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Background: The global rise in antimicrobial resistance (AMR) presents a critical challenge in treating 
urinary tract infections (UTIs), which remain one of the most common bacterial infections worldwide. 
Methods: In response to the need for alternative treatments, this study evaluated the antimicrobial 
activity of an aqueous extract of Kaempferia parviflora (Black Ginger) rhizome against three UTI-
associated pathogens: Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa. 
Results: Phytochemical analysis confirmed the presence of terpenoids, flavonoids, and alkaloids—
compounds commonly associated with antimicrobial effects. Despite this, antimicrobial susceptibility 
testing (AST) showed weak inhibitory activity, with inhibition zones ranging from 8–9 mm. The extract 
demonstrated high minimum inhibitory concentration (MIC) values, with concentrations up to 1000 
mg/mL required to inhibit bacterial growth, and no bactericidal effects were observed in minimum 
bactericidal concentration (MBC) assays. Conclusion: These findings indicate that the aqueous 
extraction method may not have effectively extracted or preserved the active antimicrobial 
constituents. Although the extract exhibited limited antibacterial activity, the presence of bioactive 
compounds suggests potential for further investigation. Future studies should focus on optimizing 
extraction methods, isolating individual active compounds, and assessing synergistic effects with 
existing antibiotics. Such approaches may enhance the antimicrobial efficacy of K. parviflora and 
better support its development as part of a plant-based strategy to combat AMR. 

INTRODUCTION 

Urinary tract infections (UTIs) are a significant health 
concern, affecting millions of people worldwide, and are 
one of the most common bacterial infections encountered 
in clinical practice. These infections can affect any part of 
the urinary system, including the kidneys, bladder, ureters, 
and urethra, but they most commonly involve the lower 
urinary tract—particularly the bladder (cystitis) and 
urethra (urethritis). Women, due to their shorter urethra, 
are disproportionately affected, with an estimated 50-60% 
of women experiencing at least one UTI during their 
lifetime (Kot, 2019). In addition, UTIs are prevalent in 
hospital settings, where catheterization and other medical 
procedures often increase the risk of infection, particularly 
in elderly and immunocompromised patients. 

The primary causative agents of UTIs are bacteria, with 
Escherichia coli (UPEC) accounting for up to 80-85% of  
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cases, especially in uncomplicated infections (Tamadonfar 
et al., 2019). Other significant pathogens include Klebsiella 
pneumoniae, Pseudomonas aeruginosa, and Enterococcus 
faecalis, among others. These bacteria often colonize the 
urinary tract, leading to symptoms such as frequent 
urination, dysuria (painful urination), and abdominal pain. 
If left untreated, UTIs can escalate into more serious 
conditions such as pyelonephritis (kidney infection), which 
can cause permanent kidney damage and septicemia. 

Although antibiotics are the standard treatment for UTIs, 
the rise of antimicrobial resistance (AMR) poses a growing 
challenge. Overuse and misuse of antibiotics, both in 
healthcare and agriculture, have accelerated the 
development of resistant strains of bacteria. Multidrug-
resistant (MDR) bacteria, such as Klebsiella pneumoniae 
and Pseudomonas aeruginosa, are becoming increasingly 
common and difficult to treat (Uddin et al., 2021). The 
emergence of these resistant strains has rendered some 
commonly used antibiotics ineffective, leading to longer 
hospital stays, increased healthcare costs, and higher 
mortality rates.  
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It is estimated that, by 2050, antimicrobial resistance could 
result in 10 million deaths annually if new antimicrobial 
agents are not developed (Walsh et al., 2023). Given the 
global urgency surrounding antimicrobial resistance 
(AMR), the search for alternative antimicrobial therapies is 
becoming increasingly critical. Natural products, especially 
those derived from medicinal plants, have been used for 
centuries in traditional medicine and are now being 
actively explored as sources of novel antimicrobial agents. 
Kaempferia parviflora (Black Ginger), native to Southeast 
Asia and traditionally valued for its anti-inflammatory, 
antioxidant, and aphrodisiac effects, has emerged as a 
plant of pharmacological interest. Its rhizome contains a 
diverse range of bioactive compounds—such as 
flavonoids, terpenoids, and alkaloids—that have 
demonstrated antimicrobial, anticancer, and anti-diabetic 
activities in previous studies (Lee et al., 2016; Chen et al., 
2018). In the context of AMR, these properties are 
particularly relevant, as they may offer natural alternatives 
or adjuncts to synthetic antibiotics. While studies have 
reported antibacterial activity of K. parviflora extracts 
against organisms such as Staphylococcus aureus and 
Escherichia coli, limited research has been conducted on 
its efficacy against urinary tract infection (UTI)-causing and 
multidrug-resistant pathogens like Klebsiella pneumoniae 
and Pseudomonas aeruginosa. Investigating its potential 
against these clinically significant bacteria could contribute 
to the development of new therapeutic strategies for UTIs 
and support broader efforts to address the AMR crisis. 
This study aims to investigate the antimicrobial activity of 
K. parviflora rhizome aqueous extract against three key 
UTI pathogens: E. coli, K. pneumoniae, and P. aeruginosa. 
Specifically, we seek to determine whether the extract can 
inhibit the growth of these pathogens and explore its 
potential as a natural antimicrobial agent. By conducting 
phytochemical analysis and evaluating the extract's 
performance in Antibiotic Susceptibility Testing (AST), 
Minimum Inhibitory Concentration (MIC), and Minimum 
Bactericidal Concentration (MBC) assays, this study 
provides a comprehensive assessment of K. parviflora's 
antimicrobial properties. Given the global rise of 
antimicrobial resistance, identifying plant-based 
alternatives to traditional antibiotics is essential for future 
infection control strategies. 
 
MATERIALS AND METHODS 
 
Sample Collection and Preparation 
The rhizome of Kaempferia parviflora was harvested from 
Rumah Hijau, located at UiTM Cawangan Selangor, Puncak 
Alam. The rhizomes were washed thoroughly under 
running water to remove soil and other impurities. Once 
cleaned, the rhizomes were cut into thin slices to facilitate 
drying. The sliced rhizomes were dried in an oven at 40°C 
for three days. Drying at a relatively low temperature 

ensures the retention of heat-sensitive bioactive 
compounds, which could otherwise be degraded at higher 
temperatures. After drying, the rhizomes were ground into 
a fine powder using an electric grinder. 
The powdered rhizome was then used to prepare an 
aqueous extract. In this process, 10 g of the rhizome 
powder was soaked in 100 ml of distilled water (10:1 w/v 
ratio) and placed in an orbital shaker at 100 rpm for 24 
hours. The shaking process ensured proper mixing and 
facilitated the release of bioactive compounds from the 
plant material into the water. The mixture was then 
filtered using Whatman No. 1 filter paper to remove solid 
residues, resulting in a clear filtrate. The aqueous extract 
was subsequently freeze-dried for 72 hours using a freeze-
dryer to obtain a powdered form of the extract. The 
freeze-dried extract was stored at 4°C until further use to 
preserve its bioactive properties. 
 
Phytochemical Analysis  
 
The qualitative phytochemical analysis was carried out to 
detect the presence of various bioactive compounds, 
including tannins, flavonoids, terpenoids, saponins, 
phenolic compounds, and alkaloids in the aqueous extract 
of K. parviflora. Standard methods were employed for the 
analysis, as described by (Kong et al., 2019). The tests were 
performed as follows: 
 
Tannis and Phenolics 
 
Ferric chloride (5%) was added to 2 ml of the extract. A 
blue-black coloration indicated the presence of tannins, 
while a dark green coloration suggested the presence of 
phenolic compounds. 
 
Flavonoids 
 
A few drops of 1N sodium hydroxide were added to 2 ml 
of the extract. The appearance of a yellow coloration 
confirmed the presence of flavonoids. 
 
Terpenoids 
 
To 2 ml of the extract, chloroform and concentrated 
sulfuric acid were added. A reddish-brown color indicated 
the presence of terpenoids. 
Saponins 
The extract was vigorously shaken with distilled water, and 
the formation of stable foam indicated the presence of 
saponins. 

Alkaloids 

Mayer’s reagent (potassium mercuric iodide) was added to 
the extract, and the formation of a white precipitate 
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confirmed the presence of alkaloids. 

Bacterial Strains and Culture Conditions  

The bacterial strains used in this study were Escherichia 
coli (ATCC 25922), Klebsiella pneumoniae (ATCC 13883), 
and Pseudomonas aeruginosa (ATCC 10145). These strains 
were obtained from the Microbiology Laboratory at the 
Centre for Medical Laboratory Technology Studies, Faculty 
of Health Sciences, UiTM Puncak Alam. The bacterial 
strains were cultured on blood agar plates and incubated 
overnight at 37°C to ensure optimal growth prior to 
testing. Bacterial suspensions were prepared by adjusting 
the turbidity to 0.5 McFarland standard (approximately 1.5 
× 10^8 CFU/ml) using sterile saline. 

Antibiotic Susceptibility Test (AST) 

The antimicrobial activity of K. parviflora aqueous extract 
was assessed using the agar well diffusion method. 
Mueller-Hinton agar (MHA) plates were prepared by 
pouring 25 ml of the medium into Petri dishes and allowing 
them to solidify. Bacterial lawns were created by spreading 
100 µl of the bacterial suspension evenly across the 
surface of the agar using a sterile cotton swab. Wells of 6 
mm diameter were punched into the agar using a sterile 
cork borer. 

The test was performed in triplicate, with each well 
receiving 50 µl of the K. parviflora aqueous extract at a 
concentration of 1000 mg/ml. As positive controls, 
antibiotic discs containing gentamicin (30 µg) and 
ciprofloxacin (5 µg) were placed on the agar plates for E. 
coli and K. pneumoniae, respectively. A well containing 50 
µl of distilled water served as a negative control. Plates 
were incubated at 37°C for 24 hours, and the zones of 
inhibition (indicating antimicrobial activity) were 
measured in millimeters using a digital caliper. 

Minimum Inhibitory Concentration (MIC) 

The MIC was determined using the microbroth dilution 
method, which is a quantitative test to determine the 
lowest concentration of the extract that inhibits visible 
bacterial growth. Serial two-fold dilutions of the extract 
were prepared in Mueller-Hinton broth (MHB) in 96-well 
microtiter plates, with concentrations ranging from 1000 
mg/ml to 1.95 mg/ml. Each well was inoculated with 10 µl 
of the bacterial suspension (1.5 × 10^8 CFU/ml), and the 
plates were incubated at 37°C for 24 hours. After 
incubation, bacterial growth was assessed visually by 
comparing the turbidity of the wells. Clear wells indicated 
inhibition of bacterial growth, while turbid wells suggested 
bacterial proliferation. The MIC was defined as the lowest 
concentration of the extract that prevented visible growth. 

All assays were performed in triplicate. 

Minimum Bactericidal Concentration (MBC) 

To determine the bactericidal effect of the extract, the 
contents of wells from the MIC assay that showed no 
visible growth were subcultured onto fresh Mueller-
Hinton agar plates. A loopful of the suspension from each 
clear well was streaked onto the agar surface, and the 
plates were incubated at 37°C for 24 hours. The MBC was 
defined as the lowest concentration of the extract that 
resulted in no bacterial growth on the agar plates, 
indicating bactericidal activity. 
 
RESULTS 
 
Phytochemical Composition of K. parviflora Rhizome 
Aqueous Extract 

The phytochemical analysis of the aqueous extract of K. 
parviflora revealed the presence of three major classes of 
bioactive compounds: terpenoids, flavonoids, and 
alkaloids. These compounds are known for their potential 
antimicrobial properties and their ability to inhibit 
bacterial growth through various mechanisms, such as 
disrupting cell membranes and inhibiting metabolic 
processes. However, tannins, phenolic compounds, and 
saponins were not detected in the extract (Table 1). 

 
Table 1: Phytochemical Constituents of K. 
parviflora Rhizome Aqueous Extract 
Phytochemical Compound Presence (+/-) 

Phytochemical 
Compund Presence (+/-) 

Tannins - 
Phenolic 
Compounds 

- 

Terpenoids + 
Flavonoids + 
Saponins - 
Alkaloids + 

The presence of these bioactive compounds suggests that 
the rhizome of K. parviflora has potential antimicrobial 
properties, although their effectiveness in inhibiting 
bacterial growth requires further investigation. 

Antibiotic Susceptibility Test (AST) 

The results of the agar well diffusion method are 
summarized in Table 2. The K. parviflora aqueous extract 
exhibited weak antibacterial activity against the three 
tested UTI pathogens. The average inhibition zone for E. 
coli was 8.33 ± 0.58 mm, for K. pneumoniae it was 8.67 ± 
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0.58 mm, and for P. aeruginosa it was 8.67 ± 0.58 mm. 
These inhibition zones were significantly smaller than 
those produced by the positive control antibiotics, 
gentamicin and ciprofloxacin, which had zones of 24.00 ± 
3.46 mm and 41.00 ± 4.00 mm, respectively. 

 
Table 2: Zone of Inhibition (mm) of K. parviflora 
Aqueous Extract Against UTI Pathogens 

Organism 
Zone of 
Inhibition 
(mm) ± SD 

Positive Control 
(mm) ± SD 

E. coli (ATCC 
25922) 

8.33 ± 
0.58. 

24.00 ± 3.46 
(Gentamicin) 

K. pneumoniae 
(ATCC 13883) 

8.67 ± 0.58 41.00 ± 4.00 
(Ciprofloxacin) 

P. aeruginosa 
(ATCC 10145) 

8.67 ± 0.58 23.67 ± 1.15 
(Gentamicin) 

While the extract demonstrated some degree of 
antibacterial activity, the zones of inhibition were small, 
suggesting limited efficacy compared to conventional 
antibiotics. This may be due to the use of an aqueous 
solvent, which could affect the extraction of lipophilic 
bioactive compounds. 

Minimum Inhibitory Concentration (MIC) 

The MIC results indicated that the aqueous extract of K. 
parviflora had limited inhibitory activity at lower 
concentrations. For all three bacterial strains, the MIC was 
found to be 1000 mg/ml, which suggests that lower 
concentrations were insufficient to inhibit bacterial 
growth. Wells containing concentrations below 1000 
mg/ml remained turbid, indicating bacterial proliferation 
(Table 3). 

 
Table 3: MIC of K. parviflora Aqueous Extract 
Against UTI Pathogens 

Organism MIC (mg/ml) 

E. coli (ATCC 
25922) 

1000 

K. pneumoniae 
(ATCC 13883) 

1000 

P. aeruginosa 
(ATCC 10145) 

1000 

These high MIC values further support the observation 
that the extract has limited antimicrobial efficacy, 
particularly at lower concentrations. 

Minimum Bactericidal Concentration (MBC) 

The MBC results revealed that the aqueous extract did not 
exhibit bactericidal activity at the tested concentrations. 

Bacterial growth was observed in all subcultured plates, 
even at the highest concentration of 1000 mg/ml, 
indicating that the extract had no bactericidal effect on any 
of the tested pathogens. 
 

Table 3: MIC of K. parviflora Aqueous Extract 
Against UTI Pathogens 

Organism MBC (mg/ml) 

E. coli (ATCC 
25922) 

No bactericidal effect 

K. pneumoniae 
(ATCC 13883) 

No bactericidal effect 

P. aeruginosa 
(ATCC 10145) 

No bactericidal effect 

The lack of bactericidal activity, coupled with high MIC 
values, indicates that while the extract can inhibit bacterial 
growth at higher concentrations, it does not possess the 
ability to kill the bacteria outright. This suggests that K. 
parviflora aqueous extract may have bacteriostatic, rather 
than bactericidal, effects.  

 
DISCUSSION 
 
The findings of this study demonstrate that Kaempferia 
parviflora rhizome aqueous extract possesses limited 
antimicrobial activity against the three UTI pathogens 
tested: Escherichia coli (E. coli), Klebsiella pneumoniae (K. 
pneumoniae), and Pseudomonas aeruginosa (P. 
aeruginosa). Although phytochemical analysis confirmed 
the presence of bioactive compounds such as flavonoids, 
terpenoids, and alkaloids, which are known for their 
potential antimicrobial properties, the efficacy of the 
aqueous extract was lower than expected. The results 
from the Antibiotic Susceptibility Test (AST), Minimum 
Inhibitory Concentration (MIC), and Minimum Bactericidal 
Concentration (MBC) assays provide important insights 
into the extract's effectiveness. 
 
The phytochemical screening revealed that the rhizome of 
K. parviflora contains terpenoids, flavonoids, and alkaloids, 
compounds that have been extensively documented for 
their antimicrobial properties. Terpenoids, for instance, 
can disrupt bacterial membranes by interacting with the 
phospholipid bilayer, leading to cell leakage and death 
(Huang et al., 2022). Flavonoids have been reported to 
inhibit bacterial growth by damaging cell membranes, 
inhibiting nucleic acid synthesis, and disrupting bacterial 
quorum sensing (Shamsudin et al., 2022). Alkaloids, on the 
other hand, can interfere with bacterial enzyme function 
and nucleic acid metabolism, further hindering bacterial 
growth (Chen et al., 2018). 
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Despite the presence of these bioactive compounds, the 
antibacterial activity observed in this study was minimal. 
The aqueous extract demonstrated weak inhibition zones 
in the AST (ranging from 8-9 mm), and the MIC values were 
relatively high (1000 mg/ml for all pathogens tested). 
These results indicate that the extract's antimicrobial 
efficacy is lower than that of standard antibiotics such as 
gentamicin and ciprofloxacin, which produced significantly 
larger inhibition zones. 
 
One potential explanation for the limited antimicrobial 
activity observed in this study is the extraction method 
used. Aqueous extraction, while commonly employed for 
its simplicity and safety, may not be the most effective 
method for isolating bioactive compounds from K. 
parviflora rhizomes. Water as a solvent is generally less 
efficient than organic solvents like ethanol or methanol at 
extracting lipophilic compounds such as terpenoids and 
flavonoids (Balouiri et al., 2016). Previous studies have 
shown that ethanol and methanol extracts of K. parviflora 
exhibit stronger antimicrobial activity than aqueous 
extracts, likely due to the higher solubility of bioactive 
compounds in organic solvents (Khaing et al., 2020). Thus, 
future studies should consider using alternative solvents to 
enhance the yield and potency of the antimicrobial 
compounds present in K. parviflora. 
 
Although the aqueous extract of K. parviflora 
demonstrated limited antimicrobial activity in this study, it 
is possible that the extract could be more effective when 
used in combination with other antimicrobial agents. 
Synergistic interactions between plant extracts and 
conventional antibiotics have been documented in several 
studies, where the combination of natural products and 
antibiotics enhanced bacterial inhibition and reduced the 
risk of developing resistance (Chen et al., 2018). For 
example, combining K. parviflora with antibiotics such as 
gentamicin or ciprofloxacin could potentially lower the 
effective dose of the antibiotic, thereby reducing the  
likelihood of AMR while maintaining therapeutic efficacy. 
Future research should investigate the potential 
synergistic effects of K. parviflora in combination with 
conventional antibiotics.  
 
The increasing prevalence of antimicrobial-resistant 
pathogens, particularly multidrug-resistant strains of K. 
pneumoniae and P. aeruginosa, underscores the 
importance of identifying new therapeutic agents. While 
the results of this study indicate that K. parviflora is not 
highly effective as a standalone antimicrobial agent, its 

potential as part of a broader antimicrobial strategy 
cannot be discounted. In the context of AMR, even natural   
compounds with moderate antimicrobial activity can play 
a role in reducing the overall use of synthetic antibiotics 
and mitigating the selection pressure that drives 
resistance. 
 
The increasing prevalence of antimicrobial-resistant 
pathogens, particularly multidrug-resistant strains of K. 
pneumoniae and P. aeruginosa, underscores the 
importance of identifying new therapeutic agents. While 
the results of this study indicate that K. parviflora is not 
highly effective as a standalone antimicrobial agent, its 
potential as part of a broader antimicrobial strategy 
cannot be discounted. In the context of AMR, even natural 
compounds with moderate antimicrobial activity can play 
a role in reducing the overall use of synthetic antibiotics 
and mitigating the selection pressure that drives 
resistance. 
 
Moreover, K. parviflora's antimicrobial properties may be 
more pronounced against other pathogens not included in 
this study, particularly gram-positive bacteria. Previous 
studies have shown that K. parviflora extracts can be more 
effective against pathogens such as Staphylococcus aureus 
(Wungsintaweekul et al., 2010). Expanding the range of 
tested microorganisms in future research could provide a 
more comprehensive understanding of the extract's 
antimicrobial spectrum. 
 
There are several limitations to this study that should be 
addressed in future research. First, the concentration of 
the extract tested (1000 mg/ml) may not be optimal for 
determining its true antimicrobial potential. Testing higher 
concentrations of the extract, as well as using alternative 
extraction methods, could yield more robust antimicrobial 
activity. Second, while this study focused on three UTI 
pathogens, future research should explore the efficacy of 
K. parviflora against a wider range of microorganisms, 
including gram-positive bacteria and fungal pathogens. 
 
Additionally, investigating the molecular mechanisms by 
which K. parviflora exerts its antimicrobial effects could 
provide valuable insights into how it can be harnessed as 
part of a multi-targeted approach to combat AMR. Studies 
involving in vivo models of infection, coupled with toxicity 
assessments, would also be necessary to evaluate the 
safety and efficacy of K. parviflora as a therapeutic agent 
in clinical settings
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CONCLUSION 
This study investigated the antimicrobial activity of 
Kaempferia parviflora rhizome aqueous extract against 
common UTI-causing pathogens. While phytochemical 
analysis revealed the presence of compounds typically 
associated with antimicrobial properties—such as 
terpenoids, flavonoids, and alkaloids—the extract 
exhibited only weak antibacterial activity. Inhibition zones 
were minimal, and high MIC values (up to 1000 mg/mL) 
were required to inhibit bacterial growth, with no 
bactericidal effects observed. 
 
These results highlight the limited effectiveness of the 
aqueous extract in its current form and suggest that the 
extraction method may not have efficiently isolated or 
concentrated the active constituents. Nevertheless, the 
presence of these bioactive compounds supports further 
investigation, particularly into alternative extraction 
techniques, purification of specific active components, and 
evaluation of synergistic interactions with conventional 
antibiotics. 
 
Future work should focus on enhancing the extract’s 
potency through method optimization or combination 
therapy approaches. Such studies are essential to more 
accurately assess the therapeutic potential of K. parviflora 
as part of a broader natural antimicrobial strategy in the 
fight against antimicrobial resistance. 
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Nasal carriage of Staphylococcus aureus among healthcare students constitutes a potential reservoir 
for nosocomial transmission and may predispose carriers to subsequent infections. However, limited 
data are available regarding carriage patterns and associated risk factors among Medical Laboratory 
Technology (MLT) students in Malaysia, who are at occupational risk of exposure to pathogens during 
their training. This study aimed to determine the prevalence of S. aureus nasal carriage, characterise 
carriage patterns, and identify associated risk factors among pre-clinical and clinical MLT students at 
a Malaysian university. A prospective cross-sectional study was conducted involving 144 MLT 
students from Universiti Teknologi MARA (UiTM), Puncak Alam, between March and July 2024. Nasal 
swab samples were obtained through simple random sampling. Identification of S. aureus was 
performed using conventional microbiological techniques and confirmed via real-time PCR targeting 
the nuc gene. Initial carriers underwent repeat sampling at three and six weeks to classify carriage 
patterns: persistent carriers (positive in all three samples), intermittent carriers (positive in one or 
two samples), and non-carriers (negative at baseline). Risk factors were assessed through a 
structured questionnaire encompassing demographic data, medical history, and hygiene practices. 
Statistical analysis was conducted using the chi-square test and Fisher’s exact test, with a significance 
threshold of α = 0.05. The overall prevalence of S. aureus nasal carriage was 12.5% (18/144; 95% CI: 
7.8–19.0%). Among these, 55.6% (10/18) were classified as persistent carriers, while 44.4% (8/18) 
were intermittent carriers. Pre-clinical students exhibited a marginally higher carriage rate than 
clinical students (13.5% vs 11.4%, p = 0.705). No statistically significant associations were observed 
between carriage status and demographic variables (age, gender, ethnicity), recent medical history 
(illness, antibiotic usage), or hygiene practices (all p > 0.05). The study's findings, however, are limited 
by the relatively small sample size, which may have hindered the detection of clinically meaningful 
associations. This study establishes a baseline S. aureus nasal carriage prevalence of 12.5% among 
Malaysian MLT students, with approximately equal distribution between persistent and intermittent 
carriage patterns. The absence of significant risk factor associations may reflect limited statistical 
power rather than true absence of relationships. These preliminary findings warrant larger, multi-
centre studies with adequate power to identify meaningful risk factors and inform evidence-based 
infection prevention strategies in healthcare educational settings. 

INTRODUCTION 
Staphylococcus aureus is a versatile pathogen responsible 
for a broad spectrum of infections, ranging from superficial 
skin and soft tissue infections to life-threatening invasive 
diseases including pneumonia, endocarditis, and sepsis 
(Tong et al., 2015). As both a commensal organism and 
opportunistic pathogen, S.aureus asymptomatically 
colonises the anterior nares of approximately 20-30% of 
healthy individuals, establishing a dynamic relationship 
between host and microorganism that can persist for 
months to years (Krismer et al., 2017). 
 
The epidemiology of S.aureus nasal carriage demonstrates 
considerable heterogeneity across populations and 
geographic regions. Contemporary longitudinal studies 
consistently identify three distinct carriage patterns: 
persistent carriers (approximately 20-24% of individuals), 

who maintain consistent nasal colonisation over extended 
periods; intermittent carriers (30-32%), who demonstrate 
variable colonisation patterns with periods of positivity 
and negativity; and non-carriers (approximately 50%), who 
rarely harbour the organism (Young et al., 2017; van 
Belkum et al., 2009). This classification system, based on 
longitudinal sampling over 12-24 weeks, has proven 
clinically relevant as persistent carriers demonstrate 
significantly higher risks for subsequent S.aureus 
infections compared to intermittent carriers or non-
carriers (Nouwen et al., 2005). 
 
Recent investigations have refined our understanding of 
carriage dynamics through advanced molecular typing 
methods. Studies employing multi-locus sequence typing 
(MLST) and spa typing have revealed that persistent 
carriers typically maintain genetically identical strains for 
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months, with the median duration of persistent carriage 
extending beyond 12 weeks, whilst intermittent carriers 
show more frequent strain turnover with a median 
carriage duration of 4 weeks between episodes (Lebon et 
al., 2015; Young et al., 2017). These molecular insights 
have important implications for infection prevention 
strategies, as persistent carriers represent a more stable 
reservoir for transmission. 
 
Healthcare environments present unique challenges for S. 
aureus transmission and infection control. Healthcare 
workers (HCWs) and students in healthcare programmes 
face elevated exposure risks through direct patient contact 
and handling of clinical specimens, potentially serving as 
reservoirs for nosocomial transmission (Danelli et al., 
2020). Recent studies have documented variable carriage 
rates amongst healthcare personnel, ranging from 25-43% 
depending on specialty, geographic location, and infection 
control practices (Desta et al., 2022; El Aila et al., 2017). Of 
particular concern is the persistence of methicillin-
resistant S. aureus (MRSA) in healthcare settings, with 
studies reporting MRSA carriage rates of 8-15% amongst 
healthcare workers globally (Anbazhagan et al., 2020). 
 
Medical laboratory technology (MLT) students represent a 
distinct population within healthcare education, 
characterised by intensive exposure to clinical specimens 
and pathogenic microorganisms during their training. 
Unlike other healthcare students who primarily engage in 
patient care activities, MLT students routinely handle S. 
aureus isolates during laboratory practicum sessions, 
potentially increasing their colonisation risk. Recent 
evidence suggests that students may have higher carriage 
rates than established healthcare workers, with one 
Brazilian study reporting S. aureus carriage rates of 42.9% 
amongst healthcare students and workers, with male 
students showing 1.8-fold higher odds of carriage (Danelli 
et al., 2020). 
 
Regional epidemiological data from Southeast Asia reveal 
considerable variation in S. aureus carriage rates and 
resistance patterns. Studies from Malaysia have reported 
prevalence rates ranging from 9-28% amongst various 
healthcare populations, with MRSA prevalence varying 
between 2-14% across different institutions (Rampal et al., 
2020; Anbazhagan et al., 2020). A 2020 systematic review 
examining Malaysian healthcare students found increasing 
carriage rates with advancing academic years and hospital 
exposure, highlighting the importance of understanding 
carriage dynamics in educational settings (Lemos et al., 
2021). However, comprehensive data specifically 
addressing carriage patterns and risk factors amongst 
Malaysian healthcare students, particularly those in 
laboratory medicine programmes, remain limited. 

 
Understanding the factors associated with S. aureus nasal 
carriage has important implications for infection 
prevention and control strategies. Recent research has 
identified several potential risk factors, including 
demographic characteristics (age, gender, ethnicity), 
medical history (recent antibiotic use, underlying medical 
conditions), hygiene practices, and healthcare exposure 
patterns (Mehraj et al., 2016). However, the relative 
importance of these factors varies considerably across 
populations and settings, necessitating population-specific 
studies to inform targeted interventions. Contemporary 
studies have also highlighted the role of host genetic 
factors and nasal microbiome composition in determining 
carriage susceptibility (Accorsi et al., 2020). 
 
The present study was designed to address critical 
knowledge gaps regarding S. aureus epidemiology 
amongst Malaysian healthcare students. Specifically, we 
aimed to: (1) determine the prevalence of S. aureus nasal 
carriage amongst pre-clinical and clinical MLT students at 
a major Malaysian university; (2) characterise carriage 
patterns using longitudinal sampling to classify students as 
persistent, intermittent, or non-carriers; (3) identify 
demographic, medical, and behavioural risk factors 
associated with S. aureus colonisation; and (4) compare 
carriage rates between pre-clinical students (limited 
pathogen exposure) and clinical students (extensive 
laboratory exposure). 
 
The findings from this investigation will contribute 
baseline epidemiological data for this understudied 
population and may inform the development of evidence-
based infection prevention strategies within healthcare 
educational institutions in Malaysia and similar settings. 
Furthermore, understanding carriage patterns amongst 
future laboratory professionals may help optimise 
screening protocols and protective measures for this high-
risk occupational group, particularly given the evolving 
landscape of antimicrobial resistance in the region. 
 
MATERIALS AND METHODS 
 
Sample size calculation 
 
Sample size calculation was based on the formula for 
cross-sectional prevalence studies (Naing et al., 2006): n = 
Z²α/2 × P(1-P) / d², where n is the required sample size, 
Zα/2 is the standard normal variate (1.96 for 95% 
confidence interval), P is the expected prevalence of S. 
aureus nasal carriage, and d is the absolute precision 
desired. Based on previous Malaysian studies reporting S. 
aureus carriage rates of 20-30% among healthcare 
populations (Rampal et al., 2020), we assumed a 
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prevalence of 25% with a precision of ±7% and 95% 
confidence level. This yielded a minimum sample size of 
147 participants. Accounting for a 10% non-response rate, 
the target sample size was 163 participants. A total of 144 
students were successfully recruited (96.7% of target), 
providing adequate statistical power for prevalence 
estimation.  
 
