ]
" https://doi.org/10.20428/jst.v30i5.2825

No feature was removed from the dataset as there were no
highly correlated features, that is, features with correlation
coefficients ranging between 0.7<s p <<1.

Figure 3 shows an imbalanced distribution of the
categories with the blood donor amounting to 526 (89.3%)
instances. The eligible 589 patients' data were randomly split
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into a training set (N = 471) and a test set (M = 118). Due to
the highly imbalanced nature of the training set, oversampling
was done to bring the minority categories to the same amount
as the majority category (N_(Blood Donor) = 421), and this
procedure is referred to as data augmentation [6]. Synthetic
Minority Oversampling Technique (SMOTE) [33] was
subsequently adapted to the training set, thereby bringing the
total number of training samples to 2105 with all categories

having a total number of 421 instances. SMOTE was selected
because it effectively creates synthetic samples of the
minority class by interpolating between existing samples,
avoiding precise duplication and lowering the risk of
overfitting. In comparison to random oversampling, SMOTE
improves the model's generalization capabilities by
maintaining the structure of the feature space and balancing
the distribution of classes.

]

400

350

count

BD Cir Hep

Category

Suspect BD fib

count

BD Cir

Hep
Category

Suspect BD fib

Fig. 3. Distribution of Target Classes in Train
Set (a) before SMOTE (b) after SMOTE

The performance of many ML algorithms is improved by
scaling the numerical input variable to a standard range,
especially for models which utilize the weighted sum of the
input or distance measures. The data standardization scales
each input variable as stated in Equation 2. This shifts the
distribution to be centered around the mean with a standard
deviation of 1. The feature scaling (FS) was achieved using
the StandardScaler library available in scikit-learn.

X— U
= 2
z="—0 @
where z is the standardized value of the original value x, u

and o are the average and standard deviation of x
respectively.

B. Classification Models’ Development

ML algorithms are efficient tools for learning patterns from
data and predicting future outcomes. There are several
applications of ML and Al including classification, regression,
clustering and anomaly detection. Classification is a
supervised learning method for the prediction of the target
label of unseen data from previous data; the target labels can
be either binary or multiclass [34, 35].

Seven ML and ANN classification methods were used to
build models to classify and predict the HCV status of the
patient in this paper. The models employed are the
multivariable logistic regression (LR) [36], decision tree
classifier (DT) [37], random forest classifier (RF) [38, 39],
gradient boosting classifier (GB) [40], k-nearest neighbor
(KNN) [35], support vector machine classifier (SVC) [41] and
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multilayer perceptron (MLP) [42]. They were chosen to
represent a broad spectrum of learning paradigms, including:

e Linear models (logistic regression) for baseline

interpretability,

e Tree-based models (DT, RF, GB) for handling

nonlinear interactions and feature hierarchies,

e Distance-based learners (KNN) for intuitive

classification based on feature similarity,

e Margin-based classifiers (SVM) known for robust

generalization in high-dimensional spaces,

e Neural networks (MLP) for capturing complex non-

linear patterns.

This diverse selection enables
performance  comparison  and
interpretability and robustness analysis.

The LR model is used for classification by estimating the
probability of an event happening and is expressed
mathematically using

a comprehensive
facilitates model

1
’xn) T 1+e—(BotBix1+B2x2++Bnxn)

P(y = 1|xq, x5, ... 3

Where, x{,x,,..,x, are the independent variables, and
B, B, --- By, are their respective coefficients. It maps any real-
valued number into the [0, 1] interval, making it suitable for
predicting probabilities. The DT is a tree data structure made
up of several nodes and branches.

The decision tree algorithm utilizes a divide and conquer
method and repeatedly partitions the input variables to classify
or predict the output parameter while RF is an ensemble ML

o
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technique containing numerous decision trees to predict a
target variable. The RF uses the Bagging method where
homogenous weak learners' models (in this case, decision
trees) independently learn from one another in parallel. The
final prediction is achieved by a model-averaging approach.
The GB tree model is a stacked learning approach where a
robust predictive model is formed by combining several
individual weak learning trees (DT).

The KNN algorithm uses the distance between data points to
make classifications. The class labels are selected based on the
majority vote of the selected number of neighbours. The
Euclidean distance is used to measure proximity. In SVM,
each data point is plotted in n-dimensional space with n as the
number of attributes or inputs. The model then performs
classification by finding the optimal hyper-plane that
differentiates the target labels using the decision rule specified
in (4).

y = sign(wx + b) 4)

Where, y is the predicted class label. sign is the sign
function, which returns +1 or -1 depending on the input. The
MLP is a type artificial neural network (ANN) commonly
used for tasks like classification and regression. An MLP
consists of at least three layers: an input layer, one or more
hidden layers, and an output layer. The output of a single
neuron in an MLP is specified in (5)

z = f(Ziziwix; +b) ®)

Where z is the output of the neuron. f is the activation
function. w; are the weights associated with the inputs. x; are
the inputs to the neuron. b is the bias term.

The selected models were fitted and trained on the train
data set while they were tested and evaluated using the test set.
To optimize the performance and correctness of the models,
the various algorithms’ hyperparameters were tuned and set as
depicted in Table 2. Hyperparameters were optimized via
GridSearch Cross-Validation, which ensured a systematic
and unbiased exploration of the model's parameter space. The
GridSearch CV was used to avoid the models memorizing the
data, thereby resulting in overfitting. For all computations, the
random state was set to 42 to allow for the reproducibility of
results.

The settings notably impacted:
e Model convergence (e.g., max_iter=3000 for LR
and MLP ensured full convergence),
e Model complexity (e.g., max_depth=11 in DT and
RF controlled overfitting),
e Learning dynamics (e.g., learning_rate=0.1 in GB
balanced speed and stability),
o Neighbor selection in KNN (neighbors=2)
enhanced sensitivity due to small class sizes.
Overall, proper hyperparameter tuning was crucial in
attaining high accuracy and stability across all models,
especially under imbalanced conditions.
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Table 2. Selected Classification Algorithms’

Hyperparameters
Model Hyperparameters  Value
LR max_iter 3000
C 1.7
DT max_depth 11
RF n_estimators 350
max_depth 10
GB max_depth 4
learning_rate 0.1
n_estimators 200
KNN n_neighbors 2
weights distance
SvC C 1.9
kernel rbf
MLP activation relu
solver adam
learning_rate constant
max_iter 200

C. SHAP for Model Interpretability

Explaining and interpreting the decision-making process of a
model is oftentimes a difficult process as there is no standard
metric for the measurement of explainability and
interpretability [14]. Understanding why models make certain
decisions is as important as the models' accuracy, especially in
the medical field [15]. The interpretability of all the models
used in this study was assessed using SHAP based on the
Shapley values from game theory [16, 17]. SHAP is used to
explain the outcome of ML models. It connects optimal credit
allocation with local explanations and assigns each input or
attribute an importance value for a particular prediction.

The KernelExplainer method in SHAP which is a flexible
method capable of working with all types of models is used to
determine the individual feature contributions using Shapley
values. The KernelExplainer builds a weighted linear
regression to compute the importance of each feature. Due to
how computationally expensive the process is, a sample of 500
training sets was used as background data for the SHAP model
inference. This was implemented on the models without
feature scaling. The SHAP algorithm is presented as:

Algorithm 1: SHAP Algorithm
1. Model Prediction
Obtain the prediction y for the instance to be explained
2. Initialize Parameters
Let F be the set of all features.
For each feature x;, initialize its Shapley value ©; to 0.
3. Calculate the Shapley Value
For each feature x;:
a. Consider all possible subsets S of features
excluding x;
b. For each subset S:
i Calculate the model prediction using only the
features in S:f(S)
ii. Calculate the model prediction using the
features in S plus feature x;: f (SU{i}).
iii. Compute the difference in predictions: A =

f(SU{E} = f(S).
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iv.  Weight the difference by the combinatorial

factor
|F|!

ISt FI-1S]-1)!

v.  Accumulate the weighted difference to the
Shapley value of feature x;:

0;+=

_ISIEAFT =181 = D!

4, Normalize Shapley Values
For each feature x;, average its accumulated
Shapley value over all subsets S to get the final

Shapley value

|FI!

I11. RESULT AND DISCUSSION

A. Model Evaluation

In Table 3, the confusion matrices for the individual models
with and without feature scaling are presented. The DT,
KNN, MLP and SVC had a slightly better prediction accuracy
when feature scaling was incorporated compared to the
performance without feature scaling. The mean performance
of the classification models was determined by metrics
including accuracy, sensitivity and specificity as presented in
Table 4 and Figure 4. All models performed better than the
baseline accuracy (accuracy gotten by always predicting the

0; majority class which is the blood donor group) of 0.893. For

_ ISI'([F| = IS| = 1)! classification without applying feature scaling, GB narrowly

B Zs;p\{i} |F|! performed the best with an accuracy of 0.97, followed by
SVC, MLP, RF and KNN; all with an accuracy of 0.95, LR
(0.94) and DT (0.91). The results obtained for training while
applying feature scaling were similar except for MLP and DT
improving their accuracy performance to 0.97 and 0.92
respectively.

In terms of the model's ability to correctly detect cases of
patients that have an HCV-related disease or suspected donor,
referred to as the sensitivity, SVC (with and without FS) and
MLP (with FS) performed best with a sensitivity of 1.00,
meaning that all patients with HCV were detected.

Table 3. Confusion Matrices for the Models
Methods Actual Predicted Class without FS Predicted Class with FS
Class BD CIR FIB HEP SBD  BD CIR FIB HEP SBD
LR BD 104 0 0 1 0 104 1 0 0 0
CIR 1 4 0 0 0 1 4 0 0 0
FIB 0 0 1 2 0 1 0 0 2 0
HEP 0 1 2 1 0 0 0 2 2 0
SBD 0 0 0 0 1 0 0 0 0 1
DT BD 101 2 1 1 0 101 2 0 2 0
CIR 1 4 0 0 0 1 4 0 0 0
FIB 0 0 1 2 0 0 1 1 1 0
HEP 2 0 1 1 0 1 0 2 1 0
SBD 0 1 0 0 0 0 0 0 0 1
RF BD 105 0 0 0 0 105 0 0 0 0
CIR 1 4 0 0 0 1 4 0 0 0
FIB 0 0 1 2 0 0 0 1 2 0
HEP 2 0 1 1 0 2 0 1 1 0
SBD 0 0 0 0 1 0 0 0 0 1
GB BD 105 0 0 0 0 105 0 0 0 0
CIR 0 5 0 0 0 0 4 1 0 0
FIB 0 0 2 1 0 0 0 3 0 0
HEP 1 1 1 1 0 1 1 1 1 0
SBD 0 0 0 0 1 0 0 0 0 1
KNN BD 105 0 0 0 0 105 0 0 0 0
CIR 1 4 0 0 0 1 4 0 0 0
FIB 0 0 2 1 0 1 0 0 2 0
HEP 1 1 1 1 0 0 1 1 2 0
SBD 1 0 0 0 0 0 0 0 0 1
Yo BD 104 0 0 1 0 105 0 0 0 0
CIR 0 4 0 1 0 0 4 1 0 0
FIB 0 0 2 1 0 0 0 0 3 0
HEP 0 1 1 2 0 0 1 1 2 0
SBD 0 1 0 0 0 0 0 0 0 1
MLP BD 103 0 0 0 2 105 0 0 0 0
CIR 0 5 0 0 0 0 4 1 0 0
FIB 0 0 2 1 0 0 0 2 1 0
HEP 1 1 1 1 0 0 1 1 2 0
SBD 0 0 0 0 1 0 0 0 0 1
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Table 4: Performance Evaluation

Without Feature Scaling

With Feature Scaling

Accuracy Sensitivity ~ Specificity

Accuracy Sensitivity  Specificity

LR 0.94 0.92 0.99 0.94 0.84 0.99
DT 0.91 0.77 0.96 0.92 0.84 0.96
RF 0.95 0.77 1.00 0.95 0.77 1.00
GB 0.97 0.92 1.00 0.97 0.92 1.00
KNN 0.95 0.77 1.00 0.95 0.84 1.00
SVvC 0.95 1.00 0.99 0.95 1.00 1.00
MLP 0.95 0.92 0.98 0.97 1.00 1.00

Contrary to sensitivity, specificity measures the classifier's
ability to detect patients without a condition. Three models
(RF, GB and Figure KNN) with and without feature scaling,
as well as scaled SVC and MLP had the best specificity having
achieved a value of 1.00 (all 105 blood donors without any
traces of HCV infection were correctly identified). These two
terms are very important for consideration in medical
diagnostics. Considering all the metrics and the confusion
matrices, the MLP (with FS) has the best performance,
achieving an accuracy of 0.97, and sensitivity and specificity
of 1.00.
Using the same or comparable HCV datasets, earlier research
has reported accuracy rates between 85.0% and 95.0%;
however, most of these studies either did not address class
imbalance or used interpretability methodologies that were
too restrictive [43, 44, 45, 46]. This work stands out for the
following reasons
e Using SMOTE to address imbalanced data improves
sensitivity
o Evaluating seven different machine learning models
under both scaled and unscaled conditions.
e In contrast to previous studies, SHAP is used for
both local and global interpretability.
e Deploying a real-time diagnostic web app, making
the solution immediately usable by clinicians.
In comparison to relevant literature, the study's top-
performing model obtained 97.00% accuracy, 100.00%
sensitivity, and 100.00% specificity, all of which are on the
upper bound.
B. Model Interpretability using Shapley’s Values
With the above evaluation results presented, the big questions
remain unanswered. Questions such as: (i) How do the
models make the decisions? (ii) What features or attributes
are responsible for the decision? (iii) How much importance
or impact do individual features have? (iv) Can the results be
trusted? SHAP can answer these questions using both global
and local model interpretability which is based on the
addition or aggregation of Shapley values

C. Global Model Interpretability

The average behaviors of the models were explained using
the global model interpretability function. SHAP not only
shows the feature's importance but takes it a step further
showing the feature's influence whether positive or negative.

https://doi.org/10.20428/jst.v30i5.2825

Figure 5 depicts the feature importance of the models for all
the category classes (BD, Hep, Cir, Fib and Suspect BD). The
various classes are color-coded according to the legend. The
models found the Albumin test, Alkaline Phosphatase,
Alanine Transaminase and Aspartate Aminotransferase as the
most important features with the most influence on the
outcome of the predictions with a few variations or
exceptions.

Analyzing the feature importance of each model deeper
reveals that the 5 most influential features (ALB, AST, ALP,
BIL and CHE) of the DT and RF were similar, and since the
RF is a stack of DTs, the feature influence would be similar.
GB, however, surprisingly found PROT as the most
important closely followed by AST and CHE. The SVC and
MLP had similar features (AST, ALT, ALP, GGT and BIL)
with the most influence on the predictions.

In general, all models found sex and cholesterol as the two
least important or influential features for the prediction of
HCV. This goes to show that the hepatitis C virus is not a
respecter of gender. KNN and SVC models hardly utilize
these features (sex and CHOL) in addition to Cholinesterase
at all for prediction, while sex was the least important for all
models except MLP where the least was CHOL.

Figure 6 depicts the influence of individual values on the
outcome where each point represents an instance of each
feature. The blue points represent low values of the feature
while the red points represent high values as shown by the
legend. The x-axis shows the value of the influence of each
instance on the predictions. Generally, the lower values of
AST and GGT have a positive influence while the higher
values have a negative impact on the outcomes for all the
seven models considered. This contrasts with the ALP, ALB
and PROT, in which the higher values have a positive
influence while the lower values are responsible for a
negative impact on the model output. In addition, Sex and
CHOL are clustered around 0.0 (i.e. they have low SHAP
values). SHAP values for all models thereby verifying that
the two features have minimal impact on the model’s outputs.
For clinical acceptance, SHAP values offer clear, feature-
level insights into the model's decision-making process. From
a medical perspective. Standard liver function tests, including
albumin (ALB), ALP, ALT, AST, and BIL, were found to be
the most influential markers. When screening for or
diagnosing liver-related diseases, clinicians can give priority
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to these markers. The negligible influence of sex and
cholesterol aligns with known HCV pathology, suggesting
clinicians can focus less on these factors in isolation. Local
SHAP  values enable individualized patient-level
explanations, which are essential for precision medicine,
allowing physicians to understand why a specific diagnosis
was made for a particular patient, thereby improving trust and
clinical usability.

D. Local Model Interpretability

SHAP values can be calculated for each prediction to know
how the features contribute to that single prediction. All
models were also evaluated using the local interpretability
method. This is of great advantage and significance in
understanding individual predictions. Figure 7 shows the
feature impacts for an individual prediction with a base value
(average prediction) of E[f(x)] =~ 0.17 and the model
prediction probability value f(x) =~ 0. The plots show the
individual feature contributions to arriving at the model
prediction probability.

The feature impact of all the features in achieving the
prediction probability for the LR is depicted in Figure 7(a).
ALP has the most influence on the model’s prediction with a
Shapley value of +0.24 followed by GGT, ALT and CHE
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with values-0.15, -0.09 and -0.06 respectively. These are the
most predictive features for the individual instance. CHOL,
Sex and CREA have little to no impact on the outcome of the
LR model. These features all have a Shapley value of £0 and
thus are the least predictive features. Interestingly, these three
least impactful features are consistent with the same values
across all seven models implemented. It can be concluded that
the values of CHOL (5), sex (1 - Male) and CREA (74) do
not have an impact on the final prediction

E. Web-Based Hepatitis C Virus Diagnosis Assistant

A web-based hepatitis C virus diagnosis assistant was built
based on the best-performing model, the multilayer
perceptron with feature scaling to enable clinicians to predict
the risk of Hepatitis C in patients using react for the frontend
and fastAPI was used for the backend. Vercel was used for
the hosting of the frontend while render was used for the
deploying of the fastAPI. The diagnosis assistant has been
designed to be user-friendly, interactive and efficient for end
users including physicians and laboratory scientists. The
Hepatitis C virus diagnosis assistant is available at
https://hcv-prediction-ui-y8yy.vercel.app/. Figure 8 depicts
the test page and the result page.
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1VV. CONCLUSION

Early detection and diagnosis of diseases and health
conditions result in a significant reduction in the mortality
rate among patients. The process of detection and diagnosis
of hepatitis C infection can be improved by adapting the use
of artificial intelligence and machine learning. Atrtificial
intelligence algorithms are efficient tools for the early
diagnosis of health conditions. This study conducted a
comparative analysis of Al methods for the detection of HCV
using accuracy, sensitivity and specificity as metrics. The
study showed that the multilayer perceptron algorithm
implemented with feature scaling had the best level of the
performance metrics used at the same time.

Of great importance to the end-users is the understanding
of how the models are making their decisions and what the
feature contributions are. SHAP based on Shapley values was
used for global and local model interpretability. The models
found the albumin test, alkaline phosphatase, alanine.

Transaminase and Aspartate Aminotransferase are the
most important features with the most influence while sex and

Journal of Science

and Technology

cholesterol are the two least important features for the
prediction of HCV.

Despite promising results, the study admits a number of
shortcomings. Larger datasets are required to enhance
external validity, even though this size is enough for model
training. Analysis of population subgroups was limited
because only age and gender were available.

In the future, we aim to explore improving model
generalizability, larger and more varied datasets covering
various  ethnicities, comorbidities, and geographic
populations. Additional clinical features, such as patient
history, symptoms, or treatment data, will also be
incorporated. Deploying the web-based assistant in real-time
and clinically testing it in hospital settings for validation and
feedback is also another direction.
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Abstract— The increasing global population has led to a
significant surge in demand for fossil fuels. However, given the
substantial environmental impact associated with their use, it has
become essential to explore and develop alternative sources of fuel.
Biomass, among other alternatives, is now becoming an important
consideration as an alternative to fossil fuels. In this review, we
made a critical assessment of the potentials of biomass as a source
of fuel in Northern Nigeria. We took into account the opportunities
and challenges of having biomass as a source for fuel, taking into
consideration the geographical, climatic, and agricultural activities
in Northern Nigeria. The review also explored the implications for
Nigeria's bioenergy industry, as well as the challenges and
limitations of establishing biomass and bioenergy industries. The
role of government in terms of policy formulation was highlighted,
along with suggestions for improvement. Although there will be
challenges to encounter, the potential of having biomass as a source
of fuel in Northern Nigeria is enormous and would be significantly
beneficial socially and economically.

Keywords— Biomass, Energy, Fossil Fuel, Northern Nigeria,
Pollution, Renewable Energy.

