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PREFACE

Welcome to the 3rd Applied Sciences Research International Conference (ASRIC) 2024!

It is with great pleasure that we present this year's conference, a premier gathering of scholars,
researchers, and professionals dedicated to the advancement of applied sciences. This conference aims
to showcase the latest research, promote networking, foster collaborations, and explore innovative

solutions to global challenges. ASRIC 2024 was accomplished virtually on 18t September 2024.

The theme of this year's conference, "Navigating Global challenges with applied sciences solutions for a
sustainable future, reflects our commitment to address pressing issues regarding the role of applied
sciences in steering humanity towards sustainable future. Our distinguished keynote speakers and
presenters bring a wealth of knowledge and expertise, offering invaluable insights into emerging trends

and transformative breakthroughs.

We would like to express our heartfelt gratitude to Faculty of Applied Sciences, Universiti Teknologi
MARA, Perak Branch, Tapah Campus for the incredible support and assistance provided throughout the
conference. The dedication and effort have been the instrumental in the event’s success. We also want
to extend our sincere gratitude to all the participants and researchers for their invaluable contributions to
the conference. Not to forget the thorough evaluations and constructive feedback given by the reviewers.

We truly appreciate all the hard work you put in.

As the editor, it is our privilege to present this collection of proceedings. We are honoured to have the
opportunity to compile the diverse and insightful contributions from our esteemed speakers and authors.
May the ideas shared lead to a new discovery and open more opportunities in research especially in

applied sciences navigating the global challenges for sustainable future.
Warm regards,

Dr. Noor Fadhilah Muhamad Sahapini
Dr. Husna Zulkipli

Dr. Saiyidah Nafisah Hashim

Ms. Putri Shareen Rosman

Ms. Wan Nurul Hidayah Wan Anuar

ASRIC 2024 Proceedings Editors
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ABSTRACT

The synchronous firefly species Pteroptyx tener is a popular species in Kuala Selangor due to its unique flashing
and lekking behaviour. However, the population of P. fener has fluctuated over the years. To better understand the
status of this species and address its issues, the genetic diversity and population structure of P. fener were analysed
in this study. Utilising 11 microsatellite loci, the results revealed low levels of genetic diversity (H, = 0.240, H. =
0.417, and SI = 0.714) and high levels of inbreeding (mean Fis = 0.440). The pairwise genetic differentiation (F'sr)
and gene flow (Nm) indices ranged from 0.052 to 0.126 and 1.735 to 4.516, respectively, indicating moderate
levels of genetic differentiation despite frequent gene flow among them. The UPGMA dendrogram showed two
subclusters within the four populations. The need for an effective conservation management plan for the firefly
population is indicated by its small population size and high inbreeding effects.

Keywords: Genetic diversity, Pteroptyx tener, inbreeding, conservation

INTRODUCTION

In Peninsular Malaysia, Pteroptyx fireflies stand out among other genera found owing to the synchronous
flashings produced and the two most prevalent species found are Pteroptyx tener and Pteroptyx bearni (Coleoptera:
Lampyridae) (Nada & Kirton, 2004; Jusoh et al., 2018). Due to its prevalence and dominance in Kuala Selangor,
P. tener is the focal species of this research. P. tener predominantly leks on Sonneratia caseolaris, commonly
found in estuaries throughout the country. Male fireflies synchronise their flashes with one another while mating,
competing with other males, flying, and engaging in different stages of courtship with females. (Case, 1980;
Nallakumar, 2003). In Malaysia, P. fener is a popular entomotourism activity due to its vivid bioluminescent
display and lekking behaviour (Lemelin et al. 2019). Kuala Selangor is home to two important firefly
entomotourism sites: Kampung Kuantan, and Kampung Bukit Belimbing According to an unpublished report,
their populations have been fluctuating for the past 16 years (Khoo et al., 2023). Concerns have been raised
regarding the impact of habitat loss and land conversion on their population numbers (Jaikla et al., 2020). However,
the concern was the impact of these fluctuations on their genetic variation. In small populations, random shifts in
allele frequency could lead to reduced genetic diversity and increased homozygosity, ultimately impairing the
organism's ability to adapt through evolution (Woodruff, 2001). Increased homozygosity and inbreeding lead to
inbreeding depression, which decreases fitness and compromises their long-term viability. Thus, preventing
inbreeding is an objective in conservation genetics (Gomez-Raya et al., 2015). To the best of our knowledge, little
is known about their population genetics. Owing to the possibility of providing insights into the evolutionary
background of threatened animals and designing effective management measures, genetics has become essential
in conservation biology (Hedrick & Hurt, 2012). However, many Malaysian scientists have only taken the lead in
keeping track on their ecology (Prasertkul, 2018). There is limited data available on populations of P. tener
specifically along the Selangor River. Therefore, there is a need for population genetics research as it provides the
fundamental framework for comprehending changes affecting P. fener populations and preserving their genetic
landscape. We developed a preliminary set of genomic microsatellite markers was developed using the de novo
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partial genome assembly of the P. fener genome to assess the genetic diversity and population structure of a subset
of P. tener populations living along the Selangor River in its natural habitat. Microsatellite markers are commonly
employed in population studies because they exhibit appropriate levels of genetic polymorphism and codominant
inheritance (Collard et al., 2005). This research provides genetic diversity information for P. fener, which can
support the development of effective conservation and management strategies to revive their populations in the
future.

MATERIALS AND METHODS

A total of 71 adult Pteroptyx tener samples were collected from four sectors along the river at night. They
were then preserved at —20°C. A partially sequenced P. tener genome using de novo assembly was used to identify
microsatellite regions in the genome. FullSSR was employed to mine for microsatellite-containing loci. Then,
Polymerase Chain Reaction (PCR) reactions were prepared with Q5 High Fidelity 2x Master Mix (New England
Biolabs, USA); the respective forward and reverse primers; and UltraPure DNase/RNase-Free Distilled Water
(Invitrogen, USA) in a final reaction volume of 10 pL. Initial, PCR was performed at the annealing temperature
of 48°C and the PCR products were screened. Touchdown PCR was then employed to amplify markers. PCR
products were electrophoresed on a 1.5% GelRed-stained agarose gel. Highly specific primer pairs were selected
for 5’ end linker (M13, M4 and RV) labelling with different fluorophores (FAM™, HEX™, NED™) for the
genotyping. The PCR thermal cycling conditions included an initial denaturation step at 98°C for 3 min; 35 cycles
of denaturation for 10 s at 98°C; annealing at a temperature of 48°C to 57°C for 30 s (varies according to the T, of
each primer); extension at 72°C for 30 s; and final extension at 72°C for 2 min. The PCR products were injected
into the ABI3500x] Genetic Analyzer (Applied Biosystem, USA) with GeneScan 400HD ROX (Applied
Biosystem, USA) as the internal standard size. Analysis such as allele scoring, identifying genotyping error and
null alleles were performed using GeneMarker Genotyping Software v2.6 (SoftGenetics, USA), MicroChecker
software (Oosterhout et al., 2004) and FreeNA (Chapuis & Estoup, 2007). Hardy-Weinberg equilibrium (HWE)
deviations was detected by GENEPOP v4.8 (Raymond and Rousset, 1995) and corrected using False Discovery
Rate analysis. Genetic diversity and genetic differentiation indices were obtained using Microsatellite Toolkit,
Popgene v1.32 (Yeh et al., 1999), FSTAT v2.9.4 (Goudet, 2003). Pairwise population genetic differentiation
coefficient and gene flow were all determined by GenAlEx v6.5 (Peakall & Smouse, 2012). A UPGMA
dendrogram was constructed using PowerMarker (Liu & Muse, 2005), and visualised using MEGAX v10.1.8
(Kumar et al., 2018).

RESULTS AND DISCUSSION

Out of the 20 microsatellite loci, only 11 of them showed amplification and are informative. Descriptive
statistics based on four populations of P. tener are presented in Table 1. The number of alleles per locus (Na)
ranged from 2.727 (Pop4) to 3.727 (Pop3) with an average of 3.136 alleles per locus; 1.629 (Popl) to 2.043 (Pop3)
with an average of 1.828 for the total population (Ne); 0.596 to 0.860 (S7); 0.155 (Pop1) to 0.312 (Pop3) with an
average of 0.240 for the total population (Ho); 0.337 (Pop1) to 0.490 (Pop3) with an average of 0.417 for the total
population (He); the allelic richness showed minimal variations in the values amongst the four populations (Rs),
ranging from 2.624 (Popl) to 3.360 (Pop 3). Low SI, lower H, to H. ratio, and positive Fis showed low diversity
of the species and excess homozygotes in their natural habitat. A higher degree of homozygosity and lower genetic
variation were revealed among all of them. It is widely acknowledged that endangered invertebrates typically
exhibit lower levels of genetic diversity (Beaurepaire et al., 2024). It may have arisen due to the reduced population
size, resulting in inbreeding, bottleneck, selection, or the founder effect (Goodisman and Hahn, 2005).

Table 1. Genetic diversity parameters for four populations of Pteroptyx tener along the Selangor River.

Population | Na Ne Ho He SI Fis Rs

Popl 3.00 | 1.629 | 0.155 | 0.337 | 0.596 | 0.547 | 2.624
Pop2 3.091 | 1.821 | 0.235 | 0.424 | 0.722 | 0.454 | 2.881
Pop3 3.727 | 2.043 | 0.312 | 0.490 | 0.860 | 0.370 | 3.360
Pop4 2.727 | 1.820 | 0.259 | 0.416 | 0.678 | 0.388 | 2.696
Mean 3.136 | 1.828 | 0.240 | 0.417 | 0.714 | 0.440 | 2.890
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Generally, it is shown that there is moderate genetic differentiation and high gene flow in P. tener
individuals among all populations (Table 2). Moderate levels of differentiation may be maintained even if
individuals frequently move between populations due to ongoing gene flow (Lenormand, 2002). Despite the high
level of gene flow, individuals possibly only interact with neighboring conspecifics and exchange genetic material
with close relatives, which leads to a high level of inbreeding. As a result, the two subclusters formed do not show
significant differences (Figure 1).