Study design and population 
 
The overall sampling methodology and participant flow is 
illustrated in Figure 1. A prospective cross-sectional study 
with longitudinal follow-up was conducted at UiTM Puncak 
Alam from March to July 2024. Using simple random 
sampling, 144 MLT students were recruited and 
categorised into pre-clinical (semesters 1-4) and clinical 
(semesters 5-8) groups based on their level of laboratory 
pathogen exposure. Sample size was calculated based on 
an estimated S. aureus prevalence of 25% with 7% 
precision and 95% confidence level, accounting for 10% 
non-response rate. All participants provided written 
informed consent, and those with recent antibiotic use 
(within 4 weeks) or acute respiratory infections were 
excluded. 
 
A structured questionnaire adapted from previous 
validated studies was administered to collect demographic 
data (age, gender, ethnicity, academic semester), medical 
factors (recent illness, antibiotic use, hospitalisation 
history), and hygiene practices (hand hygiene frequency, 
nose-touching habits). The questionnaire was pilot-tested 
and culturally adapted for the Malaysian student 
population. 
 
To determine nasal carriage patterns of S. aureus, 
participants initially identified as carriers during baseline 
sampling (week 0) underwent additional nasal swab 
collections at weeks 3 and 6. Based on these results, 
students were classified as non-carriers (negative at 
baseline), intermittent carriers (positive in 1-2 samples), or 
persistent carriers (positive in all three samples). This 
classification follows established criteria from longitudinal 
carriage studies and provides clinically relevant 
stratification. 
 
Sample collection maybe to include flowchart on 
participant recruitment , exclusions and others 
 
 
 
Nasal specimens were collected at the Pathogen 
Laboratory, Faculty of Health Sciences, UiTM Puncak Alam 
by trained research personnel using standardised aseptic 
technique. A sterile cotton-tipped swab moistened with 

sterile phosphate-buffered saline (PBS) was inserted 
approximately 1-2 cm into the anterior nasal vestibule of 
the right nostril, gently rotated for 10 seconds, and 
immediately transported in Amies transport medium to 
the laboratory within two hours. All samples were 
processed within 24 hours of collection to ensure viability. 
Identification of S. aureus 
 
S. aureus identification employed both conventional 
microbiological methods and molecular confirmation. 
Primary isolation was performed by streaking nasal swabs 
onto Columbia blood agar and mannitol salt agar, followed 
by incubation at 37°C for 24-48 hours. Presumptive 
identification was based on colony morphology (golden-
yellow pigmentation, β-haemolysis), positive catalase test, 
positive tube coagulase test using rabbit plasma, and 
mannitol fermentation on mannitol salt agar. 
 
Molecular confirmation utilised SYBR Green-based real-
time PCR targeting the species-specific thermonuclease 
(nuc) gene. Bacterial DNA was extracted using the boiling 
method: overnight colonies were suspended in sterile 
distilled water, boiled at 100°C for 10 minutes, then 
centrifuged at 12,000 × g for 5 minutes. The qPCR reaction 
(25 μL total volume) contained SYBR Green Master Mix, 
specific primers (nuc-F: 5'-GCG ATT GAT GGT GAT ACG 
GTT-3' and nuc-R: 5'-AGC CAA GCC TTG ACG AAC TAA AGC-
3'), and template DNA. Thermal cycling comprised initial 
denaturation at 95°C for 10 minutes, followed by 40 cycles 
of 95°C (15 seconds), 52.6°C (30 seconds), and 72°C (30 
seconds), with melting curve analysis from 65°C to 95°C. S. 
aureus ATCC 25923 served as positive control for all 
identification procedures. 
 
Quality control measures included appropriate positive 
and negative controls for all tests, blinded laboratory 
analysis, and adherence to standard microbiological 
protocols. Laboratory personnel were masked to 
participant clinical data to minimise analytical bias. 
Statistical analyses 
 
Data analysis was performed using SPSS version 28.0. S. 
aureus nasal carriage prevalence was calculated as the 
proportion of participants with positive baseline cultures, 
with 95% confidence intervals determined using the 
Wilson score method. Carriage patterns (persistent, 
intermittent, non-carrier) were analysed after completion 
of longitudinal sampling. 
 
Associations between S. aureus carriage status, carriage 
patterns, and potential risk factors were assessed using 
Pearson's chi-square test for categorical variables with 
expected cell counts ≥5, and Fisher's exact test when 
expected counts were <5. Independent samples t-test or 
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Mann-Whitney U test were used for continuous variables, 
depending on data distribution. Statistical significance was 
set at p ≤ 0.05, with all tests being two-tailed. 
 
Post-hoc power analysis was conducted to assess the 
study's ability to detect meaningful associations given the 
observed prevalence and sample size. Effect sizes were 
calculated using Cramér's V for categorical associations, 
and results were interpreted within the context of clinical 
significance and study limitations. Missing data patterns 
were evaluated, and complete case analysis was 
performed with sensitivity analyses to assess the impact 
on study conclusions. 
 

 
 
Figure 1. Sampling methodology flowchart for S. aureus 
nasal carriage study among MLT students. 
 
Ethics approval 
 
This study was reviewed and approved by the UiTM 
Research Ethics Committee (Reference: REC/170/24), 
ensuring compliance with the Declaration of Helsinki and 
Malaysian research guidelines. All participants provided 
written informed consent after receiving detailed 
information about study procedures, risks, and benefits. 
 
RESULTS 
 
Study Population Characteristics 
 
A total of 144 MLT students participated in the study, 
comprising 74 pre-clinical students (51.4%) and 70 clinical 
students (48.6%). The overall response rate was 96.7% 
(144/149 eligible students). Participant demographics 
showed a predominance of female students (123/144, 
85.4%) and Malay ethnicity (138/144, 95.8%). The mean 

age was 22.1 ± 1.8 years (range: 19-28 years), with no 
significant age difference between pre-clinical and clinical 
groups (22.0 ± 1.7 vs 22.2 ± 1.9 years, p = 0.521). 
 
S. aureus Nasal Carriage Prevalence 
 
The study identified a nasal carriage prevalence of 12.5% 
for Staphylococcus aureus among Malaysian MLT 
students, based on microbiological analysis using 
conventional identification methods and molecular 
confirmation via real-time PCR targeting the nuc gene. Out 
of 144 participants, 18 tested positive (12.5%, 95% CI: 7.8-
19.0%), with 100% concordance between conventional 
methods and PCR, as all phenotypically identified isolates 
were confirmed as S. aureus. Molecular confirmation was 
achieved through real-time PCR targeting the nuc gene, 
demonstrating 100% concordance with conventional 
identification methods (Figure 2) 
 
While pre-clinical students showed a slightly higher 
carriage rate (13.5%) compared to clinical students 
(11.4%), this difference was not statistically significant (χ² 
= 0.145, df = 1, p = 0.705). Similarly, no significant 
differences in carriage rates were found between genders 
(male: 9.5% vs female: 13.0%, p = 1.000) or ethnic groups 
(Malays: 12.3% vs others: 16.7%, p = 0.558). 
 
The study found that persistent carriage was slightly more 
common than intermittent carriage (55.6% vs 44.4%) 
among carriers. However, no significant associations were 
identified between carriage status and demographic, 
medical, or hygiene-related risk factors. The study's 
statistical power for detecting modest associations was 
limited by the relatively small number of carriers 
identified.  

 
Figure 2: Molecular confirmation of S.aureus isolates by 
real-time PCR targeting the nuc gene. Amplification curves 
showing positive samples (green lines) with exponential 
fluorescence increase and negative samples (black lines) 
with no amplification. Positive control (S. aureus ATCC 
25923) and negative control included. All 18 
phenotypically identified isolates were confirmed as S. 
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aureus by PCR (100% concordance). 
 
 
 
Carriage Pattern Classification 
 
Among the 18 baseline carriers who underwent 
longitudinal follow-up sampling at weeks 3 and 6, carriage 
patterns were successfully determined for all participants 
with 100% compliance to follow-up visits. Based on the 
longitudinal sampling results, 10 students (55.6%) were 
classified as persistent carriers (positive in all three 
samples), whilst 8 students (44.4%) were classified as 
intermittent carriers (positive in 1-2 samples over the 
three time points). No participants initially classified as 
non-carriers (negative at baseline) developed carriage 
during the follow-up period. The distribution of carriage 
patterns among the 18 baseline carriers is presented in 
Figure 3. 
 
The distribution of persistent carriers was similar between 
pre-clinical and clinical groups (6/10, 60.0% vs 4/8, 50.0% 
of carriers, respectively, p = 0.692, Fisher's exact test). 
Demographic characteristics of carrier types showed that 
persistent carriers comprised 1 male (10.0%) and 9 
females (90.0%) with a mean age of 22.1 ± 1.6 years, whilst 
intermittent carriers included 1 male (12.5%) and 7 
females (87.5%) with a mean age of 22.3 ± 2.1 years. No 
significant associations were observed between carriage 
patterns and demographic variables (all p > 0.05). 
 

 
Figure 3: The distribution and percentages of S. aureus 
carrier types among MLT students in UiTM Puncak Alam. 
 
Risk Factor Analysis 
 
Univariate analysis of potential risk factors for S. aureus 
nasal carriage revealed no statistically significant 
associations with any of the examined variables (Table 1). 
Among carriers, 2/18 (11.1%) reported a history of cold 
and fever in the preceding two weeks compared to 37/126 

(29.4%) among non-carriers, though this difference was 
not statistically significant (p = 0.155, Fisher's exact test). 
Notably, none of the carriers reported recent antibiotic 
use or presence of unhealed wounds, whilst 4/126 (3.2%) 
non-carriers reported antibiotic use and 3/126 (2.4%) 
reported unhealed wounds in the preceding two weeks. 
 
Regarding hygiene practices, 9/18 (50.0%) carriers 
reported frequently touching their nose compared to 
50/126 (39.7%) non-carriers (p = 0.405, χ² test). 
Interestingly, a higher proportion of carriers reported 
frequently washing hands after touching their nose (5/18, 
27.8%) compared to non-carriers (18/126, 14.3%), though 
this difference did not reach statistical significance (p = 
0.168, Fisher's exact test). The association between 
potential risk factors and S. aureus nasal carriage is 
summarised in Table 1. 
 
When stratified by carriage patterns, no significant 
differences were observed between persistent and 
intermittent carriers for any risk factors examined (all p > 
0.05). The small sample sizes within each carriage pattern 
group limited the statistical power to detect meaningful 
associations. 
 
Table 1: Association between potential risk factors and S. 
aureus nasal carriage among MLT students 

Variable S. aureus 
carrier 
(n=18) 

S. aureus 
non-
carrier 
(n=126) 

P-value 

Demographics 
   

Male gender 2 (11.1%) 19 
(15.1%) 

1.000ᵇ 

Malay ethnicity 17 (94.4%) 121 
(96.0%) 

0.558ᵇ 

Clinical status 8 (44.4%) 62 
(49.2%) 

0.705ᵃ 

Medical history 
   

Cold/fever (past 2 
weeks) 

2 (11.1%) 37 
(29.4%) 

0.155ᵇ 

Antibiotic use 
(past 2 weeks) 

0 (0.0%) 4 (3.2%) 1.000ᵇ 

Unhealed wounds 0 (0.0%) 3 (2.4%) 1.000ᵇ 
Hygiene practices 

   

Frequently touch 
nose 

9 (50.0%) 50 
(39.7%) 

0.405ᵃ 

Hand washing 
after nose 
touching 

5 (27.8%) 18 
(14.3%) 

0.168ᵇ 

 
DISCUSSION 
 
This study presents significant baseline data on the nasal 
carriage patterns of Staphylococcus aureus among medical 
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laboratory technology (MLT) students in Malaysia, 
highlighting a population that has unique occupational 
exposure risks and has been under-researched in the 
regional literature. Our findings indicate a carriage 
prevalence of 12.5%, with a near-equal distribution 
between persistent and intermittent carriers, and no 
significant associations identified with the examined risk 
factors. 
 
 
 
Prevalence in Regional and Global Context 
 
The observed nasal carriage prevalence of S. aureus 
(12.5%) among MLT students at UiTM Puncak Alam falls 
within the lower range of prevalence rates reported in 
similar populations globally. This finding is consistent with 
other Malaysian studies involving occupational exposure 
populations, including a 12% carriage rate among dairy 
farm workers (Saeed et al., 2022) and 13% among animal 
handlers (Chai et al., 2022). However, our prevalence rate 
is considerably lower than that documented among 
healthcare students in other Malaysian institutions, 
including 26% among medical and health sciences 
students at Universiti Putra Malaysia (Jaganath et al., 
2018) and 23.4% among students and staff at the same 
institution (Alahmadi et al., 2023). 
 
Internationally, neighboring regions report higher 
prevalences; for example, a study from Thailand noted a 
carriage rate of 25.7% among healthcare workers 
(Jaganath et al., 2018), while Brazil reported a striking 
42.9% among healthcare students and workers (Yılmaz et 
al., 2016). Conversely, certain temperate regions observe 
similar or lower rates, such as 10% prevalence among 
medical students in specific European settings (Garedew et 
al., 2015). These discrepancies in carriage rates can be 
attributed to various factors, including environmental 
conditions, demographic genetics, hygiene practices, 
exposure to healthcare settings, and methodological 
differences in the studies conducted (Kahanov et al., 
2015). 
 
The relatively low prevalence identified in our study may 
be linked to several distinctive elements of the Malaysian 
healthcare education system. These include 
comprehensive infection control training programs, 
mandatory use of personal protective equipment during 
laboratory training, and cultural norms promoting regular 
hand hygiene. Additionally, the timing of the study during 
the COVID-19 pandemic may have bolstered hygiene 
practices, limiting transmission, though this aspect was 
beyond the scope of our evaluation (Kumbhar et al., 2018). 

Carriage Pattern Distribution and Clinical Significance 
 
Our longitudinal investigation unveiled that among the 18 
identified carriers, 55.6% exhibited persistent carriage 
patterns while 44.4% displayed intermittent carriage. This 
distribution contrasts with classical epidemiological data, 
which typically report approximately 20% persistent 
carriers and 30% intermittent carriers within the general 
population (Alrabiah et al., 2016). The heightened ratio of 
persistent carriers in our findings may reflect the specific 
demographics of young adults or may be influenced by the 
unique exposure environment faced by students of 
laboratory medicine (Du et al., 2022). 
 
The clinical implications of these patterns are profound, as 
persistent carriers are known to exhibit a 2–9-fold 
increased risk of developing S. aureus infections compared 
to their intermittent counterparts or non-carriers (Yulianto 
et al., 2023). Moreover, persistent carriers often serve as 
stable reservoirs for transmission, thereby augmenting the 
potential for environmental dispersal of S. aureus 
(Jaganath et al., 2018). Given that laboratory medicine 
students routinely handle clinical specimens potentially 
containing this pathogen, understanding carriage 
dynamics is pivotal for devising targeted decolonization 
strategies and infection prevention protocols. 
 
Comparison Between Pre-clinical and Clinical Students 
 
In contrast to our original hypothesis, pre-clinical students 
presented a marginally higher carriage rate (13.5%) than 
clinical students (11.4%), albeit with no statistical 
significance (p = 0.705). This observation challenges the 
findings of prior studies that indicate a positive correlation 
between increased healthcare exposure and carriage rates 
(Hirose et al., 2021; (Chai et al., 2022; . However, our data 
are compatible with research suggesting that the 
relationship between healthcare exposure and S. aureus 
carriage may be multifaceted and not necessarily linear 
(Alhunaif et al., 2021; Regasa et al., 2019). 
 
Several hypotheses could elucidate this unexpected result. 
For instance, clinical students might have developed 
superior infection control protocols through their 
extensive training and practical experience. Alternatively, 
there might be a phenomenon of "acquired immunity" 
from repeated exposure that reduces susceptibility to 
colonization among more experienced students (Deyno et 
al., 2017). Furthermore, a heightened awareness 
concerning personal protective equipment usage and 
hand hygiene among clinical students may contribute to 
these findings. Ultimately, these results underscore the 
possibility that inherent host characteristics (e.g., genetic 
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dispositional factors, immune responses, nasal 
microbiome variations) may significantly outweigh merely 
exposure-related determinants in influencing carriage 
rates (Alahmadi et al., 2023). 
 
Risk Factor Analysis and Methodological Considerations 
 
Our meticulous risk factor analysis revealed no significant 
correlations between S. aureus carriage and demographic, 
medical, or hygiene variables. The interpretation of these 
negative findings must be approached with caution, 
especially considering the statistical power limitations of 
our study. A post-hoc power analysis indicated that our 
study could detect odds ratios of 3.5 or greater with 80% 
power, implying that smaller yet potentially clinically 
pertinent associations may have been overlooked 
(Aurangzeb et al., 2023). 
 
Notably, various trends of interest emerged, although they 
did not achieve statistical significance. Non-carriers 
reported a higher frequency of recent symptoms such as 
cold and fever (29.4% vs 11.1%), insinuating that recent 
upper respiratory infections might paradoxically correlate 
with decreased nasal carriage. This could possibly point to 
competitive exclusion by other pathogens or enhanced 
local immune responses following infections, though this 
interpretation remains speculative (Briscoe et al., 2019). 
Moreover, carriers indicated a higher tendency to wash 
hands following contact with their nose (27.8% vs 14.3%), 
which could suggest that individuals predisposed to nasal 
carriage might be more attuned to their behaviors 
regarding nose touching and hygiene practices, despite 
those measures inadequately preventing colonization 
(Mergenhagen et al., 2020). 
 
Interestingly, the lack of significant demographic 
associations resonates with certain other studies but 
diverges from those that report gender or age-related 
differences. The predominance of female participants in 
our study (85.4%) may impede the detection of gender 
correlations, and the constrained age range (mostly 19–28 
years) may limit the identification of age-related variations 
that manifest across broader demographics (Saeed et al., 
2022). 
 
Study Strengths and Limitations 
 
This study possesses multiple methodological strengths 
that bolster the validity of the findings. The incorporation 
of traditional microbiological techniques alongside 
molecular confirmation via real-time PCR ensured 
accurate species identification with 100% concordance. 
Employing a longitudinal approach fortified carriage 

classification, and the implementation of standardized 
sampling protocols effectively minimized technical 
variability. Furthermore, blinded laboratory analyses 
mitigated potential biases in result interpretation 
(Zeryehun & Abera, 2017). 
 
Nevertheless, certain limitations must be acknowledged. 
The single-center design constrains the generalizability of 
our findings to different institutions or regions with 
disparate student populations or curricula. Additionally, 
our sample size, while adequate for estimating prevalence, 
was insufficient to detect modest associations with risk 
factors. The reliance on single nostril sampling may have 
also led to an underestimation of true carriage prevalence, 
as bilateral sampling typically enhances detection 
sensitivity (Commons et al., 2015). Moreover, the six-week 
timeframe for assessing carriage patterns may be seen as 
relatively limited for definitive classification, with 
recommendations advocating for observation periods of 
12–24 weeks in some studies (DePalma et al., 2022). 
Finally, the cross-sectional elements of our risk factor 
assessments curtail causal inference, and potential recall 
bias may influence self-reported behavior and medical 
histories. 
 
Implications for Infection Prevention and Control 
 
The findings of this study carry several practical 
implications for infection prevention strategies within 
healthcare educational environments. Identifying 
persistent carriers within the student population suggests 
that targeted screening and decolonization initiatives 
could be advantageous, particularly for students poised to 
enter higher-risk clinical scenarios. However, a careful 
evaluation of the cost-effectiveness of such programs is 
warranted, given the overall low prevalence observed. 
 
Furthermore, the absence of significant differences 
between pre-clinical and clinical students indicates a need 
for early implementation of infection control education 
throughout healthcare programs, instead of concentrating 
solely during clinical stages. The fact that traditional risk 
factors did not effectively predict carriage in our 
demographics suggests that uniform precautions and 
comprehensive infection control strategies need to be 
emphasized for all students, irrespective of perceived risk 
profiles. 
 
Future Research Directions 
 
Our research highlights numerous critical avenues for 
future investigation. Larger, multi-center studies with 
adequate statistical power are required to definitively 
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elucidate risk factors associated with S. aureus carriage 
among healthcare students in Malaysia. Longitudinal 
studies characterized by extended follow-up periods could 
yield more robust definitions of carriage patterns and 
assess the durability of carriage status over time. 
 
Moreover, future inquiries should delve into the molecular 
epidemiology of S. aureus strains within healthcare 
student cohorts, accompanied by investigations into 
antimicrobial resistance patterns and virulence factor 
profiles. Understanding the nasal microbiome and the 
genetic determinants of host susceptibility could further 
illuminate the complexity of carriage dynamics. 
Additionally, intervention studies that evaluate the 
effectiveness of targeted decolonization strategies within 
student populations would furnish valuable evidence for 
guiding infection prevention policies. 
 
CONCLUSION 
 
This study establishes a baseline prevalence of S. aureus 
nasal carriage at 12.5% among Malaysian MLT students, 
revealing a more significant proportion of persistent 
carriers than typically observed in the general population. 
The absence of notable associations with conventional risk 
factors underscores the intricate nature of carriage 
determinants, suggesting that host-related factors may 
overshadow exposure-related variables in this cohort. 
These findings provide essential baseline data for 
informing evidence-based infection prevention strategies 
in healthcare educational settings, emphasizing the need 
for larger, multi-center studies to enhance our 
understanding of carriage dynamics within this pivotal 
population. 
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Background: Air conditioning systems provide comforts in various settings including buildings, 
offices, rooms, laboratories and hospitals. However, prolonged use of air conditioning can lead to the 
buildup of dust and biofilm in filters, vents, and grilles, which can harbour airborne pathogens. This 
can contribute to diseases such as “sick house syndrome” through transmission of bacteria from the 
air conditioner. Currently, the study on prevalence of pathogenic bacteria in the air conditioning 
system at laboratories in Malaysia is still limited. Therefore, this study aims to determine the 
presence of bacteria on air conditioning vents in five teaching laboratories; Cytology, Haematology, 
Microbiology, Molecular and Parasitology laboratories in the Faculty of Health Sciences, UiTM 
Selangor, Malaysia. Methods: Four dust samples from the vent of air conditioners in each laboratory 
were collected and then inoculated on Nutrient Agar (NA) and Blood Agar (BA). Basic microbiological 
tests including gram stain, spore stain, biochemical tests, and novobiocin sensitivity test were 
performed to identify the bacterial isolates. Results: A total of 23 bacterial isolates were obtained, 
and five genera were successfully identified; Bacillus spp., Staphylococcus epidermidis, Clostridium 
spp., Paenibacillus spp., and Listeria spp. These bacteria are known to potentially cause respiratory 
tract infections. Conclusion: Based on the findings, it can be concluded that the air conditioning vents 
in teaching laboratories are contaminated with various bacterial species that could pose a risk to 
health. 
 

INTRODUCTION 

Air conditioning system is a centralized equipment that 
creates a constant environment with controlled 
temperature, humidity, and purity (Anas et al., 2016). It 
has frequently been employed as cooling systems in 
buildings and is utilised in a variety of settings, including 
automobiles, offices, homes, and industries. The cooling 
sensation from air conditioner provides comfort towards 
human’s life especially during hot weather. However, air 
conditioner has its own disadvantages such as costly 
compared to other appliances and consuming a lot of 
electricity. Most importantly, the public are unaware 
about the potential health risks associated with prolonged 
use of air conditioner (Govindasamy et al., 2014). 
 
Risk of airborne pathogen transmission can be developed 
by the accumulation of dust and biofilm in air conditioning 
especially during air conditioner operation, contributing to 
indoor air contamination. Some of them may be systems such 
as filters, vents, and grilles. Microorganisms residing on these  
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surfaces can be released into the air, pathogenic if inhaled. 
According to a study by Anas et al. (2016), majority of air 
conditioners are using improper filters, which caused them to 
operate outside of their intended parameters. Additionally, they 
indicated that humidity and dust accumulation, particularly in 
the cooling equipment's downstream area, allowed bacteria 
such as Bacillus spp., Staphylococcus spp., and Streptococcus 
spp. to survive. Therefore, when users spend an excessive 
amount of time in an air-conditioned indoor environment, it has 
been observed that they may develop "sick house syndrome". 
Signs of "sick house syndrome" are headache, watery eyes, skin 
disorders, and weakness (Anas et al., 2016; Ayilara & Oginni, 
2016). This notion is further supported by a study conducted in 
2005 by Al Shahwani which demonstrated a correlation between 
“sick house syndrome” and contaminated air conditioning 
systems. 

Malaysians should be particularly concerned, as the 
country's warm tropical climate encourages frequent use 
of air conditioners. This will increase the risk of exposure 
to biogenic indoor air pollutants, including allergens, 
mycotoxins, volatile organic compounds, bacteria, and 
molds (Chan et al., 2011). According to Chan et al. (2011), 
contaminated indoor air handling systems have been 
related to several outbreaks of air-borne illnesses such as 
aspergillosis, Legionnaires' disease, and severe acute 
respiratory syndrome. In 2011, Alangaden stated that 
organisms like Staphylococcus spp., Streptococcus spp., 
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Micrococcus spp., Bacillus spp., and Serratia spp., were the 
most isolated airborne bacteria found in laboratory rooms, 
libraries, hospitals, and schools. They stated that high 
concentration of these microorganisms can lead to 
asthma, allergenic disease, respiratory and pulmonary 
infections. Another study conducted at academic 
institutions in South Western Nigeria discovered four 
organisms isolated from indoor air conditioner and grills 
which were Bacillus spp., Pseudomonas spp., 
Streptococcus spp., and Staphylococcus spp. (Ayilara & 
Oginni, 2016). Recently, a study performed by Wopereis et 
al (2020) stated that controlling indoor air quality is crucial 
for reducing infections, especially in hospital settings 
where immunocompromised patients are more vulnerable 
to infection. Therefore, as preventive measures, this study 
was conducted to evaluate the presence of pathogenic 
bacteria on air conditioner vents in teaching laboratories 
at Centre for Medical Laboratory Technology Studies, 
Faculty of Health Science, Universiti Teknologi MARA, 
Puncak Alam Campus, Selangor.  
 
 
MATERIALS AND METHODS 
 
Sample Collection 
 
The study was conducted during the months of March 
2024 to July 2024. Collection of samples were conducted 
by taking dust samples from air conditioner vents in five 
Centre for Medical Laboratory Technology Studies 
teaching laboratories (Cytology, Haematology, 
Microbiology, Molecular & Parasitology). Four dust 
samples were collected from a single air-conditioning vent 
in each laboratory using sterile cotton swabs and cultured 
on Nutrient Agar (NA) as primary agar. All collections were 
performed under similar conditions during working hours 
with ventilation units in operation.  
 
Isolation and Identification 
 
The sterile cotton swabs used to collect dust samples from 
the air conditioner vents were soaked in tryptic soy broth. 
The samples were then incubated 24 hours at 37°C. After 
24 hours of incubation, a 10-fold serial dilution was carried 
out prior to utilising the spread plate method to distribute 
the samples over the plate. Following the serial dilution 
procedure, 100 µl of the sample was pipetted into the 
center of the solidified Nutrient Agar (NA) and dispersed 
uniformly across its surface using an L-shaped bent glass 
rod. The plates were then incubated at 37°C for 24 hours 
or overnight (Wise, 2006). After the incubation, the viable 
bacteria in the sample grew into distinct visible colonies on 
the surface of the medium.  
 

RESULTS 

A total of twenty-three colonies were isolated using the 
spread method from the five laboratories (Cytology, 
Haematology, Microbiology, Molecular, and Parasitology). 
Colony morphology of the bacteria isolated on Nutrient 
and Blood agars were then recorded according to their 
respective laboratories and each individual isolate was 
tagged with a label to facilitate the identification process. 

From the Cytology Laboratory, three distinct bacterial 
colonies were obtained, while the Haematology 
Laboratory yielded eight. The Microbiology Laboratory 
produced six different colonies, whereas from the 
Molecular Laboratory we managed to isolate one type of 
colony. Additionally, five distinct colonies were obtained 
from the Parasitology Laboratory.  Further observations 
revealed that the twenty-three colonies obtained 
comprised of five distinct types. Characteristics of the five 
colonies are as shown in Table 1 and Figure 1.  Presence of 
the isolated bacteria in the air conditioner vents of the five 
laboratories are demonstrated in Table 2.  

Table 1: Colony morphology for bacteria colonies from 
the laboratory air conditioning vents when isolated on 

Nutrient agar (NA) and Blood Agar (BA) 

Colony Characteris�cs Colony Morphology on 
NA BA 

1 Size Tiny Big 
Shape Round Irregular 
Eleva�on Convex Flat 
Margin En�re Lobate 
Opacity Translucent Translucent 
Surface Shiny, 

smooth 
Smooth 

Colour Grey Grey 
Haemoly�c�
paƩern 

- Beta 

 
2 

 
Size  

 
Small 

 
Small 

Shape Round Round 
Eleva�on Flat Flat 
Margin En�re En�re 
Opacity  Translucent Translucent 
Surface  Smooth Smooth 
Colour  Whi�sh Greyish brown 
Haemoly�c�
paƩern 

-  Beta 

 
3 

 
Size  

 
Tiny 

 
Small 

Shape Round Round 
Eleva�on� Raised Flat 
Margin En�re En�re 
Opacity Opaque Translucent 
Surface Smooth Smooth 
Colour  Grey Grey 
Haemoly�c�
paƩern 
 

- Beta 
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4 

 
Size 

 
Big 

 
Big 

Shape Irregular Irregular 
Eleva�on Convex Convex 
Margin Lobate Lobate 
Opacity Translucent Translucent 
Surface Smooth Smooth 
Colour Whi�sh Greyish 
Haemoly�c�
paƩern 

- Beta 

 
5 

 
Size 

 
Tiny 

 
Big 

Shape Round Round 
Eleva�on Flat Flat 
Margin En�re En�re 
Opacity Opaque Translucent 
Surface Smooth Smooth 
Colour Grey Grey 
Haemoly�c�
paƩern 

- Beta 

 

 

 

 

 

 

 

 

 

Figure 1: Colony morphology for bacteria isolates on  A: Nutrient 
agar (NA); B: Blood Agar (BA). (i) - Colony 1; (ii) - Colony 2; (iii) - 
Colony 3, (iv) – Colony 4; (v) -Colony 5 

Table 2: Bacteria isolated from the laboratory air 
conditioning vents  

 

Colony 

Isolated from 

1 2 3 4 5 

1 X X X X X 

2 X X X - X 

3 - X - - - 

4 - X - - - 

5 - - - - - 

   (X)–isolated; (-) -not isolated 
; 1-Cytology; 2-Hematology, 3-Microbiology; 4-Molecular; 5-Parasitology 
 

Gram stain was used to identify the five bacteria isolates 
and were observed under light microscope (100X 
magnification). All organisms in this study appeared to be 
gram positive with various shapes as tabulated in Table 3. 
 

Table 3: Gram stain results for each type of bacterial 
colony isolated from the laboratory air conditioning vents 

Colony Gram stain Morphology 

1 + bacilli in chain 

2 + rod-shaped in single 

3 + cocci in cluster 

4 + rod-shaped in single 

5 + bacilli in chain 

(+) - Gram positive 
 

The existence of endospores in bacterial vegetative cells 
was verified using spore stain. The procedure was solely 
for the two gram-positive bacilli (Colony 1 and 5) and two 
rod-shaped bacterial isolates (Colony 2 and 4). Table 4 
exhibits the spore staining result for the bacteria tested.  
 