I. INTRODUCTION
In the 21st century, energy is surely one of the most pressing
issues, particularly when considering its environmental
impact. The heavy use of fossil fuels for our daily lives has
greatly harmed the environment by contributing to global
warming [1].

The functioning of a modern society relies heavily on
sustainable energy, as it is the foundation for various essential
activities, including  transportation, = manufacturing,
healthcare, agriculture, and communication [2]. As evident in
some research, energy is central to sustainable economic
development; thus, many countries are providing special
grants for energy research and development to achieve
sufficiency and security. Sustainable energy is essential for
achieving some of the United Nations' 17 Sustainable
Development Goals (SDGs), including Goal 7, which focuses
on energy transition from fossil fuels [3, 4]. Countries with
growing economies, industries, and populations tend to
consume more energy, resulting in an expected continued rise
in global energy demand [5].

Hence, collective action and the political will to transition
away from fossil fuels have gained increasing attention,
primarily due to global warming caused by anthropogenic
greenhouse gas emissions [6]. Through international
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cooperation and agreements such as the Kyoto Protocol and
the Paris Agreement and the transition to renewable energy
sources, technological innovations, including energy
efficiency, are essential to a sustainable energy future for our
planet [7]. However, the transition to alternative energy
sources becomes a real challenge as the energy system of
most developed and developing countries simply operates on
fossil fuels [8, 9].

Renewable energy sources offer sustainable characteristics
and numerous benefits, as the depletion of natural resources
has made exploring alternatives an urgent necessity. They
provide low environmental impact, prevent the exhaustion of
fossil fuels and other natural resources, and allow for the
utilization of greener alternatives, thereby improving energy
security [10]. In addition to lower environmental impact,
renewables also have a lesser production cost compared to the
conventional fossil fuels [11]. For instance, wind and solar
energy sources produce no emissions during operation, as for
biomass, it releases CO2 when burned, but this emitted CO: is
reabsorbed by plant growth, and that is why biomass is
considered a carbon-neutral energy source [12]. However,
despite a recent surge in renewable energy integration, they
are not a direct replacement for fossil fuels [13].

The average energy consumption per person in Nigeria
(156 kWh) is significantly lower than that of some developing
countries, such as Malaysia (4,114 kwWh), South Africa (4,405
kwh), and Venezuela (3,413 kWh), which highlights
Nigeria's heavy reliance on generators [14]. In addition to a
significant portion of the citizens lacking access or
connection to the grid, the country experiences frequent
power outages, averaging 10-12 hours per day [15].
Furthermore, in rural areas, approximately 60% of the
population remain unconnected to the grid [16].

Northern Nigeria possesses substantial renewable energy
resources, such as solar, wind, hydro, and biomass. The
development of renewable energy in this region can foster
sustainable and inclusive socio-economic growth, generate
job opportunities, attract new investments, and offer
environmentally friendly energy solutions. However, despite
this potential, the region's electricity generation remains
heavily reliant on fossil fuels, causing energy insecurity and
leaving many people without access to electricity. With vast
agricultural and forest resources, Northern Nigeria has the
potential to produce over 200 billion kg of biomass annually
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[17]. Yet the region faces severe energy deprivation due to a
lack of investment in modern energy infrastructure and
favorable policies. This highlights the underutilization of
biomass as a resource to improve energy access in the region.
Biomass such as crop waste, forest residues, and animal
manure could be converted into modern energy carriers,
reducing reliance on imported fuels [18].

This study therefore assesses Northern Nigeria’s biomass
availability by agro-ecological zone, evaluates conversion
efficiencies for localized energy solutions, and outlines policy
gaps to optimize utilization.

I1. BIOMASS DOMINANCE IN NIGERIA’S ENERGY
LANDSCAPE
The majority of households in developing countries,
including Nigeria, are using solid fuels such as wood or
charcoal on open fires or inefficient stoves for cooking [19].
The use of such polluting fuels and technologies results in
poor health and environmental pollution and contributes to
climate change [12]. Other activities, including
transportation, water treatment, manufacturing, and
communication, all require energy, which mostly comes in

Volume 30, Issue (6), 2025

the form of electricity, to spur socio-economic development
[20]. Nigeria has a total electrical energy demand of 98,000
MW, but its current production stands at only 3,900 MW,
despite an installed capacity of 12,667 MW [21]. However,
only 45% of Nigerians have access to this limited electricity
supply [22]. The national grid's expansion to remote areas is
hindered by several challenges, including scattered
population, bureaucratic bottlenecks, technical difficulties,
and lack of planning, among others [23].

Although not used for electricity generation, biomass
accounts for 79% of Nigeria's energy use, followed by oil at
15%, natural gas at 3%, electricity at 2%, and coal at 1% [22].
Factors such as limited access to the national grid, poverty,
and cultural preference for biomass utilization for cooking
underscore its dominance as a primary energy source in
Nigeria [24]. The huge consumption of biomass energy in
Nigeria is mainly dominated by wood and charcoal for
cooking purposes. However, due to limitations in local
charcoal production methods, wood fuel dominates the
traditional biomass consumption [25].

The breakdown of Nigeria’s energy consumption by
source in 2021 is presented in Figure 1 [26].

Coal I 1
Electricity I 2

Natural gas . 3

Energy sources

Qil products _ 15

0 10 20

siofuclsand woste N 7>

40 50 60 70 80 90
Consumption (%)

Fig. 1. Breakdown of energy consumption in Nigeria by source in the year 2021 [26]

The huge consumption of biomass energy in Nigeria is mainly
dominated by wood and charcoal for cooking purposes.
However, due to limitations in local charcoal production
methods, wood fuel dominates the traditional biomass
consumption [25]. The Northern region of the country is
endowed with other renewable energy sources, which, if
properly harnessed, could significantly enhance energy
security and sustainability. For instance, Nigeria receives
high solar irradiation, averaging around 20.1 MJ/m?/day, with
the Northern regions reaching 4.1-5.8 kWh/m?/day [27]. This
potential makes the region suitable for Concentrating Solar
Power (CSP) projects, with estimated capacities of 88.7 GW
for CSP and 210 GW for solar PV [28]. On the other hand,
the wind energy potential in Nigeria is moderate and
geographically concentrated, with the core Northwestern
region showing a higher monthly average mean speed than
other regions at 6.79 ms™'. Specifically, Kano (9.27 ms™),
Katsina (8.15 ms™), Sokoto (7.99 ms™), Gusau (6.52 ms™!),
and Kaduna (5.31 ms™) show the most potential for large and
medium wind power generation, as they experience greater
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wind speeds at higher altitudes of 10 m and above [29].
Additionally, Nigeria possesses considerable small and large
hydropower potential, which remains largely untapped. With
over 278 potential small hydropower (SHP) sites with a
combined capacity of 734.3 MW, only 37 MW has been
explored [30].

I1l. NORTHERN NIGERIA’S AGRO-ECOLOGICAL ZONES AND
BIOMASS POTENTIAL
To understand biomass characteristics and its distribution in
Nigeria, it is important to consider the ecology and its
variation. Various phenomena affect the variation of the
agroecological zones in Nigeria, which include landforms,
geology, soils, land use, vegetation, hydrology, climate, and
wildlife; thus, a diverse selection of food crops are easily
cultivated, considering the economic, nutritional, and social
importance across the zones [31].
According to 2018 estimates, up to 78% of land in Nigeria
is used for agricultural activities, and when broken down into
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different components to show the diversity of the agricultural
land in the country, 37% of this agricultural land is arable and
is utilized for cultivation of crops such as wheat, maize, and
rice, which could be replanted every year [32]. However, in
the Northern part of Nigeria, 52% of the arable land is used
for farming or agriculture, which is higher than the average
of 37% for the country [32]. Furthermore, 7.4% of
agricultural land is dedicated to permanent crops, such as
coffee, citrus, and rubber, which do not require replanting.
This category also includes land for flowering shrubs, fruit
trees, and nut trees. In contrast, 33.3% of the land is used for
cultivation of naturally occurring crops that could take five or
more years to mature, including herbaceous forage crops [33].
The different agro-ecological zones in Nigeria are as follows:

A. Sahel Savanna (Yobe, Jigawa, and Borno states)

Found in the farthest Northwest and Northeast regions of
Nigeria, this zone is characterized by low rainfall of less than
600 mm (typically 3 to 4 months) and a dry season which
could exceed 8 months [34]. This semi-arid zone has high
evaporation rates due to heat and wind. The trees in this zone
are drought-resistant and sparsely dispersed and could reach
a height of 4 to 9 meters [34]. This zone is characterized by
the presence of common tree species such as Acacia senegal,
Commiphora africana, Acacia raddiana, and Acacia laeta.
Additionally, the zone has a vast area of scarce grassland that
is very short [35], such as Aristida stipoides, Schoenefeldia
gracilis, and Chloris priean [36]. Crops cultivated in the Sahel
region include millet, sorghum, cowpeas, pigeon peas,
groundnuts, green grams, and chickpeas [37].

B. Sudan Savanna (Sokoto, Kaduna, Kano, and some parts
of Borno States of Nigeria)

Covering more than 25% of Nigeria, this area exhibits higher
precipitation within a range of 600 mm to 1000 mm, thereby
producing more fertile soil and vegetation [34]. Although
humidity in this region is usually under 40%, it could reach
higher than 60% during periods of higher rainfall, and the dry
season could last between 4 months and 6 months [36]. The
zone is characterized by its agricultural activities, which
produce vital crops such as cotton, millet, maize, and
groundnuts, which are economically important crops [36].
The region has the largest population density as well as the
highest number of cattle, which suggests high agricultural
activities in general; alongside stunted trees, the natural
vegetation is covered by short grasses of about 1 to 2 m high
[36].

C. Guinea Savanna (Benue, Plateau, Nasarawa, Kwara,
Niger, Kogi, and parts of Taraba States)

Located in the North Central region of the country and
characterized by high annual rainfall between 1000 mm and
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1500 mm, which could last for about 6 to 8 months [34]. This
region has a large variation of both trees and grass, making it
the most extensive vegetation in Nigeria. The region is
blessed with tall trees that can reach up to 15 meters and
grasses that are between 1 and 3 meters high; however, most
of this vegetation is susceptible to being burnt by forest fires
during the dry season [34]. Nevertheless, due to climate
adaptation over time, the trees and vegetation have developed
long taproots and thick barks, which make them resilient and
enable them to survive forest fires [36]. Food crops such as
millet, sorghum, maize, cowpea, and yam are some of the
most cultivated crops in the region [38].

In addition to Nigeria's vegetation zones and features, another
important aspect of understanding Nigeria is through its six
geopolitical zones, presented as follows:

The North-West Zone has seven states (Jigawa, Kaduna,
Kano, Katsina, Kebbi, Sokoto, and Zamfara);

The North-East Zone has six states (Adamawa, Bauchi,
Borno, Gombe, Taraba, and Yobe);

The North-Central Zone has seven states, including Abuja
(Benue, Kogi, Kwara, Nasarawa, Niger, Plateau, and the
Federal Capital Territory (FCT));

The South-South Zone has six states (Akwa Ibom, Bayelsa,
Cross River, Delta, Edo, and Rivers).

The Southeast Zone has five states (Abia, Anambra, Ebonyi,
Enugu, and Imo) and

The South-West Zone has six states (Ekiti, Lagos, Ogun,
Ondo, Osun, and Oyo).

Based on these geo-political zones, all the zones containing
“North” in their description and name are regarded as
Northern regions/states, while all the zones containing
“South” in their description are regarded as Southern
regions/states.

Biomass for energy consists of woody and woody
biomass, herbaceous biomass, aquatic biomass; animal and
human waste biomass, and biomass mixtures [18]. These
biomass resources also differ based on their climatic region,
with the rain forest zone expected to produce woodier
biomass [39] and the savannah zones producing more crop
residues [40]. This categorization of biomass is solely based
on ecological or vegetation types found in Northern Nigeria
as discussed earlier. Nigeria has different sources of biomass
feedstock, which could be converted into energy. Figure 2
illustrates the different biomass sources and their overall
contribution to Nigeria’s biomass potential [24][25].
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Fig. 2. Estimated annual biomass resource potential in Nigeria (Million Tonnes) [25]

IV. DISTRIBUTION OF BIOMASS RESOURCES IN NORTHERN
NIGERIA
Woody biomass consists of trees and other plantations with
woody materials that are found and grown in the forest,
rangelands, or woodlands [41]. These resources could include
all but not limited to, the main trunk, leaves, branches, and
other parts of the woody-like plant [42]. They indicate
forests’ ability to produce wood and sequester carbon and are
essential for different applications, including paper
production, construction, and energy [43]. Nigeria has
established forest reserves covering an area of about

11,000,000 hectares, equivalent to 12.2% of the country’s
total land area [44]. With high potential for economic returns
and energy production, forest residues—including logging
residues (such as edgings, offcuts, sawdust, veneer log cores,
slabs, bark, trimmings, and rejects)—as well as demolition
wood and process residues, offer an alternative economic
pathway for the country [18]. Nigeria’s forest residue could
be estimated at about 19 million tons, which is approximately
equivalent to 8.68 Mtoe (363 PJ) [45]. Table 1 shows the
forest reserves and plantations in selected Northern States of
Nigeria [18].

Table 1: Forest reserves and plantations categorized by state [18]

State Area of Forest Reserve (ha) Area of Forest Plantation (ha)
Adamawa 10,011 2,374
Bauchi 840,280 1,200
Benue 60,175 2,234
Borno 582,820 432,052
Jigawa 92,000 3,000
Kaduna 613,484 6,146
Kano 77,702 2,186
Katsina 245,100 18,900
Kebbi 340,289 17,750
Kogi 540,360 5,000
Kwara 460,350 6,000
Niger 756,906 4,956
Plateau 402,500 6,800
Sokoto 602,631 10,943
Taraba 10,011 1,359
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A. Agricultural Biomass

There are so many types of agricultural crops and their
residues in Northern Nigeria, which could serve as biomass
feedstock. In nature, agricultural biomass can be described as
having no woody stems, and they live until the end of their
growing season [46]. Most agricultural crops and grasses fall
under this category, even though some crops are produced
specifically as energy crops. These rain-fed crops are
dispersed across Nigeria through traditional small-scale
farming, feeding the country while also providing energy
from their residues [47]. The most commonly produced crops
in Northern Nigeria include maize, cocoyam, cassava, guinea
corn, millet, rice, melon, yam, groundnut, soybeans, cotton,
and cowpea. Table 2 highlights the states in Northern Nigeria
with the highest production of food crops [47].

Northern Nigeria has huge potential for biomass resources
from agricultural residues, and various conversion
technologies could take advantage of these resources to
provide cleaner energy that is cheap and reliable through a

sustainable practice that conforms to international standards
[12]. Agricultural residues produced in Northern Nigeria
could be of two types: crop residues obtained from harvesting
of target crops on the farm, such as leaves, straws, and stalks
of cereals such as rice, maize, sorghum, millet, cocoa pods,
cassava peelings, etc., and agro-industrial by-products
derived from crop processing activities, which include
coconut shells and husks, rice husks, oil seed cakes, cocoa
husks, and sugarcane bagasse [48]. The crop residues,
estimated at around 2.35 million tonnes, could produce an
equivalent of 29 PJ of energy for Nigeria [25], and they do
not provide competition for food production [49]. The
majority of these residues, including maize, millet, and
sorghum, occur within the months of November to March
[50], while for rice, it is usually from October to December
[51], and given the potential of harvest yield from agricultural
crop production and residues, Northern Nigeria has a great
potential to diversify its energy production by converting
these residues.

Table 2: Statistics on the production of key agricultural products in Northern Nigeria [47]

Agricultural Production Area Total Production State with Highest Highest  Production

Resource (thousand ha) (thousand metric Production (thousand metric tons)
tons)

Cowpea 2,860 3,368 Benue 428

Cassava 3,482 42,533 Benue 3,792

Maize 4,149 7,677 Kaduna 436

Cotton 399 602 Zamfara 155

Soybeans 291 356 Benue 79

Groundnut 2,785 3,799 Niger 547

Sorghum 4,960 7,141 Kano 746

Millet 4,364 5,171 Sokoto 714

Rice 2,433 4,473 Kaduna 732

B. Municipal Solid Waste (MSW)

Due to overpopulation in urban areas, MSW is generated in
commercial, industrial, and household sectors. MSW could
be plastics, glass, metal, paper, wood, textiles, and other
biodegradables. Millions of tons of household waste are
collected annually, and the majority of this waste is disposed
of in landfills [52, 53]. There exists a variation of waste
according to regions or cities; however, as a low-income
country, the average waste generation in Nigeria is at 0.5
kg/capita/day [54]. Methane could be produced through
incineration or anaerobic digestion/degradation. However,
proper infrastructure and waste management systems are
necessary, requiring better-designed landfills and a defined
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process for the collection, handling, and management of the
waste [18].

C. Human and Animal Waste

There is a common cultural dislike from both public and
regulatory bodies to utilize animal waste for energy
production, as it can contaminate both ground and surface
water resources [55, 56].

There are more widespread agricultural activities in both
livestock and crop farming in the northern regions and
households in Nigeria, as illustrated in Figure 3 [57]. By
observation, the same is true for human waste production
since the population of the Northern regions is higher that of
the southern regions by almost 7 million people.
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Fig. 3. The proportion of the populace engaging in agricultural pursuits in Nigeria [57]

D. Compositional Characteristics of Northern Nigeria’s
Crop Residues

It is noteworthy that the physiochemical properties of
agricultural residues determine their energy potential. Table
3 summarizes key characteristics of Northern Nigeria’s
predominant crop residues, which aids in selecting more
efficient conversion technologies [18].

From Table 3, maize cobs and groundnut shells offer the
highest energy density, with 25,330 KJ/kg and 18,130 KJ/kg,
respectively, which makes them ideal for thermochemical
conversion, gasification. The average LHV of 17,279 for all
the crops (Table 3) shows strong energy output from all the
residues. On the other hand, rice husks and millet straws have
around 14,000-16,410 kJ/kg and 15,400 kJ/kg, respectively,
thus requiring supplemental fuels for efficient combustion.
These findings inform policymakers to prioritize maize cobs
and groundnut shells for bioenergy projects in order to
maximize energy output in Northern Nigeria’s existing
biomass resource. Furthermore, this analysis entails strategic
economic pathways for Northern Nigeria, as shown by high
residue-to-product ratios for sorghum straws (RPR 0.85-
7.40) and maize stalks (RPR 0.55-4.33), indicating low-cost
feedstock for decentralized biomass energy systems.

V. BIOMASS TRANSFORMATION TECHNIQUES
Various techniques could be employed to convert biomass
resources into biofuel; the techniques discussed in this section
are chosen due to the maturity of the technology in the
country, since different techniques could convert different
biomass feedstock into either solid fuel like pellets, liquid
fuels like biofuels, or gas fuel like biogas [18]. When it comes
to biomass conversion technologies, there is no one perfect
approach that solves every problem, as several factors must
be analyzed to determine the best technology for deployment.
These factors include the quantity of the resource, the type of

[ ]
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biomass material that is available, and the form of energy
(electricity, heat, fuel, etc.) that is required [58].