Table 2. Pairwise population genetic differentiation coefficient (Fsr) and gene flow (/Vm)

No Populations Fsr Nm
| Popl Pop2 0.126 1.735
2 Popl Pop3 0.102 2.205
3 Pop2 Pop3 0.093 2.442
4 Popl Pop4 0.094 2.396
5 Pop2 Pop4 0.081 2.838
6 Pop3 Pop4 0.052 4.516

Papi
T
Pop
2 _—L Popd
B | - Pagd

Figure 1. A UPGMA tree of four P. tener populations was constructed based on Nei's unbiased genetic distance
(Nei, 1973).

CONCLUSION AND RECOMMENDATIONS

To summarize, this study provided insights into the current population structure and diversity of P. tener
in a specific region of the Selangor River. The newly developed microsatellite markers revealed relatively low
genetic diversity across the four P. tener populations examined. Evidence suggests that a moderate level of genetic
differentiation exists, likely due to substantial gene flow among these populations, possibly involving genetic
exchange among their closely related conspecifics. This phenomenon may explain the observed low genetic
diversity. Analysis of population clustering identified two distinct subpopulations within the four studied groups.
The findings of this research will serve as a foundation to offer significant support for the formulation of an
effective conservation strategy for these fireflies in the future.
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ABSTRACT

Jeli wet market is a famous wet market among local where people can find fresh vegetables and poultry for daily
consumption. Vegetables and ‘ulam’ are important to supply high vitamins for human’s health. ‘Ulam’ is
Malaysian salad that is eaten raw or slightly processed. However, the consumption of contaminated fresh produce
may result to foodborne illness. The impact of this disease associated with foodborne outbreaks that happened
with symptoms such as diarrhoea. The common bacteria that able to cause this problem are Escherichia coli,
Staphylococcus aureus and Salmonella typhi. All of these bacteria can be found typically in food included in raw
vegetables and ‘ulam’ which obtained either from the farm, transport or in the wet market. In this study, the
presence of bacteria in vegetables and ‘ulam’ sold in Jeli wet market were evaluated and identified. Results show
that some fresh produce, such as cassava, Chinese okra, 'pucuk ubi kayu,' and 'pucuk kaduk,' are not safe to
consume. The rest of the produce is considered safe, with bacterial levels below 10° CFU/mL, as recommended
by the World Health Organization (WHO). The presence of bacteria in the fresh produce was confirmed using
selective media, Gram staining, catalase tests, and TSI agar tests.

Keywords: Bacterial Contamination, Foodborne Illness, Fresh Produce, Foodborne Outbreak

INTRODUCTION

Vegetables and ‘ulam’ refer to any type of plant where various parts, from rhizomes to roots, can be eaten
raw as salad or cooked in dishes. ‘Ulam,” also known as traditional vegetables, has been important in the
multicultural Malaysian community for its health benefits and beauty purposes, such as anti-aging, for a long time.
Previous studies have recorded more than 100 plant species from various families consumed as ‘ulam’ [1]. In
Kelantan, sellers in the fresh market usually grow their own produce. Small-scale farmers typically use traditional
planting methods on farms located near their homes, making it easier for them to care for the plants, such as
watering the crops daily. They also decide on the types of fertilizers and pesticides to use during planting.
Additionally, these sellers use traditional packaging methods, often using newspaper and rubber bands to pack
leafy vegetables. Since the quality of vegetables cannot be improved after harvest, proper packaging is necessary
to protect them from damage, contain them, and ensure they last longer.

The well-known wet market in Jeli, Kelantan, is Pasar Besar Jeli. Sellers at this market typically offer
produce from village farmers, making it a central place for residents of Jeli to buy vegetables and traditional foods
of the Kelantan community. As the district's population has grown, so has the demand for vegetable supplies. Rural
farmers rarely have the means to expand their market reach, so they usually sell their produce at the wet market.
Due to poor storage facilities, they are compelled to sell their vegetables even during peak times when prices are
low [2].

METHODOLOGY
Sample Collection and Preparation

Five types of vegetables (cassava, carrot, Chinese okra, tomato, and cabbage) and five varieties of 'ulam'’
('pucuk jenereh', 'ulam raja', 'pucuk ubi kayu', 'pucuk kaduk', and 'pucuk pegaga') were purchased from Jeli Wet
Market in Jeli, Kelantan. These samples were freshly bought from the market within 1-2 days before the
experiment and stored in separate zip lock bags. All samples were promptly used for bacterial isolation or stored
at 4 °C to maintain their quality and prevent contamination from external sources.

Bacterial Isolation

25 g of each of vegetables and ‘ulam’ samples were placed in a sterile stomacher bags separately and
added with 225 mL phosphate buffer solution. The samples were homogenized using BagMixer for 2 minutes.
Samples were then serially diluted to 10~ before spread onto nutrient agar media. Plates were incubated at 37 °C
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for 24 hours. Colonies grown on culture plates were recorded as colony forming unit per millilitre (CFU/mL).
Results were reported following the BAM Chapter 3: Aerobic Plate Count (APC) by Food and Drug Association
(FDA) guidelines [3].

Bacterial Identification using Selective Media

The bacterial isolates were identified using selective media: MacConkey agar, XLD agar, and Baird
Parker agar to detect E. coli, Salmonella spp., and S. aureus, respectively. Morphologically distinct colonies from
isolation plates were streaked onto these selective media. The plates were then incubated at 37 °C for 24 hours.
Identification was based on the appearance of colonies on the culture plates: Pink colonies on MacConkey agar
indicated the presence of E. coli, yellow colonies on XLD agar indicated the presence of Salmonella spp., and pale
yellow colonies on Baird Parker agar indicated the presence of S. aureus. Controls E. coli ATCC8739, S. aureus
ATCC6538 and S. typhi ATCC14028 were used for comparison with the isolates.

Bacterial Identification by Gram Staining

The isolated bacteria were further identified by Gram staining. The wire loop was heated to sterilize and
used to transfer a small drop of sterile distilled water onto a clean glass slide. After cooling and sterilizing again,
the wire loop was employed to transfer a small number of bacterial cells onto the water drop, which were then
spread to create a thin smear. The smear was heat-fixed with crystal violet reagent for 1 minute, followed by a
quick wash with distilled water for 2 seconds. lodine was applied and left on the slide for 1 minute before another
brief wash with distilled water. Acetone, the decolorizing agent, was flooded onto the slide for 15 seconds and
washed off with distilled water. Subsequently, the slide was flooded with safranin for 30 seconds and washed again
with distilled water. Results were observed using a brightfield microscope under 100X magnification, revealing
that gram-negative bacteria stained pink, while gram-positive bacteria stained purple.

Bacterial Identification using Biochemical Test

The isolated bacteria underwent further biochemical testing using the catalase test and Triple Sugar Iron
(TSI) agar. For the catalase test, a small amount of bacterial cells was taken from a well-isolated colony using a
sterilized wire loop and placed on a clean glass slide. Several drops of 30% hydrogen peroxide (H,O,) were added
to the bacterial cells, and the production of bubbles was observed against a dark background, confirming the
presence of catalase enzyme. In the TSI test, TSI agar from Merck, Germany was utilized. A well-isolated colony
from the isolation plates was inoculated onto the TSI agar slant using a sterilized wire loop. The inoculation
involved stabbing into the center of the medium to the bottom of the tube, followed by streaking on the surface of
the agar slant. The results were analyzed based on specific observations: A completely yellow color in both the
butt and slant indicated that the organism produced significant acid from lactose fermentation. If the butt was
yellow and the slant remained red, it meant the organism did not ferment lactose but did ferment some glucose.
No yellow color in either the butt or slant indicated that the organism did not ferment lactose or glucose.
Additionally, a black color change in the slant indicated that the organism produced hydrogen sulfide (H»S).
Controls E. coli ATCC8739, S. aureus ATCC6538 and S. typhi ATCC14028 were used for comparison with the
isolates.

RESULTS

Aerobic Plate Count

The number of colonies that grew on nutrient agar varied between the vegetable and 'ulam' samples. Some
samples produced more than 250 colonies, which are reported as too numerous to count (TNTC). Among the
vegetable samples, the highest colony count was found in cassava with 6.9x10% CFU/mL, followed by Chinese
okra with 1x10® CFU/mL, carrot with 6.3x10° CFU/mL, and cabbage with 2.37x10° CFU/mL. The lowest was
tomato with 0 CFU/mL. For the 'ulam' samples, the highest CFU/mL value was in ‘pucuk ubi kayu” with 1.47x10°
CFU/mL, followed by ‘pucuk kaduk’ with 1.02x10% CFU/mL, ‘ulam raja’ with 7x103 CFU/mL, ‘pucuk jenereh’
with 1.51x10° CFU/mL, and ‘pegaga’ with 1.15x103 CFU/mL.
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Identification of Bacterial Isolates

The selective media was used to distinguish different types of bacteria isolated from vegetables and
‘ulam’ samples. Cassava samples formed many colonies on Baird Parker medium indicating presence of S. aureus,
whereas no colonies were formed from tomato samples. For Chinese okra, numerous colonies were observed on
MacConkey and XLD mediums showing presence of E. coli and Salmonella spp, while none were seen in tomato
samples. On Baird Parker medium, ‘pucuk ubi kayu’ had the most colonies, and ‘pegaga’ had the least. Colonies
formed abundantly on MacConkey medium for all samples except ‘pegaga’. On XLD medium, many colonies
were seen in all ‘ulam’ samples except ‘pegaga’. Gram staining was used for further confirmation. Isolates from
MacConkey and XLD agar plates produce a pink stain, indicating they are gram-negative. In contrast, isolates
from the Baird Parker plate produce a purple stain, similar to the control plate, indicating they are gram-positive
(Figure la).

