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PREFACE

Welcome to the 2nd International Science, Engineering and Technology Colloquium 2025 (ISETC 2025)!

It is with great pleasure that we present this year’s colloquium, a distinguished gathering of scholars,
researchers, and professionals dedicated to the advancement of applied sciences. Held virtually on 9th July
2025, ISETC 2025 serves as a platform to highlight cutting-edge research, foster meaningful networking,

encourage collaborations, and explore innovative solutions to global challenges.

This year's theme, “The Power of Scientific Innovation: Intelligent Solutions for a Sustainable World”
highlights our shared goal to solve global challenges through applied science. It celebrates innovation as a
key to building a more sustainable and resilient future. We're proud to feature keynote speakers and

presenters who bring fresh insights, bold ideas, and breakthroughs shaping tomorrow’s world.

We would like to extend our heartfelt appreciation to the Faculty of Applied Sciences, Universiti Teknologi
MARA, Perak Branch, Tapah Campus, for their outstanding support and assistance throughout the planning
and execution of the event. Their dedication has been instrumental to the success of this colloquium. We
would like to sincerely thank all participants and researchers for their valuable contributions. We also
appreciate the reviewers for their careful evaluations and helpful feedback. Your hard work and support mean

alot to us.

As editors, we are proud to present this collection of proceedings. It is an honour to bring together the
interesting and meaningful work of our speakers and authors. We hope the ideas shared will lead to new

discoveries, encourage more research, and help solve global challenges through science and innovation.

Warm regards,

Dr. Emi Norzehan Mohamad Mahbob
Dr. Saiyidah Nafisah Hashim

Ms. Lili Widarti Zainuddin

Ms. Nurul Nazwa Mohammad

Ms. Rozaina Saleh

ISETC 2025 Proceedings Editors
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SURVEILLANCE OF MICROBIAL CONTAMINANTS ON ELECTRONIC
DEVICES IN A LEARNING ENVIRONMENT

Kiroshana Sivanyanam, Khomaizon A.K. Pahirulzaman”
Faculty of Agro-Based Industry, Universiti Malaysia Kelantan, Jeli Campus, 17600 Jeli, Kelantan, Malaysia
*Corresponding author: khomaizon@umk.edu.my

Abstract: With the increased integration of electronic devices in teaching and learning environments, concerns
arising microbial contamination and potential hygiene practices on the electronic devices escalated. This study
investigates the microbial communities on electronic devices used for teaching and learning at the Universiti
Malaysia Kelantan, Jeli Campus. A surveillance study was employed, involving the collection of microbial swab
samples from various electronic devices such as microphone, remote controller, computer screen and keyboards
utilised by students and faculty within the university. Selective media such as MacConkey agar, Baird Parker agar,
Xylose Lysine Deoxycholate (XLD) agar was used to isolate the commonly encountered pathogens. The isolates
were identified by Gram staining, biochemical test, catalase test and triple sugar iron (TSI) test. Escherichia spp.
and Staphylococcus spp., were successfully isolated from the electronic devices used for teaching and learning.
These results contribute valuable insights into the microbes associated with electronic learning tools. The findings
also contribute to establishing a safer learning environment and reducing the risk of disease transmission through
frequently used electronic devices for both students and faculty members.

Keywords: Microbial contamination, electronic devices, teaching and learning tools, university environment,
hygiene practices

INTRODUCTION

In recent years, electronic devices have become indispensable tools in education, transforming how students and
staff engage in teaching and learning. From lecture halls to laboratories, devices such as microphones, keyboards,
mice, and remote controls are constantly in use. At the Faculty of Agro-Based Industry, Universiti Malaysia
Kelantan Jeli Campus (UMKIC), the integration of technology has facilitated more interactive and flexible learning
environments. However, this widespread usage also raises important health concerns particularly regarding
microbial contamination. The very tools that enhance the learning experience may also serve as vectors for the
transmission of harmful microorganisms.

With an increase in device sharing among staff and students, especially in multi-user environments such as teaching
laboratories and computer labs, the potential for microbial transfer is heightened. A lack of routine sanitization and
poor hygiene practices further compound this issue. Previous studies have shown that electronic devices can harbor
pathogenic microbes, including Staphylococcus aureus and Escherichia coli, both of which pose significant risks to
individuals with compromised immunity. Additionally, as much as 80% of infectious diseases are believed to be
spread by hand-to-surface contact or physical interaction with contaminated objects (Olsen, 2020).