 
Table 4: Spore stain results for each type of bacterial 
colony isolated from the laboratory air conditioning vents 

(+) = presence of endospore;   (-) = absence of endospore 
 
 

 

 
(A) (B) 

 
(A)  

(B) 

(A) (B) 

(A) 
 

(B) 

(A) 
 

(B) 

Colonies Spore stain result 

1 + 

2 - 

4 - 

5 + 

(i) 

(iii)   

(ii) 

(iv)   

(v)   
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Table 5: Biochemical test results of each type of bacterial colony isolated from the air conditioning vents. 

Colonies Catalase Oxidase Coagulase Citrate Indole Mobility 
TSI 

BUTT/Slant, 
Gas 

1 + -  - - + K/A, no gas 
2 + +  - - - K/A, no gas 
3 +  -     
4 - -  - - + A/A, no gas 
5 + -  - + + A/A, no gas 

Note: (A) = Acid, (K) = Alkaline, (+) = Positive, (-) = Negative 

 
Biochemical tests, such as citrate, hydrogen sulphide 
(H2S), indole, motility, triple sugar iron (TSI), urea, methyl 
red (MR), and voges proskauer (VP) were used to further 
identify the bacterial isolates. The results of the 
biochemical tests are as stated in the table above (Table 
5).  
 
Antimicrobial sensitivity testing (AST) was then conducted 
on colony 2 to determine whether it is from the coagulase-
negative Staphylococcus (CoNS) species. If the colonies 
were sensitive to Novobiocin, they are Staphylococcus 
epidermidis, but on the other hand, resistance to 
Novobiocin will indicate Staphylococcus saprophyticus. In 
the present study, colony 2 was found to be Novobiocin 
sensitive as shown in Table 6. Hence, colony 2 was 
identified as Staphylococcus epidermidis. 
 
Table 6: Antimicrobial sensitivity test result for Colony 2 

Indicator of zone of inhibition  

R I S Result 

     NB30     
≤17 

18-21 ≥22 22 
(S) 

(R) Resistant, (I) Intermediate, (S) Sensitive 
 
In the present study, five bacterial genera were identified 
from a total of twenty-three colonies. Table 7 presents the 
types of bacteria isolated from the respective laboratories, 
while Figure 2 illustrates the prevalence of each bacterial 
species. 
 

Table 7: The types of bacterial isolated from air conditioning 
vents according to the five different laboratories 

Laboratory Species of bacteria 

Cytology Bacillus spp. 
Listeria spp. 

 
Haematology Bacillus spp. 

Listeria spp. 
Staphylococcus epidermidis 

Clostridium spp. 
 
 

Parasitology Bacillus spp. 
Listeria spp. 

Paenibacillus spp. 
 

Microbiology Bacillus spp. 
Listeria spp. 

 
Molecular Bacillus spp. 

 
 
 

 
Figure 2: Population of bacterial isolates from five laboratories 
(%) in the Centre for Medical Laboratory Technology  
 
 
DISCUSSION 
 
The spread plate method was used to isolate bacteria from 
the five selected laboratories which were Cytology, 
Haematology, Microbiology, Molecular, and Parasitology 
laboratories. Initially, a total of twenty-three bacterial 
colonies were successfully isolated and were later 
identified as Bacillus spp., Listeria spp., Clostridium spp., 
Staphylococcus epidermidis and Paenibacillus spp. Based 
on Table 7, Bacillus spp. was isolated from all five 
laboratories' air conditioning systems while Listeria 
species were obtained from four laboratories excluding 
the Molecular laboratory. As for Clostridium spp. and 
Staphylococcus epidermidis, they were only isolated from 
the Haematology laboratory. However, in the Parasitology 
laboratory, Paenibacillus spp. have been identified. In 

0 20 40 60 80 100 120

Bacillus spp.

Clostridium spp.

Listeria spp.

Paenibacillus spp.

Staphylococcus epidermidis
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addition, as shown in Figure 7, Bacillus spp. was the most 
common bacteria isolated from the five laboratories 
(100%), followed by Listeria spp. (80%). Staphylococcus 
epidermidis, Paenibacillus spp., and Clostridium spp. 
which were isolated from one laboratory each (20%).  
 
Bacillus species are frequently found in dust, soil, and air 
in the natural environment (Sonmez et al., 2011). Most of 
them are normal flora in both humans and animals, except 
for those who are immunocompromised. Among them, 
Bacillus anthracis is particularly notable, as it can cause 
anthrax, a serious illness primarily transmitted through 
inhalation (Czekaj et al., 2024). The isolation of Bacillus 
spp. in the present study is consistent with a related study 
carried�out�by�Gołofit-Szymczak and Górny (2010). Their 
study found that the most common bacterial species in 
indoor air conditioning systems were endospore-forming 
gram-positive rods from the genus Bacilli. Another study 
conducted in Brazil revealed that gram positive bacilli were 
prevalent in some areas of air conditioning units (Ross et 
al., 2004). However, study conducted by Sheik et al. (2015) 
detected coagulase-negative Staphylococcus (CoNS) 
species as the most common organism in laboratories’ air 
conditioning vents which accounted for 26% while Bacillus 
spp. was the least common organism, 17% of the samples. 
On the other hand, their findings also demonstrated the 
presence of Staphylococcus epidermidis, similar to that of 
our study. This is further supported by studies conducted 
by Kumar et al. (2022) and Ortega-Peña et al. (2022) in 
which they found Bacillus spp. and Staphylococcus 
epidermidis in air conditioning systems. These two 
bacteria have been linked to respiratory diseases, 
especially involving lower and upper respiratory tract 
infections. Additionally, Kumar et al. (2022) mentioned 
that digestive disorders can also result from infection by 
Bacilli. 
 
Paenibacillus species have been isolated from numerous 
sources including soil, fresh and salt water, sewage, 
sendiments, caves, humus, compost, rhizosphere, food, 
plants, insect larvae and clinical samples (Sáez-Nieto et al., 
2017). According to the author, they are classified as rod 
shaped positive or Gram-variable endospore forming 
aerobic or facultatively anaerobic bacteria. Ash et al. 
(1993) mentioned that Paenibacillus is also part of Bacillus 
genus. According to a study conducted in 2016 by Anas et 
al., spore-forming organisms such as Bacillus and 
Paenibacillus species can infect air conditioning system 
filters. A study found that dust accumulation on air 
conditioning filters was a common source of Paenibacillus 
glucanolyticus isolates (Osman et al., 2018). Nevertheless, 
Sáez-Nieto et al. (2017) noted that Paenibacillus species 
are generally regarded as contaminants, as there is limited 

literature on the prevalence and clinical significance of 
these microorganisms. 
To date, there has been no report on the presence of 
Listeria spp. and Clostridium spp. from air conditioner 
systems. However, their isolation in this study is not 
surprising as Clostridium botulinum has been isolated from 
laboratory staffs in Germany by Samul et al. (2013). They 
stated that inhalation of BoNT A from Clostridium 
botulinum poses the greatest risk to human health. In 
addition, Pilote et al. (2019) reported that there was 
evidence on the existence of Listeria spp. such as Listeria 
monocytogenes in indoor environments. Anas et al. (2016) 
have suggested that air conditioning system filters may be 
contaminated during repair with non-spore-producing 
organisms such as Listeria spp. and Clostridium spp. by 
human aerosols generated from activities like coughing, 
sneezing, and talking.  
 
There are various internal and external factors that 
influence the growth of microorganisms in air conditioning 
systems. A study by Zhai et al. (2018) found that the 
diversity and quantity of airborne bioparticles are 
influenced by weather conditions, which will affect the 
formation, release, dispersion, and deposition of bacteria. 
According to various reports (Almaguer et al., 2014; Smets 
et al., 2016), temperature has a significant positive 
correlation with bacteria, especially bacteria that can 
survive at high temperatures like Bacillus subtilis (Kovács, 
2019). Another factor that influences the growth of 
microorganisms is irregular cleaning of air conditioning 
systems. A study by Rahman (2019) emphasized the 
importance of regularly cleaning air conditioning systems 
to prevent the accumulation of heavy dust, which can 
promote bacterial growth. In addition, cleaning and 
replacing the filter can enhance the system's efficiency in 
preventing excessive dust buildup. Depending on factors 
such as the system's age, usage, history, and performance, 
routine maintenance of the cooling coil should be 
conducted two to four times a year. As humidity and 
temperature are known to affect bacterial viability, Al 
Shahwani (2005) recommended that air conditioner levels 
should be maintained between 20% and 60% and 20.0–
24.5°C,� respectively.� Gołofit- Szymczak et al. (2019) 
suggested that aerosol disinfectant need to be sprayed 
and high frequency ultrasound (1.7 Hz) was employed to 
disinfect air conditioning system inlet and outlet ducts in 
order to remove microbiological contaminants. As a result, 
the concentration of microbial drops by more than 70%, 
demonstrating that microbiological contaminants can be 
removed�by�spraying�disinfectant�(Gołofit- Szymczak et al., 
2019). 
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CONCLUSION 
 
Five bacterial genera were identified in air conditioning 
systems across the five laboratories involved in this study: 
Bacillus spp., Staphylococcus epidermidis, Clostridium 
spp., Paenibacillus spp., and Listeria spp. Among them, 
Bacillus spp. was the most prevalent, followed by Listeria 
spp., Staphylococcus epidermidis, Clostridium spp., and 
Paenibacillus spp. However, as this study relied on basic 
microbiological tests, future research should incorporate 
molecular characterization techniques for more precise 
identification of bacterial isolates. 
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Handwashing is a fundamental practice for preventing the transmission of communicable diseases 
such as diarrhoea, pneumonia, and foodborne infections, especially in educational environments. 
Despite its significance, poor handwashing practices remain prevalent among secondary school 
students, often due to inadequate facilities and limited hygiene education. This study aimed to 
describe the implementation, effect and process evaluation of an educational session focused on 
promoting hand hygiene among the secondary school children. A structured questionnaire was 
administered to 40 selected canteen prefects to assess their handwashing knowledge and practices 
before and three weeks after a demonstration of proper handwashing techniques. Following the 
demonstration, a group of prefects instructed non-prefect students in handwashing, and both groups 
were observed for compliance. Statistical analysis revealed a significant improvement in knowledge 
and routine among the canteen prefects after the demonstration, as indicated by the paired t-test. 
The Mann-Whitney test further demonstrated that canteen prefects outperformed non-prefect 
students in terms of knowledge, routine, and adherence to proper handwashing steps. These findings 
suggest that focused educational programs can significantly enhance hand hygiene knowledge and 
practices. The results support the development of initiatives aimed at improving handwashing 
behaviours to prevent infectious diseases, particularly within school environments. 
 
 
 

INTRODUCTION 
 
Handwashing is a fundamental public health practice that 
involves using water, with or without soap, to clean the 
hands and remove dirt, pathogens, and microbes. It is 
crucial in preventing the transmission of infectious 
diseases, especially after physical encounters in public 
spaces. During the coronavirus disease 2019 (COVID-19) 
pandemic, the World Health Organization (WHO) 
emphasized handwashing as a vital public health 
intervention to curb the spread of the SARS-CoV-2 virus 
(Labana, 2024). In everyday settings, poor hand hygiene 
contributes to the spread of diseases such as diarrhoea 
and pneumonia, particularly after activities such as using 
the bathroom, coughing, blowing the nose, playing with 
pets, and touching contaminated surfaces (Mbakaya, 
2019; Dutta et al., 2020; Melese et al., 2019; 
Chittleborough et al., 2012). Handwashing is especially 
effective in controlling the transmission of foodborne and 
faecal-oral pathogens, with numerous infectious diseases 
being spread via contaminated hands.  
________________________ 
* Corresponding author. 
E-mail address: nazri669@uitm.edu.my 
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Bacteria and viruses, such as Salmonella spp., Escherichia 
coli O157, norovirus, and adenovirus, are common culprits 
in gastrointestinal and respiratory illnesses. These 
pathogens are transmitted through contaminated objects 
or direct contact, which underscores the importance of 
hand hygiene (Enkhbat et al., 2022). Simple and 
inexpensive, handwashing with soap has proven to be one 
of the most cost-effective methods for reducing the 
burden of infectious diseases globally (Enkhbat et al., 
2022). Numerous studies have demonstrated that 
effective handwashing with antiseptic cleansers or hand 
rubs can significantly reduce the risk of infection. 
According to the Centres for Disease Control and 
Prevention (CDC), regular handwashing with soap and 
water can decrease the incidence of diarrheal disease-
related deaths by up to 50% (CDC, 2020). Research has also 
suggested that a 10 to 15-second handwashing duration is 
generally sufficient to remove transient bacteria from 
hands (Jemal, 2018). However, poor handwashing habits 
are still prevalent in many populations, often due to 
insufficient awareness or education. Nicolaides et al. 
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(2019) noted that behavioural changes regarding hand 
hygiene are challenging, particularly in communities with 
limited access to resources or where hygiene practices are 
not integrated into daily routines. Research in Ethiopia 
found that factors such as hygiene education, access to 
sanitation facilities, and parental health education 
significantly influenced hand hygiene behaviour (Assefa & 
Kumie, 2014). These findings underscore the importance 
of targeted education and promotion campaigns to 
enhance hand hygiene practices. Several factors, such as 
the unavailability of soap dispensers or hand dryers, 
contribute to poor hand hygiene, particularly in schools 
where children are most vulnerable to infections. 
Ngimbwa et al., 2020) identified that inadequate 
infrastructure in schools such as empty soap dispensers 
and lack of drying facilities hinders proper hand hygiene 
practices. Schools play an essential role in teaching 
hygiene and health habits, providing a setting where 
children can develop lifelong skills. In developing 
countries, children often lack basic handwashing skills, 
making it critical for schools to incorporate hygiene 
education into their curriculum (Otsuka et al., 2019). 
 
A study conducted in the Klang Valley region found that 
only 63% of preschool children demonstrated good 
handwashing practices (Jamaluddin et al., 2020). Given the 
importance of hand hygiene in preventing infections, this 
study aims to explore the handwashing knowledge and 
practices among lower-form secondary school students in 
Malaysia. The study will examine how well students 
understand the importance of hand hygiene and their 
ability to apply this knowledge in daily life. Canteen 
prefects in secondary schools play an essential role in 
maintaining the cleanliness and organization of the school 
canteen. Their tasks typically include overseeing food 
distribution, ensuring that the canteen remains hygienic, 
and managing students' behaviour during mealtime. One 
of the most critical responsibilities they hold is monitoring 
food safety practices, which includes ensuring proper hand 
hygiene among both canteen staff and students and 
reporting to the schoolteacher if any disobedience is 
detected among canteen operators. 
 
Hand hygiene is vital in preventing the spread of germs and 
foodborne illnesses. Canteen prefects must be aware of 
the correct handwashing techniques, including washing 
hands with soap and water for at least 20 seconds, 
especially before handling food, after touching potentially 
contaminated surfaces, and after using the restroom. They 
should also promote the importance of using hand 
sanitisers when soap and water aren't available and 
regularly remind their peers and staff of the role hand 
hygiene plays in maintaining a safe eating environment. 
This research is significant as it will provide insights into 

the current state of handwashing knowledge and practices 
among secondary school students in Malaysia. These 
findings could serve as the basis for designing educational 
programs and materials to enhance hand hygiene 
awareness and behaviour. Furthermore, the results of this 
study may offer valuable data for the Malaysian Ministry 
of Health (MOH) and the Ministry of Education in revising 
school health education policies to better address hygiene 
and health promotion. By raising awareness of proper 
handwashing, this study will contribute to improving 
public health outcomes, reducing the incidence of 
infectious diseases, and fostering healthier behaviours 
among young people. To assess handwashing knowledge 
and practice among secondary school students in 
Malaysia, this study aims to evaluate lower-form students 
using a structured questionnaire. It will compare first-year 
and second-year students' levels of knowledge, identify 
influencing factors, and propose recommendations to 
enhance hygiene education and handwashing practices 
within schools. 
 
 
MATERIALS AND METHODS 
 
Study design 

This study utilized a cross-sectional research design 
targeting students aged 13 to 15 years from selected 
secondary schools in Klang, Selangor. A total of 40 
participants were selected, accounting for a 10% increase 
to adjust for potential non-responses. Consent from both 
students and their guardians was obtained before 
participation, ensuring ethical compliance. Initially, proper 
handwashing techniques were demonstrated to the 
selected canteen prefects. The study used a structured 
questionnaire before and after the intervention to assess 
the knowledge and practice of proper hand hygiene (Yekta 
et al., 2021; Almoslem et al., 2021). The study was 
conducted in two phases: before and two weeks after the 
handwashing demonstration. This structure allowed for an 
evaluation of the short-term retention of the handwashing 
practices among the prefects, as well as their ability to 
convey these skills to non-prefect students. The evaluation 
followed the World Health Organization’s (WHO) 
handwashing guidelines, focusing on both knowledge 
acquisition and practical skills (Toney-Butler et al., 2025). 

Sample selection 

The sample included 40 students selected based on 
inclusion and exclusion criteria. Only canteen prefects 
from secondary school in Klang, Selangor were eligible for 
participation. Students who were not prefects or from 
unselected schools were excluded. These criteria ensured 
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a targeted focus on individuals responsible for promoting 
hygiene in the school’s food-serving environment as 
described in the previous study (Ismail et al., 2024). 

 

Sample size calculation 

Using Yamane’s formula, the sample size was calculated as 
follows:

 
 

 
Where: n = sample size, N = total population size and e = 
margin of error (expressed as a decimal). To account for 
potential non-response, a 10% buffer was added, making 
the final sample size 40 participants. This calculation 
ensures a representative sample with a 5% margin of error 
and a 95% confidence level, adequate for assessing 
handwashing knowledge and practice (Chavda et al., 
2020). 
 
Study tools 

The primary data collection tool was a structured 
questionnaire based on previously validated studies 
(Almoslem et al., 2021; (Ismail et al., 2024). The 
questionnaire had 11 items divided into three sections: 
 
a. Demographics: Information on age, gender, and other 
background factors. 
b. Handwashing Routine: Frequency and techniques used 
in handwashing. 
c. Knowledge: Evaluation of the student's understanding of 
correct handwashing techniques, as per WHO guidelines. 

The structured questionnaire format ensured that both 
qualitative and quantitative data were collected, with pre-
and post-intervention comparisons offering insights into 
the effectiveness of handwashing education (Rahman et 
al., 2021). 

Ethical consideration 

Ethical approval was obtained from the Research Ethics 
Committee of Universiti Teknologi MARA (UiTM) 
[Reference no: FERC/FSK/MR/2023/00150] before the 
study commenced. Participants were informed of their 
rights, including the voluntary nature of participation and 
their ability to withdraw at any point without 
consequences. Confidentiality and data security were 
prioritized to protect participants’ identities and 
responses. 
 
Data collection process 
Data were collected in two phases: 

Phase 1: A pre-intervention questionnaire was 
administered to canteen prefects.  Afterwards, a 
handwashing demonstration was conducted, following 
WHO guidelines. The canteen prefects were evaluated 
based on their ability to follow the demonstration. 
 
Phase 2: Two weeks later, the prefects completed a post-
intervention questionnaire to assess retention of the 
handwashing practices. Additionally, the prefects 
demonstrated the proper handwashing technique to five 
non-prefect students, who were then evaluated on their 
adherence to the demonstrated techniques. This method 
allowed for both direct and peer evaluation, adding depth 
to the assessment (Yekta et al., 2021). 
 

Data analysis 
 
SPSS version 28 was used for data analysis. Descriptive 
statistics were employed to summarize the demographic 
information and handwashing practices. An independent 
t-test was used to compare knowledge and practices 
before and after the intervention. A paired t-test was 
conducted to measure the effectiveness of the 
handwashing demonstration in changing behaviours 
(Chavda et al., 2020). Categorical variables (such as 
gender) were analysed using frequency distributions, 
while continuous variables were summarized with means 
and standard deviations. 
 
RESULTS 

Demographic data of Canteen Prefect 
 

Table 1 - Demographic data of canteen prefects. 

 Data Numbers and percentage 
Number of Subjects 40 (100%) 

Gender  
Male 22 (55%) 

Female 18 (45%) 
Age  
13 0 (0%) 
14 15 (37.5%) 
15 10 (25%) 
16 7 (17.5%) 
17 8 (20%) 

The demographic data of the respondents, the canteen 
prefects of SMK Meru, shows that a total of 40 prefects 
participated in this survey, selected randomly. Most of the 
respondents were male (55%), with the remaining 45% 
female. Their ages ranged from 14 to 17 years old. The 
largest group of respondents (15) were 14 years old, 
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followed by 10 respondents aged 15, 8 aged 17, and 7 aged 
16. There were no respondents aged 13. 

Table 2 - Comparison of handwashing routine and handwashing knowledge before and after watching handwashing 
demonstration video using paired t-test. 

Variable 
Before 

Demonstration 
Mean (SD) 

After 
Demonstration 

Mean (SD) 

Mean Difference 
(95% CI) 

t-stats 
(df) P-value 

Routine 15.30 (3.20) 17.88 (1.64) 2.58  
(1.48, 3.66) 4.76 (39) <0.001 

Knowledge 8.60 (2.48) 10.07 (2.18) 1.48  
(0.26, 2.69) 2.45 (39) 0.019 

The comparison of handwashing routines and knowledge 
before and after watching a handwashing demonstration 
video was analysed using a paired t-test. The mean score 
for the handwashing routine increased from 15.30 (SD = 
3.20) before the demonstration to 17.88 (SD = 1.64) 
afterwards, with a mean difference of 2.58 (95% CI: 1.48, 
3.66). The t-statistic was 4.76 (df = 39), and the 
improvement was statistically significant with a P-value of 

<0.001. Similarly, the mean score for handwashing 
knowledge improved from 8.60 (SD = 2.48) before the 
demonstration to 10.07 (SD = 2.18) afterwards, showing an 
average difference of 1.48 (95% CI: 0.26, 2.69). The t-
statistic for this comparison was 2.45 (df = 39), with a 
significant P-value of 0.019. These results demonstrate a 
significant positive impact of the handwashing 
demonstration video on both routine and knowledge. 

Table 3 - comparison of handwashing routine, knowledge and steps performed between the canteen prefects and non-
prefect students using Mann Whitney test. 

Variable 
Canteen Prefects 

(n=5) 
Median (IQR) 

Non-Prefect Students 
(n=5) 

Median (IQR) 
Z statistic P value 

Routine  18 (3) 15 (2) -2.48 0.016 
Knowledge 12 (0) 7 (1.5) -2.81 0.008 
Handwashing steps 10 (0.5) 8 (2.5) -1.54 0.222 

Comparing the handwashing routine, knowledge, and 
steps performed between canteen prefects and non-
prefect students using the Mann-Whitney test. Canteen 
prefects had a higher median and inter-quartile range 
(IQR) handwashing routine score of 18 (IQR = 3) compared 
to 15 (IQR = 2) for non-prefect students, with a Z statistic 
of -2.48 and a significant P-value of 0.016. Prefects also 
demonstrated greater knowledge, with a median of 12 
(IQR = 0) compared to 7 (IQR = 1.5) for non-prefects (Z = -
2.81, P = 0.008). However, the difference in handwashing 
steps performed was not significant, with prefects having 
a median of 10 (IQR = 0.5) versus 8 (IQR = 2.5) for non-
prefects (Z = -1.54, P = 0.222). 
 
DISCUSSION 
This study aimed to assess the knowledge and practice of  
handwashing among the canteen prefects at selected 
schools in Klang, Selangor. The study focused on the role 
of hand hygiene as a critical infection control measure. 
Educational institutions have long been identified as vital 
settings for promoting hand hygiene practices, which are 
fundamental in preventing the spread of infectious 

diseases, especially considering the COVID-19 pandemic 
(Mohamed et al., 2022). Adequate knowledge of 
handwashing techniques is strongly associated with 
improved hygiene practices (Tengku Jamaluddin et al., 
2020; Almoslem Munthir et al., 2021). 
 
Before viewing the demonstration video, over 50% of the 
canteen prefects consistently washed their hands before 
and after meals but only occasionally practised 
handwashing after coughing or blowing their nose. This 
mirrors findings from previous research where most 
students demonstrated better hygiene practices before 
meals and after using the restroom (Hazazi, 2018). Post-
intervention, a significant increase was observed in 
handwashing after activities like handling garbage or when 
hands were visibly dirty, aligning with research by 
Rosenthal et al. (2013), who reported improved hygiene 
compliance following targeted educational interventions. 
 
Furthermore, before the intervention, most of the canteen 
prefects recognized the importance of washing hands with 
soap and water for personal hygiene and disease 
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prevention, which aligns with global research emphasizing 
that handwashing with soap is more effective than using 
water alone (Pradhan & Mondal, 2020; Eshetu et al., 
2020). However, only 20% strongly agreed on the 
importance of drying hands after washing. This low 
awareness reflects similar gaps identified in a study 
conducted by Sharma et al. (2020), where drying was often 
overlooked despite its importance in removing residual 
moisture and bacteria. Following the video demonstration, 
significant improvements were noted in knowledge across 
all hand hygiene-related aspects, including the importance 
of drying hands, which rose to 42.5%. 
 
Statistical analysis using paired t-tests confirmed that the 
intervention had a significant impact on both routine and 
knowledge. For the handwashing routine, the mean 
difference pre- and post-intervention was statistically 
significant (t (39) = 4.76, p < 0.05), and the same was true 
for knowledge scores (t (39) = 2.45, p < 0.05). These results 
align with findings from similar interventions, where visual 
demonstrations resulted in measurable improvements in 
hygiene behaviour (Dangis et al., 2023). 
 
Observations comparing canteen prefects and non-prefect 
students revealed that the prefects performed 
handwashing steps more thoroughly, adhering closely to 
WHO's recommended handwashing duration of 40-60 
seconds (WHO, 2020). This observation aligns with Toney-
Butler (2023), who highlighted the importance of proper 
handwashing duration for maximum germ removal. 
However, the non-prefects were less consistent in 
performing steps like interlacing fingers or rubbing 
thumbs, as 20% of them failed to meet the time standard 
for proper handwashing, consistent with Jamaluddin et al. 
(2020), who found that students often skip critical steps 
such as rubbing the backs of their hands. 
 
The Mann-Whitney test demonstrated statistically 
significant differences between canteen prefects and non-
prefect students in terms of handwashing routine (z = -
2.48, p = 0.016) and knowledge (z = -2.81, p = 0.008), while 
differences in handwashing steps were not significant (z = 
-1.54, p = 0.222). These findings indicate that while 
canteen prefects demonstrated better overall hand 
hygiene practices, further interventions are needed to 
ensure full adherence to recommended techniques across 
all students. 
 
The study faced several limitations, including reliance on 
online sessions due to extremely hot weather (40C) and 
pandemic constraints, which may have impacted the 
depth of in-person engagement. Conducting the study at a 
single school limits the generalizability of the findings, and 
the two-week follow-up may not capture long-term 

retention of handwashing practices. Additionally, self-
reported data could introduce bias, as students might 
over-report positive behaviours. Future research should 
include a larger, more diverse sample and a longer follow-
up period to assess lasting behaviour changes. 
 
CONCLUSION 
 
This study provided valuable insights into the knowledge 
and practice of handwashing among the canteen prefects 
at SMK Meru. The findings demonstrate the effectiveness 
of using educational videos to enhance hand hygiene 
awareness and adherence to recommended practices. 
Notably, the canteen prefects displayed significant 
improvements in both knowledge and practice following 
the intervention, with knowledge transfer extending to 
non-prefect students. These results highlight the potential 
for peer-led hygiene programs to serve as effective tools 
for promoting hand hygiene in schools. Future research 
should explore the long-term effects of such interventions 
and investigate other factors, such as the availability of 
handwashing facilities, that may influence hand hygiene 
practices. Additionally, continued efforts to educate 
students about the importance of drying hands and 
completing all handwashing steps will further reduce the 
risk of infection transmission in school settings. 
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Background: In a standard cytology laboratory setting, cells derived from either fine needle 
asapiration cytology (FNAC) or body fluids are examined under the microscope to detect early 
pathophysiological states. Recent technological advancements have created a virtual imaging tool 
such as whole slide imaging (WSI), which enables the conversion of cytology and histology glass slides 
to digital form, allowing pathologists to review them on internet-connected devices. However, due 
to budgetary constraints in acquiring the software and hardware necessary for scanning glass slides 
and converting them into digital images, there is a concerted effort to adopt digital online platforms 
as a cost-effective solution. Despite these technological advancements, the current pedagogical 
approach relies significantly on hands-on laboratory training. In this study, we implemented a method 
of digitising microscopic views through an online digital platform as a virtual digital tool to instruct 
students in diagnosing respiratory cytology cases. Our objective is to evaluate the effectiveness of 
this learning mode and its impact on students' practical skills by assessing their diagnostic accuracy. 
Methods: Five students participating in the digital online learning modality were evaluated across 
two separate sessions, each involving a review of thirty cytology glass slide cases. The diagnoses 
obtained were then converted into data to be statistically analysed using SPSS software. Results: The 
results indicated inter-observer reliability, assessed using Fleiss' kappa (κ), was 0.468 in the first 
session and improved to 0.506 in the second session. Meanwhile, Cohen's kappa value, which 
evaluates the intra-observer reliability, shows a moderate agreement (κ=0.557). Additionally, the 
evaluation results indicated an average sensitivity of 86.68%, a specificity of 80.38%, a positive 
predictive value (PPV) of 34.22%, a negative predictive value (NPV) of 97.9%, a likelihood ratio (LR) 
of 5.583, and an overall diagnostic accuracy of 80.33%. Conclusion: In conclusion, even though digital 
images offer valuable theoretical knowledge, practical microscopy experience is essential for 
accurate diagnoses in respiratory cytology 

INTRODUCTION 

In the current standard cytology laboratory practice, the 
samples are processed into cytological glass slides and 
examined under the microscope for detection of 
pathophysiological states. In recent years, extensive 
research has focused on advancing computational 
technologies within the healthcare system to enhance the 
accuracy and efficiency of medical diagnostics and patient 
care. A notable development in this field includes 
introducing whole slide imaging (WSI) systems in 
cytopathology, which enable the digitisation of histological 
and cytological glass slides (Kumar et al., 2020). These 
systems effectively replicate the traditional microscopic 
examination of pathology slides digitally, offering 
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significant potential for improved diagnostic workflows 
(Zarella et al., 2019). Besides facilitating primary diagnosis, 
the WSI system enables efficient sharing of slide cases, 
making it valuable for various applications such as training, 
research, and teleconsultation. These advantages have 
contributed to the system's growing popularity within 
academic settings in recent decades (Eccher & Girolami, 
2020). 

The current conventional pedagogical approach in 
cytology classes significantly relies on the practical tutor in 
the laboratory. This immersive method provides hands-on 
experience, equipping students with the essential 
diagnostic skills to accurately report cytological cases. In 
response to the growing demand for new knowledge and 
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advancements in the medical field, medical education has 
increasingly incorporated online learning in recent years. 
However, due to budgetary constraints in acquiring the 
software and hardware necessary for scanning glass slides 
and converting them into digital images, there is a 
concerted effort to adopt digital online platforms as a cost-
effective solution. 