Biochemical Test of Bacterial Isolates

In the catalase test, all isolated strains produced bubbles, indicating that the isolates produce catalase
enzymes (Figure 1b). However, different results were observed when the isolates were grown on TSI agar. Four
agar samples turned yellow, one turned black at the butt while remaining red on the slant, one turned yellow on
the slant only, and one remained unchanged (Figure 1c).

DISCUSSION

The CFU/mL values for cassava and Chinese okra exceeded the FDA’s acceptable limit of 10° CFU/mL,
indicating high contamination. Cassava, often planted with animal manure and sold uncleaned, had soil on it,
which harbors bacteria. In contrast, carrots, also tuber plants, were clean, showing no soil, suggesting they were
washed before sale. Soil bacteria thrive in alkaline conditions, like those created by manure. Chinese okra's rough
skin traps bacteria, while tomatoes showed no bacterial colonies, indicating they were safe and well-processed.
Tomatoes' protective epidermal layer and antagonistic microorganisms help prevent bacterial contamination [4].
The high CFU/mL values in cassava and Chinese okra highlight contamination from sellers or handlers. Vegetables
with over 10® CFU/mL are unsafe to eat, and appearance isn't a reliable indicator of bacterial presence. Thorough
washing with decontaminants like vinegar is essential. The CFU/mL levels in ‘pucuk ubi kayu’ and ‘pucuk kaduk’
were above the safe limit, making them risky for raw consumption [5]. Other ‘ulam’ samples were safe. Leafy
greens like “‘ulam’ are prone to bacterial infections. They grow in varied soil types with minimal care and are often
exposed to bacteria in wet markets, increasing the risk of cross-contamination [6]. ‘Pucuk ubi kayu’ had the highest
CFU/mL, possibly due to pests attracted to cassava roots. ‘Pucuk kaduk’ grows in bacteria-rich soil, often fertilized
with poultry manure, increasing contamination. ‘Pegaga’ appeared clean, suggesting it was washed, unlike ‘pucuk
kaduk.” ‘Pucuk jenereh,’ a roadside shade tree in Malaysia, benefits from pruning, reducing bacteria exposure from
pests and soil.

Three types of selective agar; Baird Parker, MacConkey, and XLD were used to detect S. aureus, E. coli,
and Salmonella spp. in samples. These media can also grow other bacteria, so Gram staining was used to confirm
bacterial types. S. aureus on Baird Parker medium indicates poor hygiene, often from nasal carriers among farmers
and handlers. This pathogen in ready-to-eat vegetables and ‘ulam’ may come from contaminated surfaces and
equipment [7]. E. coli on MacConkey medium that stains yellow points to fecal contamination, likely from manure
or contaminated irrigation water. E. coli can persist in manure-fertilized soil for over 100 days [8]. High levels of
E. coli in samples may result from poor hygiene or contaminated utensils and can adhere to plant parts even after
washing [6]. XLD agar detected Salmonella spp., which may come from polluted irrigation water [9,10].
Salmonella spp. can enter plant parts through contaminated soil or irrigation water and from wild animals in wet
markets, especially during the rainy season [11]. This bacterium is a significant public health concern linked to
serious outbreaks.

Catalase tests identify the presence of the catalase enzyme in bacteria, which breaks down hydrogen
peroxide (H,0O>) into oxygen and water, forming bubbles. This test reveals that all colonies from the isolated media
are catalase-positive, meaning they can use oxygen as a terminal electron acceptor for respiration. Low bubble
production signifies less catalase activity, which helps bacteria defend against the effects of hydrogen peroxide, a
byproduct of aerobic carbohydrate metabolism [12]. Additionally, Triple Sugar Iron (TSI) agar tests were
conducted on representative of strains grown on the selective media. Isolate 1 from MacConkey media, isolate 3
from Baird Parker media, control E. coli, and control S. aureus turned the TSI slant yellow, indicating acidic
reactions and the fermentation of dextrose, glucose, and lactose [13]. Isolate 2 from XLD media turned the TSI
agar into a red slant with a blackening medium, indicating glucose fermentation and hydrogen sulfide (H.S)
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production [14], similar to S. #yphi in the control tube. The uninoculated TSI agar remained red, indicating no
sugar fermentation or gas production, as no cracks were observed in the agar.

Bacterial pathogens can contaminate fresh produce at any stage of the production and supply chain. This
contamination can happen through direct contact with fecal matter during agricultural practices, such as using
wastewater for irrigation or applying biosolids and animal manure as fertilizers. There is also a risk of
contamination during transportation and handling processes [15,16,17]. Therefore, it is important for consumers
to wash fresh produce with running water and use a decontaminant to kill bacteria before consumption to avoid
foodborne illness.

CONCLUSION

This study revealed that some fresh produce sold in Jeli market, such as cassava, Chinese okra, '‘pucuk ubi kayu,'
and 'pucuk kaduk,' had bacterial levels exceeding safe limits, making them unsafe for consumption. In contrast,
other produce was found to be safe, with bacterial levels below the WHO recommended threshold of 10° CFU/mL.
Consuming contaminated produce can lead to foodborne illnesses. Common bacteria responsible for these issues
include E. coli, S. aureus, and S. typhi, were also isolated from the vegetable and “‘ulam’ samples. These bacteria
can be introduced to fresh produce at multiple stages, from farming to market handling. The findings highlight the
critical need for maintaining good hygiene practices and proper handling to prevent contamination and ensure food
safety. Regular microbial testing and rigorous adherence to food safety protocols are essential for minimizing the
risk of foodborne illnesses.
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Figure 1. The representative of bacterial isolates (Isolate 1, Isolate 2 and Isolate 3) that were isolated from
vegetables and ‘ulam’ samples. These isolates were compared to controls, which include E.coli (A), S. aureus (B),
S. typhi (C) and un-inoculated agar (D).
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ABSTRACT

Food Handling rules are crucial steps to prevent the spread of various foodborne diseases. Even their slightest
negligence can impact millions of people’s health because they contact with food directly or indirectly before
serving their customers. Improper food handling, poor hygienic practices, and scarcity of safe food management
knowledge among street hawkers will lead to contamination in the ready-to-drink (RTD) cold-flavored drinks sold
in their community area. The objectives of this study are to detect and quantify the presence of common pathogenic
foodborne bacteria by using the MPN method in cold-flavored drinks (iced corn milk juice, iced asam boi
lemonade, iced cendol, and iced mango juice) sold in Kuala Pilah, Negeri Sembilan. Four samples of cold-flavored
drinks were selected to detect, quantify, and identify the common pathogenic foodborne bacteria isolated from
cold-flavored drinks sold in Kuala Pilah, Negeri Sembilan by using the biochemical test. The result showed that
all samples were contaminated with bacterial load in which 50% of the total samples which are iced corn milk
juice and iced mango juice have the highest density of bacterial contamination (>1100 MPN/g). Iced cendol and
iced asam boi lemonade have shown a density of bacterial contamination of 240 MPN/g and 43 MPN/g
respectively. A total of 70% of bacteria isolated from cold-flavored drinks were identified as Shigella spp. Only
30% of the total isolates identified as Enterobacter spp. This study showed that the microbial levels of cold-
flavored drinks sold in Kuala Pilah, Negeri Sembilan were average and needed to be improved to provide the best
food safety and food quality to the local consumers. All the food handlers need to know about food handling and
hygiene, as wide contamination in ready-to-eat (RTE) foods and ready-to-drink (RTD) beverages should be treated
since it is potentially pathogenic at any level.

Keywords: Microbial levels, bacterial contamination, common pathogenic foodborne bacteria, Ready to Drink
(RTD), cold-flavored drinks

INTRODUCTION

Disease caused by foodborne pathogens such as gastrointestinal tract infection is a common thing to
happen nowadays. As reported by World Health Organization (WHO) in 2019 that 0.4% of U.S. deaths which
about 9955 attributed in diarrheal diseases (Stephenson et al., 2024). The contamination in ready to eat (RTE) food
or ready to drink (RTD) beverage can come from various sources such as bacteria, viruses, parasites or chemicals.
Therefore, the availability of foodborne pathogen bacteria can be detected in the foods and drinks consumed by
the people every day. Especially in the foods and drinks bought from local hawker stalls. The growth of ready to
drink (RTD) hawker stalls around Kuala Pilah, Negeri Sembilan has become a major concern as it can be one of
the reasons for the spread of foodborne pathogens to the consumers. Hence, the objectives of this study are to
detect and quantify the presence of common pathogenic foodborne bacteria by using Most Probable Number
(MPN) method and to identify the common pathogenic foodborne bacteria presence by using biochemical test in
cold-flavored drinks sold at hawker stalls in Kuala Pilah, Negeri Sembilan. The scarcity knowledge of safe food
handling among the local hawkers could be one of the factors of the contaminations in foods and drinks sold at the
local hawker stalls in the studied area. Therefore, it leads to the spread of diseases caused by these foodborne
pathogens such as diarrhoea, shigellosis and food poisoning. Several scientifical techniques have been performed
in this study in order to verify the microbial levels of the drinks such as sampling, pH and temperature
measurements, serial dilution, Most Probable Number (MPN) test, streaking on MacConkey agar, transferring of
bacterial colonies and lastly identification of the bacterial isolates. In this study, the result showed that all samples
were contaminated with bacterial load in which 50% of the total samples which have shown the highest density of
bacterial contamination (>1100 MPN/g). Meanwhile the other two samples have density of bacterial contamination
of 240 MPN/g and 43 MPN/g respectively. A total of 70% of bacteria isolated from cold-flavored drinks were
identified as Shigella spp. Only 30% of the total isolates identified as Enterobacter spp.
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MATERIALS AND METHODS