Pyrolysis is a thermal decomposition process that
converts biomass into gas, char, and oil. This process has
been shown to effectively utilize diverse feedstocks,
including agricultural and municipal waste, to produce
biochar, bio-oil, and gases, mostly methane [18]. On the other
hand, thermochemical methods are recognized for their
flexibility and efficiency in converting various biomass types
into valuable liquid fuels, heat, and electricity [59]. The
economic assessments indicate that these methods can be
integrated into existing energy systems, enhancing their
viability for large-scale production [59]. Gasification
techniques have been used for partial oxidation of biomass at
high temperature to generate syngas and other hydrocarbons
such as propane or butane [18, 60]. Anaerobic digestion is a
crucial biotechnological process for converting organic waste
into biogas, a renewable energy source. Key factors
influencing biogas yield include temperature, pH, and the
composition of organic waste [61]. Biodiesel production
using Jatropha curcas and vegetable oils has garnered
significant attention due to its potential as a sustainable and
renewable energy source. Jatropha curcas, a non-edible
oilseed crop, is particularly promising since it does not
compete with food resources, making it an attractive
alternative to edible oils for biodiesel production [62].
Ethanol can be made by processing sugars and starches from
biomass like energy crops or agricultural residues like
cassava and sugarcane, which are grown in parts of Northern
Nigeria [18]. The production process of ethanol typically
involves pretreatment, hydrolysis, fermentation, and
distillation. Yeast and bacteria are commonly used
microorganisms for fermentation, with Saccharomyces
cerevisiae being the most widely used yeast strain [63].
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! Table 3. Ultimate and Proximate Analysis of Major Crop Residues in Northern Nigeria, 2017 [18]
Crop Residue RPR Proximate Analysis (%) Ultimate Analysis (%0) LHV (kJ/kg)
Ash Volatiles Fixed Carbon C (%) H (%) O (%) S (%) N (%) Cl (%)
(%) (%) (%)
Cowpea Shells 1.20-1.90 5.9 75.3 18.8 43 5.6 43.3 0.01 0.6 0.13 17,900
Cassava Peels 0.36-0.91 117  59.4 28.9 22.1 135 37.3 1.82 2.38 16,400
Stalks 0.20-1.00 5.7 76 18.3 48.8 6.7 43.4 - 1.1 - 17,000
Maize Cobs 0.20-1.80 1.6 84.3 14.1 46.2 5.4 47.2 0.2 0.9 - 25,330
Husk 0.20-0.30 344 552 10.4 311 3.6 326 0.5 1.1 - 16,370—
19,900
Stalks 0.55-4.33 6.3 73.4 20.3 41.9 5.4 51.3 0.1 14 - 17,740
Soybean Straws 0.80-3.94 4 88.8 7.2 45 6.7 45.4 - 2.9 - 17,900
Groundnut husks/shells 0.37-1.20 3.1 68.1 28.8 49.3 7.3 39.1 0.02 11 - 13,785—
18,130
Sorghum Straws 0.85-7.40 8.1 73.4 18.5 395 7.5 43 0.2 1.1 0.6 15,400
Millet Straws 0.95-2.00 2.7 94.1 3.2 42.7 6 33 - 0.1 - 15,400
Rice Husks 0.17-0.35 15.8 69.3 14.9 38.2 5.9 - 0.1 0.7 - 14,000-
16,410
Straws 0.40-3.96 215 62.6 15.9 28.6 4 65.7 0.6 1.2 - 12,440

Key: RPR = Residue-to-Product Ratio; LHV = Lower Heating Value;"-" = Data not available
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V1. ENERGY EFFICIENCY OF SMALL-SCALE CASSAVA
ETHANOL PRODUCTION IN NIGERIA
The Cassakero Project is a Nigerian government initiative to
replace kerosene with cassava-derived ethanol for house
cooking [64]. This project offers critical insight into energy
balance and practical challenges of small-scale biofuel
production. The project reported a Net Energy Ratio (NER)
of 1.20 with agrochemical and 1.34 without it, therefore
indicating a marginal energy efficiency. Renewable energy
sources, including wood fuel, organic fertilizer, and
hydropower, contributed to 75-84% of total energy inputs,
with a Net Energy Gain (NEG) ranging from 2.29 with
agrochemicals to 3.52 MJ per liter of ethanol without
agrochemicals, thus saving more energy per liter [64]. The
outcome of the project showed that the ethanol conversion
stage accounts for 74-83% of total energy demand because of
inefficient distillation practices. NER seems to be higher
without the agrochemicals at 12.25 MJ/I vs. 11.01 MJ/I,
though it reduces cassava yields (10.8 vs. 20 tonnes/ha), thus
highlighting a trade-off between energy efficiency and
feedstock productivity. Sensitivity analysis of +10% energy
input variation validates the efficiency of the project [64].
In the case of Northern Nigeria, where cassava cultivation is
limited, agricultural residues such as sorghum and millet
stalks may offer higher energy returns due to lower
processing demands. This reduces competition with food
crops and aligns with the region’s agro-ecological strengths,
given limited use of agrochemicals in the region, which may
result in lower crop yields but greater surplus energy, higher
efficiency, and higher renewable energy contribution, as is
the case with the Cassakero project.
VIl. ECONOMIC VIABILITY OF BIOMASS VERSUS FOSSIL
FUELS

Biomass feedstocks are locally sourced and, when compared
to fossil fuels, are inexpensive and easily accessible, thereby
reducing import dependence and enhancing energy security
[65]. However, due to limited economies of scale, small
ethanol production plants usually incur higher production
costs per liter than fossil fuels, which are produced in
centralized, large-scale refineries. Biomass direct combustion
and biogas power generation show favorable internal rates of
return (19.16% and 13.49%, respectively) and shorter
payback periods (7.71 years for direct combustion) compared
to fossil fuels [66]. Moreover, biomass energy systems
generate rural employment and boost the local economy by
retaining income in the economy and offer lower greenhouse
gas emissions when burnt [66].

A. Energy Crops and Food Crops—Conflict and Symbioses
In Nigeria

Biofuels are simply fuels produced from living things or their
waste products. They are seen as greener and more
sustainable alternatives to fossil fuels [67]. In low-income
countries, producing biofuels from edible foods poses risks to
food security [68]. However, biomass energy from non-edible
substrates has garnered increased attention as it provides
benefits such as clean energy production, better use of
agricultural waste, improved health, and more job
opportunities [69, 70].
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As highlighted in the preceding sections of this article, the

Northern regions of Nigeria have enormous potential to
produce bioenergy from agricultural residues, municipal solid
wastes, forest residues, etc. Energy or agricultural crops
produced as feedstock for biofuel production include crops
such as oil plants (such as Jatropha), corn, sorghum, rapeseed,
sugarcane, grasses (switchgrass, miscanthus, alfalfa, reed
canary grass, etc.) [71], and trees (willow, poplar, eucalyptus,
and paulownia), which can reproduce after being felled and
can be harvested every 3-5 years [72]. It is noteworthy that
Northern Nigeria has vast land areas suitable for intensive and
mechanized cultivation of food and energy crops compared
to the regions in the south [69]. While maize, millet, wheat,
rice, potatoes, sugarcane, and sorghum could all be used for
ethanol production, cassava is the most profitable feedstock,
followed by sugarcane in Nigeria, mainly due to the country’s
established expertise in producing these crops [67].
Jatropha, a second-generation energy crop, could be
cultivated in all ecological zones of Nigeria. It is non-edible
and therefore does not compete with food; it has highly
resilient growth capabilities, and it can grow very well even
in harsh weather conditions and low rainfall as found in most
Northern States in Nigeria [73].

A continuous large-scale production of important energy
crops for bioenergy production will cause demand for food
crops to rise; consequently, the prices of these crops will also
rise [74]. This trend of energy crops for biofuel production
must be carefully analyzed, as most Nigerian farmers struggle
to cultivate enough food crops for themselves. Utilizing land
and water resources for energy crops could exacerbate issues,
increase poverty, and limit access to food [67]. After all, more
than 60% of the country's population lives below the poverty
level [75], primarily due to low income and poverty [76]. As
biofuel production could compromise food security, it is
essential to assess poverty and how biofuel production could
impact the four pillars of food security: availability, access,
stability, and utilization [67].

VIIl. ENVIRONMENTAL IMPLICATIONS OF BIOENERGY
PRODUCTION

While biomass is often promoted as a renewable energy
source, its production can lead to significant environmental
degradation. For instance, expansion of energy crops or agro-
residues for ethanol production may lead to the conversion of
forests and grasslands, and this directly affects biodiversity
and increases carbon emissions, vegetation loss, and soil
disturbance [78]. Although the use of agrochemicals can
boost harvest yields, such practices could degrade soil health
over time and affect water resources [79].

Biomass energy production can result in substantial
greenhouse gas emissions, particularly during the cultivation,
harvesting, and processing stages [80]. A number of
pollutants, including carbon dioxide (CO2), carbon monoxide
(CO), nitrogen oxides (NOXx), and particulate matter (PM),
could be produced during combustion and upstream
processes, though specific emissions depend on the type of
biomass and combustion method used [81]. For example,
studies on biomass electricity generation systems indicate
that agricultural residues have a higher greenhouse gas
emission with 291.25 gCO2e/kWh; while forestry and
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industrial wastes have lower emissions with 43 gCO2e/kWh
and 45.93 gCO2e/kWh, respectively; and dedicated energy
crops gave 208.41 gCO2e/kWh [82].

Therefore, long-term sustainability of bioenergy
production requires careful strategic planning and
management as it cuts across several dimensions, like
environmental, economic, and social factors [83]. Hence, life
cycle assessments (LCA) are crucial for evaluating the
environmental footprint of bioenergy production, including
greenhouse gas emissions, land use, and water consumption.
These assessments help identify the potential for carbon
dioxide removal, which can range from 45 to 99%, depending
on the bioenergy process used [84]. Economic sustainability
involves ensuring that bioenergy production is cost-effective
and competitive with other energy sources. This requires
careful management of supply chains and the use of
optimization techniques to enhance efficiency [85]. While
social sustainability focuses on the impact of bioenergy
production on communities, including job creation and
energy access. A multidimensional approach that considers
cultural, institutional, and technical factors is necessary to
address these social aspects effectively [86].

IX. OPPORTUNITIES AND CHALLENGES
The Nigerian Government Biomass Program (2005) was a
deliberate intervention aimed at encouraging the utilization of
biomass resources for automotive applications. The program
primarily focused on exploring potential biomass-derived
fuels, such as bioethanol and biodiesel, as alternatives to
conventional fuels in the automotive sector. Its objectives
included reducing reliance on imported gasoline and
minimizing environmental pollution from fossil fuels [77].
The policy aimed at raising domestic production of biofuel to

100% in 2020 along with other key projections, such as
increasing 1.3 billion liters of ethanol (E-10 blend) from 2010
to 2 billion liters by 2020 and increasing 480 million liters of
biodiesel from 2010 to 900 million liters by 2020.

In 2007, Nigeria launched an ambitious biofuel initiative
to supply the domestic market with a 10% ethanol blend with
gasoline (E10) [88] with an audacious amount of over US$
3.86 billion investment for 19 ethanol biorefineries in the
country [89]. Yet, there is not any operational large-scale
commercial bioethanol plant in the country [90].

Northern Nigeria has huge potential for biomass resources
from crops, forest residues, and various conversion
technologies that could take advantage of these resources to
provide cleaner energy. Hence, there should be a clear
collaboration between the government and relevant
institutions for the development of the biofuel industry in
Northern Nigeria, since the region has the highest established
potential for ethanol production in the country (Figure 4) [40].
The government can establish a clear framework and
direction, while the institutions play a central role in research,
development, and implementation. At both domestic and
international levels, government involvement is crucial. Their
strategies will help ensure the implementation and sustainable
development of initiatives, tackling issues such as raw
material shortages, high costs, and competition with
traditional fossil fuels [90]. Meanwhile, institutions play a
vital role in determining the industries’ success, as they
provide the necessary rules and structure for the bioenergy
market to develop, promote collaboration between
stakeholders, reduce uncertainties, and facilitate efficient
resource allocation [91].
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Fig. 4. Ethanol production potential by region — Nigerian Energy-Food Model [40]
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X. CONCLUSION

Reliable and affordable energy is essential for economic
growth and progress, and its importance to other aspects of
modern civilization cannot simply be overstated. In Northern
Nigeria, there is a significant potential in the exploration of
biomass as a renewable energy source. With vast arable
landmass and extensive agricultural activities, there exist
numerous opportunities for sustainable energy development
that could alleviate the poverty rate in the region, provide job
employment, infrastructure development, and basic social
needs such as electricity and water supply. Furthermore,
following a sustainable strategy and cultivating energy crops
presents a viable solution to meet energy demands without
encroaching on food crop production, thereby eliminating
conflicts between food and biofuel production.

Government policies and established relevant institutions
play a pivotal role in accelerating and implementing the
biofuel policy, actualizing it, and continuing its development
to transition Nigeria’s fossil-based energy systems and
encourage its utilization. The current policies have laid the
groundwork, but still, biofuels are not being used on a large
scale, at least not even half their potential, and there exist
several barriers and confusing frameworks for management
and implementation of the initiatives. Other areas of
improvement include the provision of relevant incentives and
the reduction of bureaucratic processes to hasten the decision-
making processes and investment in the sector.
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Abstract— This paper aims to examine the properties of the
M-projective curvature tensor in the context of generalized
Finsler spaces, specifically within the framework of a -space.
The study begins with the derivation of the M-projective
curvature tensor, which is expressed as the sum of the
standard M-projective curvature tensor and additional terms
involving the Ricci tensor and scalar curvature. Through
covariant differentiation, the behavior of this tensor under
certain conditions is analyzed, leading to a set of conditions
necessary for the space to exhibit generalized recurrent
Finsler properties. The paper includes multiple theorems that
explore these relationships, proving that the M-projective
curvature tensor satisfies the conditions for generalized
recurrent Finsler spaces. Additionally, the work introduces
the concept of generalized birecurrent Finsler spaces and
presents several characterization theorems. Finally, the
results are corroborated with computational formulations that
demonstrate the conditions under which the tensor
relationships hold true.

Keywords— The B -covariant derivative of first and second
orders, Generalized recurrent and birecurrent Finsler space,
Weyl tensor W, and the M-projective curvature tensor

7l
jkh *

I. INTRODUCTION
The study of curvature tensors and their applications in
Finsler geometry has been a subject of considerable interest
due to their importance in understanding the geometric
properties of spaces. The M-projective curvature tensor,
denoted, is central to this paper, and its study within the
context of -spaces provides new insights into the geometric
structure of generalized Finsler spaces. These spaces are an
extension of classical Finsler geometry, incorporating more

general forms of curvature and torsion.
The main objective of this work is to investigate the
properties of the M-projective curvature tensor and establish
its connection to generalized recurrent Finsler spaces. A
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series of equations is derived that detail the behavior of the
tensor under covariant derivatives, leading to several key
results. These results are encapsulated in the form of theorems
that provide necessary and sufficient conditions for the M-
projective curvature tensor to define a generalized recurrent
Finsler space. Additionally, we introduce and explore the
concept of generalized birecurrent Finsler spaces, extending
the classical notion of birecurrence to a more general context.
The work culminates in the formulation of several important
conditions that must be satisfied for the tensor to adhere to the
structure of generalized Finsler spaces, thereby enriching the
understanding of the geometric properties of these spaces.
The theoretical foundation laid in this study paves the way for
future research into more complex geometric structures,
where such tensors play a crucial role in understanding the
curvature and torsion of higher-dimensional spaces. The
results presented in this paper have potential applications in
theoretical physics, particularly in the study of spacetime
geometries and general relativity, as well as in differential
geometry and mathematical physics.

The study of curvature tensors in Finsler geometry has
garnered significant attention over the years, with several key
contributions advancing our understanding of these geometric
structures. One notable area of research focuses on the
properties and applications of the w*-curvature tensor in
relativistic ~ spacetimes.  Abu-Donia, Shenawy, and
Abdehameed (2020) [1] investigate the w*-curvature tensor,
shedding light on its role in relativistic geometries, which
serves as a foundation for exploring more general tensorial
structures in Finsler manifolds. This study has influenced
subsequent work on curvature tensors in both general
relativity and specialized geometric spaces.

Ahsan and Ali (2014, 2016) [2, 3] provide a detailed analysis
of the w-curvature tensor, introducing fundamental properties
and implications for spacetime in the framework of general
relativity. Their work has been pivotal in understanding the
behavior of curvature tensors within both classical and
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relativistic contexts and has been further extended by
researchers working on higher-order curvature structures.
Al-Qashbari et al. (2025) [4, 5] have made significant strides
in the study of M-projective curvature tensors, focusing on
their decomposition and the role of Lie derivatives in
generalized Finsler spaces. Their contributions offer critical
insights into higher-order tensors, providing an extensive
analysis of the M-projective curvature tensor and its
transvecting forms in the context of Finsler geometry. This
has provided a rigorous framework for subsequent studies on
generalizations of Finsler spaces, especially in terms of
torsion and curvature structures.

The work of Al-Qashbari, Abdallah, and their collaborators
(2024, 2025) [6, 7, 8] explores generalized recurrent Finsler
spaces, utilizing both Berwald's and Cartan's covariant
derivatives to define and study higher-order curvature
tensors. These studies examine the interplay between torsion
and curvature, further enriching the theoretical foundations of
Finsler spaces, particularly in relation to the geometric
structures defined by Cartan’s covariant derivatives.

Further contributions by Misra et al. (2014) [9] and Goswami
(2017) [10] have examined recurrent Finsler spaces with
special curvature tensors, deepening the understanding of
higher-order geometric structures in these spaces. Misra et al.
analyze recurrent Finsler spaces with Berwald's curvature
tensor field, while Goswami's systematic review provides a
comprehensive overview of special Finsler spaces and their
differential geometric properties. These works collectively
provide a broad perspective on the evolution of curvature
tensor research, especially in the context of Finsler spaces.
Pandey, Saxena, and Goswami (2011) [11] focus on the
generalized H-recurrent spaces, offering an in-depth
exploration of their curvature tensors and their application in
various geometric settings. This work complements the
broader study of recurrent Finsler spaces, laying the
groundwork for further investigations into generalized
curvature structures and their implications in mathematical
physics. Rund (1981) [12] presents a classical text on the
differential geometry of Finsler spaces, offering foundational
principles that underpin much of the modern study in this
field. His work has influenced numerous subsequent studies,
including those investigating the advanced properties of
higher-order curvature tensors and their applications in both
pure mathematics and theoretical physics.

In this study, several identities are explored to establish a
relationship between Weyl's curvature tensor and the M-
projective curvature tensor. Initially, a comprehensive
introduction is provided to the foundational concepts of both
Weyl's curvature tensor and the M-projective curvature
tensor. Subsequently, a set of identities is driven that elucidate
the connection between these two tensorial structures,
contributing to the broader understanding of their geometric
properties.

1. PRELIMINARIES
In this section, we establish several key conditions and
definitions crucial for the development of the paper. The
metric tensor and Berwald's connection coefficients are both
positively homogeneous of degree 0 with respect to the
directional arguments.