This research focuses on identifying and analyzing the microbes present on electronic devices commonly used in
lecture rooms and teaching laboratories at UMKIJC. It is driven by the hypothesis that these devices, often
overlooked during routine cleaning, may serve as reservoirs for microbial contaminants, potentially facilitating
cross-contamination among users. The study aims to provide data on the microbial distribution on these devices and
highlight the need for improved hygiene practices within academic settings. The use of technology in education is
only expected to increase, especially post-pandemic, where digital tools have become even more embedded in daily
academic activities (Fatima, 2019). As students and lecturers rely more heavily on mobile phones, laptops, and other
devices for communication, research, and classroom interaction, the risk of microbial contamination becomes more
pressing. Furthermore, shared environments like libraries, labs, and lecture rooms witness frequent contact with
shared devices, making them high-risk areas for microbial transmission (Yong & Calautit, 2023).
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Despite the critical role of electronic devices in education, there is a lack of awareness and research about their
potential to act as vectors for microbes in academic settings. Most hygiene practices focus on personal sanitation,
neglecting the cleanliness of the devices themselves. This study addresses this gap by systematically collecting
samples from selected devices and analyzing them to identify the types and distribution of microorganisms present.
By investigating microbial presence on electronic teaching tools, this research not only raises awareness of an
overlooked issue but also promotes the implementation of preventive measures. These may include regular
disinfection routines, awareness campaigns, and recommendations for best practices in device hygiene. Ultimately,
this study contributes to a healthier academic environment and aligns with public health efforts to reduce the spread
of infectious diseases in shared spaces.

MATERIALS AND METHODS

Sample Collection for Microbial Growth Analysis

This study was conducted at 40 sites within the Faculty of Agro-Based Industry, Universiti Malaysia Kelantan Jeli
Campus (UMKIC), including teaching laboratories, lecture rooms, and the library. Samples were collected from the
exposed outer surfaces of frequently used electronic devices such as keyboards, computer mice, remote controls, and
microphones using sterile cotton swabs pre-moistened with sterile distilled water. After swabbing, each swab was
immediately placed into a sterile test tube containing 1 mL of sterile distilled water to maintain microbial viability
during transport. All samples were promptly transferred to the Biology Laboratory, where the swabs were
aseptically streaked onto pre-prepared growth media to encourage microbial growth for subsequent identification
and characterization.

Bacterial Identification

Bacteria isolated from electronic devices in teaching laboratories, lecture rooms, and the library were identified
using selective media, Gram staining, and biochemical tests. All tests were performed after incubating cultures for
24 hours at 37 °C.

a. Identification using Selective Media

Isolated bacterial strains were streaked onto the selective media; MacConkey Agar for the detection of E. coli,
Xylose Lysine Deoxycholate (XLD) Agar for Salmonella spp. and Baird Parker Agar for S. aureus. Plates were
incubated overnight at 37 °C. Colony morphology was recorded as pink colonies on MacConkey agar indicated E.
coli, yellow colonies on XLD agar indicated Salmonella spp. and pale yellow colonies on Baird Parker agar
indicated S. aureus.

b. Identification by Gram Staining

A sterile wire loop was used to place a drop of sterile distilled water on a clean glass slide. A small amount of
bacterial cells was then added, spread into a thin smear, and left to air-dry. The smear was stained with crystal violet
for one minute and rinsed with distilled water, followed by iodine solution for another minute and rinsing. Acetone
was applied for 15 seconds as a decolorizing agent and rinsed off, then safranin was added as a counterstain for 30
seconds before the final rinse. The slide was examined under a brightfield microscope at 100x magnification, where
Gram-positive bacteria appeared purple and Gram-negative bacteria appeared pink.

c. Catalase Test
A small amount of bacterial colony was placed on a clean glass slide, and a few drops of 30% hydrogen peroxide

(H20:) were added. The presence of catalase enzyme was indicated by rapid bubble formation, while the absence of
bubbles or only minimal bubbling indicated a negative result.
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d. Triple Sugar Iron (TSI) Agar Test

Using a sterile wire loop, the isolated bacterial colony was inoculated into Triple Sugar Iron (TSI) agar by stabbing
the butt of the medium and then streaking the slant. The tubes were incubated at 37 °C, and the results were
interpreted based on the color changes in the medium. A yellow slant and butt indicated the fermentation of both
glucose and lactose, resulting in acid production. A red slant with a yellow butt showed that only glucose was
fermented, while a red slant and butt indicated that neither glucose nor lactose was fermented.