The materials required in this study were nutrient broth, nutrient agar, MacConkey agar, Gram stain
reagent set, Metyl red indicator, sterilized MR-VP both, Tryptophan broth, Kovac’s reagent, 5% Alpha-Naphthol,
40% Potassium Hydroxide, E. coli positive control, Simmon Citrate slant agar and distilled water. In this study,
the sampling activities were conducted at local hawker stalls around Kuala Pilah, Negeri Sembilan where there
were four cold-flavored drinks samples including iced milk corn juice (air jagung susu ais), iced asam boi
lemonade juice (air lemon asam boi ais), iced cendol (air cendol ice) and iced mango juice (air mangga susu ais)
that have been bought from four different stalls. A random sampling method has been performed as all the drinks
were chosen randomly without any specific types. All the drinks samples were placed separately in a different
sealed, sterile, labeled sample tube and immediately brought to the laboratory for analysis. The pH and temperature
of each drink samples were measured by using pH paper and thermometer respectively for each sample. Serial
dilution was performed where a 9 ml of Nutrient broth were added to each of the test tubes and 1ml of the cold-
flavored drink samples were transferred into each of the 9ml of Nutrient broth. These steps were repeated until it
reaches the dilution factor of 10”. After the serial dilution steps, 1 mL of the first test tube with a dilution factor
of 10"! were pipetted into three different 1.5 ml microcentrifuge tubes. All the solution in the microcentrifuge tubes
were placed in the incubator for 24 hours at 37 °C. The estimation of total bacterial formed was determined by
using MPN chart after 24 hours of incubation (Khan et al., 2015). Five tubes that showed positive result from MPN
test were streaked on MacConkey agar. Formation of turbidity in the tubes indicates positive result on MPN test.
Then, the inoculating loop that have been inoculated with the turbid solution were streaked on MacConkey agar
and the all the plates were incubated in the incubator at 37°C for 24 hours (Arshad et al., 2006). The colonies
formed on the MacConkey agar after incubation period were observed and transferred on the Nutrient slant agar.
The nutrient slant agar was inoculated by drawing the needle upward in a zigzag motion along the agar surface
and then were incubated at 37°C for 24 hours (Cappuccino & Welsh, 2018). The bacterial colonies growth from
the Nutrient slant agar were tested with biochemical test and further identified with Gram staining. An IMViC
(Indole test, Methyl Red test, Voges Proskauer test, Simmon Citrate test) have been conducted to identify the
bacterial genus and Gram staining were performed to observe the bacterial morphology.

RESULTS AND DISCUSSION

Most Probable Number (MPN) 3 Tubes Test

The results in Table 1 below shows the Most Probable Number (MPN) of bacteria in four samples of
cold-flavored drinks of Air Jagung (AJo;), Lemon Asam Boi (LAB»), Cendol (Cy3) and Mangga Susu (MSy4) that
have been randomly bought from local street vendors in Kuala Pilah, Negeri Sembilan for three weeks. These
samples were analyzed for enumeration for total bacterial contamination and for the presence and absence of
common foodborne pathogenic bacteria such as E. coli, Salmonella spp., Shigella spp., and S. aureus. For the first
sample, Air Jagung (AJo1), the density of bacterial presence in the sample is >1100 MPN/g as refer to the table of
most probable number. As shown in Table 1, Alo; showed positive result for all concentration dilution from 107!,
102, 1073 since all microcentrifuge tubes showed turbidity for all tubes when compared to the negative control as
shown in Figure 1 below. The most probable number of density of bacterial presence in the LAB; is 43 MPN/g.
Meanwhile in sample Cy3, concentration dilution of 10! and 102 showed positive results for all tubes and negative
results for all tubes for concentration dilution of 10-3. The most probable number of density of bacterial presence
in Co3 sample is 240 MPN/g. Lastly, for sample MSyu, all concentration dilution from 10! to 103 showed positive
results in all tubes. Thus, the most probable number of density of bacterial presence in the last sample is >1100
MPN/g. Based on these results, it showed that each of cold-flavored drinks collected from local hawker stalls in
Kuala Pilah, Negeri Sembilan has been contaminated with bacterial pathogens, most probably by coliform bacteria
as the formation of turbidity in MPN test indicates positive result for the test. Positive result in MPN test portrayed
the presence of bacteria in a sample.

The analysis of four iced-cold drinks samples showed that the density of bacterial contamination ranging
from 43 MPN/g to >1100 MPN/g. However, majority of the samples had MPN value distribution of >1100 MPN/g
which showed that half of four cold-flavored drinks samples collected have exceed the limit of >1100 MPN/g
values. In the previous research done by Afreen et al. (2019) proven that the street vended drinks samples collected
in Rawalpindi City, Pakistan also showed MPN value distribution exceed the limit of >1100 MPN/g. In this
research, samples AJo; and MSos showed the highest destiny of bacterial contamination compared to other samples.
The lowest bacterial density is shown by the sample LAB,; which is only 43 MPN/g. LAB; is a lemonade juice
sample with pH range in between pH 4-7. Low acidity in fruit juices between pH 4.8-6.2 are suitable for the growth
of pathogenic bacteria (Nawawee et al., 2019).
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Table 1. Most Probable Number (MPN) 3 Tubes Test for four samples of cold-flavored drinks in Kuala

Pilah, Negeri Sembilan
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Biochemical test and Gram staining for bacterial isolates

Five tubes from each sample that showed positive result were streaked on MacConkey agar to observe
the grow of Gram-negative bacteria species that presence in the cold-flavored drinks samples collected at the
hawker stalls in Kuala Pilah, Negeri Sembilan. Ten slightly pink and translucent bacterial colonies on the
MacConkey agar have been isolated and identified in the biochemical test and Gram staining. Based on the result
shown in Table 2 below, seven out of ten bacterial isolates have been identified as Shigella spp., meanwhile the
other three isolates have been identified as Enferobacter spp. These presumptive identifications were identified
according to Cooper (2019). All the bacteria isolated from cold-flavored drinks were identified as Gram-negative
bacteria as it appeared red to pink under a Gram stain as shown in Figure 1 below.
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Figure 1. Gram staining result under 100x magniﬁcation

Based on Table 2, all bacteria isolated from AJy; and LAB, were presumptively identified as Shigella
spp., followed by two bacteria isolated from Cos. Since the biochemical test (IMViC) has shown negative (-) result
for Indole test, positive (+) result for Methyl-Red test, Voges-Proskauer test and Simmon Citrate test. Meanwhile,
in MS04 and one isolate from sample Co3 were identified as Enterobacter spp. as the result for IMViC test showed
negative (-) result for both Indole test and Methyl-Red test and positive (+) result for both Voges Proskauer test
and Simmon Citrate test. Coliform bacteria such as Sal/monella spp. and E. coli were not found in the samples
collected from the local hawker stalls in Kuala Pilah, Negeri Sembilan. Similarly, Dominguez-Gonzalez et al.
(2022) also reported no prevalence of Sa/monella in their samples. However, in the same research, Dominguez-
Gonzalez et al. (2022) mentioned that there was presence of Shigella spp. in the fresh-squeezed orange juices
samples purchased from street vendors in Morelia, Mexico which specifically refer to the species of Shigella
sonnei. It shows the same result as obtained in this research where Shigella spp. were found in the iced-cold drink
samples bought from local hawker stall in Kuala Pilah, Negeri Sembilan. The contamination of Shigella spp. in
the drinks may be caused by the use of contaminated utensils or bare hands during drink handling and preparation
which has led to cross contamination to the drinks sold. Based on the study done by Dominguez-Gonzalez et al.
(2022) where the squeezed orange juice samples were found to have the presence of Shigella and E. coli, where it
followed by the lack of hygiene practice showed by the street vendor such as had a dirty stalls, wore unwashed
cloth, use unwashed or dirty orange, had poor water management and finally used unclean water to wash utensils
and raw materials.