In this study, we employed a digital imaging system using 
an online platform to teach respiratory cytology. 
Respiratory cytology is a part of cytology that examines the 
aspirated cells from the respiratory organ. This study was 
conducted using a camera-equipped microscope to project 
cytology slide views onto a monitor, which were then 
shared via Google Meet. This setup allowed students to 
observe live screenings, focusing, and movement of the 
glass slides in real time. 

This method is not commonly employed in teaching the 
practical skills of respiratory cytology, and its impact on 
students' competency in reporting respiratory cytology 
cases remains unexplored. Therefore, this study was 
conducted to evaluate the diagnostic accuracy of 
undergraduate students trained using digital imaging in 
reporting respiratory cytology cases. 
 
 
MATERIALS AND METHODS 

Experimental pedagogical method 

This study was conducted following ethical clearance 
granted by the Faculty Research Ethics Committee 
(Approval No.: FERC/FSK/MR/2022/0089). A two-hours 
practical session on respiratory cytology was conducted 
via Google Meet, where a live microscopic view was 
displayed on a 52-inch LCD monitor through a LEICA ICC50 
digital camera-equipped LEICA DM750 compound 
microscope. Additionally, the high definition (HD) web 
camera connected to a laptop allowed remote students to 
participate in real time, as shown in Figure 1. 

 
Figure 1: Teaching and learning process through online 
distance learning via Google Meet in cytology laboratory, 
UiTM. 

 

Cases selection 

A total of thirty respiratory cytology glass slides, each 
stained with Papanicolaou (PAP) stain, were randomly 
selected from the slide archive of the Cytology Laboratory 
at UiTM Selangor, Puncak Alam Campus. The slides, 
numbered from 1 to 30, were carefully chosen based on 
specific criteria to ensure an adequate sample collection 
and the absence of any artifacts. Slides with indeterminate 
diagnoses or any form of damage were excluded from the 
study. 

Students’ selection 

Five undergraduate students from the Bachelor of Medical 
Laboratory Technology (MLT) program were voluntarily 
selected based on specific inclusion criteria, which 
included proficiency in operating a light microscope and 
successful completion of the cytology course. Students 
were excluded if they had not participated in the online 
session, had impaired color vision, or were unable to 
attend both screening sessions. 

Screening sessions 

The physical screening session was conducted in the 
cytology laboratory of UiTM Selangor Puncak Alam 
Campus. The students were given the thirty labelled slides 
and were instructed to diagnose them based on the 
following classifications:  benign, atypical, or malignant. 
The screening session was conducted in two parts, namely 
Session A and Session B, to observe the data from the same 
students but on different occasions. These data were used 
for the intra-observer reliability test. Both sessions 
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included the same thirty respiratory cytology cases 
arranged randomly. Session B was conducted one month 
after Session A. The agreement between the diagnoses 
made between the students was also evaluated for an 
inter-observer reliability test. All of the diagnoses made by 
the students will also be compared to the actual diagnoses 
for the evaluation of diagnostic accuracy (Gupta et al., 
2001). 

Statistical analysis 

The results were tabulated and analysed using the SPSS 
software (Statistical Package for Social Science, IBM Corp, 
New York, USA). The inter- and intra-observer reliability 
was measured using the kappa coefficient value for the 
first objective. Cohen's kappa is used to assess different 
parameters by the same individuals, also known as intra-
observer reliability. Inter-observer reliability was assessed 
using Fleiss' kappa, which is the assessment of the same 
parameter by multiple individuals (N. Roslan et al., 2021). 

The second goal was to evaluate each student's diagnostic 
accuracy in the respiratory cytology case based on the 
operating parameters. The standard statistic sets for 
diagnostic assessment are sensitivity, specificity, 
predictive values, and likelihood ratios. The method was 
adapted from another similar study which utilises the 2x2 
contingency table; thus, the results were categorised into 
only 'benign' and 'malignant'. For this study, atypical cases 
were classified as 'malignant' (N. Roslan et al., 2022).  

First, the results produced by the students were compared 
with the reference results, which were then tabulated into 
true positive (TP), true negative (TN), false positive (FP), 
and false negative (FN). These data will be further analysed 
based on the operating parameters, which are sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value (NPV), and likelihood ratio (LR). In 
addition, the receiver operating characteristic (ROC) curve 
was constructed, and the area under the curve (AUC) was 
measured. 

RESULTS 

SPSS data analysis was performed from the data obtained 
to measure the Fleiss’ kappa, Cohen’s kappa, and 
diagnostic accuracy of the students. Table 1 and 2 shown 
the calculated Fleiss' kappa which was used to determine 
the level of agreement between the students. 

 

The level of agreement between the students was 
determined using Fleiss' kappa. As shown in Table 1, the 
calculated Fleiss kappa was interpreted as fair in the first 
session. The value of Fleiss' kappa for the second session, 
on the other hand, was between 0.41 and 0.60; thereby, 
the inter-observer reliability was interpreted as 
'moderate.' Fleiss' kappa values were also calculated for 
each rating category, as demonstrated in Table 2. 

The students showed poor agreement for atypical cases 
and fair agreement regarding malignant cases in session A, 
while benign cases recorded moderate agreement. In 
session B, all categories showed moderate agreement.  

 

Cohen's kappa was calculated to analyse the intra-
observer reliability by comparing the diagnosis data of the 
two sessions, sessions A and B. Table 3 shows the 
calculated Cohen's kappa for each student. SO2 had the 
lowest strength of agreement with a value of 0.395 (fair). 
In comparison, others show moderate and substantial 
agreement with values between 0.531 and 0.662. In 
addition, the results for both Fleiss and Cohen’s kappa are 
statistically significant (P<0.05) 
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Meanwhile, table 4 shows the diagnostic accuracy of the 
five students. Based on the table, four students recorded 
100% sensitivity and NPV in session A, but it was reduced 
to only two students in session B.  

 

 

No student records more than 90% in any of the other 
parameters in both sessions except for SO2. SO2 shows the 
highest diagnostic accuracy with a value of 90.0% and 
specificity value (96.2%). However, SO2 exhibits the lowest 
value for sensitivity (66.7%) and NPV, with a value of 95.0% 
in session A and 92.6% in session B. 

As seen in Table 5, the students performed well, with an 
average diagnostic accuracy of 80.33%. The average LR and 
diagnostic accuracy values in the first session were 5.090 
and 76.00%. In comparison, the second session shows an 
average LR value of 6.076 and an average diagnostic 
accuracy value of 84.66%, which shows an increase in the 
performance of the students. This result shows a 
significant value in the diagnostic interpretation of the 
diagnosis of respiratory cases, although the students were 
not exposed to hands-on learning beforehand. 

 

Table 6 shows the area AUC value obtained by constructing 
the ROC curve for all students. The curves that are closer 
to the left-hand border and the top border of the ROC 
space indicate higher diagnostic accuracy (N. Roslan et al., 
2022). The AUC gave an overall measure of the diagnostic 
accuracy of the students, which was obtained by plotting 
the value of sensitivity against 1-specificity. In this ROC 
curve, the highest value was recorded by SO4 with 0.966, 
and the lowest value was 0.776, recorded by SO1 in the 
first session. In the second session, SO4 also had the 
highest AUC value (0.996) while the lowest was 0.810, 
which SO1 and SO5 recorded. However, the average AUC 
values were similar in sessions A and B (0.883).  

 

The ROC curve for each student is plotted as shown in 
Figures 2 and 3. 
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DISCUSSION 
 
WSI is an emerging technology in digital pathology, though 
its adoption in cytology remains limited. According to 
Eccher & Girolami (2020), cytology slides often require Z-
stacking capabilities to capture multiple layers of focus for 
optimal visualization of cell structures. However, this 
requirement increases both scanning time and data 
storage demands compared to histology, which makes 
widespread use of WSI in high-volume cytology workflows 
challenging and not cost-effective. Thus, WSI has not yet 
achieved broad implementation for routine diagnostic 
purposes in cytology. 
 
Nevertheless, WSI provides significant advantages for 
education and training, particularly with its ability for 
unlimited, precise annotations on digital slides—a feature 
not possible with the traditional glass slides. These 
attributes make WSI a valuable tool in educational 
settings, where interactive learning experiences and 
detailed annotations can enhance the training of 
cytopathologists. As technology advances and storage 
solutions become more economical, the integration of WSI 
in cytology may become more feasible, especially in 
academic and training contexts. In traditional face-to-face 
practical sessions, students were provided time to observe 
cytology glass slides through microscopes independently. 
In contrast, this practical session was conducted online 
using Google Meet. Since physical observation of glass 
slides under microscopes was not feasible and the 
students did not have any access to the microscope, two-
way discussions on each case were facilitated between 
students and the lecturer during the session instead. This 
setup enabled students to view microscopic specimens in 
real time while receiving explanations of cell morphology 
and characteristics from the lecturer. This pedagogical 
approach is not novel as this was also implemented in 
another university worldwide. However, despite the 
availability of virtual microscopy in universities worldwide 

for the past few years (Darici et al., 2021), its 
implementation has yet to be widely adopted by 
Malaysian universities. Thus, this digital transformation 
presents a challenge for both educators and students in 
Malaysia. 
 
Inter-observer reliability 
 
Inter-observer reliability is measured to observe how 
similar the students score or categorise something, and it 
is commonly determined using Fleiss' kappa (Nichols et al., 
2010). In this research, inter-observer reliability is a 
method to measure the level of agreement between the 
students in making a diagnosis. If the consistency between 
the students is high, it is likely for other similarly trained 
students to produce similar diagnosis results. The level of 
agreement used in this study was adapted from Landis & 
Koch (1977) and Altman (1999), which stated that κ<0.20 
is interpreted as poor, κ between 0.20 to 0.40 as fair, 0.40 
to 0.60 as moderate, 0.60 to 0.80 as good and 0.80 to 1.0 
as very good (Mohamad, 2020). Furthermore, Fleiss' kappa 
for each category was also analysed. Result shows that the 
students' understanding of atypical and malignant cases 
was more similar in session B than in session A. 
 
Intra-observer reliability 
 
Intra-observer reliability is a test that assesses the 
consistency of the students making the diagnosis of the 
same cases at different times. The screening sessions in 
this study were conducted at a month gap between them 
to ensure that the students would not be able to recall the 
diagnosis they made during the first session. The slides 
were organised in the same order for both sessions. Based 
on the results, the students showed 'fair,' 'moderate', and 
'substantial' agreement. This shows that the students 
recognised the cell's characteristics and morphologies and 
made their diagnoses accordingly (N. Roslan et al., 2022). 
On the other hand, a similar study on the diagnostic 
accuracy of respiratory cytology cases reveals 
contradicting results in which their observers demonstrate 
'poor' or 'no' agreement (Malek, 2020). This outcome 
demonstrates that ODL had no deleterious effect on the 
students' understanding of respiratory cytology. 
 
Diagnostic accuracy 
 
For diagnostic accuracy measurement, a 2x2 contingency 
table was constructed. According to previous studies, the 
results need to be in binary classification for the diagnostic 
accuracy analysis. For data with non-binary classification, 
criteria are needed to define the negatives and positives 
(N. N. Roslan et al., 2021). Thus, the initially benign, 
atypical, and malignant were divided into two categories: 
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'benign' and 'malignant'. The benign cases were 
categorised as 'benign', while atypical and malignant were 
categorised under 'malignant'. 
 
Overall, the students showed excellent performance, 
especially in the second session, as they all achieved more 
than 80.0% diagnostic accuracy. Despite not being able to 
learn to diagnose respiratory cases under the microscope 
physically during the ODL study, they were able to 
diagnose respiratory cases accurately. This result shows 
that the ODL method was able to give the students enough 
knowledge and skills to make the proper diagnosis. In 
addition, this finding is higher than the finding from the 
previous study, which showed 67.08% diagnostic accuracy 
(Malek, 2020) and is almost similar to another previous 
research on thyroid fine-needle aspiration (83.50%) (N. N. 
Roslan et al., 2021). These findings suggest that the 
proficiency of students who utilised ODL was comparable 
to that of individuals who learned similar subjects through 
traditional methods.  
 
In our research, sensitivity reflects the ability to correctly 
diagnose positive cases, while specificity reflects the ability 
to identify negative cases correctly (Trevethan, 2017). The 
average sensitivity values recorded were 93.34% in the 
first session and 80.02% in the second session. Moreover, 
SO1 and SO5 recorded the highest (100%) sensitivity in 
both sessions. Therefore, SO1 and SO5 showed that they 
were able to identify all the positive cases correctly. 
According to the students, malignant cases were easier to 
identify than benign ones because the appearance of the 
abnormal cells is easier to identify. Malignant cases are 
typically distinguishable from benign cases based on the 
discernible differences in the cells' characteristics. In 
particular, malignant cells tend to exhibit a high nucleus to 
cytoplasm ratio (N:C ratio) with two to three times nuclear 
enlargement compared to benign cells. Additionally, 
malignant cells often demonstrate hyperchromatic 
features, irregular coarse chromatin patterns, and dirty 
backgrounds, among other indicators (Sheaff & Singh, 
2013). Generally, the presence of at least three of these 
malignant characteristics is the minimum criteria for 
diagnosing a case as malignant. However, it is essential to 
note that some of these characteristics may present in 
benign cases due to reactive changes, which can lead to 
incorrect diagnosis by students.  
 
Although all the results for the operating parameters show 
a high value, the PPV obtained was low. The results show 
that the average PPV obtained was 34.22%, with the 
highest PPV obtained was 50% by SO2 while the lowest 
was 20%. PPV represents the value of actual positive 
results among the positive results identified by the 
students. Since the students did not have enough 

experience in diagnosing respiratory cases under a 
microscope before, they did not have enough confidence 
to make the diagnoses. Moreover, unlike conventional 
teaching, the lecturer was not able to provide individual 
guidance, which is one of the significant contributions to 
some student's motivation (Mahdzir et al., 2024) and 
confidence in learning the diagnosis.  
 
The ROC graph generated in this study determines the 
student's ability to distinguish the positive and negative 
cases. The AUC values that were obtained from the ROC 
curve can range from 0 to 1. An AUC value of 1 indicates 
that the student could perfectly identify positive and 
negative cases. In contrast, 0 indicates that the student 
could not identify any cases correctly, which is very 
unlikely to occur in medical practices. When the AUC value 
is 0.5 or below, it signifies random chances, which means 
that the student might be making random guesses while 
making the diagnosis, which indicates that they do not 
have the ability to make a correct diagnosis. The average 
AUC value obtained in this study was 0.883; thus, it can be 
observed that the students did well differentiating 
between positive and negative cases. SO4 had the highest 
AUC value of 0.966, suggesting that SO4 can differentiate 
positive and negative cases almost perfectly. 
 
Overall, our study revealed that students who participate 
in the exclusive engagement of ODL have good 
competency in respiratory cytology slide screening. This 
statement agrees with another research that underscores 
that online learning modules have the potential to boost 
confidence among cytotechnology students, with one 
student noting that "they do not require much extra 
training" (Mukherjee & Donnelly, 2018). Another study 
also highlighted that online learning students can transfer 
their knowledge to practical skills (Enoch et al., 2022). With 
more hands-on practical guidance, we believe that the 
students could make more accurate diagnoses. 

LIMITATIONS 

One of the limitations of this study is the slides that were 
obtained from the laboratory. Some of the slides were 
obtained years ago; thus, there are changes, especially in 
the appearance of the cell stain. Although the students 
were briefed about the state of the slides, they might still 
be confused and assume that the nature of the cases is 
causal for the observed changes. In addition, since no 
clinical history was provided for each cytology case, it 
might affect the student's diagnosis. Moreover, the time 
required to complete this research was insufficient to 
ensure that the students did not remember their diagnosis 
from the first session. Even with a month gap between the 
sessions, the students might still be likely to remember 
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some of the cases they screened in the first session. Thus, 
this may influence the decision they made during the 
second session. Another limitation is the measuring 
method used for analysing diagnostic accuracy. Since the 
measurement of diagnostic accuracy uses the 2x2 
contingency table, the only categories that can be used are 
'benign' and 'malignant.' The multiple variables, 'benign,' 
‘atypical’, and 'malignant,' could not be used; hence, it 
does not refer to the actual result. 
 
CONCLUSION 

In conclusion, the reliability test shows 'fair' to 'moderate' 
inter-observer agreement, 'fair' to 'substantial' intra-
observer agreement, and an average of 80.33% diagnostic 
accuracy. Based on these results, it can be concluded that 
the students can properly diagnose respiratory cases. Even 
though the students could not experience the hands-on 
learning of respiratory cytology diagnoses through 
practical sessions in the lab, they could still diagnose most 
of the cases correctly. Thus, this study shows that ODL 
could provide knowledge to the students, and they were 
competent in screening and diagnosing respiratory 
cytology cases. However, hands-on learning in the 
laboratory would increase the students' confidence in 
making proper respiratory cytology diagnoses. 
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Background: Clinacanthus nutans (Burm.F.) Lindau is a traditionally used medicinal plant, exhibits 
potential for treating various ailments, including diabetes, cancer, and herpes.  However, its 
antimicrobial properties remain relatively unexplored. This study aimed to investigate the 
phytochemical constituents and antimicrobial activity of C. nutans stem and leaf extracts prepared 
using ethyl acetate and aqueous solvents. Methods: Extracts were evaluated against Staphylococcus 
aureus, Escherichia coli, and Salmonella typhi through disc diffusion, minimum inhibitory 
concentration (MIC), and minimum bactericidal concentration (MBC) assays. Results: Phytochemical 
compounds screening revealed the presence of alkaloids, phenols, flavonoids, and saponins in the 
ethyl acetate extract, while only saponins were detected in the aqueous extract. The ethyl acetate 
extract demonstrated significant antibacterial activity against all tested bacterial strains, with the 
largest inhibition zone (14.00 ± 0.00 mm) observed against S. aureus. Consistent inhibition was 
observed across all bacterial strains in the MIC/MBC assays for the ethyl acetate extract. Conclusion: 
The findings suggest that C. nutans, particularly the ethyl acetate extract rich in phytochemicals, 
possesses promising antibacterial properties and warrants further investigation as a potential source 
for novel antimicrobial agents. 
 

INTRODUCTION 

Acanthaceae is one of the most advanced and specialised 
families, with 250 genera and 2500 species that provide 
efficient traditional cures for various health issues, and                            
Clinacanthus nutans is one of them (Chia et al., 2021). 
Thus, C. nutans which is a herbal medicine or herbs 
commonly used to deal with illness or liability, has been 
used as a target study in this research. It is a well-known 
traditional herb and vegetable that has always been used 
natively in Southeast Asia, particularly in countries like 
Malaysia, Thailand, and Indonesia. It has traditionally been 
used in folk medicine to cure various conditions such as 
diabetes, cancer, herpes infections, inflammation, and skin 
disorders (Azemi et al., 2020).  
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E-mail address: tini01@uitm.edu.my 
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However, despite its traditional use, limited research has 
explored the specific functions and therapeutic benefits of 
C. nutans leaves in treating various diseases (Shim et al., 
2013; Yahaya et al., 2015; Zainol & Mansor, 2019). Given 
its rich bioactive compounds and historical use in 
traditional medicine, C. nutans presents a compelling 
subject for scientific investigation, particularly in the 
search for novel therapeutic agents (Chia et al., 2021). By 
leveraging the natural compounds within this plant, there 
is the potential to develop effective and safe antibacterial 
agents that can combat drug-resistant bacterial infections 
and improve healthcare outcomes.  

The effectiveness and abilities of natural medicine, such as 
herbs, are indisputable as they have been used for an 
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exceptionally long time in treating various ailments, even 
some were used before recorded history (Chuah et al., 
2020). Natural resources offer a variety of bioactive 
substances that may be more effective with less harm than 
synthesised medications (Mussarat et al., 2021). 
Recognizing the potential of herbal plants to offer 
therapeutic benefits with minimal side effects compared 
to many conventional pharmaceuticals, researchers have 
shown increasing interest in their investigation. This study 
focuses on C. nutans stems and leaves, driven by a strong 
desire to expand existing knowledge regarding the plant's 
phytochemical analysis and antibacterial properties. 
 
In this study, the stems and leaves extract of C. nutans was 
produced using ethyl acetate and distilled water. The 
extracts were evaluated for their antibacterial activity 
against S. aureus, E. coli, and S. typhi. In addition, 
phytochemical analysis was conducted to assess the 
phytochemical constituents present in the extract. 
 
 
MATERIALS AND METHODS 
 
Preparation of C. nutans 
 
The preparation of C. nutans extract began with selecting 
the healthiest stems and leaves, which were then 
subjected to the extraction process. 
 
Sample collection 
C. nutans plants were collected from Taman Maluri, Kuala 
Lumpur (3.1342° N, 101.7277° E), Malaysia. Healthy leaves 
exhibiting upright growth with consistent color and an 
open surface (not coiled) were selected. Leaves were 
carefully detached from the stem, ensuring minimal 
damage. To remove any surface contaminants, each leaf 
was gently wiped with a dry, sterile tissue. The collected 
leaves and stems were immediately placed in a clean, zip-
lock plastic bag and transported to the laboratory at room 
temperature for further processing. 
 
Sample processing 
C. nutans stems and leaves were cleaned using distilled 
water to remove all dirt and debris and gently dry them 
using a soft cloth. The stems and leaves were allowed to 
dry using an oven for 48 hours at a temperature of 65°C. A 
mechanical grinder was used to ground the dried stems 
and leaves into fine powder. The sample was weighed 
using an analytical scale and stored in Schott bottles and 
kept in a chiller at a temperature of 4°C. 
 
Extraction of C. nutans stems and leaves 
C. nutans stems and leaves were powdered and subjected 
to maceration. A total of 150 grams of powdered plant 

material was separately soaked in 600 mL of ethyl acetate 
and 600 mL of distilled water in conical flasks. The flasks 
were covered with aluminium foil to minimize solvent 
evaporation and placed on a platform shaker at 110 rpm 
for four days at room temperature. 
 
The ethyl acetate extract was filtered through muslin cloth 
and two consecutive filtrations through 90mm Whatman 
No. 1 filter paper using cotton gauze. The filtrate was then 
concentrated to dryness using a rotary evaporator at 40-
45°C and 250 mmHg. The concentrated extract was 
collected in aliquots and dried in a fume hood before being 
stored at 4°C. As for the aqueous extract, it was filtered 
twice through muslin cloth and cotton wool. The filtrate 
was concentrated using a rotary evaporator at 60°C and 
150 mmHg. After collecting an initial aliquot, the remaining 
filtrate was further concentrated and stored overnight at -
80°C. The frozen extract was then lyophilised at -53°C. The 
lyophilized extract was stored at 4°C. 
 
Preparation of C. nutans working solution 
To prepare the ethyl acetate C. nutans working solution, 
7.5 grams of the extract was mixed with 7.5 mL of 10% 
DMSO. Similarly, 11.5 g of the aqueous extract was mixed 
with 11.5 mL of 10% DMSO. These mixtures resulted in 
1000 mg/mL working solutions of C. nutans extracts. 
 
Bacterial Culture, Identification, and Confirmation 
 
Bacterial isolation and culture 
S. aureus (ATCC: 25923) was cultured on Blood Agar (BA) 
and Mannitol Salt Agar (MSA). E. coli (ATCC: 25922) and S. 
typhi (ATCC: 13311) were cultured on BA and MacConkey 
agar. Plates were incubated at 37°C for 24 hours, and 
colony morphology was observed and recorded. 
 
Gram staining 
Gram staining was performed on bacterial smears 
prepared from each isolate. After heat fixation, slides were 
sequentially stained with crystal violet, Gram's iodine, 
alcohol, and safranin. Gram-staining characteristics were 
observed microscopically at 10X and 100X magnification. 
 
Biochemical testing 
Catalase and coagulase tests were performed to confirm 
the identification of S. aureus. A series of biochemical 
tests, including citrate utilization, motility, indole 
production, methyl red (MR) test, Voges-Proskauer (VP) 
test, oxidase test, and sugar fermentation tests (TSI, 
urease), were performed to confirm the identification of  
E. coli and S. typhi. 
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Antimicrobial Susceptibility Testing  
 
Inoculum preparation 
A few colonies of tested organisms were inoculated into 5 
mL of Muller-Hinton broth (MHB). Later, the broth was 
incubated at 37°C for 24 hours. After the incubation 
period, the turbidity of the broth was compared with the 
0.5 suspension of McFarland standard. 
 
Well diffusion testing 
Sterile cotton swabs were used to inoculate MHB with the 
respective bacterial strains. The inoculated MHB was then 
used to lawn Muller-Hinton agar (MHA) plates. Three wells 
(0.6 mm diameter) were bored into each inoculated agar 
plate using a sterile cork borer. Subsequently, 50 µL of C. 
nutans stem and leaf extracts were added to one well, and 
50 µL of 10% DMSO served as the negative control in 
another well. A standard antibiotic disc (Tetracycline 
(TE30) for S. aureus, Gentamicin (CN10) for E. coli, and 
Ampicillin (AMP10) for S. typhi was placed in the third well 
as a positive control. The inoculated plates were incubated 
at 37°C for 24 hours. The diameter of the inhibition zones 
around each well was measured in millimetres using a 
transparent ruler, and the results were recorded. The 
average inhibition zone diameter for each extract was 
calculated.  
 
Minimum Inhibitory Concentration  
 
Inoculum preparation 
A few colonies of each organism were introduced into 
MHB. The medium was placed into the incubator to allow 
bacteria to grow at 37°C for 24 hours. The suspension’s 
turbidity was adjusted to 0.5 McFarland after incubation. 
 
Broth microdilution method 
MIC testing was performed within a biosafety cabinet. 
Two-fold serial dilutions of C. nutans stem and leaf extracts 
were prepared, starting with the highest concentration of 
1000 mg/mL. Fifty µL of MHB was dispensed into wells 1-
12 of a 96-well microtiter plate. Subsequently, 50 µL of 
diluted plant extract was added to wells 1-10, resulting in 
a gradient of decreasing concentrations. A total of 50 µL of 
microbial�suspension� (5x10⁵�CFU/mL)�was� then�added�to�
wells 1-10. Wells 11 and 12 served as controls: well 11 
contained the selected bacterial strain (positive control), 
and well 12 contained 10% DMSO (negative control). The 
microtiter plates were mixed thoroughly and incubated at 
37°C. Microbial growth was assessed visually by observing 
turbidity and pellet formation at the bottom of the wells. 
The MIC endpoint was determined as the lowest 
concentration of plant extract that completely inhibited 
visible bacterial growth, which was identified as the well 
preceding the first well showing turbidity. Each test was 

performed in triplicate to obtain the mean MIC values for 
each bacterial strain. 
 
Minimal Bactericidal Concentration  

The aliquot of 10 �L from all tubes with no visible growth 
was proceeded with the minimum bactericidal 
concentration (MBC). The bacteria were suspended in 
MHB medium and cultured on MHA medium. Later, the 
medium was incubated at 37°C for 24 hours. The growth 
of bacteria was observed and recorded. The MBC endpoint 
values were determined based on the lowest 
concentration of C. nutans extract, which inhibits 99.9% of 
the initial bacterial growth. 

Interpretation of Data 

The AST result was analysed using One-Way ANOVA. 
Statistical Package for the Social Sciences (SPSS) 
programme was used to analyse the data. 
 
 
RESULTS 
 
C. nutans (Burm.F.) Lindau Crude Extract 
 
The ethyl acetate extract from C. nutans exhibited a dark 
green, viscous appearance with a glossy sheen (Figure 
1(a)). Initially, the extract displayed a dark colouration with 
a thin, watery consistency, gradually thickening and 
becoming more viscous. A yield of 7.5g of crude extract 
was obtained from 150g of plant powder.  
 

 
 

Figure 1 (a): Ethyl acetate crude extract of C. nutans (Burm.F.) 
Lindau appearance. 
 
The aqueous extract from C. nutans exhibited a mahogany 
brown appearance (Figure 1(b)). Initially, the extract 
displayed a lighter brown colouration with a thin, watery 
consistency. However, it gradually thickened and became 
more viscous. A yield of 11.5g of crude extract was 
obtained from 150g of plant powder.  
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Figure 1 (b): Aqueous solution (distilled water) crude extract of 
C. nutans (Burm.F.) Lindau appearance 

 
 

Antimicrobial Susceptibility Testing 

 
The results from Table 1 and Figure 2 collectively indicate 
that both ethyl acetate and aqueous extracts of C. nutans 
possess significant antibacterial activity, with the ethyl 
acetate extract demonstrating superior inhibitory effects 
against S. aureus, E. coli, and S. typhi compared to the 
aqueous extract. While standard antibiotics exhibited 
generally higher potency, statistical analysis confirmed 
significant differences between the plant extracts and 
controls, validating the observed antibacterial properties 
of the C. nutans extracts. 

 
Table 1: Mean diameter zone of inhibition for selected bacteria 

Bacteria 

Ethyl acetate extract Aqueous extract 
Tetracycline 

a 
(10 µg) 

Gentamicin 
a 

(30 µg) 

Ampicillin 
a 

(30 µg) 
DMSO b 

Mean 
diameter 

(SD) 

F-
statistica 

(df) 
P-value 

Mean 
diameter 

(SD) 

F-
statistica 

(df) 
P-value 

S. aureus 
(ATCC: 
25923) 

14.00 
(0.00) 

3913.00 
(2) 

<0.001b 
6.00 

(0.00) 
3913.00 

(2) 
<0.001b 29.67±0.57 - -- 6.00*±0.00 

E. coli 
(ATCC: 
25922) 

12.33 
(0.57) 

327.88 
(2) 

<0.001b 
6.00 

(0.00) 
327.88 

(2) 
<0.001b - 25.33±1.53 -- 6.00*±0.00 

S. typhi 
(ATCC: 
13311) 

12.67 
(2.52) 

127.27  
(2) 

<0.001b 
6.00 

(0.00) 
127.27 

(2) 
<0.001b - - 22.00±1.00 6.00*±0.00 

(a) positive control, (b) negative control, (*) diameter of well, (SD) standard deviation, (-) not tested. 
a One-Way ANOVA test 
b Only ‘Ethyl acetate and Aqueous extract against standards antibiotic’ of all selected bacteria (<0.001) pairs are significantly 
different by post-hoc test Scheffe’s procedure. 

 

 
Figure 2: Growth inhibition of tested bacteria (a) test on S. aureus, (b) test on E. coli, (c) test on S. typhi, (EA) ethyl acetate plant 
extract, (DW) distilled water plant extract, (P) positive control, and (N) negative control. 

 
Minimum Inhibitory Concentration (MIC) And Minimal 
Bactericidal Concentration (MBC) 

 

 
Table 2 presents the Minimum Inhibitory Concentration 
(MIC) and Minimum Bactericidal Concentration (MBC) 
values for ethyl acetate extracts of C. nutans stems and 
leaves against S. aureus, E. coli, and S. typhi. Across all 
tested bacterial strains, the MIC was consistently 

determined to be 500 mg/mL, while the MBC was 1000 
mg/mL. This consistent finding results in an MBC/MIC ratio 
of 2 for all three bacterial species, suggesting a bactericidal 
effect�of� the�plant�extract,� as�an�MBC/MIC� ratio�of�≤4� is�
generally indicative of bactericidal activity.  
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Qualitative Phytochemical Analysis 
 

Table 3: Phytochemicals screening of C. nutans stems 
and leaves extracts 

Bioactive 
Compounds 

Ethyl acetate 
extract 

Aqueous 
extract 

Alkaloids Present Absent 
Phenols Present Absent 

Flavonoids Present Absent 
Saponins Present Present 

Glycosides Absent Absent 
Steroids Absent Absent 

 
 
Phytochemicals screening revealed the presence of 
alkaloids, phenols, flavonoids, and saponins in the ethyl 
acetate extract, while all these compounds were absent in 
the aqueous extract except saponins. 
 