Journal of Science
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Consider two vectors y; and y' that satisfy the following
relations

Q) yi=gyy’ . b) yy'=F?and
c) &yl =y* (2.1)
The metric tensors g;; and gY are connected by the identity:
. 1 if i=k
.. jk = k = ’ ’
a) gl] g 61 {0 , if i+ k
b) gir&f =gr; and c) g6 =g, (22)
The torsion tensor C;j satisfies the condition:
Cijkyl = CijkyJ = Cijkyk =0. (2.3)

The covariant derivative Bijiof any tensor Tji with respect to
Berwald's connection is defined as

BT} = 0, T} — (0,T}) Gk + T/ GL — TGJj, . (2.4)
Additionally, the vector y* and the metrlc function F vanish
identically under Berwald's covariant derivative:

a) B,F =0 and b) B,y'=0. (2.5)
The metric tensor g;; is non-zero and satisfies
Bkgij =-2 Cijklh yh =-2 yhBhCijk . (26)

The curvature tensor ﬁch , torsion tensor
tensor Wji are defined as follows:
i

. ; .
jin Gy Hinkl + 5005 (n+1) ~ 0, Hyen

i - -
/ and deviation

i
ijh—

+ (nz 1)(n in + Hpj + y70;Hp,

(nz 5 (nHk+Hk] +yT0iHy,) (2.7)
— l y
e = * oD G [k
+2{( 2D (nHk] Y Hy )} (2.8)
W/ =H—H& - (H)(a H —0H)y" ., (29)
respectively. .
Moreover, we assume that the tensor W' satisfies the
following identities: _
Q) Wiyk=0 , b) W/=0, ¢ Wiy =0,
d) g W =W, , e g*W, =W and
f) Wyyk=0. (2.10)

The M-projective curvature tensor _jl}{h , torsion tensor W},
Ricci tensor W, , curvature vector W, and scalar curvature
W satisfy the following relations:

a) _l}chyj =W . b) Wiy =w;
C) ]kl. __Vij J d) Wkll = I/T/k '
e) W/=w and f) g,W, th =Wy - (2.11)

Cartan’s third curvature tensor Rjkh , Ricci tensor Rjy, , the
vector H, and scalar curvature H are defined as

a) Ry =H, , b)R, =R, R =R

d) gi-Rf =R,; and e) Hky =(n-1H (212
Al-Qashbari and AL-ssallal [6], Al-Qashbari, Haouse and
AL-ssallal [7] introduced and studied of curvature tensor by
using Berwald’s and Cartan’s first and second order
derivatives in Finsler space which characterized by the
conditions:

B Wjien, = 2 th +.um(aligjh - 5rilgjk)
+Zym(Wkgjh — Wigji ). (213)
https://journals.ust.edu/index.php/JST
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A Finsler space F, , in which the curvature tensor Wjﬁm
satisfies the condition (2.13), is referred to as the generalized
BW -recurrent space and denoted by G2 BW - RF,, .
Taking the covariant derivative of (2.13) with respect to x! in
the context of Berwald's connection, we obtain:

BB Wiien = (Bl/lm? Jhen + Am(Bleich) .
+(B, Hm)(szlcgjh - 6;ngk) + umBl(dllcgjh - 6;lgjk)
1 . ; .
+;Ym((BzW1§)gjh + Wi (Bigjn) — BIWDGji —
Wi (Bgji))
1 . .
+5 Bu¥m) Wigin — Wigjie ). (2.14)
By applying equations (2.6) and (2.13) to equation (2.14), we
get
BleW}fkh = Ale\Gikh + Am (lllelkh + W (&igjh -

5rilgjk) + %Vl(Wkigjh - Wiigjk))
+ Hmz(51icgjh - 5}19;’1{) — 2umByy1? (&ithl -
84Cirat) +% Yu(Wigin — Wigjx)
+%Vm((BLW1§)gjh - (BzWﬁ)g/‘k)

- % Vmquq(WIéthl - ercjkz) .
Or

BBy Wiien = Ay + AnA) Wik

+ (Mo + Aml’-l)((sligjh - 5fizgjk)
+%Vm((BlWIé)gjh - (BIW}i)gjk)
+i(/1m]/l +Ym) (Wigjn — Wigix)
—21mBay (6kCint — 64 Cjia )

—= Y BeY (WiCiny = WiCjra) - (2.15)
The equation (2.15), can be expressed as:

Blele}ch = amlW}l}ch + byt (819 — 61951)
+£le(Wkigjh —Wigj)

+ iym((Bkai)gjh — (BWi)gji)

—21m By (6kCint — 61.Cjrar)

—% YmBay (WECin — WiCia) - (2.16)

Where Am1 = Aml + /‘lml‘ll y bml = W + Amul and Cmi =
AmY1 + Y @re non-zero second order covariant tensor fields,
¥m and p,, are non-zero first order covariant vector fields,
respectively.
Definition 2.1. In a Finsler space where the Weyl’s projective
curvature tensor Wj‘}m satisfies the condition (2.16), it is
referred to as a generalized BW-birecurrent space. The tensor
is called a generalized B-birecurrent tensor. These spaces and
tensors are denoted as G>"“BW — BRE, and G*™B — BR,
respectively.
Characterization of M-Projective Curvature W]‘:kh and
Deviation Tensors in G2Z"dBW — RF, Spaces and
G2Z"dBW — BRF, Spaces

This paper focuses on the characterization of the M-

projective curvature tensor V_I/J;h and deviation tensors in the
context of generalized Finsler spaces, specifically within the

framework of G*"4BIW — RF,, spaces. We aim to explore the
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geometric properties and structural relationships of these
tensors, providing a comprehensive analysis of their roles in
describing curvature and deviation phenomena in higher-
dimensional Finsler geometries. The study contributes to the
understanding of M-projective curvature in relation to
generalized Finsler manifolds and offers insights into their
potential applications in advanced differential geometry and
theoretical physics.

Some properties of jﬁch curvature tensor was proposed by
Al-Qashbari, Abdallah and Al-ssallal.

For (n = 4) a Riemannian space, the M-projective curvature

tensor W, is given by
L .
Wiien = Wign + g(Sﬁth + 5ilszk)
1 . .
—=(9jnRic + 9jxRp) - 3.1)

By taking the covariant derivative of (3.1), with respect to x™
in the context of Berwald we get

. __ . 1 i i
BnWin = Bm Wiien, = < [(Bmgjn)Ric + 9jn(BmR})
+(Bmg,-k)R;il + gjk(BmR;'l)]

+= By (8% Rjn + 84 Rje)- (3.2)
Using (2.6), in the equation (3.2) can be written as
BruWiin = BnWiien + %Bm(&i Rin + 6L Rjx)
—=(9in(BmRY) + gj1(BrR}))
+ § B,y (RiCinm + RiCixm )- (3.3)

By substituting equations (2.13) and (3.1) in to (3.3), we
obtain:

. 1 . ; 1 1
B Wiien + = Bm(8i Rin + 84 Rjxe) — 2 (9jn(BmRi) +
9ix(BmR1)) + < By (RiCinm + Ri.Cjiom )
J—— 1 . .
= A Wiien + 2 Am(8kRjn + 81Rjx.)
1 . . . .
— 5 Am(ginRi + 9juR1) + 1 (8egm — g ) +
1 . .
Zym(Wkngh - Wigp) - (3.4)
Alternatively, this can be expressed as:
BmVT/jl}(h = Aml/l_/jl}ch + Mm(6lftgjh - Siilgjk) +
1 . . 1 . .
“Ym(Wigjn — Wiigjx) = < Bm(8k Rin + 84 Rix)
1 , .
+2(9jn(BmRL) + gk (BuR}))
1 ) .
_5 quq (RILchhm + R;lcjkm)
1 . . 1 . .
This demonstrates that
BmW,-l}ch = lmWf}ch + tm (6% gjn — 619ji)
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+ %Vm(wkigjh —Wigji)

— = Boy (RkCjnm + R}.Ciiem) (3.6)
If and only if

B (8L Rin + 85 Riy.) = A (8L Rin + 8L R;y.)

By R = AmR), , where g;, #0 ,and

BuR}, = AR}, , Where gj # 0 . (3.7)

In conclusion the proof of theorem is completed, we can
determine

Theorem 3.1. In the space G?"4BW — RF,, the M-projective
curvature tensor _jl}(h represents a generalized recurrent
Finsler space, provided that the condition (3.7) is satisfied.
By transecting equation (3.5) with y/ and utilizing equations
(2.11a), (2.5b), (2.1a), (2.3) and (2.12a), we obtain the
following result:

Bmwkih = Akaih + ﬂm(gﬁyk - 6liyh)
1 . . 1 . .

+ ZVm(Wklyh - Wiy ) — gBm(‘Szlc Hy + 6} Hy,)
1 . .

+=(Vn(BnRL) + yi(BrR}))

+ = A (8 Hy, + 84 Hi) = = An(VnRE + YiRE). (38)
This demonstrates that

Bkaih = Akaih + #m(all;yh - Sfilyk)

+%Vm(Wkiyh — Wiy )- (3.9)
If and only if

B (8% Hy + 8 Hy) = A (8E Hy + 8 Hy),

BmRL = A,RL ,where y, # 0 ,and

BmRL = AnRL ,where y, #0 . (3.10)

Therefore, the proof of theorem is completed, we conclude
Theorem 3.2. In the space G*"4BW — RF,), the M-projective
torsion tensor W}, (M-projective curvature tensor VT/}-‘kh)
represents a generalized recurrent Finsler space, provided that
the condition (3.10) is satisfied.
By transvecting (3.8) with y* and applying (n = 4), along
with equations (2.11b), (2.5a), (2.5b), (2.1b), (2.10a), (2.1c)
and (2.12¢), we obtain the following result:
BmWi: = /lmWi; + rum(inh - 6;1F2)
1 . 1 . .
=2 Ym[WiF? | + - (Va(BnRIY* + F*(BnR}))
1 . . 1 . .
— =B (y'Hp + 384 H) = = A (¥R ¥* + F* R},)
+ = A (Y Hy + 381 H) . (3.11)
This demonstrates that .
Bmwft = lmWii + ﬂm(yiyh - 5;1F2)
h .
- Z)/m [W};Fz ] .
If and only if
B (y'Hy + 38, H) = Ap(y'Hy + 385 H),
BmRL = A,RL , wWhere y,y* #0 , and
BnRj, = AR, , Where F2#0 .
Thus, the proof of theorem is completed, we conclude

Theorem 3.3. In the space G2"4BW — RF,, the M-projective
deviation tensor ;! represents a generalized recurrent Finsler

(3.12)

(3.13)
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space if the tensors (y'H, + 36,H ) and (y,RL y* + F?R})
are generalized recurrent Finsler spaces.

By contracting the indices iand h in the equations (3.5),
(3.8) and (3.11), and utilizing equations  (n = 4), (2.2a),
(2.1a), (2.1b), (2.10b), (2.10c), (2.10d), (2.12c), (2.12d),
(2.12e) and (2.1c), in conjunction with (2.11c), (2.11d) and
(2.11e), we obtain the following result:

— — 1

BmM/}‘k = AmVij + lflm(l - n)gjk + Zym[vvjk]
1 1

+3 ((Bijk) + 9jk (BmR)) - gBm(l + n)Rjy

1 1
+g/1m(1 + )R — g/lm(Rjk +9gjxR)

—% B,y (RECjim + R Citem) - (3.14)
This demonstrates that

By Wy = AWy + (1 =) gjsc + i]’m[ij]

- § B,y (RECjim + R Ctam )- (3.15)
If and only if

By Rjx = AmRj , and

BnR=4,R ,where gj, #0 . (3.16)
and

BuWy = 1Wi + (1 — 1) vy

+5 0Bl + Ye(BuR)) = B (1 + mH,

== Am(ViRE + YiR) + < A (1 + W) H . (3.17)
This demonstrates that

BuWy = LWy + iy (1 — 1) yy. (3.18)
If and only if

BnRL = AR ,where y; #0 ,

BnR =AnR ,where y, #0, and

By, Hy = A, Hy . (3.19)
In the last

B W =1, W + u,,(1 —n)F?

+= (VY (BRE) + F2(ByR)) =5 (1 + n)By H

— = A (ViRE V¥ + F2R) +5 A (1 + )H. (3.20)
This demonstrates that

B W =1, W + u, (1 —n)F2 (3.21)
If and only if

BmRL = A,RL ,where y;y* #0 ,

BnR = A,,R ,where F? #0,and

BnH = A,H. (3.22)

In conclusion the proof of theorem is completed, we can say
Theorem 3.4. In the space G?"9BW —RF, , W — Ricci
tensor W, , vector W, and scalar W are defined in equations
(3.15), (3.18) and (3.21), respectively, if and only if the
conditions in equations (3.16), (3.19) and (3.22) are satisfied.

We introduce a new class of Finsler spaces, namely,
generalized birecurrent spaces. These spaces generalize the
concept of birecurrence to a broader setting and exhibit
geometric properties. We investigate the curvature tensor of
these spaces and establish several characterization theorems.
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Thus, this paper focuses on what is called the covariant
derivative of second order.

By taking the covariant derivative of equation (3.3), with
respect to in the sense of Berwald, the following results are
obtained:

. _. . .
BiBinWjin = BiBuWikn + ngBm((gch Ry, + 8}, Rjy.)
1 . .
—2B (9jn(BmRL) + 9jx(BmRY))
1 . .
+3 ¥9ByBi(RiCinm + Ri.Cjkm) -
Or
. . .
BBuWjin = BiBn Wiien — 7 (Bugjn) (BRI +
9in(BiBmRy) + (Bigji) (BmRy) + gjk(BleR;l))
1 . .
+= BBy (8% Rin + 65 Rix))

(3.23)

+2 Y4B By (R Cim + RhCjem ) - (3.24)
The equation (3.24) can be expressed as

BB Wi, = BB Wjin — < (9jn(BiBmRY) +
9 (BiBmRY)) + = BBy (6% Ry + 54 Ryx) —
=((BLgjn) BuRL) + (Bigj1) (BnR})) +
= Y4By By(R}:Cim + RhCem ) - (3.25)

Using equation (2.6), equation (3.25) can be rewritten as
follows:

. _. .
B BuWjin = BiBnWiin — % (9jn(BBmRi) +
. 1 . .
9jx(BiBnRE)) + ngBm(Szlc Rin + 6} Rjx.)
) . .
+§ ququ(Rllchhm + Rlacjkm)
1 . .
+3 By (Cini (BmRE) + Cita (BmRE)) -

Similarly, by applying equations (2.16) and (3.1) in (3.26),
we obtain the result:

BB Wiien + %Ble(Sli Rin + 8, Rix.)
- % (9jn(BiBnRY) + gji(BiBnRE))
+§ By (thz (BmRk) + Cira (BmRiil))

1 . . .
+3 ququ(RIlchhm + R;lcjkm) = Wi

(3.26)

+ = i (8L Rin + 65 Rye) + b (8E9jn — 619)
- %aml(gthlic + gjkR})

=3 YmBay (Wi = WiGya)

+%cml(Wk"gjh - W,fgjk)

+<¥m (gjh (BW) — g (Bszf))

~21mBey*(8kCim — 1.Cjia )- (3.27)
Alternatively, the equation (3.27) can be expressed as:

BBy Wien = @nuWiien + b (8% 9jn — 6491
L . .
+5Cmi (Wigin —Wigjx )

[ ]
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+i]’m (gjh (BW{) — gjx (Bthi))
—ZHmquq (alicjhl - 5}15}1(1)
—= ¥9ByBi(RCjnm + RhCrem )
+ % At (8% Rijn + 85, Ri) = %aml(gthlic + gjkR})
— = BB (65 Rin + 64 Ry)
+% (gjh (B/BnRi) + Jjk (BleRfil))
=2 Byy? (Gt (BiRL) + G (BrR},) )
_i Ymquq (Wkithl - W}%.Cjkl) .
This demonstrates that
BB Wiin = @muWiien, + by (6k 9jn — 61g51)
+ i le(Wkigjh - Whigjk )
+ %Ym (gjh (BWy) = 9jx (BlWii))
—2WnByy1? (&i@‘hz - 5riijkz)
=21,y By (8% Gy — 64 Cirar )
—2 Y Bay (WiCiry = WiCir )
—= Y4B Bi(RCinm + RhCem )
=2 B,y (G (BRL) + G (BuR1))
If and only if
BB (85 Rjn + 8% Rji) = @i (8% Rin + 8L Rix.)
B/ BnRi = apRi ,Where g;, #0 , and

(3.28)

(3.29)

BB R}, = amR), ,where gj #0 . (3.30)
In conclusion the proof of theorem is completed, we can
determine
Theorem 3.5. In the space G*"“BW —BRF,, the M-
projective curvature tensor W, defines a generalized
birecurrent Finsler space if and only if the condition in
equation (3.30) is satisfied.
By transvecting equation (3.28) with y/ and utilizing
equations (2.11a), (2.5b), (2.1a), (2.3) and (2.12a), we obtain
the following result:
BBuWin = @nuWiin, + by (8% Y — 6 ¥ic)
1 . .
+ 2 Cml (Wiyn — Wiy )
1 i i 1 i
—gBle((S,f, Hy, + 8, Hy) + g()’h(BleRilc) +
. 1 . .
Yk(BBmR})) + gaml(aﬁ Hy, + 6}, Hy)

) . . 1 .
- gaml(thIlc +YeRE) + ZYm(yh(‘BkaLt) -

Yk (Bthi)) : (3.31)
This demonstrates that

BB Win = @y Wiy, + byt (85 — 6331)

+ %le(Wléyh — Wik

+ 2V BWD — yie BW)). (3.32)

If and only if
fBle((S]i Hh + 5;,' Hk) = aml(é‘}; Hh + 6;1 Hk) y
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L

B,B,R. = a,uR. ,where y, #0 , and

BB, R: = ap, R, , Wherey, #0 . (3.33)
Therefore, the proof of theorem is completed, we conclude
Theorem 3.6. In the space G*™4BW — BRF,, , the covariant
derivative of the second orders for the M-projective torsion
tensor W, (M-projective curvature tensor I/T/jl}(h) defines a

generalized birecurrent Finsler space if and only if the
condition in equation (3.33) is satisfied.

By transvecting condition (3.31) with y* and applying
(n = 4), along with equations (2.11b), (2.5a), (2.5b), (2.1b),
(2.10a), (2.1c) and (2.12¢e), we obtain the following result:
BBnWy = @miWy + by (y'yn — 64F?)
1 i 1 i
- Zcml(Wi;Fz) _ZVmFZ(BlWPD
1 ) .
% (yay*(BiBwRE) + F2(B;B,R}))
+ BBy, (y'Hy, + 35, H)
1 ) .
+ gaml(Ythlc y* +F?R})
—%aml(yiHh + 36;1, H)
This demonstrates that
BBy Wi = aymiWy + byt (¥ yi — 64F?)
1 i 1 i
- ZCmI(FZWf:) _ZYmFZ(BlW}D .
If and only if
BB (ViH, + 38 H) = apy(y'Hy + 361 H),
B,B,,RL = a,R. , where y,y* #0, and
B,B,,RL = a,u R, , where F2#0 . (3.36)
Therefore, the proof of theorem is completed, we can say
Theorem 3.7. In the space GZ“dBVTI — BRF, , the M-
projective deviation tensor W, represents a generalized
birecurrent Finsler space if the tensors (y‘H, + 36} H)
and (y,RL y* + F2R}) are generalized birecurrent Finsler
space.
By contracting the indices i and h in the equations (3.28),

(3.31) and (3.34), and utilizing equations (n = 4), (2.2a),
(2.1a), (2.1b), (2.10b), (2.10c), (2.10d), (2.12c), (2.12d),

(2.12e) and (2.1c), along with the relations in equations
(2.11c), (2.11d) and (2.11e), we obtain the following result:

— — 1
B BinWik = anuWiy + by (1 = 1) gjic + 7 cru Wi

(3.34)

(3.35)

1 1
—2(1 + BBt + = ((BBmRi) + gy (BBR))
1 .
—3 Bgy? (Cjil (BnRE) + Cint (BmR))
1 1 i
+=am (1 + Ry =3 ¥*ByBi(RiCjim + RCjym)
1 1 i
+ ZVmBlVij ) Vmququl Cjil
1
2y 9By (1 = n)Cjy — gamz( Ry +gjxR).  (3.37)
This demonstrates that
- — 1
BiBuWik = @nuWiy + by (1 = n)gjic + 7 cruWie
1 1 i
+Z VmBlVij ) Vmququl Cjil
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1 .
3 yq‘Bqu(RILchim +R Cjkm)

—§ By (Cjil (BmRi) + Gt (BmR))

=2y IBe(1 = n)C g - (3.38)
If and only if

B/ BmRjk = apmRj , and

B/BnR = a;y R, Where g #0 . (3.39)

And BBy Wy = @y Wy + by (1 — n)yy
1 ; 1
+3 (yi (BiBmRy) + vk (BleR)) ~3 (1 4+ n)B,B,,Hy

—éaml(yiR,"c +yR) + %am,(l +n)H, . (3.40)
This demonstrates that

B BuWy = amuWy + by (1 — 1) yy. (3.41)
If and only if

Ble Hk = amlH,? y

B/BnR; = a Ry , where y; #0, and

B;B,R =a,;,R , where y,#0. (3.42)

In the last
BleW = amlW + bml(1 - TL)FZ
—= (VY (B BwR) + F2(BByR)) +5 (n + BB, H

+%aml (yl-R,fc yk +F?R) — %aml (n+ DH. (3.43)
This demonstrates that

BleW = amlW + bml(n - 1)F2 . (344)
If and only if

BleH = amlH,

B,B,,R. = a,,yR. , where y;y* # 0 ,and

B,B,R = a,yR ,where F2 0. (3.45)

In conclusion the proof of theorem is completed, we can say
Theorem 3.8. In the space G?*™BW — BRE, , the M-
projective Ricci tensor W, , vector W, and scalar W are
defined in equations (3.38), (3.41) and (3.44), respectively,
provided that the conditions in equations (3.39), (3.42) and
(3.45) are satisfied.