Based on the result, there was the presence of Enterobacter spp. detected in the cold-flavored drinks sold
at hawker stalls in Kuala Pilah, Negeri Sembilan. It is similar as reported by Feglo.P & Sakyi.K (2012) that there
was the presence of Enterobacter cloacae in the samples of ice-kenkey and cocoa drinks collected from street
vendors in Kumasi, Ghana. It was observed that the handlers were wearing dirty cloths, practicing improper
cleaning of dishes and performing unhygienic handling during the food preparation (Feglo.P & Sakyi.K, 2012).
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Table 2. Biochemical Test (IMViC Test) and Gram staining
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CONCLUSION

As a conclusion, cold-flavored drinks sold in Kuala Pilah, Negeri Sembilan were grossly contaminated
with foodborne pathogens as the bacterial contamination density in MPN test has shown the range of 43 MPN/g
to >1100 MPN/g in the samples collected from local hawker stalls. After detection by using biochemical test, it
can be concluded that the cold-flavored drinks were contaminated with Shigella spp. and Enterobacter spp. The
root of contamination was found due to scarcity in the food handlers’ knowledge in safe food storing, preparing,
handling and serving among the local street hawkers. The level of bacterial contamination in the sample has
exceeded the standard set by the Malaysian specifications for ready-to-drink (RTD) beverages (carbonated and
non-carbonated) (MS601:1994) and WHO Guidelines for Drinking Water Quality. Additionally, the location of
the stalls also plays the main role where it has likely influenced the bacterial contamination in the cold-flavored
drink sold. This study suggests that food safety education needs to be exposed to the local hawkers and to the
consumer itself in order to make sure the consumer and the food handlers are aware of potential foodborne disease
that is caused by these pathogenic foodborne bacteria due to lack of responsible among the food handler as the
biosafety and the cleanliness of the utensils, raw material and their hands were ignored during food or drink
preparation. Not only bacteria, but also other foodborne pathogens such as viruses, chemicals and parasites also
might be presence in the cold-flavored consumed daily by the local consumer, if the biosafety were ignored. Public
awareness in choosing the cleanest hawker stalls to get ready to drink (RTD) beverages is essential as it helps to
reduce the spread of foodborne diseases. This study might help to maximize food safety practices among street
hawkers and to increase local awareness regarding street food safety.
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ABSTRACT

The molecular composition of oil palm (Elaeis guineensis) leaves, characterized by high levels of polysaccharides
and secondary metabolites, presents significant challenges for effective DNA extraction and analysis. Although
traditional PCR methods have been successful with young leaves, collecting them is labor-intensive and often
impractical. Mature leaves, which are more accessible, have been underutilized due to the inhibitory effects of
their biochemical content on DNA extraction. This study introduces an innovative solution using Flinders
Technology Associates (FTA) cards—a paper-based technology designed to preserve nucleic acids in a stable form
and overcome these extraction challenges. FTA cards consist of chemically treated filter paper that lyses cells upon
contact, stabilizing the DNA for further analysis. Our objective was to develop a reliable, rapid, and practical
alternative to conventional DNA extraction methods. We accomplished this by creating a modified PCR protocol
tailored for oil palm DNA analysis using FTA cards. Our findings demonstrate that FTA cards effectively preserve
sufficient DNA from mature oil palm leaves for successful PCR amplification, surpassing traditional DNA
extraction techniques. This research addresses the challenges of DNA extraction and offers practical applications
for oil palm studies. Future research could explore the scalability and cost-effectiveness of FTA card technology,
potentially revolutionizing plant genetics research.

Keywords: DNA, Elaeis guineensis, high level polysaccharide, secondary metabolites, Flinders Technology
Associates (FTA), PCR amplification

INTRODUCTION

Oil palm (Elaeis guineensis) have been cultivated and domesticated in Malaysia since its first introduction
in the 1870s and began as an ornamental plant in Malaysia. It has the fastest-growing global demand as a raw
material for food, personal care products, livestock feed, bioenergy, and other products (Ferdous Alam et al.,
2015). Since then it became a part of the industrialised Malaysia’s agricultural economy and has grown into a
massive industry because of its crude palm oil (Rahman, 2020).

Molecular marker methods and techniques for DNA have greatly expanded and become the most valuable
tools currently accessible and are a complementary study from the traditional approach for plant identification
(Nadeem et al., 2018). Molecular approach is essential and become a pre-requisite in this regard, which critical to
improve the productivity and quality of oil palm that capable to analyse its genetic material efficiently and
accurately. Commonly, traditional PCR analysis methods widely applied by previous researcher (Wong ef al.,
2015; Sarimana ef al., 2021) but often have inherent limitations that hinder research progress. Traditional method
are complicated and time-consuming procedures that require specialised equipment and extensive sample handling
(Suzana et al., 2015; Ying and Zaman, 2006; Kalyana Babu et al., 2017). In addition, transportation, and storage
of genetic samples, which are essential for research collaboration and genetic diversity studies, pose a major
logistical challenge. These constraints not only extend research time, but also limit access to genetic analysis in
regions with limited resources and infrastructure (Aubakirova et al., 2014).

In response to these challenges, this research endeavors to initiate a paradigm shift in the way we approach
PCR analysis of oil palms. Central to this effort is the integration of Flinders Technology Associates (FTA) card
technology, a compact and versatile device specifically designed for the collection, preservation, and transport of
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nucleic acid samples (Mbogori et al., 2006). This innovative approach aims to eliminate the shortcomings of
conventional methods while providing reliability, quick and convenience in genetic analysis.

The main objective of this research is to explore and demonstrate the potential of FTA card technology
as a transformative solution for PCR analysis of oil palm. By optimizing the PCR protocol tailored to oil palm
DNA using FTA cards, we aim to provide a reliable, rapid, and convenient method that streamlines genetic
research processes. It is expected that this method will find wide application not only in oil palm breeding
programs, but also in various areas of agricultural research. By optimizing the process of FTA card preparation, it
leads to more efficient, reliable, and drive progress in the oil palm industry and contribute to sustainable
agricultural practices worldwide.

MATERIALS AND METHODS

Materials and reagents

The reagents and chemicals for that were used in this study are phenol, 99% ethanol, distilled water, boric
acid, molecular biology grade water, Tris-base, and EDTA (Ethylenediaminetetraacetic acid), 5x Hot FIREPol
blend master mix, QTAGEN QIAcard FTA wash buffer, 1x TE buffer (Tris-EDTA buffer), 10x TBE buffer, gel
red nucleic acid staining 10000x water, Quickload 100bp DNA ladder, Solis Biodyne 100bp DNA ladder ready to
load, SSR primer (mEgCIR3607), 6x DNA loading dye.

Plant materials and sampling collection

The genetic materials utilised in this study were oil palm leaves sourced from an independent smallholder
plantation located in Teluk Panglima Garang, Selangor, Malaysia. A total of 50 samples were collected from two
distinct blocks within these plantations, with 25 samples drawn from each block, subsequently designated as P1S1
until P1S25 for plantation 1 and P2S1 until P2S25 for plantation 2.

The collected samples considering having characteristics such healthy and productive condition. The
easily reachable mature frond: frond 32-40 were chosen, harvested, cut, placed, and labelled in the zip lock bag
individually. The samples were placed in the box and brought back to the laboratory immediately. The samples
must be prepared immediately within a 24-hour collection period.

Sample preparation using direct PCR-based

Each leaf tissue was carefully cleaned to eliminate any dust or dirt that could interfere with the DNA
extraction process. Precisely 0.4g of the leaf tissue was weighed using an analytical balance. A few drops of water
were added to moisten the tissue, which was then crushed using a mortar and pestle. The crushed leaf material was
transferred onto the FTA card (specifically onto the circled area) using a pair of tweezers. To prevent the leaf
material from adhering to the FTA card cover, small pieces of parafilm were placed over the crushed leaves. A
pestle was then used to press and roll over the FTA card to ensure the extraction of the green leaf extract. Upon
completion, the FTA card containing the sample was labelled, placed in a zip-lock bag, and stored at room
temperature. These steps were repeated for an additional 24 samples and applied across another one block of oil
palm plantation.

FTA preparation for direct PCR-based

Based on optimised the washing step, the modified procedure begins with placing clean, sterile PCR tubes
on a rack and labelling them according to the PCR gradient temperature. For example, samples from plantation 1
are labelled P1S1 _I1, P1S2 12, P1S3 I3, ..., P1S25 125, and samples from plantation 2 are labelled P2S1 11,
P2S2 12, P2S3 13, ..., P2S25 125. The Harris MicroPunch was sterilized by punching clean paper. Two discs
from the FTA card were punched using the Harris MicroPunch and inserted into labelled PCR tubes. Each sample
was washed with 200 pL of QIAcard FTA wash buffer, vortexed, and centrifuged at 6100 rpm and 2°C for one
minute. The wash buffer was discarded, and this step was repeated, with the total of two washes with QIAcard
FTA wash buffer. Afterwards, 200 pL of TE buffer was added to the PCR tubes, vortexed, and centrifuged at 6100
rpm and 2°C for one minute. The TE buffer was discarded, and this step was also repeated, that makes the total of
two washes with TE buffer. The FTA elute was then incubated at 95°C for 5 minutes and air-dried for an hour at
room temperature or for 20 minutes in a drying cabinet.
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Primer optimisation via FTA card

PCR was performed in a 25 pL reaction volume containing 4 pL of FTA elute, 1 puL of reverse primer
(5’- GAGGGGGTTGGGACATTAC-3"), 1 puL of forward primer (5’- TAGCTCACAACCCAGAACTAT-3’), 4
pL of 5x Hot FIREPol Blend master mix, and 15 pL of sterile distilled water. The gradient temperature was set
between 5°C below the melting point (Tm). The PCR cycling conditions started with an initial denaturation at
94°C for 4 minutes, followed by 35 cycles of denaturation at 94°C for 30 seconds, annealing at an optimized
temperature gradient for 30 seconds and elongation at 72°C for 1 minute. This was followed by a final extension
at 72°C for 10 minutes, with the PCR held at « for 10 to 12°C. The amplification was carried out using a thermal
cycler. The PCR products were then separated using 1.8% agarose gel electrophoresis with 1x TBE buffer.