RESULTS AND DISCUSSION

A total of 63 morphologically distinct bacterial colonies were isolated from 40 swab samples collected across 15
locations at UMK Jeli Campus (UMKJC), focusing on electronic devices used in teaching and learning. The highest
number of colonies appeared on Baird-Parker agar, while only a single colony grew on MacConkey agar. No
bacterial growth was observed on XLD agar. Control strains confirmed the media specificity: E. coli ATCC 8739
grew as pink colonies on MacConkey agar, S. aureus ATCC 6538 as white colonies on Baird-Parker agar, and S.
typhi ATCC 14028 as white colonies with or without black centers on XLD agar. All tested samples showed
positive growth on Baird-Parker agar, indicating the widespread presence of S. aureus. This suggests poor hygiene
practices in the environment, as S. aureus is a common human pathogen linked to various infections, from minor
skin issues to severe conditions like bloodstream infections and pneumonia (Al-Dhabaan, 2019; Touaitia, 2025).
Only one sample from Lecture Room 7 (LR7) showed E. coli growth on MacConkey agar, pointing to limited
Gram-negative bacterial diversity and highlighting a specific contamination incident. The E. coli was isolated from a
remote control an object often shared in lecture rooms, meeting rooms, and common areas. Frequent handling
increases the risk of microbial transfer, particularly in environments with inadequate hygiene practices (Van
Teeseling et al., 2017). As E. coli is commonly found in the intestines of humans and animals, its presence on
surfaces like remote controls may stem from poor sanitation or lack of regular cleaning (Alemu et al., 2015).
Mueller & Tainter, 2019 emphasized that E. coli infections are often transmitted through person-to-person contact
rather than contaminated food. No bacterial growth was detected on XLD agar, suggesting the absence of
Salmonella spp. in the tested samples. However, this result is specific to Salmonella and does not exclude the
possibility of other microbial contaminants (Oludairo et al., 2022).

Based on observations, only the bacteria isolated from LR7 showed morphological characteristics similar to the E.
coli control—rod-shaped (bacilli) cells (Figure 1). This suggests that the isolate is likely E. coli. After Gram
staining, the bacteria appeared pink or red under the microscope, indicating they are Gram-negative. This is due to
their inability to retain the crystal violet dye, as their cell wall contains an outer membrane rich in
lipopolysaccharides. This structure contributes not only to their staining behavior but also to their adaptability and
antibiotic resistance (Ruhal & Kataria, 2021). In contrast, Gram-positive bacteria retain the crystal violet stain and
appear purple under the microscope (Nikaido, 2016). Isolates from the Postgraduate Laboratory (PGL), Biology
Laboratory (BL) and Lecture Hall 2 (LH2), along with the S. aureus control, exhibited similar characteristics—
purple coloration and spherical (cocci) shape suggesting they are likely S. aureus (Figure 1). Gram-positive bacteria
have thick peptidoglycan layers that hold the stain even after solvent treatment (Tripathi et al., 2022). Most of the
isolates from laboratories, lecture rooms and library were found to be Gram-positive. Among the electronic devices
tested, microphones had the highest concentration of Gram-positive bacteria. This suggests that microphones are
significant reservoirs of bacterial contamination. S. aureus, a common component of the human skin and nasal
microbiota (Dias, 2022), can easily be transferred onto microphones through direct contact by speakers or users. In
educational settings, these devices may not be cleaned regularly due to time or resource constraints, creating a
favorable environment for bacterial survival (Holding, 2017). This highlights the importance of improved hygiene
practices for shared electronic devices.

2" International Science, Engineering and Technology Colloquium (ISETC 2025) 30



PP e;‘”»(";“‘h.

Y { P b PP &

R T
\w‘ \.n\ '_‘

Mot N

o e > ,"{ !
T3 P e 1
< Sy A ;ﬂwj@
ot '

Figure 1. Gram staining results show that the isolate from LR7 appears pink,
indicating a Gram-negative bacterium, likely E. coli, as seen in the control strain
(A). In contrast, isolates from PGL, BL and LH2, appear purple, consistent with

Gram-positive S. aureus, as shown by the control (B).