DISCUSSION 

Figures 1 (a) and (b) illustrate the distinct physical 
characteristics of the crude ethyl acetate and aqueous 
extracts of C. nutans, providing initial insights into the 
nature of the compounds extracted by solvents of differing 
polarities. Both extracts initially displayed a thin, watery 
consistency that gradually thickened and became more 
viscous upon standing. This change in viscosity for both 
extracts could be attributed to the evaporation of the 
respective solvents, leading to a higher concentration of 
the extracted plant material.  

The ethyl acetate extract, depicted in Figure 1 (a), 
presented as a dark green, viscous substance with a glossy 
sheen. This appearance suggests the successful extraction 
of less polar compounds, which are often chlorophylls; 
contributing to the green color and various lipophilic 

secondary metabolites which resulted in viscous, resinous 
consistency. The percentage of yield was 5% as from 150g 
of plant powder, a yield of 7.5g of this extract was 
obtained. 

In contrast, Figure 1 (b) showcased the aqueous extract as 
mahogany brown. The aqueous extract yielded a higher 
amount, 11.5g from the same quantity of plant powder 
(7.7%), indicating that water, being a highly polar solvent, 
extracted a greater mass of water-soluble compounds. 
These visual and yield differences are crucial as they 
prefigure the distinct phytochemical profiles and varying 
biological activities observed in subsequent analyses, 
directly reflecting the selectivity of the extraction solvents 
for different classes of plant secondary metabolites 
(Noorazlina et al., 2024).  

 
S. aureus (ATCC 25923), E. coli (ATCC 25922), and S. typhi 
(ATCC 13311) were the selected bacteria species tested for 
the antimicrobial activity of both ethyl acetate and 
aqueous extract of C. nutans stems and leaves. Utilizing a 
pure bacterial strain is essential for ensuring the accuracy 
and precision of antimicrobial susceptibility testing. The 
ethyl acetate extract of C. nutans demonstrated significant 
antibacterial activity against all tested bacterial strains, 
with S. aureus exhibiting the largest inhibition zone (14.00 
± 0.00 mm). However, the observed inhibition zones were 
smaller compared to the positive control antibiotics 
(Tetracycline, Gentamicin, and Ampicillin), as indicated by 
the statistically significant difference (p < 0.001) between 
the plant extracts and the positive controls. 

To further evaluate the antimicrobial potency, MIC and 
MBC determinations were performed. The ethyl acetate 
extract exhibited a MIC of 500 mg/mL against all tested 
strains, demonstrating consistent antibacterial activity. 
Notably, all strains' MBC/MIC ratios were less than 4, 
indicating bactericidal activity. In contrast, the high-water 
content of the aqueous extract hindered accurate MIC 
determination using the current methodology. Future 
studies should employ alternative methods, such as 
microdilution techniques, to more precisely determine the 
MIC and MBC values for the aqueous extract (Thuille et al., 
2003; Xiang & Xian, 2023). 

Through this study, the ethyl acetate extract of C. nutans 
demonstrated superior antibacterial activity compared to 
the aqueous extract. The observed superior antibacterial 
activity of the ethyl acetate extract, particularly against S. 
aureus (14.00 mm inhibition zone), aligns with previous 
findings demonstrating superior antibacterial efficacy of 
non-polar extracts of C. nutans against gram-positive 
bacteria (Silva et al., 2009; Lim et al., 2020). While the ethyl 

Table 2: Mean values for MIC and MBC of ethyl acetate 
extracts of C. nutans stems and leaves 

Bacteria Concentration of 
plant extract 

(mg/mL) 

MBC/MIC ratio 

MIC MBC 
S. aureus 

(ATCC: 25923) 
500 1000 2 

E. coli 
(ATCC: 25922) 

500 1000 2 

S. typhi 
(ATCC: 13311) 

500 1000 2 
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acetate extract demonstrated promising antibacterial 
activity, its potency appeared lower than that of 
conventional antibiotics. This could be attributed to 
several factors, including compound concentration and 
different mechanisms of action between plant extracts 
and synthetic antibiotics. 

The observed bactericidal activity of the ethyl acetate 
extract can be attributed to the presence of multiple 
phytochemical constituents with antimicrobial properties. 
Antibacterial substances can be classified into six main 
classes according to their modes of action. These methods 
encompass the prevention of cell wall formation, 
alterations to the structural integrity of the plasma 
membrane, interference with cellular energy production, 
impairment of nucleic acid synthesis, disruption of protein 
synthesis, and adjustments to crucial metabolic pathways 
(Singh et al., 2021; Eshboev et al., 2024). However, the 
precise mechanisms underlying the antimicrobial activity 
of C. nutans extracts require further investigation. 

It was noted that despite the higher yield obtained with 
aqueous extraction, the ethyl acetate extract exhibited 
superior antimicrobial activity, indicating that the semi-
polar nature of ethyl acetate facilitates the extraction of 
the bioactive compounds responsible for these 
antimicrobial effects. Ethyl acetate is also believed to 
extract the highest active compounds due to polarity-
differentiated solvents, besides dichloromethane and 
water (Dang et al., 2024). These findings align with 
previous research indicating that different solvent 
polarities can selectively extract various classes of 
phytochemicals (Dirar et al., 2019) and the phytochemical 
profile of plant extracts is significantly influenced by the 
extraction method and solvent polarity. As demonstrated 
by Sabindo et al. (2024), utilizing different solvents, such 
as water, ethanol, and methanol, can yield diverse 
phytochemical compositions, including additional classes 
like steroids, triterpenoids, glycosides, and phytosterols. 
This highlights the importance of solvent selection in 
optimizing the extraction of specific bioactive compounds 
from plant matrices.  

The C. nutans plant has been subjected to numerous 
phytochemical analyses, revealing the presence of a 
diverse array of bioactive chemicals (Alam et al., 2016). 
These compound classes are known for their diverse 
pharmacological activities, including antimicrobial, 
antioxidant, and anti-inflammatory properties (Shaikh & 
Patil, 2020). The findings of this study were not consistent 
with the previous study, where flavonoids, triterpenoids, 
steroids, phytosterols, and glycosides are the 
phytochemical classes most likely present in C. nutans 
extract when the plant is extracted using a polar solvent 

such as water, methanol, ethanol, or aqueous organic 
solvents, or by a semipolar solvent such as chloroform. 
Alkaloids, saponins, and tannins in C. nutans depend on 
the plant's origin and the post-harvesting method. For 
instance, alkaloids were typically present in water and 
chloroform leaf extracts but were absent in methanol and 
aqueous methanol leaf extracts collected from Malaysia 
(Khoo et al., 2018). These findings contradict a previous 
study suggesting alkaloids and flavonoids in aqueous 
extracts of C. nutans (Xiang & Xian, 2023). Besides, 
younger C. nutans leaves exhibit higher phenolic levels 
than mature leaves, emphasizing the importance of plant 
age in phytochemical profiling (Chia et al., 2021). The 
absence of these compounds in the aqueous extract 
further emphasizes the importance of solvent selection in 
optimizing phytochemical extraction.  

The presence of alkaloids, phenols, flavonoids, and 
saponins in the ethyl acetate extract correlates with its 
enhanced antimicrobial activity. Alkaloids hinder the 
growth of bacteria by employing various mechanisms, 
such as obstructing the synthesis of bacterial nucleic acid 
and proteins, altering the permeability of the bacterial cell 
membrane, causing damage to the cell membrane and cell 
wall, impeding bacterial metabolism, and obstructing 
efflux pumps (Zhang et al., 2020; Yan et al., 2021). Nucleic 
acids, which contain the genetic material required for 
reproduction and protein synthesis, are essential 
components of bacteria. Alkaloids have a low-to-moderate 
molecular weight (250–600 Daltons); they are water-
soluble and lipid soluble under either acidic or neutral and 
basic conditions, respectively. Research on alkaloid cell 
membrane interaction explained the possible mechanism 
of alkaloids penetration through the cell membrane. The 
results suggested that the alkaloid–lipid interaction affects 
the lipid headgroup structure by weakening the lipid 
headgroup–headgroup H bonds and enhancing the 
electrostatic attraction between the alkaloids and the lipid 
phosphate groups, facilitating the alkaloid passage 
between the headgroups (Abookleesh et al., 2022). Hence, 
natural alkaloids can effectively combat various bacteria, 
including Methicillin-Resistant Staphylococcus aureus 
(MRSA), a commonly found pathogen responsible for 
clinical illnesses. These alkaloids are currently used as 
primary chemicals to advance novel antibacterial 
medications (Yan et al., 2021). 

Interestingly, alkaloids have also been shown to 
potentially inhibit bacterial efflux pumps. Mohtar et al. 
(2009) demonstrated the efficacy of 13 antibacterial 
alkaloids as efflux pump inhibitors (EPIs) against a panel of 
three MRSA strains. Antibiotic efflux pumps are membrane 
proteins that actively transport antibiotics and other 
harmful compounds from bacterial cells, contributing 
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significantly to antibiotic resistance. These pumps play 
crucial roles in bacterial physiology, including removing 
antibiotics, quorum-sensing molecules, and virulence 
factors (Gaurav et al., 2023). Bacteria can reduce 
intracellular drug concentrations by effluxing antibiotics, 
thus hindering antibiotic efficacy and promoting resistance 
(Yan et al., 2021).  

Previous studies have demonstrated that phytochemicals 
such as phenols, flavonoids, and saponins possess 
antibacterial properties, primarily by disrupting bacterial 
cell membranes (Cueva et al., 2010; Khan et al., 2018; 
Kauffmann & Castro, 2023). The bacterial cell membrane, 
composed of phospholipids and proteins, lacks sterols due 
to the absence of mitochondria in prokaryotes. This 
membrane is critical in various cellular functions, including 
nutrient transport, waste removal, and maintaining 
cellular homeostasis. The interaction between 
phytochemicals and the bacterial cell membrane can lead 
to significant alterations in membrane permeability. This 
disruption can compromise cellular integrity, leading to 
the leakage of essential intracellular components and cell 
death. Furthermore, damage to the bacterial cell wall, a 
rigid structure that provides structural support and 
maintains cell shape, can also contribute to bacterial 
demise. Weakening the peptidoglycan layer, a key 
component of the bacterial cell wall can lead to osmotic 
imbalance and subsequent cell lysis. This phenomenon, 
often triggered by antibiotics, phage infection, or 
activation of bacterial endolysins, releases cellular 
contents, including proteins, DNA, and membrane vesicles, 
ultimately leading to bacterial death (Villageliu & 
Samuelson, 2022). These biologically active compounds 
demonstrate potential in overcoming the development of 
resistance in bacterial pathogens and fighting against 
bacterial illnesses. These chemicals could enhance the 
effectiveness of traditional antibiotics and prevent the 
emergence of resistance, thereby allowing them to be 
used in medical treatments again (Khameneh et al., 2021; 
Kumar et al., 2023). 
 
CONCLUSION 
This study provides evidence for the antibacterial potential 
of C. nutans (Burm.F.), particularly the ethyl acetate 
extract derived from its stems and leaves. The observed 
inhibition of S. aureus, E. coli, and S. typhi supports the 
plant's traditional use in treating bacterial infections. 
While the ethyl acetate extract showed greater efficacy 
against gram-positive bacteria, further investigations are 
warranted. 
 
ACKNOWLEDGEMENT 
The authors would like to acknowledge Faculty of Health 
Scineces, Universiti Teknologi MARA (UiTM) for supporting 

this research. 
 
REFERENCES 

Abookleesh, F. L., Al-Anzi, B. S., & Ullah, A. (2022). 
Potential antiviral action of alkaloids. 
Molecules/Molecules Online/Molecules Annual, 27(3), 
903. https://doi.org/10.3390/molecules27030903  

Alam, A., Ferdosh, S., Ghafoor, K., Hakim, A., Juraimi, A. S., 
Khatib, A., & Sarker, Z. I. (2016). Clinacanthus Nutans: A 
review of the medicinal uses, pharmacology and 
phytochemistry. Asian Pacific Journal of Tropical 
Medicine, 9(4), 402–409. 
https://doi.org/10.1016/j.apjtm.2016.03.011 

Azemi, A. K., Mokhtar, S. S., & Rasool, A. H. (2020). 
Clinacanthus nutans: Its potential against diabetic 
vascular diseases. Brazilian Journal of Pharmaceutical 
Sciences, 56. https://doi.org/10.1590/s2175-
97902020000118838   

Chia, T. Y., Gan, C. Y., Murugaiyah, V., Hashmi, S. F., Fatima, 
T., Ibrahim, L., Abdulla, M. H., Alswailmi, F. K., Johns, E. 
J., & Ahmad, A. (2021). A narrative review on the 
phytochemistry, pharmacology and therapeutic 
potentials of Clinacanthus Nutans (Burm. f.) lindau 
leaves as an alternative source of future medicine. 
Molecules, 27(1), 139. 
https://doi.org/10.3390/molecules27010139  

Chiu, H. I., Mood, C. N. a. C., Zain, N. N. M., Ramachandran, 
M. R., Yahaya, N., Kamal, N. N. S. N. M., Tung, W. H., 
Yong, Y. K., Lee, C. K., & Lim, V. (2021). Biogenic Silver 
Nanoparticles of Clinacanthus nutans as Antioxidant 
with Antimicrobial and Cytotoxic Effects. Bioinorganic 
Chemistry and Applications/Bioinorganic Chemistry 
and Applications, 2021, 1–11. 
https://doi.org/10.1155/2021/9920890  

Chuah, P. N., Nyanasegaram, D., Yu, K.-X., Mohamed Razik, 
R., Al-Dhalli, S., Kue, C. S., Shaari, K., & Ng, C. H. (2020). 
Comparative conventional extraction methods of 
ethanolic extracts of clinacanthus nutans leaves on 
antioxidant activity and toxicity. British Food Journal, 
122(10), 3139–3149. https://doi.org/10.1108/bfj-02-
2020-0085 

Cueva, C., Moreno-Arribas, M. V., Martín-Álvarez, P. J., 
Bills, G., Vicente, M. F., Basilio, A., Rivas, C. L., Requena, 
T., Rodríguez, J. M., & Bartolomé, B. (2010). 
Antimicrobial activity of phenolic acids against 
commensal, probiotic and pathogenic bacteria. 

46



International Journal of Allied Health Sciences, x(x): xxxx-xxxx 8  

Research in Microbiology, 161(5), 372–382. 
https://doi.org/10.1016/j.resmic.2010.04.006   

Dang, K. D., Nguyen, C. H. M., Nguyen, T. N. N., & Nguyen, 
D. T. T. (2024). Antioxidant potentials of extracts from 
different parts of Clinacanthus nutans (Burm. f.) Lindau. 
Pakistan journal of pharmaceutical sciences, 
37(2(Special)), 451–458 

Dirar, A., Alsaadi, D., Wada, M., Mohamed, M., Watanabe, 
T., & Devkota, H. (2019). Effects of extraction solvents 
on total phenolic and flavonoid contents and biological 
activities of extracts from Sudanese medicinal plants. 
South African Journal of Botany, 120, 261–267. 
https://doi.org/10.1016/j.sajb.2018.07.003  

Eshboev, F., Mamadalieva, N., Nazarov, P. A., Hussain, H., 
Katanaev, V., Egamberdieva, D., & Azimova, S. (2024). 
Antimicrobial Action Mechanisms of Natural 
Compounds Isolated from Endophytic Microorganisms. 
Antibiotics, 13(3), 271. 
https://doi.org/10.3390/antibiotics13030271  

Gaurav, A., Bakht, P., Saini, M., Pandey, S., & Pathania, R. 
(2023). Role of bacterial efflux pumps in antibiotic 
resistance, virulence, and strategies to discover novel 
efflux pump inhibitors. Microbiology, 169(5). 
https://doi.org/10.1099/mic.0.001333  

Kauffmann, A. C., & Castro, V. S. (2023). Phenolic 
Compounds in Bacterial Inactivation: A Perspective 
from Brazil. Antibiotics, 12(4), 645. 
https://doi.org/10.3390/antibiotics12040645  

Khameneh, B., Eskin, N. a. M., Iranshahy, M., & Bazzaz, B. 
S. F. (2021). Phytochemicals: A Promising Weapon in 
the Arsenal against Antibiotic-Resistant Bacteria. 
Antibiotics, 10(9), 1044. 
https://doi.org/10.3390/antibiotics10091044  

Khan, M. I., Ahhmed, A., Shin, J. H., Baek, J. S., Kim, M. Y., 
& Kim, J. D. (2018). Green Tea Seed Isolated Saponins 
Exerts Antibacterial Effects against Various Strains of 
Gram Positive and Gram Negative Bacteria, a 
Comprehensive Study In Vitro and In Vivo. Evidence-
based Complementary and Alternative Medicine, 2018, 
1–12. https://doi.org/10.1155/2018/3486106  

Khoo, L. W., Audrey Kow, S., Lee, M. T., Tan, C. P., Shaari, 
K., Tham, C. L., & Abas, F. (2018). A comprehensive 
review on phytochemistry and pharmacological 
activities of clinacanthus nutans (burm.f.) Lindau. 
Evidence-Based Complementary and Alternative 

Medicine, 2018, 1–39. 
https://doi.org/10.1155/2018/9276260  

Kumar, A., P, N., Kumar, M., Jose, A., Tomer, V., Oz, E., 
Proestos, C., Zeng, M., Elobeid, T., K, S., & Oz, F. (2023). 
Major Phytochemicals: recent advances in health 
benefits and extraction method. Molecules/Molecules 
Online/Molecules Annual, 28(2), 887. 
https://doi.org/10.3390/molecules28020887  

Lim, S. E., Almakhmari, M. A., Alameri, S. I., Chin, S., 
Abushelaibi, A., Mai, C., & Lai, K. (2020). Antibacterial 
Activity of Clinacanthus nutans Polar and Non-Polar 
Leaves and Stem Extracts. Biomedical & Pharmacology 
Journal, 13(03), 1169–1174. 
https://doi.org/10.13005/bpj/1984   

Mohtar, M., Johari, S. A., Li, A. R., Isa, M. M., Mustafa, S., 
Ali, A. M., & Basri, D. F. (2009). Inhibitory and 
Resistance-Modifying Potential of Plant-Based 
Alkaloids Against Methicillin-Resistant Staphylococcus 
aureus (MRSA). Current Microbiology, 59(2), 181–186. 
https://doi.org/10.1007/s00284-009-9416-9  

Mussarat, S., Ali, R., Ali, S., Mothana, R. A., Ullah, R., & 
Adnan, M. (2021). Medicinal animals and plants as 
alternative and complementary medicine in southern 
regions of Khyber Pakhtunkhwa, Pakistan. Frontiers in 
Pharmacology, 12. 
https://doi.org/10.3389/fphar.2021.649046  

Noorazlina, A., Muhammad Sulaiman, M. J., Raihana, M. Y., 
Nurul Iman, A., Nurul Nadiah, H., & Aisyah Salihah, K. 
(2024). Comparative Study on Different Extraction 
Methods for Stilbenoids: Maceration and Supercritical 
Fluid Extraction (SFE) of Anisoptera laevis Ridl. 
MALAYSIAN JOURNAL of CHEMISTRY, 26(1). 
https://doi.org/10.55373/mjchem.v26i1.1  

Sabindo, N. H., Yatim, R. M., & Ponnuraj, K. T. (2024). 
Phytochemical composition of Clinacanthus nutans 
based on factors of environment, genetics, and 
postharvest processes: A review. Biomedicine, 14(2). 
https://doi.org/10.37796/2211-8039.1451  

Shaikh, J. R., & Patil, M. (2020). Qualitative tests for 
preliminary phytochemical screening: An overview. 
International Journal of Chemical Studies, 8(2), 603–
608. https://doi.org/10.22271/chemi.2020.v8.i2i.8834  

Shim, S.Y., Aziana, I. & Khoo, B.Y. (2013). Perspective and 
insight on Clinacanthus nutans Lindau in traditional 

47



International Journal of Allied Health Sciences, x(x): xxxx-xxxx 9  

medicine. International Journal of Integrative Biology 
14(1): 7-9.  

Silva, I. E., Junior, Filho, V. C., Zacchino, S. A., Da S Lima, J. 
C., & De O Martins, D. T. (2009). Antimicrobial screening 
of some medicinal plants from Mato Grosso Cerrado. 
Revista Brasileira De Farmacognosia, 19(1b), 242–248. 
https://doi.org/10.1590/s0102-695x2009000200011 

Singh, S. P., Qureshi, A., & Hassan, W. (2021). Mechanisms 
of action by antimicrobial agents: A review. McGill 
Journal of Medicine, 19(1). 
https://doi.org/10.26443/mjm.v19i1.217 

Thuille, N., Fille, M., & Nagl, M. (2003). Bactericidal activity 
of herbal extracts. International Journal of Hygiene and 
Environmental Health, 206(3), 217–221. 
https://doi.org/10.1078/1438-4639-00217 

Villageliu, D. N., & Samuelson, D. R. (2022). The role of 
bacterial membrane vesicles in human health and 
disease. Frontiers in Microbiology, 13. 
https://doi.org/10.3389/fmicb.2022.828704  

Xiang, T. K. & Xian, C. S. (2023). Phytochemical Screening 
and Antibacterial Properties of Methanol, Hexane and 
Water Extracts of Clinacanthus nutans. Malaysian 
Journal of Chemistry, 2023, Vol. 25(4), 199–206. 
https://ikm.org.my/publications/malaysian-journal-of-
chemistry/xcesfile.php?abs=J0045-830d5cf  

Yahaya, R., Dash, G.K., Abdullah, M.S. & Mathews, A. 
(2015). Clinacanthus nutans (burm. F.) Lindau: An 
useful medicinal plant of south-east Asia. Int. J. 
Pharmacogn. Phytochem. 7, 1244–1250  

Yan, Y., Li, X., Zhang, C., Lv, L., Gao, B., & Li, M. (2021). 
Research Progress on Antibacterial Activities and 
Mechanisms of Natural alkaloids: a review. Antibiotics, 
10(3), 318. 
https://doi.org/10.3390/antibiotics10030318  

Zainol, H., & Mansor, H. (2019). A review of therapeutic 
potentials of Clinacanthus Nutansas source for 
alternative medicines. Sains Malaysiana, 48(12), 2683–
2691. https://doi.org/10.17576/jsm-2019-4812-09 

Zhang, Q., Lyu, Y., Huang, J., Zhang, X., Yu, N., Wen, Z., & 
Chen, S. (2020). Antibacterial activity and mechanism of 
sanguinarine againstProvidencia rettgeriin vitro. PeerJ, 
8, e9543. https://doi.org/10.7717/peerj.9543 

48



International Journal of Allied Health Sciences, x(x): xxxx-xxxx 1  

ORIGINAL ARTICLE 
 

Knowledge and Awareness of Hand, Foot, and Mouth Disease (HFMD) Among 
Parents in Kampung Tuan Mandak, Terengganu  
 
 
Rabiatul Adawiah Mohamad Asri and Mazura Bahari,*  
 
1, 1 Center for Medical Laboratory Technology Studies, Faculty of Health Sciences, UiTM Cawangan Selangor (UCS),42300 Puncak Alam Campus,  
Selangor, MALAYSIA 
2Research and Education in Biomedical, Epidemiology and Immunology Aliances (REBEIA), FSK, UiTM Puncak Alam Campus, 42300 Puncak Alam, Selangor, 
Malaysia 
 
 
 

ABSTRACT 
 

Keywords: 
awareness, HFMD, knowledge, 
parents 
Article history: 

Received: xx Month Year 
Accepted: xx Month Year 
Leave this part (Article history) empty 

Background: Hand, foot, and mouth disease (HFMD) is endemic in Malaysia, primarily affecting 
children under five. Recent surges in HFMD cases have exceeded the national alert threshold of 1,150 
cases per week. This study aimed to assess the level of knowledge and awareness of HFMD among 
parents in Kampung Tuan Mandak, Terengganu. Methods: A cross-sectional study was conducted 
from April to June 2023 using a self-administered online questionnaire distributed via QR codes and 
social media platforms. A total of 279 parents participated through simple random sampling. 
Descriptive statistics were used to analyze socio-demographic data, knowledge, and awareness 
levels, while one-way ANOVA assessed differences across educational backgrounds. Results:  Findings 
revealed that 61.3% of parents had poor knowledge of HFMD, and 42.7% demonstrated low 
awareness. Only 9% had good knowledge, while 35.8% showed good awareness. Interestingly, 
educational attainment did not significantly correlate with higher knowledge or awareness levels. 
Conclusion: These results underscore the importance of tailored health education initiatives focused 
on HFMD transmission, symptoms, and prevention. Enhancing public health communication, 
particularly in rural communities, may help strengthen parental understanding and support ongoing 
disease prevention efforts. 

INTRODUCTION 

Hand, foot, and mouth disease (HFMD) is a common viral 
illness that primarily affects infants and young children. It 
is caused by viruses from the Enterovirus genus of the 
Picornaviridae family, including Coxsackieviruses A and B, 
Echoviruses, Polioviruses, and Enteroviruses 
(Charoenchokpanit & Pumpaibool, 2013; Mansur & 
Ahmad, 2021). Although HFMD is usually mild and not life-
threatening, it is highly contagious (Rajamoorthy et al., 
2022). Most infections are asymptomatic or present with 
mild symptoms such as fever, rashes, blisters, lethargy, 
upper respiratory issues, and lesions (Chang et al., 2011). 

HFMD typically begins with a mild fever, followed by 
papulovesicular rashes, herpangina, and sometimes 
onychomadesis. Rashes commonly appear on the hands, 
feet, knees, and buttocks. Fever usually lasts 3–4 days, 
mouth sores about 7 days, and skin lesions up to 10 days. 
Diagnosis is confirmed through stool or blood samples 
(Mahadzar & Rahman, 2019). HFMD is a global public 
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health concern, particularly in the Asia-Pacific region, 
affecting mainly children under five. China reports over 2 
million cases annually. The most common causative agents 
are Coxsackievirus A16 and EV71 (Puenpa et al., 2019). In 
settings like daycares, the disease spreads rapidly via 
contact with respiratory secretions, blister fluid, or feces. 
Developing countries face more challenges due to limited 
healthcare access. In China, EV71 vaccines and public 
health campaigns have shown promise in reducing 
transmission and severe cases (Li et al., 2019). Since it was 
first identified in New Zealand in 1957, HFMD has caused 
several major outbreaks globally. Notable incidents 
include the 1998 Taiwan outbreak and subsequent 
outbreaks in China, Vietnam, and Malaysia, which 
emphasized the need for improved prevention and control 
strategies (Koh et al., 2016). Malaysia’s first significant 
outbreak occurred in 1997 in Sarawak, affecting over 2,600 
children and causing several deaths due to EV71 (World 
Health Organization, 1997). In 2018, Malaysia’s Ministry of 
Health reported 29,358 HFMD cases, a significant rise from 
the previous year (Ismail et al., 2021). 
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By mid-May 2022, over 31,661 cases had been reported in 
Malaysia—a 15-fold increase compared to the same 
period in 2021. This surge highlighted HFMD as a growing 
public health threat, driven by better awareness, 
enhanced surveillance, and the disease’s epidemiological 
trends (Ministry of Health Malaysia, 2022a). Studies show 
a notable gap in HFMD awareness between urban and 
rural communities. Urban areas tend to have better access 
to healthcare and public education campaigns, while rural 
areas like Kampung Tuan Mandak face challenges such as 
limited services, low health literacy, and reduced outreach 
(Noor & Remo, 2020). In Malaysia, urban states like 
Selangor and Kuala Lumpur report higher HFMD cases due 
to population density and childcare attendance. In 
contrast, rural Terengganu reports fewer, more localized 
cases (Ministry of Health Malaysia, 2022b). 

This study investigates HFMD knowledge and awareness 
among parents in Kampung Tuan Mandak, Terengganu,  a 
rural Malaysian community where limited healthcare 
access, inadequate public health outreach, and cultural 
practices may hinder timely treatment and awareness 
(World Health Organization, 2021). Despite the growing 
significance of HFMD, no prior research has examined 
awareness levels in this area. This study addresses that gap 
by assessing parental knowledge and comparing it across 
educational backgrounds, offering insights to guide 
targeted health education strategies. 
 
MATERIALS AND METHODS 

A cross-sectional survey was conducted from April to June 
2023, following approval from the Research Ethics 
Committee, Universiti Teknologi MARA, Selangor (Ref: 
FERC/FSK/MR/2023/00071). An online questionnaire was 
administered via Google Forms, with survey links and QR 
codes distributed through social media platforms including 
WhatsApp, Telegram, Instagram, and Facebook. The study 
targeted residents of Kampung Tuan Mandak, a rural 
Malaysian community selected for its limited access to 
healthcare and health education compared to urban areas. 
The study aimed to assess awareness and preventive 
practices related to HFMD in such underserved 
populations. Participation was voluntary, with informed 
consent obtained from all respondents. Eligible 
participants were male and female residents aged 18–59 
with varying education and income levels. Individuals who 
were technologically illiterate or declined participation 
were excluded. 
 
Sample Design and Setting 
 
Sample selection 
 

Residents of Kampung Tuan Mandak aged 18 to 59 were 
randomly selected to participate in the study, including 
both males and females with diverse educational 
backgrounds and household incomes. Individuals who 
were technologically illiterate or unwilling to participate 
were excluded. 
 
Sample size 
 
The sample size of this study was determined by the 
following statistics formula:  

𝑛 =
𝑁

1 𝑡 𝑁(𝑒)ଶ 

     Where,          
                                                                                                    
n= sample size 
N= population size 
e= level of precision 
Hence,  
 =         ____ 675________             
          1 + 675 (0.05) 2 
 
Sample size= 251 respondents 
If 10% non-response rate, = 278.88 
 
The study requires 279 respondents between the ages of 
18 and 59 out of a total population of 675 selected 
randomly for this study. This value includes the addition of 
10% for anticipated nonresponse case rates. 
 
Questionnaire’s Development  
 
A self-administered questionnaire adapted from a 
previous study by Rajamoorthy et al. (2022) was used to 
collect data from respondents. The instrument comprised 
three sections: demographic information, and knowledge 
and awareness of HFMD among parents. The survey was 
designed to be completed within approximately 10 
minutes, based on preliminary testing with a small subset 
of participants. Each correct response was awarded a 
score of “1,” while incorrect responses scored “0.” A higher 
total score reflected greater knowledge and awareness of 
HFMD infection, calculated as the sum of all correct 
answers (Rajamoorthy et al., 2022).  
 
Part A: Socio-demographic 
 
The first section was the respondent’s demographic 
characteristics of the study population. There were eight 
questions on gender, age, level of education, occupation, 
race, marital status, household income, and the number of 
children. Each question had four answer choices, but 
respondents must only select one, except for the age 
query only needs to be filled in as usual. 
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Part B: Knowledge domain 
 
For the second section, 47 items were used to assess the 
respondents' knowledge of the disease (Rajamoorthy et 
al., 2022). There were six different parts to the knowledge 
domain, with varying maximum totals for each. The 
possible responses to all the questions within the 
knowledge domain were “yes” or “no”, and there were 
multiple answer choices for transmission, clinical features, 
prevention and treatment, severe signs, and management 
of HFMD.    
 