RESULTS AND DISCUSSION

According to the manufacturer’s protocol (QIAGEN, 2023), FTA discs can be directly used as a DNA
source after undergoing the recommended washing steps. However, to ensure that the DNA within the FTA discs
is fully unbound during the washing process, several modifications and optimizations in the preparation steps are
necessary, particularly when working with high-polysaccharide plants such as oil palm (Wan Hanafi and Abu
Bakar, 2019; Adugna et al., 2011; Siegel et al., 2017). Considering these modifications, a preparation method of
FTA elute was developed as a as FTA preparation steps of DNA source for PCR amplification. To optimize the
FTA card preparation process for direct SSR amplification in oil palm, both FTA discs and FTA elute were tested
as DNA sources without altering any PCR components. As illustrated in Figure 1, the use of FTA discs resulted
in no PCR product and the presence of primer dimers, whereas the use of FTA elutes produced clear PCR products
without non-specific bands. The FTA elute method was further validated using 50 samples from two independent
smallholder oil palm plantations. The primer validation process consistently yielded successful PCR amplification
with expected product sizes of 190-238 bp and no primer dimers across all 50 samples.

Figure 1. Comparison of outcome for oil palm PCR amplification using DNA source from different FTA card
preparation steps

CONCLUSION

The mEgCIR3607 marker-based direct amplification of the SSR in oil palm through the optimisation of
FTA card production has proven to be a dependable and reliable for genotyping technique. The results imply that
in modified FTA card preparation procedures greatly improve DNA yield and purity, especially in species of plants
with high polysaccharide content like oil palm. Although the results are promising, there were few consideration
where the FTA discs were unable to generate PCR amplification of oil palm. This implies that additional
modification might be required to guarantee the universal applicability of FTA discs, especially in situations where
DNA is tightly bonded or the plant material contains with high amount of secondary metabolites. This optimised
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procedure highlights the applicability of PCR amplification by enabling consistent and accurate amplification
across a variety of samples especially for large scale of plant sampling.
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ABSTRACT

Polyhydroxyalkanoates (PHAs) are intracellular biopolymers that produced naturally by microbes for energy
storage. Apart from that, PHAs also assists the microbial cells to survive under biotic stress condition and aid their
survival. Unlike heterotrophic bacteria, cyanobacteria are able to accumulate PHA under photoautotrophic growth
conditions with the aid of carbon dioxide and sunlight. In this study, a unicellular thermophilic cyanobacteria,
Gloeocapsa sp. have been employed to asssess its morphology, the presence of PHA granules, and the effect of
different carbon source on its growth yield to increase the PHA accumulation. Three Gleoecapsa sp. samples were
used in this study, which are samples 2DL, Ci, and C. The samples were cultivated to observe its morphology. It
was observed that Gloeocapsa sp. cells are unicellular cells that has spherical coccus morphology and are tightly
packed together within spherical colonies. Moreover, the Gleocapsa sp. samples have been cultivated for 21 days
to observe the dry cell weight (DCW mg/mL) biomass from four different carbon source media (basic BG11,
carbon-rich BG11, flue gas water supplied BG11, and pineapple skin extract supplied BG11). The results obtained
demonstrates that Gloeocapsa sp. samples recorded the highest growth in basic BG11 media, meanwhile the lowest
growth were recorded in flue gas supplied BG11 media. In addition to that, Sample C recorded the highest DCW
in all cultivation except for flue gas supplied BG11, meanwhile only Sample 2DL recorded the highest DCW in
flue gas supplied BG11 media. This study provides insights on the co-relation between the biomass and carbon
source requirements by thermophilic cyanobacteria as well as their ability in forming PHA granules.

Keywords: Thermophilic cyanobacteria (Gloeocapsa sp.), Polyhydroxyalkanoate (PHA), Nile Blue A (NBA),
Sudan Black B (SBB), Carbon sources

INTRODUCTION

The first study identifying polyhydroxyalkanoates (PHA) in Gloeocapsa was conducted by Hai et al.
(2001) who investigated the presence of type-II1 PHA synthases in various cyanobacteria, including Gloeocapsa
sp. strain PCC 74281. Besides that, western blotting was utilized to verify the PHA granules of cyanobacterial
strain including Gloeocapsa sp. Even though, both Western blotting and PHA granule staining are both valuable
techniques, they serve different purposes and have distinct advantages. Nevertheless, in this study, SBB and NBA
staining are chosen for PHA granule detection because PHA granule staining is specifically designed to detect
PHA granules within the cells which makes it highly specific for PHA-producing cyanobacterial cells. Moreover,
unlike Western blotting, PHA granule staining method allows direct visualization of PHA granules under a
microscope and provides immediate insights into the morphology and intracellular localization of PHA granules
(Koller & Rodriguez-Contreras, 2015).

Despite that cyanobacteria can accumulate PHAs naturally, their PHA production based on volumetric
productivity and cell biomass is critically lesser than that in heterotrophic bacteria. According to Singh & Mallick
(2017), the main reason that lower PHA accumulation in cyanobacteria is due to cyanobacterial growth rate, which
is typically slower than heterotrophic bacteria. Therefore, cyanobacterial strain improvement by genetic
modification, new harvesting techniques, and alternate carbon sources are suggested to enhance the PHA
production (Singh & Mallick, 2017). Till date, there are many studies have been conducted for different bacterial
strains with various carbon sources such as sugars, waste oils, and lignocellulosic waste biomass to increase the
dry cell weight of cells. There is limitation on information regarding the effects of carbon sources on cyanobacterial
growth and their PHA accumulation. Thus, the aim of this research is to examine the presence of intracellular PHA
granules, and to assess the effect of carbon sources on the growth biomass of thermophilic Gloeocapsa sp.
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MATERIALS AND METHODS

Thermophilic Gloeocapsa sp. cultivation and PHA granules detection

Three thermophilic Gloeocapsa sp. strains isolated from different location of Malaysia hot springs were
used for this study (Sample 2DL from Kg. Lada, Negeri Sembilan; Sample C and Ci from Ulu Kuang, Perak). All
strains were cultivated photoautotrophically in BG11 medium (pH 7.4) at 47 °C with constant light illumination.
After a week of cultivation, the morphology and PHA detection of thermophilic Gloeocapsa sp. samples were
assessed. The morphological features of the thermophilic Gloeocapsa sp. samples were observed using light.
Primary detection of PHA intracellular granules of Gloeocapsa sp. samples was performed using SBB dye as
described by Balakrishna Pillai et al. (2018) and observed using light microscopy. For further PHA intracellular
granules detection, NBA staining was employed as explained by (Legat et al., 2010) and examined under
fluorescence microscope at excitation wavelength for DAPIL.

Preparation of different carbon sources

For biomass analysis, three different modified BG11 media (carbon-rich BG11 and flue gas water with
BGl11, and pineapple skin extract with BG11) were prepared meanwhile basic BG11 media was used as a control.
For basic BG11 and carbon rich BG11, the carbon source was derived from sodium carbonate, Na,CO; meanwhile
the nitrogen source was from sodium nitrate, NaNO; Additionally, the concentration of Na,CO3 and NaNOj; in
carbon-rich BG11 media were increased. The flue gas water was obtained from carbon combustion meanwhile the
lignocellulosic waste used was prepared from 1g/mL of pineapple skin extract (PSE). All modified BG11 media
were adjusted to pH 7.4.

Thermophilic Gloeocapsa sp. cultivation and PHA granules detection

For cultivation, 10% inoculum of the Gloeocapsa sp. were prepared in sterilized 1x basic BG11 medium,
carbon rich BG11 media, FGW with BG11 media, and PSE with BG11 media. All cultures were cultivated at 47°C
under continuous illumination with white fluorescent for 21 days. After cultivation, the cell pellet was collected
and dried at 70°C. The dry cell weight (DCW) biomass was calculated using formula [(DCW after dehydration
(g)-DCW before dehydration(g)*1000mg)/150mL]

RESULTS AND DISCUSSION

Morphology and PHA granule detection of thermophilic Gloeocapsa sp.

Gleocapsa sp. strains 2DL, Ci and C were characterized by a spherical coccus morphology, consisting of
individual cells tightly packed together within spherical colonies (Figure 1 A-C). The cells are typically small,
rounded, and proximity to each other within the colony. The spherical shape enhances their ability to efficiently
acquire nutrients and adapt to varying environmental conditions. Notably, sample 2DL and Ci were diploid cells
with sample Ci appeared to has thicker mucilaginous sheath compared to sample 2DL (Figure 1A and 1B). It is
known that Gloeocapsa sp. cells can exist as unicellular with quadruplet cells wrapped within a mucilaginous
sheath, which was the distinct shape of sample C (Figure 1C). The presence of quadruplets in certain instances
may serve as reproductive strategy, enabling the cells to disperse and colonize new areas (Kumar et al., 2010).
These cells were surrounded by a protective mucilaginous sheath. It is also known that mucilaginous sheath serves
multiple functions such as shielding the cells from drying out, providing defense against harmful UV radiation and
offers structural support to the colony (Souza et al., 2020).

According to Mohammed & Ray (2022), SBB is a non-specific dye for PHA-producing producers. Thus,
in this study, Nile Blue A was used to further confirm the presence and accumulation of PHA granules. Sudan
Black B-stained culture smear showed cells filled up with dark blue-black stained granules (Figure 1 D-F) and the
cells stained with Nile Blue A when exposed to UV light at 405 nm, exhibited bright blue cytoplasmic granules
(Figure 1 G-I). After staining the Gloeocapsa cells with SBB and observed under light microscope, the PHA
granules were clearly visible in black colour (Figure 1 D-F). Nile Blue, being lipophilic can sometimes detect
granules of lipids that differ in nature and composition from PHA (Chaudhry et al., 2011). The fluorescence
intensity increased with the increase of PHA content from PHA producing cells. PHAs are accumulated
intracellularly under the condition of nutrient stress and act as a source of carbon and energy (Ratnaningrum et al.,
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2019). The screening result from three Gloeocapsa sp. samples (2DL, Ci, C) showed qualitatively by emitting
bright blue as they were able to accumulate PHA granules when it was observed under UV light irradiation at 405
nm (DAPI) using fluorescence microscope. As indicated in Figure 1 G-I, the Gloeocapsa cell contains intracellular
PHA granules when stained with 1% of NBA solution. The granules were clearly observed as blue-fluorescence.
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Figure 1. Morphology and PHA detection of thermophilic Gloeocapsa sp. strains; A, B, C: 2DL, Ci, and C

samples, respectively at 1000x magnification using light microscopy; D, E, F: SBB stained 2DL, Ci, and C

samples at 100x magnification, respectively at 100x magnification; and G, H, I: Fluorescence microscopy
visualization of Nile Blue stained 2DL, Ci, and C samples at 40x magnification and UV (405nm).