By transvecting equation (3.28) with g;. and utilizing
equations (2.2b), (2.10d), (2.12d) and (2.11f), we obtain the
following result:

Bleerkh = amlerkh + by (grk gjn — grhgjk)
_%Ble(grkth + 9o Rix)
+% (gjh (ByBmRri) + gk (BleRrh))
—é yiB, (thl(BmRrk) + G (BmRrh))
=3 ¥ B Bi(ReiCGinm + RenCiiom )
+%aml(grkth + grn Rix) — %aml(gthrk + gjx Ren)
+%Ym((Bzer)gjh - (BW, )9k )
+ % cmt(WeiGjn — Wrngjx )
—% YmBaY ! (WricCint = WynCira )
20y By (grcCint = 9rnCita ) -
This demonstrates that

(3.46)
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BB Wy jkn = AWy jin + bi(Gric 9jn — Grnjr)
1
+Zym((Bler)gjh — (BiW,n)gjic)
1
+ ;sz(ergjh ~ Wy gjx )
1
= 5 YmBgy? (Wi Ciny = Wy Ciry)
—2mY By (9riCint — GrnCika)
1
=2 Y78, (CuBmRpic) + Ciet (BuRen))
1
3 ququ (Rrijhm + Ryp Cjkm ) (3.47)
If and only if
Ble(grkth + Grn Rjk) = aml(grkth + Grn Rjk) )
BleRT‘k = amerk ,Where g]h * 0 ,and
BleRrh = amerh' where gjk *0.
Thus, the proof of theorem is completed, we conclude

Theorem 3.9. In the space G*"*BW — BRE,, M-projective
associate tensor W, .,
(M-projective curvature tensor V_I/J;h ) characterizes a

generalized birecurrent Finsler space, provided that the
condition (3.48) is satisfied.

(3.48)

CONCLUSION

This paper introduces and explores several new
properties of the M-projective curvature tensor, I/T/]’kh in the
context of Finsler geometry, specifically within the
framework of generalized recurrent Finsler spaces. By
deriving a series of equations and theorems, we have
demonstrated the underlying relationships between various
curvature tensors and their conditions for being generalized
recurrent Finsler spaces.
The key findings of the study are as follows:
1. Generalized Recurrent Finsler Spaces: We have established
that in the space G?"*BW — BREF, , the M-projective
curvature tensor V_kah represents a generalized recurrent
Finsler space, provided that certain conditions, such as
equation (3.7), are satisfied. This is crucial as it extends the
concept of recurrent Finsler spaces and provides a deeper
understanding of their geometric properties.
2. M-projective Torsion Tensor: Through detailed derivations
and the application of transvection techniques, we showed
that the M-projective torsion tensor I/T/j;h in a similar manner
also represents a generalized recurrent Finsler space, subject
to specific conditions (3.10). This adds a new layer to the
study of torsion tensors in Finsler geometry, highlighting
their potential to model more complex geometric structures.
3. Deviations in Geometrical Properties: The study also
presents a comprehensive approach to the M-projective
deviation tensor W . By incorporating deviations into the
curvature analysis, we have established that the deviation
tensor represents a generalized recurrent Finsler space under
conditions (3.13), thus providing a more generalized
framework for the classification of Finsler spaces.
4. Curvature Tensors and Their Interactions: By examining
various covariant derivatives and transvecting equations, we
have also shown how the covariant derivatives BmVT/jﬁm and
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BleVT/j‘}(h contribute to understanding the interplay between
different curvature tensors in the context of generalized
recurrent Finsler spaces. The results underscore the
importance of these interactions in establishing a more robust
classification of Finsler spaces and contribute to the
understanding of their broader geometric properties.

5. Implications for Birecurrent Finsler Spaces: The concept of
generalized birecurrent Finsler spaces is introduced,
providing an extension to the classical idea of birecurrence.
This new class of spaces offers an enriched set of geometrical
structures with applications in higher-order differential
geometry and theoretical physics, particularly in the study of
spaces with more intricate curvatures and torsions.

6. New Theorems and Classifications: The paper provides the
proof and theorems associated with the space G*"4BW —
BRE, and the conditions under which the M-projective
curvature tensor and its derivatives define generalized
recurrent or birecurrent Finsler spaces. These results extend
the existing framework of Finsler geometry by providing
more generalized conditions for classification.

In conclusion, the results of this study open several new
avenues for future research, particularly in understanding
more complex and higher-dimensional Finsler spaces and
their applications. The proposed definitions and conditions
lay the groundwork for further investigation into generalized
recurrent Finsler spaces, M-projective tensors, and their
relations to curvature, torsion, and deviation. Moreover, the
introduction of generalized birecurrent spaces offers a
promising direction for the exploration of spaces with highly
intricate geometric structures.

RECOMMENDATIONS

Based on the comprehensive derivations and proofs
established within this study, the following recommendations
are proposed for future research directions in the study of M-
projective curvature tensors and generalized Finsler spaces:
1. Further Analysis of Generalized Finsler Spaces:

The results obtained for generalized recurrent Finsler
spaces, specifically in relation to the M-projective curvature
tensor _jl}(h , offer potential for further investigation. Future
studies could explore additional conditions under which these
spaces exhibit notable geometric properties such as curvature,
torsion, and deviation. It would be beneficial to extend the
characterization of these spaces to higher-dimensional
settings (i.e., beyond (n = 4) and analyze their applications
in complex geometries.

2. Refinement of Covariant Derivatives in Second-Order
Calculations:

In this work, we have introduced covariant derivatives
such as BleI/T/jl}(h and related expressions. These derivatives
offer a systematic approach to studying the geometry of M-
projective tensors. However, more advanced techniques
could be developed to refine the computational process,
particularly for higher-order covariant derivatives. Exploring
the use of alternative differential operators might yield more
efficient methods for deriving related geometric invariants.
3. Potential Applications to Generalized Birecurrent Spaces:

The concept of generalized birecurrent spaces is
introduced as a potential extension of classical birecurrent
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Finsler spaces. This new class of spaces requires deeper
exploration of its geometric and physical interpretations,
especially in contexts where Finsler spaces with curvature
constraints are applicable. We suggest investigating the
applicability of these spaces in areas such as theoretical
physics, where the structure of spacetime may be modeled
using advanced differential geometry.

4. Numerical Simulations and Computational Methods:

While the theoretical framework presented in this paper
provides a solid foundation, numerical simulations could
offer insights into the practical implications of the results.
Computational methods for solving systems of differential
equations governing the M-projective curvature tensors may
lead to new insights into the behavior of generalized Finsler
spaces under various boundary conditions. This would further
enhance the understanding of the relationship between
curvature tensors and geometric properties in high-
dimensional spaces.

5. Integration of Torsion and Curvature in Physical Models:

Torsion and curvature play a significant role in the study
of differential geometry, particularly in the context of general
relativity and other physical theories. Future research could
focus on how these tensors interact in the context of Finsler
spaces with torsion, especially when considering specific
models of spacetime or material media. The results of this
study, especially the properties of V_I/];h and its transvecting
forms, could serve as the foundation for developing new
models of physical phenomena.

6. Extension to Non-Riemannian Geometries:

The framework of M-projective curvature tensors could

also be extended to non-Riemannian geometries, such as
those encountered in quantum gravity and string theory. By
relaxing some of the assumptions inherent to classical
Riemannian geometry, future studies could explore how
curvature tensors behave in more generalized spaces and
whether this yields new insights into the fundamental nature
of space and time.
These recommendations aim to guide future investigations
into the properties and applications of generalized Finsler
spaces and M-projective curvature tensors, contributing to
both theoretical advancements and practical implementations
in geometric and physical models.
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Abstract— Depression is a mental illness that can make a
person’s life difficult and can eventually lead to suicide.
Depressed individuals who do not receive timely attention
develop worse conditions and may eventually commit
suicide. Depression and suicide are becoming a global health
concern which need to be adequately addressed. In this study,
an ensemble learning model which make use of demographic
data to detect depression and suicide attempt and also guide
individuals from committing suicide through the web-based
application system is proposed. The forever Alone
demographic dataset which was downloaded from Kaggle
online data repository was used, the dataset was imbalanced
and was balanced using synthetic minority oversampling
technique (SMOTE). The dataset was split into 60/40, 70/30
and 80/20 train/test percentage split, however, the 80/20
train/test split performed best and it was used and reported in
this study. The study employs an ensemble machine learning
model, specifically Adaboost with Extra trees as base
estimators for prediction. Adaboost enhances model
performance especially in handling class imbalance leading
to excellent accuracy. Results obtained reveal that Adaboost
ensemble model outperformed all other machine learning
algorithms across all evaluation metrics with 82.00% recall
and 78.69% accuracy for depression, and 93.85% recall and
90.60% accuracy for suicide attempt respectively on the
balanced dataset. The uniqueness of Adaboost in sequential
weighting of misclassified instances which enhances model
performance, especially in handling class imbalance thus
leading to an excellent accuracy. It was therefore used for the
prediction system. The study affirmed the prowess of
ensemble machine learning model for predicting depression
and suicide attempt. Ethical issues were also discussed in the
study.

Keywords— Ensemble Learning, Depression, Data split, Machine
learning, Suicide attempt, Adaboost.
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I. INTRODUCTION

It has been estimated that more than 300 million people
worldwide suffer from depression, a mental condition that
can make a person's life difficult and eventually lead to
suicide [1]. Even though they display the symptoms through
observable behavior, sad people typically are unaware of their
condition. For example, depressed people often keep quiet,
feel tired, and are socially isolated in real life, but on social
media, they tend to be more active in expressing their
emotions and ideas. One of the risk factors of suicide is
depression [2]. Although neurological therapy or
psychological counseling might reduce depression, ecarly
detection is important. Both depression and suicide are a
global health concern. Depression sufferers who do not
receive timely attention will develop worse conditions and
may eventually commit suicide.
Suicide is a serious problem that affect millions of people
worldwide and one of its main causes is depression [3]. It
should be noted that early prediction is required for
depression and suicide therapies to be successful. In the
health sector, several ailments have been detected and
diagnosed using machine learning (ML) techniques. Many
researchers have worked on depression status and suicide
attempt based on social media post but limited work has been
done in using ensemble learning technique to detect
depression and suicide attempt using demographic data with
some risk factors like income, employment status, age, race,
body weight, virginity and so on. The study therefore
explores demographic predictors using ensemble method.
Angskun et al. [4], proposed a depression detection model on
social networks using big data analytics. ML techniques
which include Decision Tree, SVM, Random Forest, Naive
Bayes and Deep Learning were used for the depression
detection model while the novel model was used to capture
depressive moods of depression sufferers. From the result, it
was discovered that the proposed model with feature
selection using Random Forest outperformed all other
existing models without feature selection.
Aldhyani et al. [5], worked on experimental research for
building a suicidal ideation detection system using publicly
available Reddit datasets, word-embedding approaches, for
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text representation and hybrid deep learning and ML for
classification with the accuracy of 95%.

Mahmud et al. [6], intended to identify the best ML model to
forecast suicide risk among university students in Bangladesh
by comparing using six popular ML models to identify the
most efficient predictive model for suicidal behavior. SVM
performance happened to be the best with 79% accuracy.
Dhasmana et al. [7], worked on ML model that can predict
depression and suicide thought through data by the social
media platform like Reddit. Post was extracted from social
media platform called subreddits. Raw data about the two
subreddits was taken and Natural Language Processing
techniques was done to clean data suitable for the research
purpose, then the model was trained and tested with the
accuracy of 0.985.

In Saha et al. [8], suicidal ideation from social media using
ML approach was investigated. The Authors made use of
logistic regression, naive bayes, SVM, k-nearest neighbor,
decision tree, random forest, and gradient boosting in the
study with the accuracy of 88.6%. The results from the study
support the idea that several different ML algorithms may
greatly enhance suicide detection and prevention efforts.
Many people have expressed their emotions and thoughts
about a wide range of topics using different social media
platforms such as Twitter and Facebook [9], with Twitter
being the commonly used to identify depression [10,11].
However, social media post alone is not enough to predict
depression as not every depressed people express their
feelings online. Most of the depressed people are active
online and on social media, therefore prediction based on
social media post alone may not be enough. Some underlying
risk factors like income, race, employment status, age,
friends, social fear etc. can make an individual to be
depressed.

Evidence has been shown that demographic data can be used
to provide indicators for depression and suicide predictions.
Cruz et al. [12], applied Naive Bayes classifier to predict
depression levels among students using demographic and
psychological survey data. Their model achieved an accuracy
of 78.03% and revealed that risk factors like income level,
academic stress and sleep patterns are useful indications of
prediction while our study focuses on prediction of
depression and suicide attempt using demographic data.
Tulubas et al. [13], conducted a comprehensive investigation
into the relationship between digital addiction and academic
achievement among students. Their research adds value to the
predictive discourse by identifying digital behavior as a
mediating variable. It proffers that pattern of technology use
may serve as early indicators of mental health risks in youth
populations.

Papadakis et al. [14], worked on a technological perspective
by integrating a computer simulation and cloud-based
systems into educational environment. The authors emphasis
on the usability, interactivity and accessibility of cloud
platforms may provide basic support for the deployment of
predictive mental health system in educational settings. Their
research brings out the necessity of adaptive technologies that
can also monitor user behavior in real time for modern
depression and suicide risks model.
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In our study, features were selected based on the feature
importance. However, manual feature selection allows for
fine tuning of the model. The features that are relevant for the
specific task was selected thus leading to a more effective
model. The most important feature for both depression and
suicide are job title, friends, age, education level, social fear,
income, body weight, employment, race, sexuality and so on.
Date and time were removed from the features as they do not
serve as contributing factor to the target variable, likewise
‘what help from others feature’ and “improve yourself how”
was removed because it is not categorical in nature.

In this work, an Adaboost ensemble model that predicts
depression and suicide attempt status was developed and a
web-based system that assists experts in guiding individuals
from committing suicide was developed. The main risk
factors for depression includes job title, friends and age while
the one mainly responsible for suicide is job title, age and
friend.

II. METHODOLOGY
The method employed in the study include data collection,
preprocessing, balancing dataset using SMOTE, splitting the
dataset into various training/test ratio to know the best data
split, applying ML algorithm for both depression and suicide
attempt, applying extra trees for Adaboost ensemble,
evaluating the model performance and developing the
system. Fig. 1 represented the architecture of the model for
prediction.
A. Dataset Description and Limitations
The dataset used in this study is named foreverAlone,
obtained from an online data repository known as Kaggle,
which consists of demographic data. It is a categorical data of
survey that took place from May, 2016 to September, 2016.
The dataset originally served as a platform to share the
"forever alone" meme, but over time it evolved into both an
identity and a community for individuals who have
experienced prolonged loneliness to discuss and share their
struggles.
The dataset contains 19 columns and 469 records which are
used for the prediction of depression and suicide attempt. The
dataset is small and imbalanced for both target variable
column (depressed and attempt suicide). Due to limitation of
the small dataset, appropriate alternative was made to make
predictions accurate which include using SMOTE, adopting
Adaboost ensemble and using several performance metrics.
Imbalanced dataset can affect the predictive performance of
the research, that is the reason the data was balanced using
SMOTE (synthetic minority oversampling techniques.
SMOTE works by oversampling the minority class or under
sampling the majority class. However, smote may introduce
bias thus one of the reasons for using Adaboost ensemble that
reduces bias and overfitting. SMOTE also makes training a
model easier as it helps in preventing the model from
becoming biased towards one class.
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Dataset Collection

‘ Balance Dataset using SMOTE ‘

‘ Split Data into Training and Test ‘

Apply ML Algorithms
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Apply ML Algorithms
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Apply Extratrees for Adaboost
Ensemble for suicide

Apply Extratrees for Adaboost
Ensemble for depression

A4
Evaluate Model Evaluate Model Performance
Performance for depression for suicide

\ 4

Develop a System

Fig. 1 Architecture of the Model

B. Data Preprocessing

The process of preparing the raw data and making it suitable
for a ML model is known as data preprocessing. It is an
important, of course the first step involved in creating a ML
model. After downloading the dataset online, data
preprocessing is the next step. Making the dataset suitable for
a model will increase the accuracy and efficiency of the
model.

In this study, missing values are first cleaned from the dataset.
Some columns contained null values and incorrectly filled
values. The job title column contains incorrectly filled values
such as -, N/a, null values, *, and T. The correctly filled
values were renamed as None. Categorical features were
converted to numerical using label encoding. Age and income
were preprocessed using min-max scaling method. The
scaling ensured that all numerical features had values within
a constant range.

C. Data Balancing and Limitation

The dataset downloaded from Kaggle was imbalanced, so,
SMOTE was applied to balance both depression and suicide
attempt column. The main benefit of SMOTE is its ability to
improve the performance of machine-learning models [15].
A dataset is imbalanced if the classification categories are not
approximately equally represented. The performance of the
prediction will be improved when the dataset is balanced. It
also makes training a model easier as it helps in preventing
the model from becoming biased towards one class. In the
depressed column, 312 participant was depressed while 157
was not depressed while the suicide attempt column has 85
participant that have made suicide attempt and 384 participant
that have not made an attempt to commit suicide. Smote has
limitation of bias and they are handled using multiple metrics

https://doi.org/10.20428/jst.v30i6.2864
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and not relying on accuracy alone. Metrics like Flscore,
precision and recall are used to get a more balanced view of
the model performance. Adaboost also plays a significant role
in smote bias and overfitting due to synthetic redundancy.
Tables 1 and 2 illustrate the dataset description before and
after applying smote for both depression and suicide attempt
respectively. Smote increased the target variable in both the
depressed and suicide attempt cases. Hyperparameter tuning
was not applied in the study however future work will take it
into consideration.
Table 1 Dataset for depression before and after SMOTE

Depressed Not Total
depressed
Before 312 157 469
SMOTE
After 303 303 606
SMOTE
Table 2 Representation of dataset for suicide attempt before
and after SMOTE.
Suicide No Suicide Total
Attempt Attempt
Before 85 384 469
SMOTE
After 372 372 774
SMOTE

D. Data Splitting

The dataset was split into training and test set. Various
data splitting percentage were used which includes (60/40),
(70/30) and (80/20) training/test. This was done to compare
result in order to choose data split which has the best
accuracy. The machine learning algorithms were used on the
training dataset while the test set was used to evaluate
predictive performance of the models. However, the 80/20
training/test percentage split outperformed the other
percentage splits and it was used and reported in this study.
Table 3 shows the proportion of the dataset used for both
training and testing in both cases.

E. Feature Importance Analysis

Feature importance was analyzed using SHAP values and
Extra trees to identify the features that most influence
prediction in both cases. The chart for both cases are shown
in Figure 2 and 3.

Table 3 Proportion of data set used for data training and testing

Training Testing Total
Depression 484 122 606
Suicide Attempt 595 149 744
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Figure 2: Suicide attempt Feature Importance Chart
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Figure 3: Depression Feature Important Chart

F. Algorithms used for Depression and Suicide Attempt
prediction

Four Machine Learning algorithms used in this study include:

SVM, extra trees, logistic regression and naive bayes.

a) Support vector machine: SVMs are ML algorithm
that identify data from classification and regression
studies [16, 17]. SVM supervised learning approach
is used for analyzing data and categorizing it into
two groups. They are one of the robust prediction
algorithms in ML. In this study, we considered using
SVM as one of the methods for model training,
because it is well suited for binary classification
tasks. Also, it has shown good results in the medical
diagnostics, electric load forecasting, optical
character recognition and other fields. The data
points (vectors) that are the closest to the
hyperplane, which affect the position of the
hyperplane are called support vector. Since these
vectors support the hyperplane, hence called a
Support vector.

b) Extra trees: As the name suggested, extra trees
algorithm gets its name from the random way it
constructs each decision tree and the way it
processes the data, which really reduces the chance
of overfitting the data. It belongs to the ensemble
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learning family. It combines the predictions from
many decision trees. It is an extension of the random
forest algorithm and shares many similarities with it.
Extra trees algorithm randomly picks several
columns of data without replacement, and try to
determine which column best describes the data
throughout the training of decision trees. Each
column corresponds to an attribute which describes
a feature of the data set. Its main strength lies in the
computational efficiency [18].

c) Logistic Regression: Logistic regression otherwise
known as logistic model or logit model, examines
the relationship between a categorical dependent
variable and multiple independent variables, and
estimates the probability of occurrence of an event
by fitting data to a logistic curve [19]. It can be used
to classify an observation into one of two classes
(like ‘depressed’ and ‘not depressed, suicide attempt
and no suicide attempt’), or into one of many
classes.

d) Naive bayes: Naive Bayes classifier assumes that the
presence of individual feature in a class is
unconnected to the presence of any other feature. Its
main target is the text classification industry. Naive
Bayes is mainly wused for clustering and
classification purpose and depends on the
conditional probability of happenings [20]. Bayes'
theorem also known as Bayes' Rule, is used to
determine the probability of a hypothesis with prior
knowledge and it depends on the conditional
probability.

reduce bias that smote might have caused and to reduce
variance. However, its strong performance with weak
learners also serves as a contributing factor. It also
outperformed all other boosting method when trying it with
the dataset and performed excellently well. Boosting reduces
bias, noise and variance error. Adaboost pays more attention
to the misclassified samples by assigning more weight to the
misclassified until they are all correctly classified. It is good
for classification problem and also update weight iteratively
until it finally reaches its desired aim before prediction.