Part C: Awareness domain 
 
The third section, comprised of 14 items for awareness 
domains, was used to assess the awareness of the infected 
child, signs, and symptoms of severe complications of 
HFMD where only multiple answer choices were available, 
and each part had a different maximum total score 
(Rajamoorthy et al., 2022).  
 
Ethical Approval  
 
The human participant studies with reference number 
FERC/FSK/MR/2023/00071 were scrutinised and 
sanctioned by the Faculty Ethics Research Committee 
(FREC), Universiti Teknologi MARA, Cawangan Selangor, 
Puncak Alam Campus. The study was carried out after 
receiving approval from the committee regarding the 
research. 
 
Statistical Analysis 

Using SPSS version 23, socio-demographic data were 
analysed through descriptive analysis. Statistical Package 
for the Social Sciences (SPSS) version 28.0 software was 
used to analyse and interpret the obtained data. A 
descriptive analysis was performed on respondents’ socio-
demographic characteristics, knowledge, and awareness 
of HFMD. The variables such as gender, age, level of 
education, occupation, race, marital status, household 
income, and the number of children were summarized and 
then reported in frequency distribution and percentage. 
Numerical data of the total score of knowledge and 
awareness domains for each part, respectively, was 
calculated as mean and standard deviation, where each 
has a different maximum value. 

 Although the data did not satisfy the assumption of 
normality based on the Kolmogorov-Smirnov test (p<0.01), 
a visual examination of the histograms revealed a 
distribution that approximated a normal curve. Therefore, 
the Central Limit Theorem was employed to justify the 

normality assumption for subsequent analyses. 
Knowledge and awareness levels were classified as good, 
moderate, or poor using an 80% cut-off point, scores above 
80% were considered good, 60–80% moderate, and below 
60% poor, based on previous classifications by 
Charoenchokpanit and Pumpaibool (2013) and Harapan et 
al. (2018). A Pearson correlation was used to assess the 
relationship between total knowledge and awareness 
scores. One-way ANOVA was conducted to compare mean 
scores across different educational levels. Statistical 
significance was set at p < 0.05 (two-tailed) with a 95% 
confidence interval. All data were analyzed and presented 
in tables and figures. 

 
RESULTS 

Demographic Characteristics of Respondents 

A total of 279 respondents participated in the study and 
were included in the statistical analysis. Their socio-
demographic characteristics are summarized in Table 1. 

Table 1: Socio-demographic of respondents (n=279) 

Variables Frequency, 
(n) 

Percentage, 
(%) 

Gender   
Male  186 66.7 
Female 93 33.3 
Age group 
18-29 
30-39 
40-49 
50-59 
Education 
High school or below 
Certificate or diploma 
Bachelor’s degree 
Postgraduate education 
Occupation 
Public sector 
Private sector 
Self-employed 
Others 
Race 
Malay 
Others 
Marital status 
Married 
Divorced/widow/widower 
Household income 
Less than RM1000 
RM1001-RM3000 
RM3001-RM5000 
RM5001-RM7000 
RM7001-RM9000 

 
107 
59 
57 
56 

 
47 

110 
93 
29 

 
68 
93 
47 
71 

 
278 

1 
 

225 
54 

 
35 
97 
88 
38 
16 

 
38.4 
21.1 
20.4 
20.1 

 
16.8 
39.4 
33.3 
10.4 

 
24.4 
33.3 
16.8 
25.4 

 
99.6 
0.4 

 
80.6 
19.4 

 
12.5 
34.8 
31.5 
13.6 
5.7 
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RM9001 or above 
Number of children 
1 
2 
3 
4 and above 

5 
 

96 
67 
52 
64 

1.8 
 

34.4 
24.0 
18.6 
22.9 

Distribution of Knowledge and Awareness of HFMD 

Table 2 presents the classification of respondents’ 
knowledge and awareness levels. Only 9.0% (n=25) 
demonstrated good knowledge of HFMD, while 29.7% had 
moderate knowledge. A majority—61.3% (n=171)—had 
poor knowledge, with most scoring below 50% on key 
items related to HFMD management and prevention. 
Awareness levels were similarly low: only 35.8% were 
categorized as having good awareness, while 42.7% 
demonstrated poor awareness, including limited 
recognition of symptoms and potential complications. 
These findings underscore the urgent need for targeted 
public health education in this community. 

Table 2: Distribution of knowledge and awareness of HFMD 
(n=279) 

 Level of Knowledge and Awareness of HFMD 
Statement Low 

(<60%) 
Moderate 
(60-80%) 

High 
(>80%) 

 n % n % n % 
Knowledge 
score 
Awareness 
score 

171 
 

119 
 

61.3 
 

42.7 

83 
 

60 

29.7 
 

21.5 

25 
 

100 

9.0 
 

35.8 

       
 

Correlation Between Knowledge and Awareness 

As shown in Table 3, a strong and statistically significant 
positive correlation was found between knowledge and 
awareness of HFMD (r = 0.832, p < 0.001), indicating that 
respondents with higher knowledge scores also had higher 
awareness levels. 

Table 3: Correlation between knowledge and awareness of 
HFMD (n=279) 

Variable Awareness of HFMD 
Knowledge of HFMD 0.832 a 

(<0.01) b 

a Pearson correlation coefficient 
b P-value 
 
Comparison between mean total score knowledge and 
awareness of HFMD with respondents’ educational 
background 
 

Based on Table 4, a one-way ANOVA test was 
conducted. The P-value is not significant since p>0.05. F 
(3,275) =1.971, p=0.119. Therefore, there was no 
significant difference in mean total score knowledge of 
HFMD among parents between different levels of 
educational background. It indicated that knowledge of 
HFMD was independent of the respondents' educational 
background levels. 
 
Table 4: Comparison of mean total score knowledge of HFMD 
between different levels of educational background (n=279) 

Variables n Mean Total 
Score 
Knowledge 
of HFMD 
(SD) 

F-
statistica(df) 

P-
value 

Level of 
educational 
background 

High 
educational 

or below 
Certificate or 

diploma 
Bachelor’s 

degree 
Postgraduate 

education  

 
 
 
47 

 
 

110 
 

93 
 

29 
 
 

 
 
 
24.32 
(9.59) 
 
23.60 
(8.50) 
25.00 
(7.49) 
24.81 
(8.48) 

 
 
 
1.971 (3, 
275) 
 

 
 
 
0.119 
 
 
 
 
 
 

a One-way ANOVA tests 
 
According to Table 5, the result indicated no significant 
difference between awareness of HFMD and levels of 
educational background. Based on the one-way ANOVA 
test, the P-value was 0.127, p>0.05, whereas F (3,275) 
=1.918. The differences in mean between high school or 
below, certificate or diploma, bachelor’s degree, and 
postgraduate education were not too large. It shows that 
a higher educational background does not influence the 
awareness of HFMD. 
 
Table 5: Comparison of mean total score awareness of HFMD 
between different levels of educational background (n=279) 

Variables n Mean Total 
Score 
Awareness 
of HFMD 
(SD) 

F -
statistica(df) 

P-
value 
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Level of 
educational 
background 
 

High 
educational or 

below 
Certificate or 

diploma 
Bachelor’s 

degree 
Postgraduate 

education  

 
 
 

 
47 

 
 

110 
 

93 
 

29 
 
 

 
 
 
 
8.68 (4.52) 
 
 
7.76 (4.05) 
 
9.14 (4.17) 
 
8.28 (3.85) 

 
 
 
 
1.918  
(3, 275) 
 

 
 
 
 
0.127 
 
 
 
 
 
 

a One-way ANOVA tests 

 
DISCUSSION 

Hand, Foot, and Mouth Disease (HFMD) is a viral illness 
predominantly affecting young children, with a 
disproportionate impact in rural areas. Understanding 
parental knowledge in such settings is vital for tailoring 
effective public health strategies. A notable 732.2% 
increase in HFMD cases was reported by the Terengganu 
State Health Department (JKNT), underscoring the urgency 
for intervention. 

In this study, most respondents were male, in contrast to 
findings from Singapore where females were predominant 
(Wang & Pang, 2022). This may reflect sociocultural and 
demographic factors, including male dominance in 
community engagement and greater access to digital tools 
(Chakrabarti et al., 2019; Alkhamis et al., 2021). 
Conversely, women may face participation barriers such as 
limited access to devices and domestic responsibilities 
(Kim et al., 2020). Future surveys should address these 
disparities to improve gender representation. The 
predominance of younger participants likely reflects their 
greater digital literacy and access (Li et al., 2022). 

Parental knowledge of HFMD etiology was limited, with 
frequent misclassification of symptoms as chickenpox, 
herpangina, or measles (Santos et al., 2019). This may stem 
from perceptions of HFMD as a mild illness and lack of 
formal health education (Chang et al., 2011). Delayed 
recognition increases the risk of complications such as nail 
loss, viral meningitis, and encephalitis (CDC, 2021; Sun et 
al., 2016). 

Antibiotic misuse was prevalent, reflecting a 
misconception of antibiotics as a universal treatment 
(Mallah et al., 2020). Educational campaigns must 
emphasize the viral nature of HFMD and discourage 

inappropriate antibiotic use, leveraging media, clinics, and 
community outreach. 

Awareness of HFMD’s risks to vulnerable populations, 
immunocompromised individuals, the elderly, and 
pregnant women was also lacking (Kaminska et al., 2013). 
Reliable information from agencies such as CDC, WHO, and 
MOH Malaysia is essential to address this gap (Li et al., 
2020). 

Knowledge of the fecal–oral transmission route was 
limited, likely due to infrequent outbreak exposure 
(Mohamed et al., 2020). Similar patterns were observed in 
Selangor (Qi et al., 2019), contrasting with Chinese studies 
where parents were more informed (CDC, 2023a). 
Promoting hygiene practices such as sanitizing surfaces 
remains essential (CDC, 2023b). 

While parents recognized typical HFMD symptoms fever, 
ulcers, and blisters, awareness of severe signs such as gait 
disturbances was low. This is concerning given the 
potential for Enterovirus A71-related complications, 
including acute flaccid paralysis (Zainuddin, 2007; Apostol 
et al., 2019). NGOs and schools can strengthen awareness 
through workshops and curricular integration (Wang & 
Pang, 2022). 

Most parents acknowledged the role of hygiene in HFMD 
prevention, aligning with findings in Selangor and 
elsewhere (Rajamoorthy et al., 2022; Wang et al., 2016). 
However, many incorrectly believed water alone sufficed 
for handwashing. Soap is necessary for removing virus 
particles (Guo et al., 2018), and evidence shows that soap 
use significantly reduces HFMD transmission, whereas 
water alone does not (Zhang et al., 2016). Misconceptions 
also surrounded alcohol-based sanitizers, which are 
ineffective against non-enveloped viruses like EV-A71 
(Chang et al., 2013; Golin et al., 2020). 

Although nutrition and hydration were identified as 
important for recovery, knowledge was inconsistent 
(Aman & Masood, 2020). Health professionals should 
leverage social media platforms to disseminate accurate, 
engaging dietary information. 

A strong positive correlation (r = 0.832) was observed 
between knowledge and awareness. Better-informed 
parents demonstrated enhanced understanding of 
transmission, symptoms, and prevention. Nonetheless, 
overall knowledge and awareness remained suboptimal. In 
contrast, studies elsewhere reported moderate awareness 
and adherence to preventive behaviors such as 
disinfecting toys (Mansur & Ahmad, 2021; Rajamoorthy et 
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al., 2022). Low awareness may result from urban density, 
migrant populations (Wang et al., 2018), media access 
gaps, and cultural beliefs (Tran et al., 2021). 

No significant association was found between parental 
education level and HFMD knowledge or awareness, 
corroborating previous findings (Mahadzar & Rahman, 
2019; Nithya & Prakash, 2020). However, post-
intervention improvements have been documented (Tran 
et al., 2021), emphasizing the potential of community-
based educational initiatives (Kua & Pang, 2020). 
Supporting this, a study in Saudi Arabia found that only 
31.6% of 260 medical students had adequate knowledge 
of HFMD, with higher scores among those previously 
educated on the disease (Alshahrani et al., 2024). These 
findings suggest that even individuals with higher 
educational backgrounds may benefit from structured 
health education, and underline the importance of 
accessible, targeted awareness efforts. 

Cultural practices in rural areas, including irregular access 
to hygiene resources, reliance on traditional medicine, and 
attribution of illness to environmental factors, highlight 
the need for culturally appropriate interventions. 
Collaborative education programs led by MOH Malaysia, in 
partnership with NGOs, schools, and the media, should 
employ accessible platforms such as mobile apps and 
television broadcasts (Al Dmour et al., 2020). Rural health 
literacy disparities, shaped by limited access to healthcare 
and education, require targeted digital and community-
based strategies (Health Policy Institute, 2023; Advent 
Health University, 2023). Engaging schools, community 
leaders, and healthcare workers enhances message 
credibility and reach (Smith et al., 2018). Social media 
platforms such as Facebook and WhatsApp also offer 
scalable channels for disseminating preventive messages 
(Chan et al., 2019). 

Finally, parents with higher education levels or 
healthcare-related occupations demonstrated better 
HFMD knowledge, likely due to increased health 
information access (Smith et al., 2018; Tan et al., 2020). 
These findings underscore the need for targeted, 
equitable interventions to improve disease prevention 
across demographic groups. 

CONCLUSION 

Parents in Kampung Tuan Mandak showed limited 
knowledge and awareness of Hand, Foot, and Mouth 
Disease (HFMD), particularly regarding its causes, 
transmission, symptoms, treatment, and prevention. This 
lack of awareness was strongly associated with insufficient 
knowledge, and no significant link was found between 

parental education level and awareness of the disease. 
These findings highlight the importance of strengthening 
health education efforts, especially in rural communities. 
Collaborative initiatives, through schools, community 
leaders, and healthcare providers, can help improve 
parental understanding of HFMD. Continued support and 
outreach from public health authorities will be valuable in 
enhancing awareness and encouraging effective 
prevention and control practices. 
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Background: Social media platforms, often dominated by idealized images from influencers and 
celebrities, can promote unrealistic standards and upward social comparison. Methods: This study 
investigates gender differences in social media addiction, body dissatisfaction, physical activity, and 
eating behaviors among 209 university students at UiTM Puncak Alam, with a slight female majority 
(53.4%). Results: Using a cross-sectional design and online questionnaire, the findings reveal that 
female students, despite being less physically active, report higher levels of social media addiction 
and body dissatisfaction compared to males. Specifically, 74.8% of females and 72.2% of males were 
classified as addicted to social media, with females scoring higher in both addiction and body 
dissatisfaction. In contrast, 96.9% of males were classified as physically active, compared to 65.8% of 
females. Correlation analyses indicated that social media addiction was positively associated with 
body dissatisfaction (r = 0.332), enjoyment of food (r = 0.391), and emotional undereating (r = 0.358), 
and negatively associated with physical activity (ρ = –0.204). Multiple regression analysis showed that 
body dissatisfaction (B = 0.146, p < 0.001), enjoyment of food (B = 1.624, p = 0.010), and physical 
activity (B = –0.035, p = 0.009) were significant predictors of social media addiction, explaining 27.5% 
of its variance (R² = 0.275). No significant gender differences were found in eating behaviors such as 
enjoyment of food and emotional undereating. Conclusion: These findings suggest that excessive 
social media use may contribute to increased body dissatisfaction and decreased physical activity, 
particularly among female students. Targeted interventions to manage social media engagement and 
promote body positivity could support healthier lifestyle habits in university populations. 

 

INTRODUCTION 
 
Students in the health sciences are uniquely positioned as 
future healthcare professionals, for whom maintaining a 
healthy appearance and lifestyle is both a personal 
responsibility and a professional expectation. This 
occupational standard may heighten their sensitivity to 
health, fitness, and body image-related content on social 
media, thereby increasing their susceptibility to its 
potential negative impacts compared to students from 
non-health-related disciplines. 
Social media refers to websites and applications that 
enable users to communicate and share information via 
computers or mobile devices. It has transformed 
communication by fostering global connections through 
platforms such as Instagram, Facebook, TikTok, Twitter, 
and Snapchat. These platforms support social interaction 

 
* Corresponding author. 
E-mail address: mazurabahari@uitm.edu.my 
 
Journal homepage: https://journals.iium.edu.my/ijahs/index.php/IJAHS 
EISSN NO 2600-8491 

by allowing users to maintain communities, share 
permanent content, and post temporary “stories” that 
disappear after 24 hours (Kinkel-Ram et al., 2022). Social 
media serves multiple purposes, including entertainment, 
social engagement, and information sharing. However, its 
effects are complex and depend on factors such as 
frequency, duration, and usage patterns. Excessive or 
unhealthy use has been associated with negative 
outcomes (Amor, 2024), including body image concerns 
and disordered eating behaviors (Kinkel-Ram et al., 2022). 
Among young adults, especially women, social media 
particularly image, centric platforms like Instagram, 
amplifies exposure to idealized body standards. 
Influencers and celebrities often present curated images 
that portray unrealistic beauty and lifestyle ideals (Wang 
et al., 2023). This exposure can trigger upward social 
comparison, where users evaluate themselves against 
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these unattainable standards, often resulting in body 
dissatisfaction, defined as negative thoughts and feelings 
about one’s body (Amor, 2024; Pedalino & Camerini, 
2022). Women are more likely than men to engage in such 
comparisons, which can influence eating behaviors and 
food-related attitudes. Frequent exposure to images of 
thin bodies and low-calorie meals may contribute to body 
image disturbances and disordered eating. Notably, 
increased Instagram use has been linked to symptoms of 
orthorexia nervosa, characterized by rigid, health-
obsessed dietary behaviors influenced by online trends 
and associated with neurological changes related to self-
control. Despite these risks, social media can also have 
positive effects. Exposure to body-positive content has 
been shown to enhance body satisfaction and emotional 
well-being among university students (Griffin et al., 2022). 
Additionally, social media can support healthy lifestyle 
adoption by promoting motivational content related to 
exercise and nutrition (Krupa-Kotara et al., 2023). This 
study is grounded in Social Comparison Theory, which 
suggests that individuals evaluate themselves by 
comparing with others, particularly when objective 
standards are lacking. On social media, these comparisons 
often involve idealized images that can negatively 
influence self-image and behavior. Additionally, the Uses 
and Gratifications Theory supports this research by 
proposing that individuals engage with media to fulfill 
specific needs, such as seeking validation, information, or 
social connection, which can shape their health-related 
behaviors. Based on these theoretical frameworks, the 
study hypothesizes that: (1) higher levels of social media 
addiction are positively associated with body 
dissatisfaction and disordered eating behaviours, and (2) 
social media addiction is negatively associated with 
physical activity levels.Despite growing interest in this 
area, the specific relationships between social media 
addiction, body dissatisfaction, physical activity, and 
eating behaviours among health science students remain 
underexplored. Undergraduate health science students 
face distinct challenges, including demanding academic 
and clinical workloads, which may intensify the impact of 
social media use on their health behaviours. While existing 
research highlights both positive and negative effects of 
social media, little is known about how it specifically 
influences body image and lifestyle habits in this 
population. This study aims to address this gap by 
investigating these associations among students at UiTM 
Puncak Alam. 
 
 
MATERIALS AND METHODS 

A cross-sectional study design was employed to examine 
the influence of social media on body dissatisfaction, 

physical activity, and eating behaviors among students. 
Data were collected through an online questionnaire 
distributed via Google Forms and shared across social 
media platforms. The survey included validated scales and 
items assessing social media addiction, body 
dissatisfaction, physical activity, and eating behaviors. 

Sample Design and Setting 

The survey was conducted over a three-month period, 
from March to May 2024, following approval from the 
Research Ethics Committee. Data collection was carried 
out using an online questionnaire administered through 
Google Forms. The survey link and corresponding QR code 
were disseminated via various social media platforms, 
including Facebook, Instagram, Telegram, and WhatsApp. 
Participants were fully informed that their participation 
was voluntary, and no compensation was offered. 
Responses were automatically recorded upon completion 
of the questionnaire. 

Sample Selection 

Participants were recruited through convenience sampling 
among students from the Faculty of Health Sciences via 
online distribution. To be eligible, participants were 
required to have a good command of the English language, 
be between 18 and 30 years of age, and be frequent users 
of social media. This age group was selected because 
adolescents and young adults who regularly engage with 
social media are more likely to experience body image 
concerns. Exclusion criteria included individuals who did 
not meet the inclusion criteria, were not enrolled in the 
Faculty of Health Sciences at UiTM Puncak Alam, had 
limited English proficiency, or were over the age of 30. 

Sample size 

The sample size was determined to meet the minimum 
requirement for achieving statistical significance, ensuring 
that the results would be accurate and representative of 
the target population. A previous study by Salari et al. 
(2023) reported a pooled global prevalence of social media 
addiction of 18.4% among university students. 
Accordingly, this study used the same proportion (18.4%) 
to estimate the population parameter for sample size 
calculation. 

𝑛 =
𝑍ଶ[𝑃(1 − 𝑝)]

𝑒ଶ  

𝑛 =
(1.96)ଶ[0.184(1 − 0.1840]

(0.06)ଶ  

𝑛 = 160 
n = sample size 
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Z = the z-score, which is a measure of how confident 
study want to be in study 
result (1.96 for a 95% confidence level) 

P = the estimated proportion population 

e = the amount of error study will tolerate in study results 
(0.06 for a 6% margin 
of error) 

The aim of this study was to achieve a 95% confidence level 
with a 6% margin of error (e). Accordingly, a minimum 
sample size of 160 respondents was required to ensure 
that the results would be accurate within this margin at the 
specified confidence level. 

Questionnaire Development 
 
The study utilized an online questionnaire to collect data 
from respondents. The questionnaire was divided into five 
sections: Part A covered demographic information; Part B 
included the Bergen Social Media Addiction Scale (BSMAS); 
Part C featured the 16-item Body Shape Questionnaire 
(BSQ-16); Part D comprised the Godin Leisure-Time 
Exercise Questionnaire (GLTEQ); and Part E contained the 
Adult Eating Behaviors Questionnaire. 
 
Part A: General Information 
 
The General Information section of the questionnaire 
aimed to collect basic demographic and physical data from 
respondents. Part A included questions on gender, age, 
course of study, current weight, and height. Most 
questions provided multiple-choice options with single-
answer selection, except for age, weight, and height, 
which required participants to provide written responses. 
 
Part B: Bergen Social Media Addiction Scale (BSMAS) 
 
To assess the level of social media addiction, this study 
utilized the Bergen Social Media Addiction Scale (BSMAS), 
which comprises six items referencing experiences over 
the past year. Participants responded on a 5-point Likert 
scale, measuring the frequency of behaviors associated 
with excessive social media use. The total score indicated 
the degree of addiction, with higher scores reflecting 
greater usage. A score above 16 was considered indicative 
of social media addiction. Additionally, participants who 
answered “often” or “very often” to at least four items 
were categorized as addicted (O’Reilly & Richardson, 
2018). The BSMAS has been validated in previous research 
and is adapted from the Bergen Facebook Addiction Scale, 
demonstrating strong reliability and construct validity 
(O’Reilly & Richardson, 2018) (Table 1). 
 

 
 
 

Table 1: Interpretation score of BSMAS 

Category Inclusion 

Not addicted <16 

Addicted >16 

 
 
Part C: Body Shape Questionnaire-16 Item (BSQ16) Version 

The Body Shape Questionnaire (BSQ) is a self-report 
instrument designed to assess concerns related to body 
shape and weight. The original BSQ consists of 34 items 
and typically takes approximately 10 minutes to complete. 
A shortened version, the BSQ-16, offers a more efficient 
alternative while maintaining strong psychometric 
properties. The BSQ-16 focuses on participants’ body-
related perceptions over the past four weeks. One version 
of the questionnaire uses a 6-point Likert scale, ranging 
from 6 (Never) to 1 (Always). Scores are categorized into 
four levels of concern: low concern (score < 38), mild 
concern (38–51), moderate concern (52–66), and marked 
concern (score > 66). Higher scores indicate greater levels 
of body dissatisfaction (Table 2). These classifications align 
with the corresponding score ranges on the BSQ, 
facilitating straightforward interpretation of results. 
Additionally, to approximate scores on the original BSQ-
34, total scores from the BSQ-16 may be multiplied by a 
factor of 34/16. However, this is considered a rough 
estimation and should be interpreted with caution 
(O’Reilly & Richardson, 2018). 

Table 2: Interpretation score of BSQ16 

Category Score 

No concern <38 

Mild concern 38 – 51 

Moderate concern 52 – 66 

Highly concern > 66 

 
Part D: Godin Leisure-Time (GLT) Questionnaire 

This study used a questionnaire to assess participants’ 
physical activity levels. It included four questions: the first 
three asked how many times in the past week participants 
engaged in strenuous, moderate, and light exercise. These 
were scored using the formula: (9 × strenuous) + (5 × 
moderate) + (3 × light), based on O’Reily and Richardson 
(2018). The fourth question asked how often participants 
engaged in regular physical activity, with options of 
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"often," "sometimes," or "never." Based on their total 
score, participants were classified as active (≥24 units), 
moderately active (14–23 units), or insufficiently 
active/sedentary (<14 units), as shown in Table 3. 

Table 3: Interpretation score of GLT 

Category Score 

Insufficient active <14 

Moderate active 14 – 23 

Highly active >23 

 
Part E: Adult Eating Behaviour (AEB) Questionnaire 
 
This study utilized an adapted version of the Child Eating 
Behavior Questionnaire (CEBQ) to assess participants' 
eating habits and attitudes. Originally developed to 
measure appetitive traits in children, the scale was 
modified for adult use (O'Reily & Richardson, 2018). It 
consisted of 35 items rated on a 5-point Likert scale, where 
participants selected the response that best described 
their typical behavior. Items included statements such as 
“I love food,” with responses ranging from strong 
disagreement to strong agreement. The scale assessed 
eight dimensions of appetitive traits: hunger, food 
responsiveness, emotional overeating, enjoyment of food, 
satiety responsiveness, emotional undereating, food 
fussiness, and slowness in eating. For the purpose of this 
study, two traits were selected to represent contrasting 
eating behaviors: enjoyment of food (positive) and 
emotional undereating (negative). 
 
Ethics Approval from The Committee 
 
The title and protocol of this study were approved by the 
University Research Ethics Committee, under the 
reference number FERC/FSK/MR/2024/00098. 
 
Statistical Analysis 
 
The questionnaires will assess various aspects, including 
social media use, eating and exercise habits, and body 
image satisfaction. The collected data will be entered into 
SPSS for analysis. The initial phase will involve descriptive 
statistics to develop a general profile of the participants. 
 
Descriptive Statistics 
 
The initial stage of the analysis involved performing 
descriptive statistics to establish a general profile of the 
participants. This provided a comprehensive overview of 
the sample characteristics, including measures such as 
means, standard deviations, frequencies, and 

percentages. This step was essential for understanding the 
demographic and behavioral patterns of undergraduate 
Health Sciences students at UiTM Puncak Alam. By 
summarizing the data, the descriptive analysis laid the 
foundation for subsequent inferential statistical 
procedures. 
 
Independent T-Test 
 
To examine if there were significant differences in social 
media addiction, body dissatisfaction, physical activity, 
and eating behavior between genders, independent t-tests 
were conducted. The independent t-test was a statistical 
method used to compare the means of two independent 
groups to determine if there was a statistically significant 
difference between them. The basic formula (Equation 1) 
for independent t- test as below; 

𝑡 =
(x̅ଵ  −  x̅ଶ)]

𝑆୶̅భ ି ୶̅మ

                                                                   (1) 

In this formula, the numerator (𝑥̅1 − 𝑥̅2) represented the 
difference between the sample means, while the 
denominator 𝑆𝑥̅1−𝑥 ̅2 is the standard error of the different 
between the means. This t-value is compared against a 
critical value from the t-distribution table. If the t-value 
exceeds the critical value, the difference between the 
means is considered statistically significant, indicating that 
the observed difference is unlikely to have occurred by 
random chance. This test helped in identifying any gender-
specific differences in the dependent variables, providing 
insights into how these behaviors and perceptions varied 
between male and female students. 
 
Mann U-Whitney Test 
 
The Mann-Whitney U test is a non-parametric statistical 
method used to compare differences between two 
independent groups on a single continuous or ordinal 
dependent variable. Unlike the independent t-test, which 
assumes that the data are normally distributed and have 
equal variances, the Mann-Whitney U test does not 
require these assumptions. The Mann-Whitney U test 
works by ranking all the values from both groups together 
in ascending order and then comparing the ranks. The test 
statistic, U, is calculated based on the sum of ranks for each 
group. 
 
Correlation Coefficient 
 
To investigate the relationships between social media 
addiction, body dissatisfaction, physical activity, and 
eating behavior, correlation coefficient analysis was 
employed. The correlation coefficient measured the 
strength and direction of the linear relationship between 
two continuous variables. The strength of the relationship 
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was indicated by the absolute value of the correlation 
coefficient, where values close to 1 or -1 signified a strong 
relationship, values around 0.5 signified a moderate 
relationship, and values close to 0 signified a weak or no 
relationship. The direction was indicated by the sign of the 
coefficient. A positive value meant that as one variable 
increased, the other also increased (positive correlation), 
while a negative value meant that as one variable 
increased, the other decreased (negative correlation). This 
analysis helped in identifying whether an increase or 
decrease in one variable was associated with an increase 
or decrease in another variable, thereby providing a 
clearer understanding of the interplay between these 
factors among the students. 
 
Linear Regression 
 
To determine if body dissatisfaction, physical activity, and 
eating behavior could predict social media addiction, linear 
regression analysis was utilized. Linear regression was a 
statistical technique that modelled the relationship 
between a dependent variable and one or more 
independent variables.  
 
The simple linear regression formula (Equation 2) 
expressed as: 
 
𝑌 = B଴  + BଵX௜ +  ε௜                                                          (2) 

 
In this formula, 𝑌 represents the dependent variable we 
aim to predict, and 𝑋𝑖 represents the independent 
variable. The term 𝐵0 is the y-intercept, which is the value 
of 𝑌 when 𝑋𝑖is zero. The coefficient 𝐵1 represents the 
slope of the regression line, indicating how much 𝑌 
changes for a one-unit change in 𝑋𝑖. The term 𝜀𝑖 
represents the error term, accounting for the variability in 
𝑌 that cannot be explained by the linear relationship with 
𝑋𝑖. This analysis helped in identifying the key predictors of 
social media addiction and informed the development of 
targeted interventions to address this issue among the 
students. 
 
 
RESULTS 

A total of 209 undergraduate Health Sciences students 
participated in the study, with slightly more females 
(53.4%) than males (46.6%). The average age was 23 years 
for both genders. Males were generally taller and heavier, 
while females had a higher percentage of underweight 
(28.8%) and obese (9.9%) individuals compared to males 
(20.6% and 3.1%, respectively). Social media addiction 
scores were higher among females (mean = 19.67) than 
males (mean = 18.36), with 74.8% of females and 72.2% of 

males meeting the criteria for addiction. Body 
dissatisfaction was also slightly higher in females (mean = 
25.22) than in males (mean = 22.99), although most 
participants showed low concern overall. Physical activity 
levels showed a clear gender difference. Males had higher 
activity scores (mean = 48.59) and a greater proportion 
were classified as active (96.9%) compared to females 
(mean = 32.50; active = 65.8%). Enjoyment of food and 
emotional under-eating scores were similar between 
genders, with females showing slightly higher averages. 
These results highlight notable gender differences in 
physical activity, body image, and social media use among 
the students. 