The effect of different carbon sources on Gloeocapsa sp. cell biomass

All Gloeocapsa sp. strains recorded the highest DCW when they were cultivated in basic BG11 media
(Figure 2). Noteworthy, the least growth were recorded for all Gloeocapsa sp. strains (2DL, Ci, and C) when they
were cultured in BG11 added with flue gas. This might be due to the high toxicity of flue gas which contains the
reaction products of fuel and combustion air and residual substances such as particulate matter (dust), sulfur oxides,
nitrogen oxides, and carbon monoxide (Singh et al., 2016). Sample C showed the greatest DCW in all cultivation
except for FGW supplied BG11 media, this is because high CO, concentration might slow down the cell growth.
However, only Sample 2DL grew well in the FGW supplied BG11 media, which shows that 2DL cells were able
to utilize nitrate and sulphate as their nutrient source (Chou et al., 2021). Comparably, all Gloeocapsa sp. strains
were able yield higher biomass in pineapple skin extract supplied BG11 media cultivation than FGW supplied
BG11 media cultivation. This is due to the presence of high lignocellulosic source (cellulose and hemicellulose)
and complex sugar such as sucrose, fructose and glucose in PSE supplied BG11 media.

30



1.8 1.122 0.954 1.52

2 1-2 m Basic BG11
E" 1.2 0.544 0.365 0.882
= 1 : : ’ B Carbon rich BG11
< E 0.38785 0.63635 0.6609
2308
3 Qo6 Flue gas water supplied basic BG11
8 04
g 0.2 069 023 .031 W Pineapple skin extract supplied

0 = L - basic BG11

2DL C

Gloeocapgclz sp. cell samples

Figure 2. Dry cell weight (mg/mL DCW) of Gloeocapsa sp. samples (2DL, Ci, and C) cultivated in four
different carbon sources. Reference: Abraham et al. (29 August 2024)

CONCLUSION

The thermophilic Gloeocapsa sp. strains used in this study were able to accumulate intracellular PHA
granules as the SBB and NBA stained smeared cells have demonstated PHA granules upon imaging. Besides that,
all thermophilic Gloeocapsa sp. strains have shown their respective biomass production in DCW from different
carbon sources. Noteworthy, basic BG11 media was the best carbon source for the thermophilic Gloeocapsa sp.
to grow as all strains have recorded the greatest DCW compared to other carbon source cultivations. In future,
optimization of growth media and conditions can provide a significant impact on the cyanobacterial metabolism
to produce higher cell biomass which will eventually help in increasing PHA production.
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ABSTRACT

This work aims at determining the synergistic effects of astaxanthin and tocotrienols in reducing

inflammation in CALU-3 cell line. Lipopolysaccharide (LPS) was used to cause inflammation and isobologram
analysis using Chou-Talalay method applied to evaluate synergism. Preliminary optimization experiments reveal
that the best conditions for inflammation induction were 10,000 cells/well and 10ng/mL LPS, measured over 72h
with the iCelligence system. Essentially, the synergistic effects of both compounds in moderating the inflammatory
markers were established and some interaction combinations had highest decrease in NO levels. Specifically,
positive synergy can be observed in all time points with the mixture of 2.0 pg/mL astaxanthin and 1.0 pg/mL
tocotrienols. Taken together, this research points to the efficacy of astaxanthin and tocotrienols as a therapeutic
option for inflammatory respiratory diseases and emphasizes the necessity of further investigation of the combined
anti-inflammatory action in CALU-3 cells.

Keywords: Astaxanthin, Tocotrienols, CALU-3 cells, Inflammation, LPS, Synergism, Isobologram

INTRODUCTION

Inflammation is involved in numerous respiratory diseases and thus, the continued hunt for effective anti-
inflammatory agents. Carotenoid, astaxanthin and tocotrienols, a form of vitamin E have been reported to exert
anti- inflammatory effects [1], [2]. This present study aims to investigate the joint impact of these two drugs on
inflamed CALU-3 cells, a human airway epithelial cell line using isobologram analysis for synergy. There is a
significant lack of experimental studies employing LPS to stimulate inflammation in CALU-3 cells, which in leads
to limited studies on the potential of astaxanthin and tocotrienols to alleviate inflammation.

Astaxanthin has been described as a powerful antioxidant that exhibits a strong ability to scavenge singlet
oxygen and superoxide radicals [1]. It has been reported to have synergistic effects with tocotrienols, another
potent antioxidant in several studies. For example, Kogure [1] described how astaxanthin and tocotrienols have a
synergistic effect to eliminate singlet oxygen and hydroxyl radicals.

Tocotrienols, a form of vitamin E, are known to be better antioxidants and anti-inflammatory compounds
compared to tocopherols. Research has established that tocotrienols effective in decreasing oxidative stress and
inflammatory biomarkers [2], [3]. Additionally, synergistic effects have also been illustrated through combined
treatments of astaxanthin and tocotrienols in various experiments, especially involving human diet with these two
compounds [4], [5].

Isobologram analysis is used in various research to assess the synergistic effects of drugs when they are
mixed. The Chou-Talalay method is the most impact approach for the accurate arithmetic in calculating
combination indices, which algebraically describe the interrelationships of the compounds [6], [7]. This approach
has been applied in previous studies to demonstrate the improved effectiveness of combined antioxidants in
different biological models [8], [9].

However, there is still a deficiency of experimental studies using LPS to cause inflammation in CALU-3
cells exclusively. Furthermore, there is a lack of evidence regarding the ability of astaxanthin and tocotrienols to
synergistically decrease inflammation in this cell line.
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METHODOLOGY

Cell Culture and Inflammation Induction

CALU-3 cells were grown under regular media conditions using Gibco™ RPMI 1640 Medium with
GlutaMAX™ Supplement, supplemented with 10% Gibco™ FBS, and 1.0 mM Gibco™ Sodium Pyruvate. The
cells were maintained in T-75 flasks and passaged every 3-4 days using Gibco™ TrypLE™ dissociation reagent
to prevent senescence. For cell counting, standard trypan blue exclusion was used to ensure >90% viability and
80% confluence on the day of the experiment.

Lipopolysaccharides (LPS) were added at various concentrations (10 ng/mL, 100 ng/mL, 200 ng/mL, 500
ng/mL, and 1000 ng/mL) to induce inflammation, with the optimal conditions determined through experimental
optimization described in section 3.2.

Optimization of Cell Count and LPS Concentration

Before running the actual tests, several preliminary experiments were conducted to establish the optimal
cell density and LPS concentration needed to trigger a strong inflammatory response in CALU-3 cells. The cells
were seeded at densities of 5,000, 10,000, 15,000, 20,000, and 40,000 cells per well, and LPS was added at
concentrations of 10 ng/mL, 100 ng/mL, 200 ng/mL, 500 ng/mL, and 1000 ng/mL.

Cells were first counted using a cell counter with trypan blue exclusion to ensure accurate cell densities.
These conditions were monitored over 72 hours using the iCELLigence system to characterize the maximum cell
index.

Treatment with Astaxanthin and Tocotrienols

The cells that were inflamed with LPS after the optimization experiment (3.2), treated with different
concentrations of astaxanthin and tocotrienols, separately as well as in different combination ratios. First, the cells
were incubated with astaxanthin at 1, 4, 7, 10, 13, 16, 19, 22 and 25 pg/ml and tocotrienols 1, 4, 7, 10, 13, 16, 19,
22 and 25 pg/ml, and negative and positive controls of each compound [13], Negative controls involved cells only
without any treatment to account for the baseline cell response. Positive controls involved cells treated with 10
ng/mL LPS only without any additional treatment to validate the inflammatory response. For achieving almost
50% inhibition, the maximum concentration of both astaxanthin and tocotrienols was set to 4 pg/mL based on the
observed Nitric Oxide (NO) reduction. Afterwards, 15 mixtures were prepared by mixing 1, 2 and 4 pg/mL of
astaxanthin and tocotrienols to determine their synergistic effects in minimizing inflammation in CALU-3 cells.

Isobologram Analysis

The interaction between astaxanthin and tocotrienols was assessed by the Chou-Talalay method for
isobologram analysis on synergistic effects. In this method, combination index (CI) values are determined such
that the value of CI < 1 is synergistic, CI = 1 is additive and CI > 1 is antagonistic [13]. The combination index
(CI) is calculated using the below formula [13]:

(D)1 (D)2
Cl=—=+—"=
(Dx)1  (Dx)2

(D); and (D), are the doses of drug 1 and drug 2 in combination that achieve a given effect, and (Dx),
and (Dx), are the doses of drug 1 and drug 2 alone that achieve the same effect.

In this study, the two bioactive compounds, astaxanthin and tocotrienols were mixed in different ratios.
CI values were estimated from the NO reduction data obtained in the experiments-presented in Table 1-3 for 24,
48, and 72 hours, respectively. A CI value less than 1 was an indication that astaxanthin and tocotrienols had a
synergistic effect in the CALU-3 cells, thus; helped to magnify the anti-inflammatory activity [13], [14].