In adaptive boosting, the base classifier updates the weight
attached to each of the observations in the dataset. The
datapoint with higher accuracy would be assigned a lower
weight. The weighted dataset is used as a training set for the
next weak learner. The resulting dataset is re-weighted for a
misclassified sample and used as the input for the next
classifier. The base algorithm read the data and assign equal
weight to each sample observation. Extra trees were used as
the base algorithm for the ensemble model due to its higher
computational efficiency.

G. Applying Adaboost and Justification for its use for

Prediction

Adaboost Ensemble model was applied for both depression
and suicide attempt. In Boosting, trees are grown using the
information from a previously grown tree one after the other.
The adaptive boosting (Adaboost) combines weak classifiers
into a single strong classifier. It is sequential in nature.
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H. Performance Evaluation of the Model

The evaluation of the model was done using confusion
matrix. It sums up the number of correct and incorrect
predictions. It is a 2 X 2-dimensional matrix because we are
dealing with binary classification. Some model performs
more better than the other. The performance differences in the
model can be attributed to their handling of non-linearities
and feature contribution. For instance, Naive Bayes
underperform due to its assumption of feature independence
while Extra trees and Adaboost better captures complex
interactions between features. Tables 4 and 5 show the
confusion matrix for both cases.

Table 4 Confusion Matrix for Depression.

Actual Class Predicted Class
Depressed Not depressed
Depressed TP FN
Not FP TN
Depressed
Total Positive Negative

Table 5 Confusion Matrix for Suicide Attempt.
Predicted Class

Suicide No Suicide
Actual Class Attempt Attempt
Suicide TP FN
Attempt
No Suicide FP TN
Attempt
Total Positive Negative

Abbreviations: TN = True Negative; FN = False Negative; FP = False
Positive and TP = True Positive.

I. Terminologies of the confusion matrix

a) True Positives [TP]: These are the positive cases that
the classifier properly classified as depressed and
attempt suicide.

b) True Negatives [TN]: These are the negative cases
that the classifier properly classified as not
depressed and no suicide attempt.

c) False Positives [FP]: These are the negative cases
that were wrongly classified as positive.

d) False Negatives [FN]: These are the positive cases
that were wrongly classified as unfavorable.

J. Technology Used for the Development of the System
The implementation of the prediction system was done using
ML libraries, Scikitlearn, Django, Google Collaboratory
notebook, cascading style sheet (CSS)3, JavaScript, and
hypertext markup language (HTML) 5.
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ITI. RESULTS AND DISCUSSION

A. Extra Tree Model Result
Out of the four ML models employed in this study, the extra
trees model performance is the best across all evaluation
metrics. The model’s performance show how well it performs
when addressing both cases across all evaluation metrics as
affirmed by the confusion matrices obtained from the model
(see Fig. 4 and Fig 5). So, due to its computational efficiency,
with accuracies of 76.23% for depression and 89.26% for
suicide attempt respectively, it was employed as the base
estimator for the boosting ensemble method, however in Cruz
et al. the performance metrics achieved is an accuracy of
78.03%, precision of 75.68%, recall of 80.39% and F1 score
of 77.96%.

It can be deduced from Fig. 4 that the model achieved a
true negative of 53 and a true positive of 40 for its prediction.
However, 10 of its instances were wrongly predicted as “not
depressed” (false negative) while 19 instances were wrongly
predicted as “depression” (false positive). This implies that
Extra trees classifier correctly predicted the absence of
depression in 53 instances, wrongly predicted the absence of
depression in 19 instances, correctly predicted the presence
of depression in 40 instances and wrongly predicted 10 cases
of depression.

Also, the performance metrics for the suicide attempt
predictive model using the extra trees classifier produced
excellent results. Fig. 4 shows the confusion matrix obtained
from extra trees classifier on the dataset for suicide attempt
model. From the diagram, it is deduced that the model
achieved a true negative of 72 and a true positive of 61 of its
prediction. However, 4 of its instances were wrongly
predicted as “not attempt suicide” (false negative) while 12
were wrongly predicted as “suicide” (false positive) whereas
the actual value is “not attempting suicide”.

Confusion Matrix

Not Depressed

True label

Depressed

10

Not Depressed
Predicted label

Depressed

Fi

—

g. 4 Confusion Matrix obtained from Extra Trees Classifier
for Depression
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Confusion Matrix

Not attempted_suicide

True label

attempted_suicide

Not attempted_suicide attempted_suicide
predicted label

Fig. 5 Confusion Matrix obtained from Extra Trees for Suicide
attempt.

B. Ensemble Model Results
As stated earlier, balanced dataset at 80/20 training/ test
percentage split performed best when compared with other
splits and was used in this study. The confusion matrices
obtained from the ensemble model for both depression and
suicide attempt are shown in Fig. 6 and Fig. 7 respectively.

Confusion Matrix

Not Depressed

True label

Depressed

T
Not Depressed
Predicted label

Depressed

Fig. 6 Confusion matrix obtained from the ensemble model
for depression.

The confusion matrix obtained from the ensemble model for

predicting depression (Fig. 6) shows that the model achieved

a true positive of 41 cases and true negative of 55 cases.

However, 17 of its instances were wrongly predicted as

“depressed” (false positive) while 9 instances were wrongly

predicted as “not depressed” (false negative). This indicate
that 55 instances were correctly predicted as not depressed
while 41 was correctly predicted as depressed.

Also, Fig. 7, which is the confusion matrix obtained from the
ensemble model for predicting suicide attempt, shows that the
model achieved a true negative of 74 cases and a true positive
of 61 cases of its prediction. However, 4 of its instances were
wrongly predicted as “not suicide” (false negative) while 10
were wrongly predicted as “suicide” (false positive). This
indicate that 74 instances were correctly predicted as no
suicide attempt while 61 cases were predicted as suicide
attempt.

Confusion Matrix

Not attempted_suicide

True label

r30
attempted_suicide

r2o

rlo

Not attempted _suicide
Predicted label

attempted_suicide

Fig. 7 Ensemble model for suicide attempt

IV. RESULTS DISCUSSION

Tables 6 and 7 summarize the performance of the classifiers
and ensemble model used for predicting depression and
suicide attempts. Among the models, Extra Trees achieved
the highest performance across all evaluation metrics and was
chosen as the base estimator for the Adaboost ensemble
model. For depression prediction, the Extra Trees model
achieved 76.23% accuracy, 67.80% precision, 80.00% recall,
and a 73.39% F1-Score. Similarly, for suicide attempt
prediction, the metrics were 89.26% accuracy, 83.56%
precision, 93.85% recall, and an 88.41% F1-Score

Table 6 Summary of the models’ performance for depression.

S.No  Algorithm Accuracy Precision Recall F1-score

1 SVM 50.82% 44.57% 82.00% 57.75%

2 Extra Trees 76.23% 67.80% 80.00% 73.39%

3 Logistic regression 75.41% 67.24% 78.00% 72.22%

4 Naive Bayes 71.31% 65.31% 64.00% 64.65%

5 Adaboost Ensemble 78.69% 70.69% 82.00% 75.93%

Table 7 Summary of the models’ performance for suicide attempt
S.No Algorithm Accuracy Precision Recall F1-score
1 SVM 51.68% 47.33% 95.38% 63.27%
2 Extra Trees 89.26% 83.56% 93.85% 88.41%
3 Logistic regression 75.41% 67.24% 78.00% 72.22%
4 Naive Bayes 71.14% 65.28% 72.31% 68.61%
5 Adaboost Ensemble 90.60% 85.92% 93.85% 89.71%
Journal of Science https://journals.ust.edu/index.php/IST H
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However, the Adaboost ensemble model demonstrated better
performance than the Extra Trees model. Its metrics for
depression prediction include 78.69% accuracy, 70.69%
precision, 82.00% recall, and a 75.93% F1-Score. For
predicting suicide attempts, the results were even higher:
90.60% accuracy, 85.92% precision, 93.85% recall, and an
89.71% F1-score, meaning that the ensemble model yielded
remarkable accuracy in classifying a significant portion of the
dataset across both scenarios. Its ability to identify positive
cases while minimizing false positives is reflected in its
precision scores of 70.69% for depression prediction and
85.92% for suicide attempt prediction.

Furthermore, the model showed exceptional sensitivity in
detecting true positive instances, achieving recall rates of
82.00% and 93.85% for depression and suicide attempt
respectively, which correspond to low false negative rates.
The F1-score, representing a balance between precision and
recall, gave 75.93% for depression and 89.71% for suicide
attempt predictions respectively. These metrics highlight the
ensemble model's robust predictive capabilities for the given
task.

A. Implementing the Model in a Web-Based Application
The Adaboost Ensemble model was used to implement a
web-based application since the predictive power of
the ensemble model is better than those of individual models.
This model can now be used to predict depression and suicide
attempt status of new individuals/patients by integrating it in
the real-life prediction process where the expert input the
patient’s data and get the required result. This implementation
is categorized into two webpages. The home page and result
page.

However, the aspect of user authentication does not occur
because the system was developed for expert during
screening and not for public use. Although access control will
be deployed in future work. The user interface is more user
friendly enough and self-explanatory to use without any
difficulty for expert.

B. Experimental Result

The home page of the system gives room for the user to input
the data required to check for depression status. The
description of the home page is presented in Fig. 8. The data
of the individual who needs help is entered and the user then
click “Predict”. The inputs to the depression model are: age,
income, gender, sexuality, race, bodyweight, virgin,
prostitution legal, pay for sex, social fear, attempt suicide,
friends, employment, job title, education level while the
Output is Depressed or Not Depressed.

https://doi.org/10.20428/jst.v30i6.2864
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Depression Predictor

Fig. 8 Description of the Home page
Upon clicking predict, the system shows the status of the
patient to be “not depressed’ or “depressed”. If the patient is
not depressed, the system takes no action and the user goes
back to home page as shown in Fig. 9.

Depression Predictor Result
The model prediots.
You are not depressed

Rack to Homa

Fig. 9 Result Page: “Not Depressed”

However, if the patient is depressed as shown in Fig. 10, a
suicide test is required and there is a link “Take suicide test”
that takes the user to the suicide predictor page where suicide
attempt prediction takes place. The inputs to the suicide
attempt predictor are age, income, gender, sexuality, race,
virgin, pay for sex, prostitution legal, social fear, bodyweight,
depression, employment, friends, job title, education level,
while the output is Suicide Attempt or No Suicide attempt.

Depression Predictor Result
The model predicts:

The patient is tending towards being
depressed

Take suicide test

ADVIERECOMMENOATION
1. BE HAPPY. KEEP SMUNG, BETTER DAYS IS COMAG 00K,
£ 566 YOUR DOCTOR NOW, DON'T OGLAY
3 TAKE YOUR ANTIOEPRESSANT WEDICATION REGULARLY
. EXERCI8 REGULARLY, RELAX AND LITEN TOMUSE Y00
5 A PROBLEM SHARED I3 HALF SOLVED, VISIT A

COUNSELLOR

4. TRUST GOD FOR EVERYTHING AND VISIT SPRITUAL
RAMMES

Fig. 10 Result Page: “Depressed”.
The expert enters the input based on the patient response and
the system predicts and displays the suicide attempt status of
the patient as shown in Figs 11 and 12.
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Suicide Predictor - Result

The model predicts:

The patient is not attempting any
suicidal action

Back to Home

Fig. 11 Suicide Predictor Result Page: No suicidal attempt.

Suicide Predictor - Result

The model predits:

The patient is tending towards a
suicidal state
ADVISE/RECOMMENDATION
1. SUICIDE IS NEVER & SOLUTION TO ANY PROBLEM

2 BE POSITIVE. STAY POSITIVE AND KEEP YOUR MIND ANAY
TOTALLY PROM BAD THOUGHT

3. FORGET THE PAST, FOCUS ON THE PRESENT AND DONT
FOCUS ON THINGS YOU CANNOT CHANGE.

Fig. 12 Recommendation/Advise page.

V. CONCLUSION AND FUTURE WORKS

The study used four machine learning algorithms for
predicting both depression and suicide attempt using the
foreverAlone dataset. However, balancing the dataset before
developing a model plays a significant role in the study by
improving its predictive performance and accuracy. Adaboost
ensemble approach, Logistic Regression, Naive Bayes, and
Extra Tree classifier all demonstrated their distinctive
advantages.

In summary, the study developed an Adaboost ensemble
prediction model for depression and suicide attempt,
demonstrating great accuracy of the Adaboost for mental
health classification problem and deployed the model with a
user-oriented web-based system with ethical safeguards has
the lowest accuracy. Ensemble method also plays a
significant role in predicting depression and suicide attempt
with better accuracy than other ML algorithms.

The system developed act like a decision support system for
expert and not a replacement for diagnostic evaluation.
Comparing the training and testing data percentage split
improved the study as 80/20 training/test outperformed the
other training/test percentage splits. The role of data split in
ML cannot be over emphasized. The accuracy of each model
depends on the method used and the algorithm itself.
However, it is crucial to take into account the particular aim
and objectives when selecting a model because different
algorithms may be more suited for different tasks. To get
better outcomes, it is advised to continue optimizing and fine-
tuning these models. The use of k-fold cross validation can
also be incorporated in the future work. Ethical Al practices,
interpretability and collaboration with clinical stakeholders
and psychologists is very important in future work

Journal of Science
and Technology

Additionally, the generalization and robustness of the model
could be enhanced by the incorporation of larger and more
varied datasets from external health providers like WHO,
NHANES for real world validation is highly important in
future work.

A. Ethical Issues

The dataset used is publicly available on online dataset
repository known as Kaggle and it is anonymized, therefore
getting formal institution review board may not be necessary
or required.

Based on the prediction models, real-time monitoring and
intervention strategies might be created to help those who are
at risk for depression and suicide. If the system operates
without human intervention, it may lead to dangerous
decision, violation of medical ethics and data protection.

B. Implication of Misclassification (FN &FP)

The risk of false negatives and false positives have ethical
implications. It is therefore necessary to encourage safe
deployment and use with expert human intervention.

False positive will cause unnecessary anxiety for the
individual after receiving inaccurate prediction and also the
expert limiting access for those in critical need and allocating
time for those that doesn’t need urgent care. However, all
positive predictions should be reviewed by trained mental
health before intervention and also fine tuning the model is
highly important.

False negatives will cause a high-risk individual not to
receive timely help due to error in diagnosis. This will
increase the severity of depression and increase suicide
attempt. This can be reduced by taking into consideration
routine reassessment of individual especially those at higher
risk level.
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Abstract— Manual sorting of objects by color can be
exhausting and time-consuming, resulting in high labor costs and
the potential for errors. At the same time, achieving accurate
automation of this sorting process poses a challenging engineering
task. This study presents a real-time method utilizing image
processing of video frames collected by a camera and processed by
an onboard Raspberry Pi computer. Unlike systems relying on color
sensors or Al, this work achieves comparable accuracy using cost-
effective, fast color identification with different colors' shades. An
algorithm was specifically developed using the OpenCV package
for this objective. The sorted objects are then transferred by a
robotic gripper mechanism to their respective bins. The mechanical
side will have a robotic arm and conveyor belt. The proposed design
will be proven to be an effective and economical solution based on
its capacity to pass tests set to evaluate its performance, where it
exhibited a 90% accuracy under ideal operating conditions. The
strategy being proposed is ideal for industrial applications that
require color-sorting machinery, such as the fruit packaging and
food processing sectors.

Keywords— Color-sorting, image processing, robotic arm, real-
time processing, object detection, mechatronics, conveyor belt,
computer vision, Raspberry Pi, OpenCV."

Introduction

In industrial automation, image processing has
become crucial for many applications. This integration has
paved the way for creative solutions that boost efficiency and
precision. One significant application of this technology is
categorizing things based on their color.
For instance, in industrial automation applications requiring
color detection such as sorting objects by color, image
processing techniques and algorithms can be utilized to
achieve this purpose. This will effectively speed up the
sorting process, reduce costs and minimize human errors [1].
Most industrial applications demand sorting in real time,
which in turn leads to employing cameras and using
sophisticated algorithms and sensors [1]. This will streamline
production line conditions for diverse products and as more
companies adopt automation, the demand for image
processing will continue to grow.

Although the color detection problem appears to be the same
in all applications, there are differences in this problem that
arise from the specific needs of the production process itself,
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such as the speed and accuracy of detection. This results in a
number of detection methods, including the use of artificial
intelligence [3, 4, 12], simple color thresholding techniques
[2, 5], or specialized color sensors [6—8].

Studies on color detection with the use of Al or color
thresholding approaches involve microprocessor-based
solutions such as the usage of Raspberry Pi, generally with
image processing software libraries such as OpenCV [2, 9-
13]. On the other hand, investigations using dedicated color
sensors adopt microcontroller-based solutions such as
Arduino boards [6-8].

Dedicated color sensors offer cost advantages; however,
they are inadaptable and have a limited accuracy, which
renders them inadequate for dynamic industrial
environments. Al-based solutions are more accurate and
highly adaptable but demand higher computational
performance, which leads to an increase in cost and limiting
speed if operated on modest hardware. In this work we
propose an automated production line (robotic arm and
conveyor belt) control system using a color thresholding
method based on hue, saturation, and value (HSV) color space
thresholding on a microprocessor-based solution employing
Raspberry Pi and OpenCV. The suggested system aims to
establish a balance between cost, accuracy, and adaptability.
Studies on color detection using Al or color thresholding
approaches involve microprocessor-based solutions such as
Raspberry Pi, typically with image processing libraries like
OpenCV [2, 9-13].

I. METHODOLOGY

This section presents the materials, methods, and
overall flow of the system development. The study outlines
the core hardware and software components employed in the
system's development, including the Raspberry Pi 4 Single-
Board Computer (SBC), Arduino Uno microcontroller
development board, Arducam Camera Module, Python
programming language, and OpenCV library. Each
component plays a critical role in enabling the functionality
and integration of the sorting process.

The design methodology is divided into three
principal phases:
1. Embedded System Design: Focused on electronic control

and software integration.
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Mechanical Design: Pertaining to the physical assembly

and actuation mechanisms.

System integration: In this final phase the work from the
previous two phases is integrated and tested.

The sequential flow of system design and integration is
illustrated in Figure 1, which provides a structured overview
of the developmental workflow.

A 4

Color Sorting Robot

—1 Embedded System Design

\ 4

Color Detection

Y

Mechanical Design

\ 4

1.Setting up Raspberry Pi4.

2. Setting Up Camera.
3.Firmware development
utilizing Python and Open CV.

Robotic Arm Control

1.Setting up Arduino Uno and
motor drivers.

2.Interface Arduino Uno to
Raspberry Pi 4.

3.Firmware development for
arm control utilizing Python
and C++.

A 4

Conveyor-belt Control

\ 4

1.Setting up Arduino Uno and

motor drivers

2.Firmware development for
conveyor-belt control utilizing
Python and C++.
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\ 4

Robotic Arm Design

1.Design carried out in a
3D CAD software.
2.Fabrication in a 3D
printing machine

v

Conveyor-belt Design

\ 4

1.Design carried out in
SolidWorks.
2.Metal fabrication and
3D printing

Figure 1 System design flow
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Proposed embedded system

The embedded system architecture comprises a Raspberry Pi
4 serving as the master controller, with an Arduino Uno
functioning as a slave controller to interface with motor
drivers and regulate the mechanical actuation of the robotic

Volume 30, Issue (6), 2025

arm and conveyor belt. As illustrated in Table 1, a
comparative analysis of various Raspberry Pi models
confirms that the Raspberry Pi 4 fulfills the computational
demands necessary for real-time image processing tasks.

Table 1 Comprehensive comparison of various raspberry pi models [14]

Model CPU RAM USB Ethernet WiFi  Bluetooth GPIO HDMI Size Power
Ports Pins Ports
Raspberry Single- 512MB 2 Yes No No 26 1 85.60mm 5V
Pi Model core x56mm
B 700MHz
Raspberry Quad- 1GB 4 Yes No No 40 1 85.60mm 5V
Pi2 core x56mm
900MHz
Raspberry Single- 512MB 1 No No No 40 mini 65mmx3 5V
Pi Zero core HDMI Omm
1GHz
Raspberry Quad- 1GB 4 Yes Yes Yes 40 1 85.60mm 5V
Pi3 Model core x56mm
B+ 1.4GHz
Raspberry Quad- 2-8GB 4 Yes Yes Yes 40 2 micro 85.60mm 5V
Pi 4 Model core HDMI x56mm
B 1.5GHz

For image acquisition in color detection, a compatible camera
module was selected to ensure seamless integration with the
Raspberry Pi 4. This study employed a 5-megapixel (MP)
camera from Arducam, which interfaces with the Raspberry
Pi 4 via the Mobile Industry Processor Interface (MIPI).
While a lower-resolution camera could theoretically suffice,

https://doi.org/10.20428/jst.v30i6.2954

the marginal cost difference rendered higher specifications a
more practical choice.