Table 4: Descriptive Statistics 

Variables Total 
(N=208) 

Male 
(n=97) 

Female 
(n=111) 

Age  23 (1.77) 23 (2.13) 

Height (in cm)  174.22 
(9.13) 

161.87 
(9.70) 

BMMI  21.07 
(3.75) 

21.75 
(4.48) 

BMI category 
Underweight 
Normal 52 20 (20.6%) 32 (28.8%) 

Overweight 119 63 (64.9%) 56 (50.5%) 
Obese 23 11 (11.3%) 12 (10.8%) 
 14 3 (3.1%) 11 (9.9%) 
Social Media 
Addiction 
Score 

 18.36 
(3.59) 

19.67 
(4.18) 

Social Media Addcition 

Not Addicted 55 27 (27.8%) 28 (25.2%) 

Addicted 153 70 (72.2%) 83 (74.8%) 

Body 
Dissatisfaction 
Score 

 22.99 
(5.29) 

25.22 
(7.61) 

Body Dissatisfacion level 

Low concern 200 96 (99.0%) 104 
(93.7%) 

Mild concern 8 1 (1.0%) 8 (6.3%) 
Moderate 
concern 0 0 (0%) 0 (0%) 

Physical 
Activity Score  48.59 

(15.24) 
32.50 

(17.63) 

Physical Activity Level 
Insufficient 
Active 16 0 (0%) 16 (14.4%) 

Moderate 
Active 25 3 (3.1%) 22 (19.8%) 

Active 167 94 (96.9%) 73 (65.8%) 
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Enjoyment of 
Food Score  3.12 (0.56) 3.21 (0.51) 

Emotional 
Under-eating 
Score 

 2.91 (0.62) 2.95 (0.63) 

Mean (SD; n (%) 
 
 
Inferential Statistics 
 
Objective one was to examine the significant differences in 
social media addiction, body dissatisfaction, physical 
activity, and eating behavior among genders. Preliminary 
assumption testing was conducted to check normality 
before deciding on parametric or non-parametric 
statistics. The Kolmogorov-Smirnov test indicated that 
social media addiction and emotional under-eating were 
not normally distributed for both genders. Body 
dissatisfaction was normally distributed for males but not 
for females, while the enjoyment of food was not normally 
distributed for males but was approximately normally 
distributed for females. Physical activity was normally 
distributed for both genders. Given these mixed results, an 
independent t-test was used for normally distributed data, 
while the Mann-Whitney U test was used for non- 
normally distributed data. In cases where the normality 
test results showed that data for one group was normally 
distributed and the data for the other group was not 
normally distributed, we considered using a non-
parametric test. 
 
An independent t-test was conducted to examine if there 
was a significant difference in physical activity between 
genders among undergraduate health sciences students at 
UiTM Puncak Alam. Table 5 showed that the mean 
difference in physical activity between genders was 
statistically significant, with females (mean = 32.39, SD= 
17.59) being significantly less active than males (mean = 
48.59, SD = 15.24). 
 

Table 5: Independent T-Test 

Variable 

Male 
(n=97) 
Mean 
(SD) 

Female 
(n=110) 
Mean 
(SD) 

Mean 
diff. 
(95% 

CI) 

t-stats 
(df) 

P-
value 

Physical 
Activity 

48.59 
(15.24) 

32.39 
(17.59) 

16.20 
(11.67, 
20.73) 

7.05 
(206) 

<0.001 

 
The Mann-Whitney U test was conducted to examine if 
there were significant differences in social media 
addiction, body dissatisfaction, enjoyment of food, and 
emotional under-eating between genders. Table 6 
indicated significant differences between genders in social 

media addiction and body dissatisfaction among 
undergraduate health sciences students at UiTM Puncak 
Alam. Specifically, females reported significantly higher 
levels of social media addiction (U = 4439.0, p = 0.029) and 
body dissatisfaction (U = 4258.0, p = 0.009) compared to 
males. Conversely, males reported significantly higher 
levels of physical activity (U = 2696.0, p < 0.001) compared 
to females. However, no significant differences were 
found between genders in enjoyment of food (U = 4783.5, 
p = 0.166) and emotional under-eating (U = 5073.5, p = 
0.543). These findings suggested gender-specific patterns 
in social media usage, body image, and physical activity, 
but not in eating behaviors. 
 
Table 6: Mann-Whitney U 

 
*Significance level = p <0.05 
 
Objective two was to examine the correlation between 
social media addiction, body dissatisfaction, physical 
activity, and eating behavior among genders. Preliminary 
assumption testing was conducted to check normality 
before deciding on parametric or non-parametric 
statistics. Scatter plots were used to assess whether the 
data exhibited a bivariate normal distribution. A bivariate 
normal distribution was indicated by a linear pattern in the 
scatter plots and an elliptical shape of the data points. For 
relationships that exhibited bivariate normal distribution, 
Pearson correlation was considered.  For relationships that 
likely departed from bivariate normality, Spearman 
correlation was considered. 
 
Table 7 presents the Pearson correlation coefficients 
among social media addiction, body dissatisfaction, 
physical activity, enjoyment of food, and emotional 
under-eating. Social media addiction showed significant 
and fair positive correlations with body dissatisfaction 
 (r = 0.332), enjoyment of food (r = 0.391), and 
emotional under-eating (r = 0.358), indicating that 
higher social media addiction was associated with 
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greater body dissatisfaction, increased enjoyment of 
food, and higher emotional under-eating. A strong 
positive correlation was also found between enjoyment 
of food and emotional under-eating (r = 0.694), 
suggesting that those who reported greater enjoyment 
of food were more likely to engage in emotional under-
eating. Additionally, body dissatisfaction showed weak 
but significant positive correlations with enjoyment of 
food (r = 0.195) and emotional under-eating (r = 0.144). 
 
Table 7: Pearson Correlation between Social Media Addiction, 
Body Dissatisfaction, Physical Activity, and Eating Behaviour 

 
** Correlation is significant at the 0.001 level (2-tailed) 
*Correlation is significant at the 0.005 level (2-tailed) 

Table 8 presents the Spearman’s rank correlation analysis. 
Social media addiction showed a weak but significant 
negative correlation with physical activity (ρ = −0.204), 
indicating that higher levels of social media addiction were 
associated with lower physical activity. Similarly, body 
dissatisfaction was weakly and negatively correlated with 
physical activity (ρ = −0.205), suggesting that greater body 
dissatisfaction was linked to reduced physical activity 
levels. No significant correlations were found between 
physical activity and either enjoyment of food (ρ = −0.072) 
or emotional under-eating (ρ = −0.084), indicating no 
meaningful association between these variables.  

A multiple linear regression analysis was conducted to 
determine whether body dissatisfaction, physical activity, 
and eating behavior predicted social media addiction 
among undergraduate health sciences students at UiTM 
Puncak Alam (Table 9). The model accounted for 
approximately 27.5% of the variance in social media 
addiction (R² = 0.275), and this was statistically significant 
(p < 0.001). Body dissatisfaction (B = 0.146, p < 0.001) and 
enjoyment of food (B = 1.624, p = 0.010) emerged as 
significant positive predictors, indicating that higher levels 

of both were associated with greater social media 
addiction. In contrast, physical activity (B = −0.035, p = 
0.009) was a significant negative predictor, suggesting that 
increased physical activity was linked to lower social media 
addiction. Emotional under-eating (B = 1.044, p = 0.052) 
did not reach statistical significance. The regression 
analysis revealed that body dissatisfaction and enjoyment 
of food were significant positive predictors of social media 
addiction, while physical activity was a significant negative 
predictor. Emotional under-eating did not reach statistical 
significance but showed a potential positive trend. 

Table 8: Spearman Correlation between Social Media Addiction, 
Body Dissatisfaction, Physical Activity, and Eating Behavior 

 
** Correlation is significant at the 0.001 level (2-tailed) 
 
Table 9:  Linear Regression of Body Dissatisfaction, Physical 
Activity, and Eating Behavior Predicting Social Media Addiction 

 
aPredictiors: (Constant): Emotional Under-eating, Physical 
Activity, Body Dissatisfaction, Enhoyment of Food 
*Significance level, p= <0.05  
 
 
DISCUSSION 

This study examined gender differences in social media 
addiction, body dissatisfaction, physical activity, and 
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eating behaviors among undergraduate Health Sciences 
students at UiTM Puncak Alam. Health Sciences students 
may be particularly vulnerable to social media’s effects 
due to professional expectations surrounding health, 
fitness, and appearance. These pressures, combined with 
academic stress, may encourage coping strategies 
involving social media, especially among female students.  

Findings revealed that female students reported 
significantly higher levels of social media addiction and 
body dissatisfaction, aligning with previous research 
(Alfaya et al., 2023). However, the literature remains 
mixed, with some studies showing no gender differences 
(Ahmed et al., 2021; Mahmood et al., 2022) and others 
indicating higher addiction levels in males (Xuan & Amat, 
2021). These inconsistencies may reflect gender-specific 
social media usage patterns, where females tend to use 
platforms for communication and comparison, while 
males use them for entertainment and networking (Aslan 
& Yaşar, 2020).  

Female students also reported significantly greater body 
dissatisfaction, supporting past findings that females 
experience more appearance-related concerns (Manap et 
al., 2023). In contrast, male students were significantly 
more physically active, consistent with previous studies 
(Edelmann et al., 2022). No significant gender differences 
were observed in enjoyment of food, aligning with Wasif 
et al. (2020). This may be due to shared academic stress 
and similar exposure to health education, which could 
reduce gender-based distinctions in attitudes toward food. 
While emotional under-eating did not show a significant 
gender difference in our study, previous findings (Sze et al., 
2021; Smith et al., 2020) reported higher levels among 
females. This discrepancy may reflect the influence of 
campus culture, stress, and dietary knowledge. Significant 
correlations were found between social media addiction 
and body dissatisfaction (r = 0.332), emotional under-
eating (r = 0.358), and enjoyment of food (r = 0.391). A 
negative correlation was observed between social media 
addiction and physical activity (ρ = –0.204). These results 
suggest that higher social media use is linked with greater 
body concerns, emotional and hedonic eating tendencies, 
and reduced physical activity—findings echoed by studies 
such as Erbaş & Gümüş (2020) and Ayyıldız & Şahin (2022). 

Importantly, body dissatisfaction, physical activity, and 
enjoyment of food significantly predicted social media 
addiction. Body dissatisfaction was the strongest 
predictor, aligning with research showing how social 
media fosters idealized body standards and appearance 
anxiety (Sabancı et al., 2021). Physical activity also 
emerged as a negative predictor, consistent with literature 
showing that increased screen time displaces physical 

movement (Leggett-James & Laursen, 2022). Enjoyment of 
food, linked to increased appetite and cravings during 
social media use (Aslam et al., 2021), further predicted 
social media addiction. Emotional under-eating, however, 
was not a significant predictor. 

These findings reflect the cultural and academic context of 
UiTM Puncak Alam, where high academic demands and 
social norms may drive similar behaviors across genders. 
Understanding these dynamics is essential for designing 
interventions. Digital literacy programs, physical activity 
campaigns, and mental health support can help reduce the 
negative impacts of social media addiction and foster 
healthier coping strategies. 

CONCLUSION 
 
This study provides valuable insights into the impact of 
social media addiction on undergraduate Health Sciences 
students at UiTM Puncak Alam. Female students reported 
higher levels of social media addiction and body 
dissatisfaction, while male students were more physically 
active. Social media addiction was positively associated 
with body dissatisfaction, enjoyment of food, and 
emotional undereating, and negatively associated with 
physical activity. Body dissatisfaction, physical activity, and 
enjoyment of food were significant predictors of social 
media addiction. These findings highlight the need for 
targeted interventions, including digital literacy programs, 
promotion of physical activity, and accessible mental 
health support. A holistic, campus-wide approach can help 
reduce the negative effects of social media and enhance 
student well-being. 
  
This study is limited by its cross-sectional design and 
reliance on self-reported data, which may cause bias. 
Future research should use longitudinal methods, include 
a broader student sample, and examine other factors like 
self-esteem, peer pressure, and academic performance. 
Targeted interventions may help improve social media use 
and support student well-being. 
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Background: The rock melon, scientifically called Cucumis melo, is a fruit characterised by its orange 
flesh and is often recognised as cantaloupe or melon. The rock melon is highly regarded for its 
exceptional sweetness and unique aroma, is farmed on a global scale. The cultivation of rock melon 
has emerged as a highly promising agricultural in Malaysia. However, little to no research has been 
conducted on the cultivation of rock melon crops in Malaysia, specifically regarding their market 
potential. This study aims to determine the most appealing quality of rock melon on post-harvest day 
3 compared to the control based on organoleptic evaluation. Methods: The organoleptic examination 
of rock melon flesh was performed using a 5-point hedonic scale, comparing control samples to post-
harvest day 3 samples. 57 panellists evaluated uniform-sized and equal-weight flesh samples from 
both groups blindly. Evaluation of the organoleptic comprises the attributes of colour, aroma, 
firmness, crunchiness, juiciness, sweetness, and overall acceptability. Preference mapping and 
statistical analysis were used to assess the difference in mean score liking of each attribute. Results: 
In terms of aroma, crunchiness and overall acceptability, the post-harvest day 3 samples showed 
significant outcomes (p<0.05) compared to the control samples, while the control samples excelled 
predominantly in colour attributes. Conclusion: Preference mapping provided insightful information 
regarding the qualitative preferences of both samples. The organoleptic responses showed that on 
post-harvest 3 the best quality of rock melon is on its aroma crunchiness and overall acceptability. 
This study can empower producers to increase their knowledge and ultimately increase the fruit's 
marketability. 

INTRODUCTION 

Cucumis melo (C. melo) is part of Cucurbitaceae family 
that consists of several varieties including muskmelon, 
rock melon, sweet melon, honeydew, Persian melon, or 
spanspek (Mariod et al., 2017). Rock melon is widely 
cultivated in Malaysia and mostly planted in Johor, 
Kedah, Kelantan Pahang, and Terengganu ((Masde & 
Mohd, 2016)). Among the locals rock melon known as 
other common names such as melon or cantaloupe  
(Khatri et al., 2008; Manchali & Murthy, 2020; Rao & 
Menon, 2012). There are various ways to eat melon 
depending on the country, either consumed the fruit raw 
or made into juice or jam, and the seeds can be used to 
extract oil (Benmeziane et al., 2018; Manchali et al., 
2021). The growing popularity of warmer lifestyles has 
resulted in a significant increase in the demand for 
tropical fruit and Cucumis melo has gained importance as 
a commercial crop 
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in the world (Farcuh et al., 2020; Lester, 2006; Masde & 
Mohd, 2016; Napolitano et al., 2020; Zainal Abidin et al., 
2013). The total marketability of rock melon depends on 
several factors such as climatic conditions, types of soil, 
harvesting process, and packaging practices used in each 
growing zone (Lester, 2006). These factors are also lead 
reason for the wide variances in food quality and 
customer satisfaction. 

A high quality rock melon harvested fully ripe with orange 
flesh are the most distinct valued for their fruity flavour 
and high sugar content as consumer preferences focus on 
its sweetness, colour, juiciness and acceptable aroma and 
its volatiles compounds. Those attributes resulted from 
the changes in natural process of physiological and 
biochemical changes which later gives the orange colour, 
increasing of the sugar content and decrease in organic 
acid which later resulting into sweet flavour, fruity aroma 
and softening of the fruit texture (Beaulieu et al., 2004; 
Farcuh et al., 2020; Khatri et al., 2008; Lester, 2006; 
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Lignou et al., 2014). Melons have a short shelf life once 
they are fully ripened, therefore consumers find it 
challenging to determine the quality of these fruits and 
melons cannot be determined only by their outward look. 
Therefore, melons are usually harvested semi-ripe to 
achieve a longer shelf life (Khatri et al., 2008; Lignou et 
al., 2014). 

In a consumer survey of different melon varieties, the 
overall acceptance strongly correlates with the attributed 
taste, sweetness and texture (Farcuh et al., 2020). Type of 
storage is one of the key factors that can affect the 
sensory characteristics, particularly crunchiness and 
firmness, which decrease significantly with storage 
(Beaulieu et al., 2004). Organoleptic evaluation, also 
known as sensory evaluation (Khatri et al., 2008) is based 
on human perception, and it provides information about 
a specific property of a product. However, the study on 
organoleptic properties, for a specific post-harvest day 
are still lacking especially in Malaysia. A study showed 
that organoleptic responses showed that watermelon on 
post-harvest 4 has best quality and most appealing taste 
compared to post harvest 8 (Mohamad Salin et al., 2022). 
Therefore using a hedonic test scale, this study aims to 
evaluate the organoleptic characteristics of rock melon 
(Stone, 2018) by determining the colour, aroma, firmness, 
crunchiness, juiciness, and sweetness of rock melon flesh 
post-harvest day 3 and determine the overall quality of 
rock melon flesh post-harvest day 3 using organoleptic 
evaluation.This is mainly due to the results showed in 
(Mohamad Salin et al., 2022) study indicating good 
organoleptic outcomes. 

Consumer’s current trends emphasise more on taste and 
quality when selecting and consuming food, which 
indicates how a successful food industry market should 
be. The food quality must be appealing, appetising, and 
enticing and this includes the customers’ acceptability in 
terms of the food quality quality attributes of aroma, 
taste, aftertaste, tactile features, and appearance (Singh-
Ackbarali & Maharaj, 2014). The findings of this study will 
assist rock melon farmers and retailers to increase their 
knowledge about the fruits and thus to enhance their 
marketability in this industry. The aim of the study is to 
determination of the colour, aroma, firmness, 
crunchiness, juiciness, and sweetness of Cucumis melo 
flesh post-harvest day 3 using organoleptic evaluation. 
 
 
MATERIALS AND METHODS 
 
Sample size calculation for organoleptic evaluation 

The sample size for this study was calculated using the 

Yamane sample size calculation (Kasiulevičius et al., 
2006). The target population for this study was students 
of Bachelor of Medical Laboratory Technology, UiTM 
Puncak Alam therefore, the sample size was calculated by 
using the confidence level of 95% with a margin of error 
of at 5%. Based on the Yamane’s formula calculation, 52 
students were recommended to participate in the study. 
Considering the possible 10% nonresponse, the final 
sample size was 57 participants. 

Sample preparation method 

A total of five almost uniformly sizes of rock melons 
(Cucumis melo) were harvested from the local Hamid 
Rock Melon farm in Selangor, Malaysia. After rock melons 
has been harvested, they were stored at 25oC 3 days 
prior to the evaluation day (Shafinaz et al., 2022). As for 
the control samples, three rock melons were purchased 
from the local market a day before evaluation session. 

Preparation of samples 

The preparation of the sample was conducted at the 
preparation room, Level 4, FSK, 1,5 (UiTM) Puncak Alam. 
The rock melon samples were washed beforehand, then 
patted dry using tissue paper. The outer layer of the fruit 
and the seeds were completely removed. The flesh of the 
fruits were cut into a small portion of 15g (Shafinaz et al., 
2022). Disposable containers were used to serve the 
sample and each of the samples were given toothpick as 
picker and to be used as tool to assess the firmness of the 
fruit. 
 
Organoleptic evaluation 
Questionnaires 

The evaluation form used was hedonic scale-based with 5 
hedonic scale ratings. A total of seven attributes were 
included in the questionnaires which are, colour, aroma, 
firmness, crunchiness, juiciness, sweetness, and overall 
acceptability. The 5 rating hedonic scale value is 
described as (1 = dislike very much, 2 = dislike slightly, 3 = 
neither like nor dislike, 4 = like slightly, 5 = like very much) 
(Zhi et al., 2016). Description of the attributes were 
described as follows (Lecholocholo et al., 2022; Vallone et 
al., 2013): 

1. Colour: Evenness of colour on the sample surface 
and degree of a dominant colour. 

2. Aroma: The intensity of fruity aroma like mixed 
juice, a fresh fruity aroma (from none to strong). 

3. Firmness: The resistant force required to 
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compress the sample on teeth, prior smashing into pieces 
in the mouth. 

4. Crunchiness: The amount of sound generated 
when chewing the back teeth, ranging from no sound, like 
a banana, to a lasting crunchy sound. 

5. Juiciness: The amount of juice released from the 
sample when bitten by the incisors. 

6. Sweetness: The taste of sweetness (from non to 
very strong). 

7. Overall acceptability: Depends on the liking of the 
panels. 

Procedure of organoleptic evaluation 

All panelist were isolated in a separate area from the 
evaluation room. Samples, a bottle of plain water, pencil, 
and questionnaires were distributed and served inside 
each of the testing cubicle respectively. When the 
panellists entered the evaluation room, they were 
instructed to pick whichever seat they desired, and the 
researcher then verbally instructed them on the 
organoleptic evaluation. Panellist were required to 
cleanse their palate by drinking plain water. All 
participants started the evaluation by tasting the sample 
and ticking the questionnaires provided to them, 
according to their preferences. Participants were asked to 
clean their palate before trying another sample. They 
were also allowed to taste the sample more than one 
bite. 
 
Statistical analysis 

Statistical Package for the Social Sciences (SPSS) version 
28.0 and Microsoft Office Excel 2019 were used for data 
entering and data analysis. Prior to data analysis, 
normality testing and outliers were observed using 
histogram and box plot respectively. Mean and standard 
deviation were used to describe numerical data. Using 
the mean data, a spider-web chart was plotted and 
independent t-test was used to find significant difference 
between each attribute. If the p-value is less than 0.05 
(p<0.05), the difference in scores is considered significant. 
 
RESULTS 

Mean score comparison of organoleptic evaluation on 
rock melon flesh 

The spider-web chart indicates the mean score 
comparison of organoleptic evaluation of rock melon 

flesh between post-harvest day 3 and the control sample. 
The axes are characterised by seven attributes that have 
been studied in the organoleptic evaluation, and were 
plotted according to the mean score. Figure 1 shows that 
in terms of colour, the control sample has a slightly higher 
average 

 
Figure 1: PRISMA flow diagram 

 

value than the post-harvest day 3 sample. In fruit aroma, 
a significant large difference can be observed visually 
between the two samples, with post-harvest day 3 
sample excelling in this category. Another characteristic 
that can be observed visually is the crunchiness with 
overall acceptability of both samples, which may indicate 
there is slightly big mean difference between the two 
samples. In terms of firmness, juiciness, and sweetness, 
both samples are almost equal indicating mean 
differences between all the three attributes are small. 
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Figure 1: Spider-web chart for organoleptic evaluation of 
rock melon flesh post-harvest day 3 sample and control 

sample 

Statistical analysis of organoleptic evaluation on rock 
melon flesh 

Statistical analysis for colour attribute 

The spider-web chart indicates the mean score 
comparison of organoleptic evaluation of rock melon 
flesh between post-harvest day 3 and the control sample. 
The axes are characterised by seven attributes that have 
been studied in the organoleptic evaluation, and were 
plotted according to the mean score. Figure 1 shows that 
in terms of colour, the control sample has a slightly higher 
average value than the post-harvest day 3 sample. In fruit 
aroma, a significant large difference can be observed 
visually between the two samples, with post-harvest day 
3 sample excelling in this category. Another characteristic 
that can be observed visually is the crunchiness with 
overall acceptability of both samples, which may indicate 
there is slightly big mean difference between the two 
samples. In terms of firmness, juiciness, and sweetness, 
both samples are almost equal indicating mean 
differences between all the three attributes are small. 

 
Table 1: Mean scores comparison for colour attribute 
(n=57) 

Attribute 

Post-
harvest 

day 3 (n-
57) 

Mean 
(SD) 

Control 
(n=57) 

Mean (SD) 

Mean 
diff 

(95% 
CI) 

t-stats 
(df) 

p-
value 

Colour 3.19 
(0.79) 3.72(0.98) 

-0.53  
(-0.86,  
-0.20) 

-3.16 
(112) 0.002 

Firstly, the independent t-test was conducted to compare 
the mean score of the post-harvest day 3 sample and the 
control sample on colour attributes. In the post-harvest 
day 3 sample, the mean for the colour score was 3.19 + 
0.79 (n= 57), and in the control sample, the mean for the 
colour score was 3.72 + 0.98 (n= 57). The independent t-
test revealed a significant difference between the mean 
score of the post-harvest day 3 sample and control 
sample (p=0.002). The control sample showed a 
significantly higher mean score of colour attributes than 
post-harvest day 3 sample. 

Analysis for aroma attributes 

The independent t-test for aroma attribute revealed a 
significant difference between the mean score of post-
harvest day 3 sample and control sample (p=<0.001). The 
post-harvest day 3 sample showed a significantly higher 
mean score of aroma attributes than the control sample. 
Table 2: Mean scores comparison for aroma attribute (n=57) 

Attribute 

Post-
harvest 

day 3 (n-
57) 

Mean 
(SD) 

Control 
(n=57) 
Mean 
(SD) 

Mean diff 
(95% CI) 

t-
stats 
(df) 

p-value 

Aroma 3.56 
(1.07) 

2.49 
(1.04) 

1.07 
(0.68,1.46) 

5.42 
(112) <0.001 

Analysis for firmness 
 
Table 3: Mean scores comparison for firmness attribute (n=57) 

Attribute 

Post-
harvest 

day 3 (n-
57) 

Mean 
(SD) 

Control 
(n=57) 
Mean 
(SD) 

Mean diff 
(95% CI) 

t-
stats 
(df) 

p-value 

Firmness 3.95 
(0.88) 

3.70 
(0.84) 

0.25 (-0.07, 
0.56) 

1.53 
(112) 0.13 

Third, the mean score of firmness for post-harvest day 3 
sample was 3.95 + 0.88 (n= 57) meanwhile the mean 
score of firmness for control sample was 3.70 + 0.84 (n= 
57). The independent t-test showed there was no 
significant difference in the mean score in firmness 
between post-harvest day 3 sample and control sample  
(p= 0.13). 

Analysis for crunchiness attributes 
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Table 4: Mean scores comparison for crunchiness attribute 
(n=57) 

Attribute 

Post-
harvest 

day 3 (n-
57) 

Mean 
(SD) 

Control 
(n=57) 
Mean 
(SD) 

Mean diff 
(95% CI) 

t-
stats 
(df) 

p-
value 

Crunchiness 3.75 
(1.06) 

3.26 
(1.13) 

0.49 
(0.09, 
0.90) 

2.40 
(112) 0.018 

On the other hand, in terms of crunchiness, the 
independent t-test revealed a significant difference 
between the mean score of post-harvest day 3 sample 
and control sample (p=0.018).   

 

 

Analysis for juiciness 
 
Table 5: Mean scores comparison for juiciness attribute (n=57) 

Attribute 

Post-
harvest 

day 3 (n-
57) 

Mean 
(SD) 

Control 
(n=57) 
Mean 
(SD) 

Mean diff 
(95% CI) 

t-
stats 
(df) 

p-value 

Juiciness 3.72 3.40 
(1.05) 

0.31 (-
0.06,0.70) 

1.65 
(112) 0.102 

Likewise, the difference in the mean score for juiciness 
attribute between the post-harvest day 3 sample and 
control samples was analysed. The independent t-test 
findings revealed that there is no significant difference in 
the mean score between post-harvest day 3 sample and 
control sample (p= 0.102). 

Analysis for sweetness attributes 
 
Table 6: Mean scores comparison for sweetness attribute 
(n=57) 

Attribute 

Post-
harvest 

day 3 (n-
57) 

Mean 
(SD) 

Control 
(n=57) 
Mean 
(SD) 

Mean diff 
(95% CI) 

t-stats 
(df) 

p-
value 

Sweetness 2.82 
(1.17) 

2.56 
(0.95) 

0.26     
(-0.13,0.66) 

1.323 
(112) 0.189 

In the same way, the independent t-test findings for 
sweetness have also revealed that the mean scores 
between post-harvest day 3 sample and control sample 
have no significant difference (p= 0.189). 

Analysis for overall acceptability 
 
Table 7: Mean scores comparison for overall acceptability 
(n=57) 

Attribute 

Post-
harvest 
day 3 
(n-57) 
Mean 
(SD) 

Control 
(n=57) 
Mean 
(SD) 

Mean diff 
(95% CI) 

t-
stats 
(df) 

p-
value 

Overall 
acceptability 

3.49 
(0.95) 

3.00 
(1.00) 

0.49 
(0.13,0.85) 

2.69 
(112) 0.008 

Lastly, the mean score for the overall acceptability 
recorded was 3.49 + 0.95 (n= 57) for post-harvest day 3 
sample, and in the control sample, the mean for the 
colour score was 3.00 + 1.00 (n= 57). The independent t-
test results indicate there was a significant difference in 
the mean score in overall acceptability between post-
harvest day 3 sample and control samples (p= 0.008). 

 
DISCUSSION 
 
Rock melon contains an abundance amount of beta-
carotene, and influenced the fruit  orange flesh colour 
and its characteristic (Nagashima et al., 2021; Park et al., 
2018). The statistical analysis is based on the organoleptic 
evaluation of colour attribute between post-harvest day 3 
and control sample. Results show that there is a 
significant difference, with control sample in colour 
attribute compared to post-harvest day 3 sample, with 
mean difference of 0.55. The different colour of the 
mesocarp itself may be responsible for the variation in 
colour preferences between the post-harvest day 3 
sample and the control sample. Based on this study, 
control sample that are currently at the market 
contributed to a better colour quality to consumers 
compared to the post -harvest day 3 samples.  
 
The aroma is one of the most distinct features of the rock 
melon with the aroma being used in the industry to get a 
better flavour of snacks and desserts ((Kermiche et al., 
2018). The aroma patterns of fruit have been found differ 
during different ripening stages and among different 
cultivars (Fallik et al., 2001; Lamikanra et al., 2003). As 
mentioned (Lamikanra et al., 2003) the extended post-
harvest shelf-life is likely to produce a less volatile aroma, 
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which subsequently reduce the quality of melon flavour.  
 
Firmness, crunchiness, and juiciness are the three textural 
attributes that have been studied. The degree to which 
the fruit softens after harvest is a significant factor in 
determining its quality and post-harvest longevity (Pech 
et al., 2008). According to findings, (Farcuh et al., 2020; 
Pouyesh et al., 2017), melon's firmness can vary 
depending on the genotype of the fruit. In this study, 
however, no significant difference (p>0.05) has been 
observed in terms of firmness of post-harvest day 3 and 
control samples. Therefore, according to the outcomes 
showed that in terms of firmness of the fruit, the post-
harvest day 3 sample and control are both comparable 
and suitable to be marketed. When consuming food, 
especially fruits and vegetables, one of the attributes that 
is sought is to have a crunchy and crispy texture. This is 
because crunchiness and crispiness are typically 
associated with the freshness of the product (Fillion & 
Kilcast, 2002). In this study, a significant difference (p < 
0.05) between the mean crunchiness scores of the post-
harvest day 3 sample and the control sample was 
discovered, with a mean difference of 0.49. The study's 
findings indicate that post-harvest day 3 exhibits superior 
quality in terms of crunchiness and is more suitable for 
consumption at this stage of harvest, as compared to the 
control sample. 
 