The catalase test is used to detect the presence of the catalase enzyme, which breaks down hydrogen peroxide
(H20.) into water and oxygen. The release of oxygen is observed as visible bubbling. This test is commonly used to
differentiate between catalase-positive Staphylococcus species and catalase-negative Streptococcus species (Moraes
et al., 2021). In this study, most isolates exhibited rapid and vigorous bubbling upon exposure to H-O-, indicating a
strong positive catalase reaction. This suggests that these isolates are likely Staphylococcus species, particularly S.
aureus, which is known for its robust catalase activity (Kaushal et al., 2018). The immediate bubbling observed
confirms the bacteria’s ability to produce the catalase enzyme, classifying them as catalase-positive (Fung et al.,
2018). The LR7 isolate also showed bubbling, consistent with the E. coli control, suggesting a catalase-positive E.
coli strain. This is further supported by Gram staining, which showed LR7 as pink rod-shaped cells, characteristic of
E. coli. In contrast, the isolate from PGL showed no bubble formation, indicating a negative catalase reaction. The
isolate from LH2 exhibited only minimal bubbling (Figure 2), which was slower and less vigorous than the strongly
positive reactions, suggesting weak catalase activity. A negative or weak catalase reaction typically indicates
Streptococcus species or other non-staphylococcal genera. Not all Staphylococcus species exhibit the same level of
catalase activity; for example, Staphylococcus saprophyticus can show weaker reactions. Additionally, catalase
expression can vary depending on environmental factors such as oxygen levels, temperature, and nutrient
availability (Moraes et al., 2021). Therefore, isolates from PGL and LH2 may be non-staphylococcal bacteria with
low catalase activity, possibly belonging to genera like Micrococcus.

Figure 2. Catalase test results showing different levels of bubble formation among bacterial isolates.
Most showed strong bubbling, indicating catalase-positive Staphylococcus spp., such as S. aureus (B).
The LR7 isolate produced similar bubbling to the E. coli control (A), confirming it as catalase-positive

E. coli, supported by Gram staining. The PGL isolate showed no bubbling (catalase-negative), while

the LH2 isolate showed weak bubbling, indicating low catalase activity.

The isolated strains were proceeded with TSI test. Results show the colour of TSI slant changed after 24 hours
incubation of the strains. The test indicates color changes (red arrows) and gas production (yellow arrows), shown
by cracks or displacement of the agar (Figure 1). The E. coli control showed a yellow color in both the slant and the
butt of the TSI agar, indicating fermentation of glucose, lactose, and sucrose. Gas production, seen as bubbles or
cracks in the agar, suggests active metabolism releasing gases like CO- and H> (Hajna, 2015). Similar results were
observed in isolates from PGL, lecture rooms and library, suggesting these isolates are likely E. coli, which is
known to ferment sugars and produce gas (Selman et al., 2020). The S. aureus control also showed a yellow slant
and butt, indicating acid production from sugar fermentation, including glucose and lactose (Fung et al., 2018).
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Isolates from Chemistry Laboratory (CL), Biology Laboratory (BL), Food Laboratory (FL), LRS, and LR9
displayed a red slant and yellow butt, different from the controls. This pattern indicates fermentation of glucose only
(alkaline/acid reaction), with no lactose or sucrose fermentation. The absence of gas or H>S production suggests
these may be Shigella species, which typically produce acid without gas (Selman et al., 2020). Gas production was
more evident in samples from LR1, LR6, LRS, LR9, LHI, and Learning Block (LB) compared to those from CL,
BL, and FL. This may be due to higher human activity in lecture rooms and learning block, which increases
microbial presence and diversity. Frequent contact with surfaces and electronic devices in these areas may lead to
higher levels of bacterial contamination and fermentation activity (Fatima, 2019). Additionally, environmental
factors like temperature and air circulation in lecture rooms and learning blocks may promote microbial growth and
gas production (El Zakfaly, 2016).

FL PGL LR1 LR6 LRS8 LRY9 LH1 LB

CL BL
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Figure 3. Isolates from different locations exhibit distinct characteristics
on TSI agar. Color changes are indicated by red arrows, while gas
production—evident from cracks or displacement of the agar—is

marked by yellow arrows.
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CONCLUSIONS

This study provides valuable insights into microbial contamination on electronic devices used in academic settings.
The findings reveal that these devices can harbor a diverse range of microbial species. The main objective was to
assess the abundance and types of microbes present on commonly used electronic surfaces in teaching and learning
environments. Through the use of selective media and biochemical tests, E. coli and S. aureus were identified as the
two key bacterial species isolated. The presence of these potential pathogens highlights the importance of
implementing regular cleaning and disinfection protocols to reduce health risks. Promoting proper hygiene practices
for shared electronic devices is essential in maintaining a cleaner, safer academic environment, ultimately
supporting the health and well-being of students, educators, and staff.
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