Color recognition process

The system performs real-time color identification using
HSV color space thresholding and contour detection
algorithms implemented through OpenCV. As shown in
Figure 2.
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A
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Crossed Counting
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Color Count

Display Color Count
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Show Frame

|

Pressed 'q" key?

Release Camera &
End

Figure 2 Color detection flowchart

Proposed mechanical structure

The mechanical

The robotic arm designed using CAD software and

The conveyor-belt system was CAD-modeled and

fabricated via metalworking processes.

components:
1.
manufactured via 3D printing.
2.
111 Journal of Science

and Technology

assembly comprises two primary

Robotic arm

The robotic arm used for this project is a standard
programmable mechanical system composed of multiple rigid
segments connected by motorized joints, forming a kinematic
chain. Each joint—actuated by servo motors—enables
rotational or translational movement, granting the arm its
range of motion.
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Conveyor Belt
The conveyor belt system transports materials sequentially ~ presented through detailed computer-aided design (CAD)

for recognition in an assembly-line configuration. As  schematics, which provide comprehensive visualization of
illustrated in Figure 3, the complete system architecture is the integrated components and their spatial relationships.

Figure 3 3D view of the complete conveyor belt

Its continuous motion is achieved through a closed-loop design (CAD) schematic of the roller component, illustrating
mechanism driven by two rollers positioned at opposite ends its structural and functional details.
of the belt assembly. Figure 4 presents the computer-aided

Figure 4 3D view of the roller design

System integration
To test the system, it was decided to sort based on three adaptable to other colors easily. The overall flow of the

colors: yellow, green, and blue. However, the system can be system is depicted in Figure 5.
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Initialize Camera,
Conveyor belt &
Robotic Arm

A .

Activate
Conveyor belt

A

System Standby
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Keep Belt
Running

Stop Conveyor
Belt
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Capture & Read
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h 4
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Recognition
Algorithm

Yellow

hd

b

v

Move Robotic Arm Move Robotic Move Robotic
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Figure 5 System integration flowchart

II. RESULTS
The color-based sorting robotic system was successfully
designed, implemented, and evaluated. The complete system
is shown in Figures 6.
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Figure 6 Prototype of the computer vision-based sorting system performing real-time color classification.

Through systematic testing, the system demonstrated the
capability to autonomously classify and sort objects based on
color with an average processing rate of one item every five
seconds. The system exhibited low latency in processing
images and executing sorting commands, with an average
response time of 0.5 seconds from detection to giving an
action command to the arm to pick up the object.

The color detection algorithm was evaluated under various
lighting conditions. The algorithm demonstrated high
accuracy, successfully identifying and categorizing ~90% of
the items correctly under standard lighting conditions. Under
challenging lighting scenarios, such as low light and varying

light intensity, the accuracy might decrease to ~85%,
indicating the algorithm's robustness and reliability.

The conveyor belt maintained a somewhat consistent speed,
ensuring smooth movement of items to the detection area.
Some mechanical failures were observed during testing
where the conveyor belt had some aligning issues where the
object would swing to the sides, which made the object not
land where the robot arm grip was. The issue was solved by
designing a funneling system on each side to keep the object
in the middle, as seen in Figure 7, highlighting a more
functional design.

Figure 7 Top view of the convyer belt showing the implementation of the funneling system

III. DISCUSSION

The primary objectives of this work were successfully
achieved. The development and implementation of a
functional color-based sorting robot, a reliable color detection
algorithm, and the seamless integration between mechanical
and embedded systems were all realized. It was demonstrated
that it is possible to create an efficient and affordable sorting
system using readily available and cost-effective
components.

The high accuracy of the color detection algorithm under
standard conditions validates the approach taken. The slight

@
: https://doi.org/10.20428/jst.v30i6.2954

drop in performance under challenging lighting conditions
suggests that further refinements could be made, such as
implementing more advanced preprocessing techniques or
adaptive thresholding to enhance robustness. The algorithm's
performance indicates its suitability for industrial
applications where lighting conditions can be controlled to
some extent.
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IV. CONCLUSION

This work demonstrated the design and implementation of a
color-sorting machine based on a color thresholding
algorithm; the design demonstrated a balance between
accuracy, adaptability, and cost by using affordable
computing boards and nonproprietary open-source computer
vision libraries. The system successfully operated the
conveyor belt and robotic arm to sort objects based on their
color at a rate of 12 items per minute (one item every five
seconds).

By employing a programmable solution based on image
processing, this work can be adaptive to diverse industrial
environments by updating the code base developed in this
process. In any future effort, one could build upon this work
to expand functionality to include multi-feature detection.
Another area for improvement is in boosting system

throughput by employing a sorting mechanism other than a
robotic arm, which would limit the adaptability of the system
but increase its throughput.

In this project, the system was designed to detect and sort
objects based on three colors: yellow, green, and blue.
However, the same method can be improved to detect more
colors by adjusting the HSV values in the code. Additionally,
integrating shape recognition using contour approximation
would enable the sorting of objects based not only on color
but also on geometric shape (e.g., cubes, cylinders, spheres).
This improvement will make the system more useful for
different industrial applications that require sorting by more
than one feature.
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Abstract— Pneumatic systems are extensively utilized in
industrial applications due to their cleanliness, reliability, and
the ease with which compressed air can be generated from the
environment. These characteristics make them particularly
advantageous in hygiene-sensitive industries such as food
processing and packaging, where they are often favored over
hydraulic alternatives. As the demand for automation
continues to grow, systems like the Vertical Form Fill Seal
(VFFS) machine have become essential for performing
forming, filling, and sealing operations with minimal human
intervention. This paper presents the experimental design and
implementation of a simplified, automated pneumatic sealing
system based on the VFFS concept. The system main
controller is a Programmable Logic controller (PLC) and
integrated with Human Machine Interface (HMI) for a real
time monitoring and human interaction. The control logic
evolved by, ladder diagrams, timers, sensor feedback, and
strokes counter to ensure synchronization and repeated
operation. The study shows off the probability of using
accessible automation techniques to simulate industrial
packing processes beneficially pointing up on its potential for
educational and practical applications in latest manufacturing
environments.

Keywords— Fluids control, PLC, solenoid valve, pneumatic
circuits, industrial automation.

I. INTRODUCTION

Nowadays since the Industry 3.0 and its growth into
the Industry 4.0, organizations both large and small
progressively focused on integrating their control systems
with automated ones. This integration is leading through the
need to conserve physical space, improve energy efficiency,
and enhance troubleshooting capabilities [1-3]. As
automation systems played an important role in modern
manufacturing, especially in processes that require high
repeatability. Systems like that significantly improve
operational efficiency by empowering machines to operate in
risky or dangerous environments that exceed human

Journal of Science

| and Technology

Osama AL-Kutbi
Department of Mechatronics
Engineering, Faculty of Engineering
and Computing, University of Science
and Technology,

Aden, Yemen

Gehad A. A. Qasem
Department of Mechatronics
Engineering, Faculty of Engineering
and Computing, University of Science
and Technology,

Aden, Yemen

Najib Suhail
Department of Mechatronics
Engineering, Faculty of Engineering
and Computing, University of Science
and Technology,

Aden, Yemen

Bassam G. N. Muthanna
Department of Mechatronics
Engineering, Faculty of Engineering
and Computing, University of Science
and Technology,

Aden, Yemen

tolerance. Additionally, automation allows for dynamic
adjustment of production speed based on real time demand,
resulting in increased productivity. Key benefit of automation
include reduce dependancy on manual labor, lessened
material waste, and improved production accuracy today in
the same environment. A significant portion of tasks are
accomplished by machines highlighting automation’s pivotal
role in manufacturing.

control systems are vital component of automation
systems, although the reverse is not always true, while control
systems may function independently, automation systems
naturally encompass a broader range of functionalities. The
primary objective of control system is to ensure the output
follows predefined setpoints. The core components, for typical
control system are:

- Input devices, as sensors, which detect and monitor
changes in the process.

- Controllers, analyze and determine

appropriate taken actions.

inputs

- Output device, as actuators, which implement those
actions to achieve desired outcomes.

In contrast, by including great capabilities automation
systems cover more of the basic controlled systems by many
features such as computing setpoints, monitoring overall
system performance, managing startup so shutdown
procedures, and scheduling task and equipment usage [1,4,5].

Several studies have addressed this domain from various
perspectives, including system design performance
optimization and integration with control platforms, like
Programmable Logic Controller (PLC). Fawzi and Salloom[6]
proposed a method for designing multi actuator pneumatic
circuits using Karnaugh Maps to simplify logic and integrate
control via PLCs. They emphasized the advantage of
pneumatic system, such as ease of setup and low maintenance,
and provided detailed explanations of their components and
operation. By minimizing Boolean expressions, the Karnaugh
Map technique facilities efficient ON/OFF control design. A
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case study involving a three station filling and capping
machine demonstrated how control sequences can be derived
and implemented using pneumatic components and PLCs
programmed with ladder logic. Simulation tools such as
FluidSIM, Automation Studio, and TIA Portal were employed
to optimize automation performance. Santos and da Silva [7]
similarly utilized Karnaugh Maps to simplify ON/OFF logic
in pneumatic and electro-pneumatic systems, focusing on
cylinder positioning and memory variable usage. Their
approach supports PLC-based control implementation using
Siemens STEP7 200 MicroWIN software.

Parikh et al. [8] explored cost-effective control of
pneumatic systems using MATLAB Simulink and Arduino
with MathWorks 1/O packages. This approach simplifies
control tasks through graphical tools, eliminating the need for
extensive programming. However, their study is limited in
scope and lacks comprehensive statistical analysis. Dobanda
and Bordeasu [9] investigated the implementation of logic
gates using fluid power components, presenting hydraulic
equivalents for basic logic operations (AND, OR, NOT, etc.)
along with corresponding truth tables. Their theoretical
approach contributes to a deeper understanding of logic design
in pneumatic and hydraulic automation systems. Panaitescu et
al. [10] focused on the integration of magnetic proximity
switches in pneumatic circuits. Through simulations using
FluidSIM, they demonstrated how these sensors enhance
piston position detection, improve energy efficiency, and
extend component lifespan.

Papoutsidakis and Chatzopoulos [11] examined hydraulic
systems used in automated production, highlighting their
advantages in delivering high speed, linear motion, and
significant power.

Their theoretical review compared control methods such
as PID and Sliding Mode Control (SMC), noting SMC’S
superior performance in resisting disturbances, They also
employed the LuGre friction model to simulate friction
dynamics in MATLAB/Simulink. Liu et al. [12].

Estimated three control strategies k+PWM, Bang Bang,
one and a hybrid approach for regulating air pressure in
pneumatic microfluidic systems, while, ktPWM improves
precision with slower reactions, their composite method
dynamically switches between the two based on error size,
achieving a balance of speed accuracy and stability. This
approach is particularly well suited for biomedical analytical
microchip applications. Bang Bang control offers rapid
response with higher error margins. Collectivity, these studies
offer a comprehensive perspective on pneumatic control
,encompassing logic simplification, cost effective design ,
sensor integration ,and precision dynamics . while many
contributions focus on theoretical framework or narrowly
defined scenarios there is a growing trend towards hybrid
systems that blend simplicity with adaptability This research
aligns with that trajectory by investigating PLC controlled
pneumatic systems through both simulation and practical case
studies, aiming to bridge the gap between academic
experimentation and real worlds industrial automation
demands.

II. PROGRAMMABLE LOGIC CONTROLLERS (PLCS)

A programmable logic controller (PLC) is responsible for
managing and regulating automated operation in real time. Its
inherent flexibility and adaptability make it an essential
component of modern industrial automation systems. Its a
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versatile and widely used controller in various process control
applications. Positioned at the control level of the automation
pyramid, as illustrated in Figure 1 the [1, 13].

Planning Level IWIES
(Supervisory Love 40 NN [0 NNY

Control Level

Field Level

Figure 1: Automation pyramid is a pictorial example of the
different levels of automation in a factory [13].

The word "programmable" give an emphasis to the one of
the most powerful features in PLCs: its ability to be
configured by end user to perform virtually any control
function. Primely, it’s introduced as electronic replacements
for electronical relay systems, were designed to control
starting and stopping of electric motors and other discrete
output devices. In comparison, to traditional rely based
systems, PLCs offer enhanced reliability, reduced system
failures, and extended operational lifespans [1].

ITII. CONTROL OF PNEUMATIC CIRCUITS

pneumatic control has experienced a significant
achievement over the past few decades. Primarily, driven by
the growing demand for efficient energy saving systems in
industrial processes. Actuators used in industrial automation
are typically classified into three main types: electrical,
hydraulic , and the pneumatic drive systems. Electrical drive
systems are generally gifted for applications requiring high
precision and flexible control, typically involving relativity
low loads. In contrast, hydraulic systems are commonly
employed in frameworks where handling heavy loads is
essential. Pneumatic drive systems, on other hand, are more
suitable for basic two position tasks where cost effectiveness
and simple programming are key configuration[14].

Compressed air is one of the earliest forms of energy
utilized by humans . Over time, its use and distribution have
become widespread, making it a fundamental element in both
manufacturing and service sectors. Historical records suggest
that compressed air was first utilized around 250 BC. Its
ability to replace manual labor has allowed industries to
enhance productivity while ensuring consistent and uniform
output. Moreover, compressed air can be effectively
integrated with hydraulic, mechanical, electrical, and
electronic systems, facilitating the simultaneous and efficient
operation of various processes. The controlled use of this
energy source is known as pneumatics, derived from the Greek
word "pneuma," meaning "to blow" or "to breathe."

Pneumatic systems are used in a wide range of operations,
such as drilling, riveting, deburring, and filling and capping,
making them ideal for process automation. These systems can
operate using purely pneumatic methods or can be integrated
with electrical, electronic (such as PLC-based control), or
hydraulic systems, either as a power source, a means of
control, or both [6]. Many of the design principles applied to
pneumatic systems are also relevant to hydraulic systems, with
key differences depending on the nature of the fluid used [14].
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IV. METHODS AND MATERIALS
This paper follows the steps outlined in Figure 2 and
employs a combination of literature review, simulation, and
case study to explore the control of pneumatic systems using
PLCs. The research is divided into two phases:

1. Theoretical Analysis: A review of relevant studies
focusing on the integration of PLCs with pneumatic
components.

2. Practical Case Study: Using simulation tools to
demonstrate a sample control system.

The study was conducted at the University of Science and

Technology, Aden, Yemen, in the Mechatronics Lab. The

hardware components used in the study are detailed in

Table 1.

Reviewing Previews studies

!

Analyzing gathered data

Design the case study experiment circuits
both power and control

A 4

Writing the outcomes and notes

Figure 2: The paper followed steps

Table. 1 Hardware components

Name of the
Hardware

Quantity

Specifications

Role in the Project

Cylinder

2

Single acting

Carry out a
movement using
compressed air [15]

Flow control 1 Mechanical Control the
valve valve compressed air flow
rate.so, The speed of
the cylinder can be
controlled [16]
Single 1 5\2-way single Control the flow a
solenoid 24V DC form of on/off valve
valve used for pneumatic
and hydraulic
systems [1]
Optical 1 3 wires Measuring the
proximity proximity cylinder strokes
sensor sensor
FRL unit with 1 Withstand Filters air,
pressure temperatures up lubrication and
gauge to 50°C[17] measuring pressure
Compressor 1 Reciprocating Ambient air suction
air compressor and pressure
,2 bar working measurement
pressure
PLC S7-1200, 1 CPU1215C Controlling the
DC\DC\DC solenoid valve
HMI screen 1 Siemens Graphical user
SIMATIC OP7 interface
Power supply 1 220V\24V DC Powering system
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The software programs used in this study included
FluidSIM-P (version 2010) for designing pneumatic circuits
and TIA Portal V17 for creating the PLC ladder diagram code.

V. EXPERIMENTAL SETUP
Packaging is a critical stage in any production system,
serving various functions such as kitting, wrapping, and filling
products into containers. Among the most commonly used
machines in the packaging industry is the Vertical Form Fill
Seal (VFFS) machine, which efficiently packages products
into bags or pouches. This study focuses on the pneumatic
sealing unit of such a machine, as used for sealing products.

The process is illustrated in Figure 3 [18,19].

Reel

Rollers

Film Web

Dozer

Forming shoulder
Forming tube
Transport belt
Vertical seal bar
Horizontal seal jaw
10. Block bottom bag
11. Pillow bag

CONPARWN A

Figure 3: Schematic diagram of VFFS machine [19].

In the laboratory setup, two pneumatic cylinders are
positioned face to face, with their shafts applying force to
actuate the sealing mechanism, as shown in Figure 4. The
primary control element is a 5/2 solenoid valve, which
manages the extension and retraction of the cylinders. A
modern PLC-based control system, integrated with a Human
Machine Interface (HMI) screen, was implemented to enhance
user interaction, monitoring, and system flexibility.

FluidSIM is a comprehensive software tool used for
modeling, simulating, teaching, and researching electro-
pneumatic, electro-hydraulic, pneumatic, digital, and
electronic control systems. It offers an intuitive environment
that combines diverse features and media sources, making it
particularly useful for education and research. FluidSIM was
used in this study to simulate the pneumatic circuit and control
design, as shown in Figure 5 [6].

Implementing the system with a Programmable Logic
Controller (PLC) significantly simplified construction,
control, and monitoring. The control logic was developed
using a ladder diagram, designed to operate the system in a
cyclic manner. When the user presses the "Start" button on the
HMI, Timer O is activated with a 5-second on-delay to
energize the solenoid valve. At the same time, Timer 1 is
triggered with the same delay, which in turn reactivates
Timer 0, establishing a continuous operational loop.

An optical sensor is employed to count the strokes of one
of the two synchronized cylinders, which are mechanically
linked. The HMI screen displays the number of strokes
counted and provides additional control buttons for "Reset"
and "Stop" functions. The complete ladder diagram,
implemented using TIA Portal V17, is shown in Figure 6.
Finally, the experimental setup was constructed using
pneumatic components and simulated according to the
designed schematic. The complete system is shown in Figure
7.
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Figure 4: The pneumatic system is the force needed [20].

PLC §7-1200

Figure 5: The schematic of the pneumatic control
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Figure 6: The ladder diagram, (a) Network 1, (b)

Network 2, and (c) Network 3.
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Figure 7: Experimetal setup.— 7

VI. RESULTS AND DISCUSSIONS

The study demonstrated that implementing a PLC-based
control system effectively automated the pneumatic sealing
process. The ladder diagram facilitated a continuous operation
cycle initiated via the HMI screen, eliminating the need for
manual resets. Two timers managed the solenoid valve in a
loop: Timer O triggered valve actuation after a 5-second
delay, while Timer 1 reactivated Timer 0, ensuring
continuous cylinder movement.

The face-to-face pneumatic cylinders operated in
synchronization due to a mechanical linkage, enabling the
sealing task to be performed with consistent force and motion.
The sealing speed could be adjusted using a flow control valve
by turning the adjustment screw in a counter-clockwise
direction, as illustrated in Figure 8.

An optical sensor was used to count the piston strokes,
confirming synchronization and enabling accurate real-time
monitoring. Simulations conducted in FluidSIM closely
matched the behavior of the actual system, validating the
reliability and accuracy of the design. Overall, the setup could
manifests that it is efficient, user friendly, and suits real world
industrial packaging applications.

Flow control valve adjustment

Pneumatic cylinder air flow

Figure 8: Proportional relation between air flow and
adjusting the valve clock wise

VII. CONCLUSION

This study give a demonstration of the PLC controlled
pneumatic sealing system effectiveness in achieving
repeatable and synchronized operations in an automated
packing process. The integration of timers and sensor provides
reliable feedback and control, while Human Machine Interface
(HMI) significantly enhance user interaction and system
accessibility. reimplementation simulations conducted in
FluidSIM confirmed the accuracy and feasibility of the design,
ensuring confidence in the system's performance prior to
physical deployment.
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in spite of constrains in available materials, the
experimental setup was successfully constructed and
validated, underscoring the practicality and robustness of the
proposed approach. The results confirm that such systems are
not only efficient and user-friendly but also highly applicable
to real-world industrial packaging environments.