The organoleptic evaluation revealed that the post-
harvest day 3 sample exhibited a mean value higher than 
the control sample in sweetness. However, no significant 
difference (p > 0.05) were observed between the two 
samples. In the same study, (Manchali et al., 2021)  also 
claimed that titratable acidity and pH can be markers of 
fruit pulp acidity, which is known to influence fruit taste. 
During the ripening process, starch is usually converted 
into sugar, resulting in decrease in starch content and an 
increase in sugar content. The soluble solids content (SSC) 
of fruit juice, assesses the presence of sugars, organic 
acids, and other soluble elements. A refractometer can be 
used to acquire this measurement, which provides the 
percentage of pure sucrose, given as °Brix (Kumar, 2019). 
Being in an early ripening stage, the post-harvest day 3 
sample is no less valuable in terms of sweetness 
compared to control sample, which is currently on the 
market. Hence, the post-harvest day 3 rock melon is 
suitable for consumption and can be sold on the market 
because its level of sweetness is not significantly different 
from that of the existing market. 
 
Participants distinctly preferred the overall quality of rock 
melon from the post-harvest day 3 sample compared to 
the control sample, which was obtained from the local 
market. The aroma, firmness, crunchiness, juiciness, 

sweetness, and overall acceptability of a rock melon 
sample post-harvest day 3 were all rated high. However, 
these differences were not always statistically significant. 
There is a statistically significant difference (p < 0.05) 
between the post-harvest day 3 sample and the control 
sample, for overall quality preference between post-
harvest day 3 sample having a higher mean score 
compared to the control sample by a margin of 0.44. 
(Fallik et al., 2001) have mentioned that the interaction of 
sugars, organic acid, minerals, and aroma volatile 
compounds is responsible for the flavour of fresh 
produce, and as a result, preferences for flavour, 
sweetness, and texture associated highly with total fruit 
preference. In-line with the study findings, the post-
harvest day 3 rock melon is popular and highly favoured 
by the panellists compared to the control sample. 
 
CONCLUSION 
 
Ensuring the success of the rock melon on the market 
requires several considerations, including harvesting 
period, storage condition, and shipment method, all of 
which must ultimately satisfy consumer preferences. An 
organoleptic evaluation was conducted to determine the 
quality of a specific post-harvest period of rock melon 
and compare it to the current local market. As 
determined by the panellists, rock melons harvested 
explicitly on day 3 are well-liked, as shown by the study, 
specifically regarding aroma; the post-harvest sample on 
day 3 scored significantly higher than the control sample. 
To summarise, post-harvest day 3 exhibited a higher 
overall preference quality than the control sample. 
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Currently, the most prevalent malignant thyroid tumour is Papillary Thyroid Carcinoma (PTC). 
Therefore, providing Medical Lab Technology (MLT) students with comprehensive knowledge of PTC 
should help maintain and improve the accuracy for identifying the PTC. However, students feel it is 
very challenging to understand PTC, especially recognize the characteristics of cell morphology due 
to rare samples, tend to forget the knowledge, short class and lab sessions, which results in incorrect 
diagnosis. Thus, this study aims to explore how CytoUniverse, a physical-based game for learning 
cytology improves the understanding of PTC among MLT final year students, enabling them to 
accurately identify it in fine-needle aspiration cytology (FNAC). The study involved 60 MLT students 
who were randomly assigned to three groups. Group 1 (G1) participants engaged with an interactive 
physical-based game, which had three components: Tangram Puzzle, Flashcards and Snakes & 
Ladders. Group 2 (G2) participants received the exact information through a video lecture. Group 3 
(G3) received both learning methods. Participants were assessed before the intervention (T1) and 
after the intervention (T2) to determine the effectiveness of each learning methods. Data were 
collected, tabulated, and analysed using IBM SPSS version 28. Descriptive analysis assessed the 
normality of the data while Fisher’s exact test, paired t-test, and one-way ANOVA test were used for 
statistical comparisons. The study results showed significant increase (P < 0.001) in mean total 
knowledge scores from T1 to T2 for all groups. There were also significant differences in mean total 
knowledge scores between G1 and G2 (P = 0.012) at T2. In conclusion, study highlights the efficacy 
of CytoUniverse, specifically through the physical-based game, in enhancing MLT final-year students' 
understanding of PTC for accurate identification in FNAC. 
 

INTRODUCTION 

Malignant cells can grow in the tissues of the thyroid gland 
and cause thyroid cancer (“Thyroid Cancer Treatment 
(PDQ®)–Patient Version”, 2023). The thyroid gland is 
located near the trachea at the base of the larynx. It has a 
butterfly-shaped structure comprising a right lobe and a left 
lobe. The two lobes are connected by a thin tissue called the 
isthmus. The normal dimensions of the thyroid lobes are 
around 1.5 cm in thickness and width, with a height of 
approximately 5 cm (Delgado, 2022). 

Thyroid cancer represents approximately 3-4% of all 
cancer cases and is among the most prevalent types of 
endocrine tumours (Fallahi et al., 2020). With over 298,000  
_________________________ 
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new cases reported globally in 2012, thyroid cancer 
stands as the most prevalent form of endocrine 
malignancy (Aarestrup et al., 2019). The risk of 
developing thyroid cancer is three times higher in 
women compared to men. Typically, women are 
diagnosed in their 40s or 50s, while men tend to be 
diagnosed in their 60s or 70s. Among all new cases 
reported in Malaysia in 2020, thyroid cancer accounted 
for 1.6% of the total incidence (“Thyroid Cancer: 
Symptoms, Causes, Diagnosis, Treatment | Gleneagles 
Hospitals”, n.d.). According to Director General of Health 
Malaysia (2020) thyroid carcinoma is the eighth most 
prevalent cancer among Malaysian women in 2016. 

There are four types of thyroid carcinoma. Up to 80% of 
thyroid cancers are Papillary Thyroid Carcinoma (PTC), 
while 15% of thyroid cancers are Follicular Thyroid 
Carcinoma (FTC) (Gawin et al., 2017). Additionally, 
Anaplastic Thyroid Carcinoma (ATC), the most aggressive 
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thyroid cancer, accounts for 1-2% of all thyroid cancer 
cases. Medullary Thyroid Carcinoma (MTC) comprises 3–
5% of thyroid cancers. The 10-year Overall Survival (OS) 
rates for PTC, FTC, or MTC are 98%, 92%, or 80%, 
respectively, but the median survival for ATC patients is 
roughly 6 months (Fallahi et al., 2020). ATC can lead to 
15–40 % of thyroid cancer death. Fallahi et al. also states 
that Differentiated Thyroid Cancer (DTC), which develops 
from follicular cells, accounts for more than 90% of all 
thyroid cancer cases. PTC and FTC are both DTC. While 
for MTC, Parafollicular C cells of the thyroid are where it 
originates. Undifferentiated or ATC is developing from 
epithelial cells (Gawin et al., 2017). 

The best methods for differentiating between benign 
and malignant thyroid nodules are neck ultrasonography 
(US) and Fine Needle Aspiration Cytology (FNAC) (Fallahi 
et al., 2020). Early detection of smaller tumors is made 
possible by the widespread use of these techniques. The 
FNAC test is widely used and considered as a reliable, 
simple, cost-effective and safe way to diagnose thyroid 
cancer (Chen et al., 2023; Abdullahi et al., 2022). 
Individuals with thyroid swellings, FNAC may help them 
avoid invasive and potentially unneeded surgery. 
However, Abdullahi et al. explain that FNAC accuracy, 
sensitivity, specificity, negative predictive value and 
positive predictive value are dependent on the 
cytopathologists' and interventional radiologists' prior 
cytology specimen-related experience. The Bethesda 
system, which classifies cytology data into six categories, 
is the framework used to report the results of FNAC 
(Chen et al., 2023). The six categories are (I) Non-
diagnostic, (II) Benign, (III) AUS/FLUS, (IV) Follicular 
neoplasm, (V) Suspicious for malignancy and (VI) 
Malignant (Abdullahi et al., 2022). 

According to Aguado-Linares & Sendra-Portero (2023), 
the computer programmer Nick Pelling first used the 
term "gamification" in 2002. He characterized it as the 
usage of game designs and aspects in non-gaming 
domains, such as user interfaces, market research, 
commercial profits, and education. The incorporation of 
game design features into the learning context is known 
as "gamification of learning" (Deterding et al., 2011). 
Because it offers a captivating teaching style and 
operates in a setting with no stress, gamification 
encourages students to learn while having fun (Murillo-
Zamorano et al., 2023). According to research made by 
Rosa-Castillo et al. in 2022, students prefer learning with 
gamification instead of without it because it fosters 
engagement, offers feedback, supports goal setting, and 
improves academic achievement. 

 

Numerous previous research has demonstrated 
gamification’s efficiency in improving student 
comprehension in various study fields. For example, 
gamification studies were carried out with 27 students 
enrolled in the Master of Software Engineering for the 
Web program. They compare the outcomes of two 
groups: a control group and one that employed 
gamification to improve its academic performance. It 
took two weeks to complete this technique, with five 
hours of teaching each week. The students believed that 
gamification was useful for introducing the subject's 
fundamental concept (Aldalur & Perez, 2023). Other than 
that, Sánchez- Martín et al. (2017) gamified the entire 
semester of the primary education degree's topic Matter 
and Energy. The 36 students were divided into two 
groups: a control group and the other group that applied 
gamification. There is no doubt that students who 
participated more in the game achieved superior 
academic outcomes. 

 
Therefore, the purpose of this study is to evaluate the 
efficacy of gamification by enhancing the knowledge of 
MLT final year students to recognize PTC in FNAC using an 
interactive physical-based game called CytoUniverse. 
CytoUniverse comprises of several physically based games 
that are categorized into three different game types: 
tangram puzzle, flashcards and snakes & ladders. This 
gamification technique is employed since it has been 
proven to be effective in increasing students' involvement 
in the learning process. Recent research has shown that 
the application of gamification in education, particularly in 
the health sciences, is beneficial. According to data 
gathered from various studies, no intervention research 
studies using gamification in cytology learning have been 
conducted. 
 
MATERIALS AND METHODS 
 
Study Design 

This study applied randomized control trial (RCT) design 
with 60 participants, all the MLT final year. The students 
were randomly assigned to three groups which is Group 1 
(G1), Group 2 (G2), and Group 3 (G3). The groups were 
different concerning the interventions that were 
conducted on them. G1 played a physical-based game 
known as, CytoUniverse, comprised of Tangram Puzzle, 
Flashcards, and Snakes & Ladders games related to PTC. G2 
also received the similar information and knowledge 
through a video lecture mode. The physical-based game 
was delivered to G3 together with the video lecture. A pre-
test was taken of the participants before the 
implementation of the intervention (T1) while a post-test 
was taken immediately after the intervention (T2). 
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Study participants 

The study was carried out among the MLT final year 
students of UiTM only and called for the selection of 60 
students. The inclusion criteria for the study were as 
follows: (a) UiTM MLT final year students that are 
studying at UiTM Puncak Alam and (b) students who have 
learned cytology in the previous semesters. Students 
who did not meet these conditions were not included in 
the study. 
 
Study Setting 

This study was conducted at UiTM Puncak Alam, Selangor 
and involved MLT final year students of UiTM in 2024. 
The study duration was scheduled from April to June. 

 
Research Tools 
 
Physical-based game 

Participants in G1 and G3 played a game called 
CytoUniverse, which is a physical-based game designed 
for use in this research. This set of game comprises 
various types of games such as Tangram Puzzle, 
Flashcards and Snakes & Ladders. Prior to the study, the 
game went through some pilot testing with groups of 
three people including the supervisor of this study to 
determine the feasibility of using the game in the current 
research [Figure 1]. The Flashcards game consisted of 
picture questions concerning the anatomy of thyroid 
gland, risk factors, symptoms, diagnosis, treatment, 
FNAC, and cell morphology of PTC in thyroid cancer 
[Figure 2]. The questions were written on one side with 
the answers written on the other side of the card. 
Through this game, they improved their abilities to 
determine PTC cytomorphology as well as gained more 
knowledge on this disease. It was therefore created in a 
way that makes it effective in aiding memorization 
processes. 

           

Figure 1: Pilot testing of the game for feasibility in study 

 

Figure 2: Flashcards 

For Tangram Puzzle, participants were provided with 2 
sets of cytology images illustrating different types of cell 
nucleus morphological features [Figure 3]. They got 
engaged in classifying these cytology images based on 
certain nuclear morphological features known to be 
characteristic of PTC. Then, participants were asked to 
rearrange the Tangram puzzle pieces to match the 
nucleus structures described in the questions. The 
answer was given after they fully arranged the puzzle to 
help them have better understanding about the nuclear 
morphology of PTC. 

 
 
Figure 3: Tangram Puzzle 

The Snakes & Ladders game was designed to allow 
players to navigate the board, encountering different 
challenges and questions related to PTC cytology at 
certain points [Figure 4]. To initiate their turn, players 
rolled the dice to determine the number of spaces they 
would advance on the game board. Certain spaces in the 
game presented PTC cytology-related questions, which 
could be in the form of words or pictures. These 
questions covered microscopic features of normal 
thyroid cells and PTC cells, including background 
morphology, nuclear characteristics and cellular 
arrangements. Correctly answering these questions 
allowed players to progress on the board or climb up, 
gaining advantages in the game. However, providing 
incorrect answers resulted in setbacks or disadvantages 
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for players. The game benefited participants by providing 
an enjoyable and dynamic method to enhance their 
understanding of PTC cytology, promoting active 
learning and retention of information. The completion of 
all games typically took approximately 20-25 minutes. 

 

Figure 4: Snakes and Ladders 

Video Lecture  

The participants in G2 and G3 watched a video lecture 
titled “Papillary Thyroid Carcinoma” delivered by the 
researcher in English and in the form of a PowerPoint 
presentation. The video lecture was published on the 
YouTube platform and the participants were able to view 
it through a link provided to them by the researcher 
through WhatsApp within five days. Before dissemination, 
the quality of the delivered video lecture was checked 
through pilot testing with 3 participants, including the 
supervisor. This testing was done to assess the fact-
checking, arrangement, grammar, spelling, syntax and 
clarity for viewers. 

Information in the physical-based game and video lecture 

The physical-based game was conducted face to face while 
the video lectures were delivered online. All groups were 
provided with same information of PTC in cytology 
including risk factors, symptoms, diagnosis, and treatment 
of thyroid cancer, FNAC of thyroid, Bethesda system for 
reporting thyroid cytopathology, background morphology, 
cell morphology, and cell arrangement in normal thyroid 
cells and PTC cells. Thus, this avoided any possibility of one 
group being given more help than the other, all 
participants got similar ground information on the topic 
under discussion. 

Questionnaire 

Online self-administered survey questionnaires were used 
to assess participants’ knowledge at two time points: T1 
and T2. These questionnaires, distributed through Google 
Forms, included Questionnaire 1 (Q1) at T1 and 
Questionnaire 2 (Q2) at T2. In the initial two sections of Q1, 
participants provided their consent for participation in the 
study and shared their demographic information (age and 

gender). The remaining three sections of Q1 aimed to 
assess the students’ understanding of PTC in thyroid 
cancer, specifically focusing on pathophysiology and 
cytology. These questions were derived from previous 
studies and were specifically developed for this research. 
Each question was a multiple-choice question (MCQ), with 
total scores determining knowledge levels. The questions 
underwent validation and reliability checks by a lecturer 
who a cytology expert was to ensure content accuracy and 
quality. 

Table 1: Q1 was distributed to participants before 
intervention. 

 

Q2 consisted of initial sections that captured students’ 
demographics and group identification after random 
assignment. The second, third, and fourth sections 
contained the same questions as Q1 regarding the 
pathophysiology and cytology of PTC, but the order of the 
questions was rearranged. The fifth section, administered 
only to G1 and G3, evaluated participants’ experiences 
with the physical-based games using a 5-point Likert scale 
ranging from “strongly disagree” to “strongly agree.” This 
section included questions adapted from previous 
research and newly created by the researcher. 

Table 2: Q2 was distributed to participants after 
intervention. 

 

All questions in Q1 and Q2 were in English. Ensuring 
content validity involved conducting a pilot study with 
three individuals, including a lecturer, who tested the 
questionnaire’s content and structure. This process helped 
identify potential issues or areas for improvement. 
Additionally, the structure and content of Q1 and Q2 were 
altered to prevent bias in pre- and post-intervention 
results, thus maintaining the integrity of the evaluation 
process. 
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Statistical analysis 
 
IBM SPSS version 28 was utilized for data collection, 
tabulation, and statistical analysis. Descriptive analysis was 
employed to assess the normality of the data. Numerical 
data, including knowledge scores and age, were described 
using mean and standard deviation (SD). While for 
categorical data, such as gender and group categories, 
were reported as frequencies and percentages. The study 
applied Fisher’s exact test, paired t-test, and one-way 
ANOVA test for statistical comparisons. 

 
 
RESULTS 
 

Participants’ Demographic Background 

A total of 60 participants completed the questionnaire, 
with every questionnaire fully answered. After 
randomization, participants were divided evenly into three 
groups: G1, G2, and G3, each with 20 participants (33.3%). 
The response rate was 100%, as all participants completed 
the questionnaires at both T1 and T2. There were no 
missing values in the data. Participants' ages ranged from 
22 to 26 years, with an average age of 23.65 and a standard 
deviation of 1.48. Most participants were female, 
comprising 85% of the sample. Table 3 shows the traits of 
the participants. 

Fisher’s exact test was conducted with a significance level 
(α) of 0.05 to assess the gender distribution among the 
three groups. The results revealed no statistically 
significant difference in gender distribution among the 
groups, X² (N = 60), P = 0.900. Thus, the gender distribution 
was similar across all three groups, and no significant 
differences were observed. This suggests that the 
randomization process was effective and ensured an 
equity representation of participants across the study 
groups. 

 
Table 3. Traits of the participants. 

 

 

 

Quantitative Assessment Scores for Level of Knowledge 

Table 4 presents the mean total knowledge score, 
standard deviation (SD), minimum and maximum values 
for G1, G2, and G3 at both T1 and T2. In the survey 
assessment at T1, scores ranged from a minimum of 0 to a 
maximum of 26. While at T2, the scores ranged from a 
minimum of 17 to a maximum of 32. The paired t-test 
results shown in Table 5 indicate a significant increase in 
mean total knowledge scores from T1 to T2 for all groups. 
For G1, mean total knowledge score increased significantly 
from T1 to T2 (t (20) = -13.61, P < 0.001). As a result, the 
mean of the post-intervention knowledge score (mean = 
30.15, SD = 2.76) was significantly higher than the pre-
intervention (mean = 11.00, SD = 5.04), with a 95% 
confidence interval for the mean difference between pre-
intervention and post-intervention as -22.10 and -16.21. 
Similarly, for G2, which increased significantly from T1 to 
T2 (t (20) = -8.03, P < 0.001). Thus, the mean of the post-
intervention knowledge score (mean = 26.80, SD = 3.71) 
was significantly higher than the pre-intervention (mean = 
12.80, SD = 5.89), with a 95% confidence interval for the 
mean difference between pre- intervention and post-
intervention as -17.65 and -10.35. The mean total 
knowledge score for G3 also saw a significant increase 
from T1 to T2 (t (20) = -9.70, P < 0.001). The mean of the 
post-intervention knowledge score (mean = 29.20, SD = 
3.68) was significantly higher than the pre-intervention 
(mean = 14.20, SD = 5.36), with a 95% confidence interval 
for the mean difference between pre-intervention and 
post- intervention as -18.24 and -11.77. Bar chart in Figure 
5 illustrates the changes in mean total knowledge scores 
for each group from T1 to T2, demonstrating the overall 
improvement across all groups. 

Table 4. The mean total knowledge score of G1, G2, and G3 
at T1 and T2. 
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Table 5: Change in the mean of total knowledge scores 
before (T1) and after (T2) intervention among 60 
respondents.

 

The paired t-test results indicate a significant increase in 
mean total knowledge scores from T1 to T2 for all groups. 

 

Figure 5: Changes in mean total knowledge scores for each 
group from T1 to T2. (*) indicates a significant change (P < 
0.001) in the mean total knowledge scores for all groups 
before and after the intervention. 

A one-way ANOVA test was used to compare the impact of 
gamification on knowledge scores among G1, G2, and G3 
at both T1 and T2. At T1, there was no significant effect of 
gamification on knowledge scores across all groups, with P 
> 0.05 level for all groups (F (2, 57) = 1.74, P = 0.185, η² = 
0.058). However, at T2, gamification had a significant 
effect on knowledge scores between “G1 and G2”, with P 
< 0.05 (F (2, 57) = 5.13, P = 0.009, η² = 0.152) [Table 6]. 
Scheffe’s test for multiple comparisons revealed that at T1, 
there were no significant differences in mean knowledge 
scores between G1 and G2 (P = 0.581), G1 and G3 (P = 
0.186), or G2 and G3 (P = 0.719). At T2, however, there was 
a significant difference between G1 and G2 (P = 0.012), 
meanwhile the differences between G1 and G3 (P = 0.680), 
and G2 and G3 (P = 0.093) were not significant. 

 

 

Table 6: Comparison of mean knowledge scores for G1, 
G2 and G3 at T1 and T2.

 

aOne-way ANOVA. The Scheffe test is employed to conduct 
multiple comparisons to decide if there are statistically 
significant differences in knowledge scores among all 
groups. (*) indicate (P < 0.05) which there was a significant 
difference between G1 and G2 at T2. 
 
Qualitative Survey Results 

Table 7 represents questions concerning participants’ 
experiences and opinions regarding the intervention 
physical-based game. These questions were specifically 
included in the questionnaires for participants from G1 
and G3 (n = 40) only. Responses were recorded based on a 
5-point Likert scale, ranging from 1 (strongly disagree) to 5 
(strongly agree). Mean scores falling within 1–1.80 suggest 
strong disagreement, while scores between 1.81 and 2.60 
show disagreement [Table 8]. Scores within the range of 
2.61–3.40 specify for neutral. Mean scores ranging from 
3.41 to 4.20 imply agreement with the statement, while 
scores from 4.21 to 5 imply strong agreement. The survey 
results, detailing participants’ experiences, and opinions 
regarding the physical-based game as an intervention are 
summarized in Figure 6. 

Table 7: Descriptive statistics on the participants’ 
participations and perceptions regarding the physical-
based game as an intervention. 
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Table 8: Qualitative interpretation of 5-point Likert scale 
measurement.

 

Figure 6: Analysis of participants feedback on physical-
based game engagement 

 
DISCUSSION 
 
The study aimed to explore how gamification may improve 
MLT final year students to have better understanding 
about PTC, so they are able to identify it accurately in 
FNAC. Following the implementation of the physical-based 
game, there was a noticeable improvement in students' 
knowledge scores for identifying PTC cases. Both G1 and 
G3 exhibited significantly higher mean total knowledge 
scores. Although G2 also showed a significantly increase in 
mean total knowledge scores after watched the 
conventional video lecture, but the results were lower 
than G1 and G3. 
 
Before the intervention (T1), the minimum and maximum 
scores from the Q1 were difference across all groups. 
Nevertheless, after the intervention (T2), the Q2 
evaluation showed that while the maximum score was 
similar across all groups, the minimum scores varied. 
Participants in G1 had a minimum score of 25, G2 had 17, 
whereas those in G3 had 18. Despite these variations, only 
the differences between G1 and G2 was statistically 
significant. The modest improvement observed in G2 
participants, who received video lectures, indicates that 
video lectures alone are insufficient to boost students' 
comprehension of PTC cytology, unlike the physical- based 
game intervention that benefited G1 and G3 participants. 

The lower improvement in G3 compared to G1 suggested 
that combining two different learning methods might have 
led to cognitive overload, making it more difficult for 
participants to process and retain the information 
effectively. Moreover, the integration of both methods 
might have decreased the engagement level contrasted 
with solely playing the physical-based game. 
 
The outcomes of this study agree with previous 
intervention research by Lampropoulos and Sidiropoulos 
(2024), Alsswey and Malak (2024), and Le et al. (2024). 
These studies have also shown that gamification 
significantly improves knowledge acquisition in different 
education fields such as cytology, operating system,and 
traffic knowledge. Regardless of differences in study 
environments and other aspects, the findings emphasize 
the main conclusions of this research. Further discussion 
on these variations and aspects is presented in the 
following section. 
 
The research by Le et al. (2024) evaluated a gamified e-
learning platform's effect on traffic knowledge and skills 
among Vietnamese adolescents using a quasi- 
experimental design. The results showed significant 
improvement in the intervention group's traffic knowledge 
and skills immediately after the intervention, contrasted 
the control group. A quasi-experimental study can be 
biased because it lacks random assignment, leading to 
differences between the intervention and control groups 
that are unrelated to the intervention itself. Our research 
is superior to this study as we used a RCT approach to 
mitigate potential bias. By randomly assigning participants 
to one of three different intervention groups, we increased 
the study's capability to compare the intervention group 
with a control group, making our results more reliable. 
 
A study was made by Alsswey and Malak in 2024 to 
examine the effects of the gamified learning tool 
“Kahoot!” on stress, anxiety, self-efficacy, and academic 
achievements among university students in Jordan. Using 
a pre-posttest control group design, 89 in the experimental 
group (used traditional learning alongside Kahoot!) and 87 
in the control group (used only traditional methods). 
Results showed that the experimental group had reduced 
stress, anxiety and improved self-efficacy and academic 
achievements. The study suggests integrating Kahoot! into 
university teaching can increase students' psychological 
well-being and academic performance. In contrast to this 
study, a physical-based game was developed, 
concentrating primarily on delivering correct information, 
best visual aids, and matter related to PTC in cytology. This 
focused approach empowered a more targeted evaluation 
of participants’ knowledge enhancement, leading to more 
accurate outcome measurements. 
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 In their earlier study, Lampropoulos and Sidiropoulos 
(2024) made a three- year longitudinal study involving 
1001 higher education students compared the impact of 
gamified learning, traditional methods, and online learning 
on academic performance for subject of “Operating 
Systems”. Gamified learning consistently defeated both 
traditional and online methods across success rates, 
excellence rates, and average grades in both theoretical 
and laboratory components of the course. The integration 
of gamification elements such as leaderboards, badges, 
scores, points, and anonymized nicknames in the course 
platform and evaluation system played a significant role. 
Allied to this study, immediate feedback was provided at 
the conclusion of each question in the game, allowing 
participants to fix their mistakes and increase their 
understanding. Ogino and Matsuguma (2024) state that in 
gamification, the importance of generating enjoyment 
through immediate feedback cannot be undervalued, as it 
concedes for learning from past actions and improves the 
quality of behavior. 
 
The board game such as Snakes & Ladders helped 
participants learn about PTC in a fun and enjoyable way, 
improving their focus and attention during the learning 
process. Its attractive design, gameplay element, rewards, 
and challenges encouraged participants to keep playing. 
Another advantage of board games is it boosts players 
learning and social skills. On top of that, Karbownik et al. 
(2016) discovered that participation in the board game 
fosters clinical thinking and peer interactions, encouraging 
a more contextualized and deeper learning approach. This 
may translate into better cognitive outcomes over time. 
According to the findings of this study and previous 
research, we propose that effective implementation of 
gamification holds great potential as an educational 
approach for teaching PTC in cytology. Additionally, the 
simplest yet innovative design of the physical-based game 
used in this study allows for easy adaptation to various 
subjects, facilitating education on a wide range of topics. 
The game is user- friendly, and the design can be easily 
modified for other subjects by only changing the 
questions, making it a flexible tool for education. However, 
further research is vital to reinforce and validate this 
affirmation. Additional studies may offer more evidence 
and insights into the efficacy of gamification across various 
educational subjects and fields. 
 
In this study, all participants agreeing on the effectiveness 
of gamification as a learning method for cytology, as it 
increased their understanding of the subject. The findings 
also showed that the feedback mechanism integrated into 
the physical-based game was suitable and aided in the 
participants’ improved comprehension during gameplay. 
Moreover, all participants (100%) felt that gamification 

serves as a source of motivation for them to delve deeper 
into the study of this topic. These results are consistent 
with those of the research by Cortés-Pérez et al. (2023), 
who found that Kahoot! activities motivated over 65% of 
students to study every week. Consequently, all 
participants expressed a willingness to recommend the 
physical-based game to others. 
 
The feedback results also showed unanimous agreement 
among all participants regarding the optimal timing for 
completing each game. The duration was considered 
reasonable, allowing participants to glean maximum 
information from the physical- based game. Furthermore, 
the feedback indicated that the content of the developed 
physical-based game was well-structured, 
comprehensible, and enriched with pertinent information 
on the subject. 
 
This study highlighted several significant strengths that 
bolstered its reliability. Firstly, the use of an RCT design 
effectively minimized bias and confounding variables, 
thereby heightening the credibility of the findings. 
Secondly, the intervention introduced CytoUniverse, a 
physical-based game that provides hands-on learning, 
encourages social interaction, and minimizes screen time. 
They're flexible for different educational needs and work 
effectively in environments with limited access to 
technology. The study also maintained a zero-dropout rate 
due to high student engagement, supported by thorough 
pre-intervention and post-intervention evaluations 
tailored to assess the game’s impact on understanding PTC 
accurately. Unlike other game designs, CytoUniverse 
incorporated a feedback mechanism to help students 
correct misconceptions and enrich their learning 
experience. This feature ensured that students received 
immediate guidance and support, strengthened their 
understanding and retention of the material in a more 
comprehensive manner compared to conventional 
methods. 
 
Nevertheless, it is important to acknowledge several 
limitations inherent in this study. The small sample size of 
60 participants constrains the generalizability of the 
findings. Subsequent studies should include a more 
diverse samples from Malaysia's student population to 
increase validity and reliability. Moreover, using 
participants with no prior knowledge of PTC is 
recommended to ensure that any observed improvements 
are directly attributed to the gamification intervention 
rather than prior knowledge, enhancing robustness of the 
results. Furthermore, this research lacks a follow-up 
mechanism to evaluate the retention of information post-
intervention. Therefore, future studies must integrate 
longer follow-up periods to assess the durability of 
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information retention. Other than that, the lengthy 
duration required to complete the Snakes & Ladders game 
must be address to maintain engagement. Reducing the 
number of squares and snakes on the board, as well as, 
simplifying the rules can make the game quicker and easier 
to play. Lastly, one participant scored zero on Q1, possibly 
due to not taking it seriously, misunderstood its purpose, 
or rushed through it. Researchers should emphasize the 
importance of careful and accurate responses to both 
questionnaires to improve future studies. Clear 
instructions and explanations about the questionnaires' 
purposes should help ensure participants understand and 
provide reliable data. 
 
CONCLUSION 
 
In summary, this study highlights the efficacy of 
gamification, specifically through the physical-based game 
called CytoUniverse, in enhancing MLT final-year students' 
understanding of PTC for accurate identification in FNAC. 
High satisfaction and motivation levels, along with key 
gamification elements like immediate feedback and 
interactive learning, ensure engaging and potent teaching 
methods. Despite that, for further research it is 
recommended to widen sample sizes to improve the 
generalizability of the findings, include individuals with no 
prior knowledge of PTC, shorten and simplify the Snakes & 
Ladders game, longer follow-up periods to evaluate 
information retention, and improve engagement 
strategies. 
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