For future advancements, it is recommended to integrate
industrial communication protocols and Internet of Things
(IoT) capabilities to enable real-time remote monitoring and
diagnostics. Furthermore, the use of proportional control
valves in place of mechanical flow regulators is advised to
enhance precision, control flexibility, and adaptability to
varying operational conditions, and future work will consider
conducting more comprehensive practical experiments
beyond simulation to further validate the system's
performance in real industrial settings.

VIII. REFERENCES
[1] Kuphaldt, T. R. (2022). Lessons In Industrial Instrumentation.
https://nvkarta.com/project/library/uploads/engineering/kuphaldt/(en)
_version_3.01 _lessons_In_Industrial Instrumentation.pdf

[2] “What is Industry 4.0? | IBM.” Accessed: Apr. 06, 2025. [Online].
Auvailable: https://www.ibm.com/think/topics/industry-4-0

[31 “The Rise of Industrial IoT: How PLCs Are Connected in the Age of
Industry 4.0.” Accessed: Apr. 06, 2025. [Online]. Available:
https://balajiswitchgears.com/the-rise-of-industrial-iot-how-plcs-are-
connected-in-the-age-of-industry-4-0/

[4] Fernandes, S., & Borkar, S. (2016). Development of PLC Based
Industrial Automation with System Monitoring. In 4International
conference on science, technology and management-16 (pp. 421-425).

[5] Pallavi, S. (2013). Lesson Introduction to Industrial Automation and
Control. pp. 1-18, 2013.

[6] Fawzi, A. N., & Salloom, M. Y. (2023). Developing Multiple-Actuator
Pneumatic Circuits Using the Karnaugh Maps Designing PLC
Controlled. J. Eur. des Syst¢tmes Autom, 56(2), 245-252.
https://doi.org/10.18280/jesa.560209

[7] Santos, A. A., & Silva, A. F. D. (2017). Methodology for manipulation
of Karnaugh maps designing for pneumatic sequential logic circuits.
International Journal of Mechatronics and Automation, 6(1), 46-54.
https://doi.org/10.1504/IIMA.2017.093307

[8] Parikh, P., Vasani, R., Sheth, S., & Gohil, J. (2016). Actuation of
electro-pneumatic system using MATLAB simulink and arduino
controller-A case of a mechatronics systems lab. In International
Conference on Communication and Signal Processing 2016 (ICCASP
2016) (pp. 59-64). Atlantis Press. https://doi.org/10.2991/iccasp-
16.2017.10

[9]1 E. Dobanda, E. & Bordeasu, I. (2017). Using Logic Gates in Fluid
Power Systems Control (Part 1 ). Proceedings of 2017 International
Conference on Hydraulics and Pneumatics — HERVEX, pp. 42—47.
https://fluidas.ro/hervex/proceedings2017/pp.42-47.pdf

[10] Panaitescu, M. Cojocaru, R. Axinte, T. Fratila, C. Damian, R. &
Diaconu, M. (2021). Study of Electro-Pneumatic Circuits with
Magnetic Proximity Switches. Hidraulica, 3, pp. 34—42.

[11] Papoutsidakis, M., & Chatzopoulos, A. (2018). Control Methods of
Hydraulic Positioning Systems and a Promising Simulation Friction
Model. Journal of Modern Technology & Engineering, 3(3).
https://jomardpublishing.com/UploadFiles/Files/journals/JTME/V3N3
/PapoutsidakisM.pdf

[12] Liu, X., Yang, X., Zuo, W., Bai, Y., Zhou, H., Wang, J., ... & Shang,
Z. (2022). Research of control method for pneumatic control of
pneumatic  microchips. SLAS technology, 27(5), 290-301.
https://doi.org/10.1016/j.slast.2022.06.002

[13] “What is the Automation Pyramid? - RealPars.” Accessed: Jan. 25,
2025. [Online]. Available: https://www.realpars.com/blog/automation-
pyramid

[14] Parker, J.K. and Schinstock, D., 1996, June. Introduction To Hydraulic
& Logic Systems In A Controls Course. In 1996 Annual Conference
(pp. 1-288).

Journal of Science

and Technology

121

[15]

[16]

[17]

[18]

[19]

[20]

“Buy Pneumatic cylinders online | Festo GB.” Accessed: Apr. 11,2025.
[Online]. Available:
https://www.festo.com/gb/en/c/products/actuators/pneumatic-
cylinders-id_pim135/

“What is a flow control valve? | Festo GB.” Accessed: Apr. 11, 2025.
[Online]. Available: https://www.festo.com/gb/en/e/about-
festo/blog/in-practice/what-is-a-flow-control-valve-id_1516985/

“Fr + L Sets 2pc With Pressure Gauge - Airmax Pneumatics.”
Accessed: Apr. 11, 2025. [Online]. Available:
https://www.airmaxindia.com/fr-1-sets-2pc-with-pressure-gauge/

Sachin, M. & Rajendra, S. (2021). Efficiency Optimization of
Continuous Motion Vertical Form Fill and Seal Machine. pp. 1118—
1121, 2021. https://www.irjet.net/archives/V8/i8/IRJET-V8I8155.pdf

Merabtene, M., Tanninen, P., Varis, J. & Leminen, V. (2022). Heat
sealing evaluation and runnability issues of flexible paper materials in
a vertical form fill seal packaging machine. BioResources, 17(1), pp.
223-242. https://doi.org/10.15376/biores.17.1.223-242

Su, J. F. (2017). Biodegradable soy protein isolate/poly (vinyl alcohol)
packaging films. Handbook of Composites from Renewable Materials,
30, 587. https://doi.org/10.1002/9781119441632.ch103.

https://journals.ust.edu/index.php/JST


https://journals.ust.edu/index.php/JST

N. A. Al-Khulaidi M. H. Almourish E. M. -
A. Taleb, R. A. A. Farhan, M. N. M. Latf, :

0. M. A. Abdullah, -
]

Improving Detection and Classification Of Brain Tumors

Using DenseNet201

Nashwan Amin Al-khulaidi (3 *)
Mohammed Hashem Almourish (1/2)
Emad Mahmood Ahmed Taleb (1-3)

Rasheed Abdullah Ali Farhan (V) Received: 11/03/2025
Mohammed Nabil Mohammed Latf (1) Revised:  20/05/2025
Omar Mukhtar Ahmed Abdullah V) Accepted: 21/05/2025

© 2025 University of Science and Technology, Aden, Yemen. This article can
be distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

Al el 3ale) (Soan Sadl (Gl (it 35 ralf ¢ L gt g ity aglatt aaels 2025 ©
.M‘j _2:33.;!\9 Sl Ay 23 gﬁ‘h\g}" ﬁm‘ Aieits 30wty i By gkl BaLal

1 Faculty of Engineering and Information Technology. Taiz University. Taiz, Yemen.
BDepartment of Computer Science, Isra University, Amman, Jordan. Journal of Science
3 Faculty of Engineering and Computer Science, University of Science & Technology, Aden, Yemen. and Technology 122

https://doi.org/10.20428/jst.v30i6.2855




123

N. A. Al-Khulaidi M. H. Almourish E. M. A.
Taleb, R. A. A. Farhan, M. N. M. Latf, O. M.
A. Abdullah,

Improving Detection and Classification Of Brain Tumors Using
DenseNet201

Nashwan Amin Al-khulaidi

Technology. Taiz University.
Taiz, Yemen
nashwanlemail@gmail.com

Rasheed Abdullah Ali Farhan

Technology. Taiz University.
Taiz, Yemen

Abstract—  Brain tumors are among the leading causes of
death worldwide. A brain tumor may originate in the brain or
develop elsewhere in the body and metastasize to the brain,
leading to secondary brain tumors. Thus, brain tumors can
take many different forms. In this study, brain tumors were
detected and classified based on magnetic resonance imaging
(MRI) involving three different types of brain tumors and
non-tumors. VGG-16, VGG-19 (Visual Geometry Group),
DenseNet201 (Densely Connected Convolutional Networks),
Inceptionv3, ResNet-50 (Residual Network with 50 layers),
and EfficientNet-BO were among the convolutional neural
network (CNN) models that were employed and analyzed in
order to determine the optimal model for detecting and
classifying brain cancers. The best model was DenseNet201,
which achieved accuracy, precision, and recall of 99.31%,
99.31%, and 99.25%, respectively.

Keywords— Brain Tumors , Magnetic resonance
imaging, VGG-19, Densenet201, Inceptionv3, Resnet-50,
EfficientNet-B0.Introduction

I. INTRODUCTION

One of the most difficult cancers to identify and treat
is a brain tumor. They vary in size, shape, and aggression and
can arise in various brain regions. Accurate brain tumor
categorization and early diagnosis are essential for successful
therapy and better patient outcomes. Traditional methods of
detecting and diagnosing brain tumors, such as biopsy and
histological analysis, can be invasive, time-consuming, and
may have limited accuracy [1-2]. As a result, there is
increasing interest in using machine learning (ML) methods
for medical imaging-based brain tumor diagnosis and
classification. Resolving diagnostic problems is greatly aided
by the medical imaging technique used to diagnose brain
tumors [3, 4, 5]. MRI and computed tomography (CT) are
useful techniques for revealing crucial details regarding the
existence and extent of aberrant brain tissue. Since MRI uses
safe radiation to produce detailed images of the brain's
internal structures, it is preferred over CT scans, which use
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dangerous radiation [6, 7]. The ability of machine learning
(ML) systems to identify brain tumors early from MR images
has been shown in a number of studies [8-10]. One of the most
popular machine learning methods for classifying brain
tumors is deep learning (DL) [10]. CNNs are among the most
widely utilized deep learning algorithms, particularly in
applications related to medical imaging [12-15].

CNNs can help in the automatic analysis of big MRI image
collections, enabling precise classification and early brain
tumor detection. Through the analysis of extensive datasets of
MRI images, they can also spot distinctive features and
patterns that differentiate between various kinds of brain
cancers.

The six CNN architecture models used in this study (VGG-
16, VGG-19, DenseNet201, InceptionV3, ResNet-50, and
EfficientNet-B0) were trained to detect and classify three
distinct kinds of brain tumors as well as MRI-obtained non-
tumor pictures (glioma, meningioma, and pituitary).

Figure 1: Non-tumorous and three types of brain tumors: a)
Normal, b) Glioma, c) Meningioma, d) Pituitary
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II. LITERATURE REVIEW

Recently, many techniques are being studied, and
research into identifying and classifying brain tumors using
MRI scans has progressed significantly. In this section,
previous studies on the detection and classification of brain
tumors will be reviewed, with a focus on those that employed
DL techniques.
Francisco Javier Diaz-Pernas et al. [16] developed a
multiscale CNN-based brain tumor segmentation and
classification model that obtained a 97.3% accuracy rate for
three distinct tumor types: pituitary, glioma, and meningioma.
In Ref. [17], presented a DL technique that extracted features
from brain MR images using a GooglL.eNet model. They had
a 98% accuracy rate for the same three kinds of brain tumors.
A. Priya and V. Vasudevan [18] used a hybrid model
involving AlexNet and GRU neural networks to identify and
classify brain cancers from MRI data with a 97% accuracy
rate. The BTC-f CNN model was proposed in Ref. [19] to
classify three types of brain cancers (pituitary tumor,
meningioma, and glioma) with a 98.86% accuracy rate.
In Ref. [20], ResNet (2+1)D and ResNet mixed convolution
models were used to classify different types of brain tumors,
with ResNet mixed convolution reaching a test accuracy of
96.98%.
Wen Jun & Zheng Liyuan [21] used a dataset of 3064 MR
images to develop a brain tumor classification model that
incorporates a multipath network and attention mechanism,
achieving an accuracy of 98.61%. MuSunil Kumar & Dilip
Kumar [22] classified three different kinds of brain cancers
(glioma, meningioma, and adenoma) using a CNN model
with the Adam optimizer had the best accuracy, 86.23%.
Ramin Ranjbarzadeh et al. [23] used CNN to detect cancer
within a specific region of an image and achieved different
accuracy during the image processing process with an
average Dice score of 92% for the whole tumor, 91.1% for
tumor enhancement, and 87.2% for tumor core segmentation.
Ramdas Vankduthoo and Mohamed Abdel Hamid [24]
suggested using CNN to identify various types of cancerous
and non-cancerous brain tumors and the accuracy of this
classification reached 95.17%.
Kakarla J, Isunuri BV, et al. [25] suggested an eight-layer
CNN brain tumor classifier that had a 97.42% accuracy rate.
Irsheidat, S., and Duwairi [26] utilized a CNN model to
predict brain cancers from MR images, and achieved an
accuracy of 96.7% on the evaluation data.
Ali Ari and Davut Hanbay [27] proposed a three-stage
approach consisting of preprocessing, tumor classification,
and tumor region extraction and obtained an accuracy of
97.18%.
Md Ishtyaq Mahmud, et al. [28] utilized CNN network to
classify brain cancers and the model achieved an accuracy of
93.3%.
Obeidavi et al. [29] used the BRATS 2015 MRI dataset to
create a CNN-based residual network for brain tumor
detection. Their model is reportedly 97.05% accurate.
Hareem Kibriya et al. [30] suggested a CNN for classifying
brain tumors based on a dataset of 3064 MRI images. where
the accuracy of the study was 97.2%.
Vinayak K. Bairagi et al. [31] suggested CNN architecture to
automatically detect brain tumors based on MR images.
Several CNN architectures were explored and 98.67%
accuracy was achieved using CNN AlexNet.
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III. METHODOLOGY
As illustrated in Figure 2, the methodology utilized in this
paper comprised five steps: data collection, preprocessing,
dividing the dataset into training and test sets, model training,
and model evaluation.

Data Collection

l

Data
Preprocessing

r

Sphtting Dataset

1 l

Training set Testing set
¥ l

Models N Models

Training Evaluation

Figure 2 Steps of the proposed model for
brain tumors detection and classification.

A. Data Collection

This step involved the collection of 7,023 MRI brain images,
including 1,757 images of pituitary tumors, 1,645 photos of
meningiomas, 1,621 images of gliomas, and 2,000 images of

non-tumorous instances (Figure 3).
2000 )

— ( Normal
N < Pituitary 1757 >
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Meningiomas
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Figure 3: Collected Dataset
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B. Data Pre-processing

The collected MRI scans must be preprocessed to remove any
noise and other image distortions that could potentially
impact the accuracy of the CNN algorithms.

C. Splitting Dataset

As illustrated in Figure 4, the research dataset was split into
two sections: 80% (60% for training, 20% for validation) and
20% for testing.

MR
images
dataset

Test set
80% = 5712 images 20%=1311
(For validation set 20%) :

Train set

Figure 4: Dataset splitting

D. Models Training:

CNN models have been developed and compared for the
purpose of detecting and classifying brain tumors in order to
choose the most accurate model. As seen in Figure 5,
convolutional, pooling, and fully linked layers are commonly
seen in CNN architectural designs.

Fully
Convolution Connected
Pooling -O.: . Out
Input O-. put
O«
O'°-';

““‘-\O{"

\ )\ )

Feature Extraction

Classification

Figure 5: CNN Architecture

Six CNN models, including ResNet-50, VGG-16,
VGG-19, DenseNet-201, InceptionV3, and EfficientNet-BO,
were utilized to determine the best model. A brief explanation
of these models is provided below:
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ResNetS0
The ResNet-50 model has 50 levels of depth. By avoiding
some intermediary levels, the skip connection creates a
residual block that links a layer's activations to later layers
(Figure 06).

X
L i
weight layer
F( X) ‘ relu <
weight layer identity

Figure 6: Residual learning: a building block.

VGG

VGG is a traditional CNN design that was created using
an examination of growing network depth. The VGG-16
model has sixteen layers, comprising thirteen convolutional
layers and three fully connected layers.

However, the VGG-19 model has a 19-layer network
topology. However, the VGG19 model has a 19-layer
network topology with 16 convolutional layers and 3 fully
linked layers. In comparison to VGG-16, VGG-19 contains
three extra convolutional layers.

DenseNet201

A CNN type known as a DenseNet makes use of dense
blocks to create dense connections between layers, which let
each layer access feature information from all layers that
came before it. Every layer passes on its own feature maps to
every layer after, it while also receiving new inputs from all
layers before it in order to preserve the feed-forward nature.

InceptionV3

InceptionV3 is a CNN architecture that consists of
convolutions, fully linked layers, concatenations, dropouts,
average pooling, and max pooling. To compute the loss,
Softmax is employed.

The EfficientNet BO

EfficientNet is a type of CNNs. The fundamental concept
underlying Efficient Net is a novel scaling strategy that uses
sophisticated coefficient scaling to scale models in a
straightforward yet efficient manner while uniformly
measuring all depth, width, and resolution variables.

E. Models Evaluation

The testing sets are used to assess the performance, accuracy,
and generalization capacities of the trained models. After that,
the model with the best performance is chosen for
deployment.

IV. RESULT AND DISCUSSION
Results from the application of the suggested model are
shown in this section. Three metrics (accuracy, recall, and
precision) are used to illustrate the performance outcomes of
the suggested models in Figure 7, where the performance of
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the DenseNet-201 model was shown with the highest
accuracy of 99.31%.
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Figure 7: The accuracy of each model.

The confusion matrices for the DenseNet-201 model and
the other models are displayed in Figure (8) and Figure (9),
respectively.
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Figure 8: Confusion matrix of the
DenseNet201 model.
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Figure 9: Confusion Matrix
a) ResNet50, b) VGG16, c) InceptionV3, d) Efficient BO
e) VGGI19

Table 1 shows the average precision and recall of the
DenseNet-201 model, which are 99.31% and 99.25%,
respectively.

Table 1. The performance of DenseNet201 model.

Category Precision (%) Recall (%)
Non-tumorous  99.78 99.79
Glioma 99.71 98.19
Meningioma 98.14 99.91
Pituitary 99.62 99.12
Average 99.31 99.25

The DenseNet201 model's accuracy and loss curves are
displayed in Figures 10-11. The lowest error rate, which
happened in epoch 11, was 0.038.

Accuracy Curves
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o
©
8
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o
@
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Figure 10: Accuracy Curves
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Figure 11: Loss Curves

Our DenseNet201-based method achieves a classification
accuracy of 99.31%, surpassing previous approaches such as
multiscale CNN (97.3% [16]), GoogLeNet (98% [17]),
AlexNet-GRU hybrid (97% [18]), and BTC-fCNN (98.86%
[19]), as detailed in Table 2. This superior performance can
be attributed to DenseNet201's architectural features: dense
connectivity that enhances feature reuse and mitigates
vanishing gradients, more effective parameter utilization, and
improved learning of complex hierarchical tumor features
through deep supervision. Clinically, the accuracy
enhancement of approximately 1.31-2.31% has the potential
to reduce diagnostic errors in tumor identification and
classification. Methodologically, the robustness of our results
is supported by a thorough evaluation across six different
CNN architectures, validation on a larger and more diverse
dataset comprising 7,023 images from four classes, and
detailed performance reporting, including high precision
(99.31%) and recall (99.25%) metrics.

Table 2. Performance comparison with previous studies

Study Method Accuracy
[16] Multiscale CNN 97.3%
[17] GooglLeNet 98%

[18] AlexNet-GRU 97%

[19] BTC-fCNN 98.86%
Our DenseNet201 99.31%
work

V. CONCLUSION
Early detection and classification are essential for the
successful treatment of brain cancers.
The most advanced networks for identifying and categorizing
brain tumors are CNNs, which offer higher accuracy.
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This study utilizes CNN models with six different
architectures (VGG-16, VGG-19, DenseNet-201,
InceptionV3, ResNet-50, and EfficientNet-B0) to classify
brain tumors from MRI images.

The dataset comprises 7023 MRI brain images, including
2000 non-tumorous images, 1757 pituitary images, 1645
meningioma images, and 1621 glioma images.

While these results are promising, we acknowledge the need
for future multi-center validation studies to assess
generalizability across different MRI protocols and patient
populations.

According to this study, the DenseNet-201 model
performed the best, showing accuracy, precision, and recall
0f99.31%, 99.31%, and 99.25%, respectively.
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