RESULTS

Optimization Results

Optimal conditions for inducing inflammation in CALU-3 cells were determined to be at a density of
10,000 cells per well and 10 ng/mL of LPS. Figurel and 2 illustrate the optimization results.

Figure 1 illustrates the growth of CALU-3 cells over 72 hours at different initial seeding densities (5,000,
10,000, 15,000, 20,000, and 40,000 cells per well). The graph shows that higher initial cell densities lead to a faster
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increase in cell index, with 40,000 cells per well reaching the highest growth. The optimal seeding density for
further experiments was determined to be 10,000 cells per well, balancing rapid growth without risking over-
confluence.

Figure 2 illustrates the response of CALU-3 cells to different concentrations of Lipopolysaccharides
(LPS) over 72 hours. The y-axis represents the Cell Index, which measures cell proliferation and response, while
the x-axis represents time in hours. The concentrations tested were 0 ng/mL, 10 ng/mL, 100 ng/mL, 200 ng/mL,
500 ng/mL, and 1000 ng/mL. The graph shows that as the concentration of LPS increases, the Cell Index also
increases, indicating a stronger inflammatory response. Among the tested concentrations, 1000 ng/mL produced
the highest cell index, suggesting the most significant inflammatory effect. However, for subsequent experiments,
a concentration of 10 ng/mL was chosen as it provided a strong yet manageable inflammatory response, suitable
for assessing the effects of astaxanthin and tocotrienols without overwhelming the system.
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Figure 1. Optimal Cell Counts for CALU-3
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Figure 2. LPS Optimal Concentration

Synergistic Effects

Isobologram analysis revealed a significant synergistic effect between astaxanthin and tocotrienols at
specific concentrations, which indicated by a combination index of less than 1 (see Figure 3-5).
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Figure 3. Isobologram of Astaxanthin-Tocotrienols (24 hours)
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Figure 5. Isobologram of Astaxanthin-Tocotrienols (72 hours)

The concentration and observed NO reduction percentage with combination index (CI) values are shown
in Tables 1 to 3 for 24, 48, and 72 hours, respectively.
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Table 1. Concentrations and Observed NO Reduction at 24 hours

Astaxanthin Concentration | Tocotrienols Concentration Observed NO Combination Index
(pg/ml) (ng/ml) Reduction (%) (ChH
4 4 43.9 0.531
2 1 46.2 0.203
1 2 44.8 0.195
4 2 45.7 0.407
2 4 43.6 0.39
1 4 44.5 0.32
4 2 43.5 0.407
1 2 42.8 0.195
2 2 45.9 0.266
2 2 453 0.266
4 1 44.1 0.345
1 1 45.1 0.133
2 2 44 .4 0.266
2 1 45.8 0.203
2 4 45.6 0.39

Table 2. Concentrations and Observed NO Reduction at 48 hours

Astaxanthin Concentration | Tocotrienols Concentration Observed NO Combination Index
(ng/ml) (pg/ml) Reduction (%) (CDH
4 4 39.8 0.815
2 1 41.6 0.279
1 2 40.3 0.333
4 2 41.21 0.557
2 4 39.3 0.666
1 4 40.1 0.591
4 2 39.2 0.557
1 2 38.5 0.333
2 2 40.9 0.408
2 2 40.6 0.408
4 1 39.1 0.428
1 1 40.2 0.204
2 2 39.7 0.408
2 1 40.8 0.279
2 4 40.5 0.666
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Table 3. Concentrations and Observed NO Reduction at 72 hours

Astaxanthin Concentration | Tocotrienols Concentration Observed NO Combination Index
(pg/ml) (ng/ml) Reduction (%) (C)
4 ' 4 35.9 0.903
2 | 1 37.3 0312
1 2 36.1 0.365
4 2 36.9 0.625
2 4 35.5 0.73
1 4 36.3 0.643
4 2 354 0.625
1 2 34.8 0.365
2 2 36.8 0.451
2 2 36.6 0.451
4 1 35.7 0.486
1 1 36.1 0.226
2 2 35.8 0.451
2 1 36.9 0.312
2 4 36.5 0.73
DISCUSSION

The findings of this research show that there were a strong synergistic interaction between astaxanthin
and tocotrienols in the suppression of inflammation in CALU-3 cells. The most effective concentrations for
activating inflammation were identified to be 10,000 cells per well and 10 ng/mL of LPS using the iCelligence
system for 72 hours [11]. Chou-Talalay isobologram analysis showed that some combinations of astaxanthin and
tocotrienols exhibited synergistic effects at CI values less than one [13], [14]. From the data obtained at 24 hours,
it could be seen that the significant synergistic effect for 2 pg/mL astaxanthin and 1 pg/mL tocotrienols; with a CI
value of 0.203 and an observed NO reduction of 46.2%. Likewise, at 48 hrs, the same agents showed extreme
synergistic effect since the CI value equal to 0.279 and an observed NO reduction of 41. 6%. At 72 hours, this
combination was still potent with a CI of 0.312 and an observed NO reduction of 37.3%.

Moreover, a combination of astaxanthin (1 pg/mL) with tocotrienols at 2 pg/mL has also shown
synergistic effect in all time points, which suggested this compound pair as a promising inflammation suppressor.
These results indicated that the synergistic therapy of astaxanthin and tocotrienols could be potentially beneficial
in treating inflammatory respiratory disorders, as a lower dose of each compound administrated resulted in
increased anti-inflammatory activity, therefore can reduce potential side effects caused by a higher dose [15], [16].
Further research should be addressed to explain the molecular basis of this synergistic effect and validate these
observations in vivo.

CONCLUSION

This study supports the possibility of a synergetic therapeutic application of astaxanthin and tocotrienols in treating
inflammatory respiratory diseases. More elaborate work, however, must be done to explicate the specifics of how
the synergism mentioned has been achieved.
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ABSTRACT

This study investigates the optimal hydrogen peroxide (H>O,) concentrations for pre-sterilizing leaf explants from
Capsicum frutescens and Solanum lycopersicum to minimize contamination and necrosis in micropropagation.
Ten concentrations (5%-50%) of H,O, were tested with a one-minute application to determine their efficacy in
reducing microbial contamination and preserving leaf explant viability via the foliar spray technique. Results
indicated a linear increase in necrosis proportional to H,O, concentration over 72 hours, with C. frutescens showing
slightly lower necrosis than S. lycopersicum, likely due to its wax cuticle layer. The optimal concentration was
found to be 15%, which effectively sterilizes explants with minimal necrosis, while higher concentrations (above
30%) caused significant tissue damage. These findings provide a valuable protocol for pre-sterilization in
micropropagation practices, ensuring higher survival rates and reducing contamination.

Keywords: Hydrogen Peroxide, Pre-Sterilization, Leaf Explants, Micropropagation, Capsicum frutescens,
Solanum lycopersicum

INTRODUCTION

Capsicum frutescens and Solanum lycopersicum are important crops within the Solanaceae family, known
for their versatility in medicinal, cosmetic, and culinary applications [1;2]. These plants boast over 3,000 species
and nearly 100,000 varieties, including the highly nurtured cherry tomato [2], which provides numerous beneficial
properties for agriculture [3;4]. Due to high demand, micropropagation studies aim to enhance these plants,
necessitating an efficient protocol for thriving in-vitro culture [4;5;6] using various plant organs [6]. However, in
this study, the focus was on the leaves of C. frutescens and S. lycopersicum in which these leaves, waxy adaxial
and trichome adaxial leaves, respectively, serve as ideal models due to their abundance and suitability for plant
tissue culture [7;8;9]. Leaves are differentiated organs originating from pluripotent stem cells at the shoot apical
meristem, offering advantages such as ease of handling, lower difficulty compared to other explants, and minimal
destruction to the mother plant [5;9]. Despite these advantages, leaf explants are particularly susceptible to
contamination, posing a significant challenge in PTC. High surface contamination can lead to necrosis and
decreased viability of the leaf explants, hampering successful micropropagation [5;10;11]

Thus, this study investigates the application of hydrogen peroxide (H»0,) for leaf surface pre-sterilization,
due to its broad-spectrum antimicrobial activity, low phytotoxicity, and affordability [12;13]. However,
determining the optimal concentration and exposure time of H,O is crucial to balance effective decontamination
with minimal necrosis of leaf [14, 15, 16]. The objective of this research is to optimize the concentration of H>O,
for pre-sterilization of leaf explants from C. frutescens and S. lycopersicum, enhancing the success of
micropropagation, mainly when leaf sample collection requires storage before micropropagation begins. This
study aims to identify an H>O, concentration that effectively reduces surface contamination while maintaining
explant viability by minimizing necrosis. The significance of this study lies in its potential to improve
micropropagation practices by providing a reliable pre-sterilization protocol. Effective sterilization of leaf explants
can lead to higher survival rates and more successful micropropagation outcomes, which are crucial for cultivating
these economically and nutritionally essential crops. By addressing the challenge of surface contamination, this
research contributes to the broader field of plant tissue culture, enhancing the efficiency and success of in vitro
cultivation techniques.
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LITERATURE REVIEW

Table 1. Comparison of Hydrogen Peroxide (H202) in Natural and Artificial Environments

Aspect Natural Environment Artificial Use (Surface Sterilization)
Formation Produced naturally in biological Synthetically produced and applied
processes
Role Signaling molecule, defense mechanisms  Disinfectant and sterilizing agent
Mechanism Regulated by enzymatic breakdown Oxidizes cellular components to destroy
microbes
Application Involved in plant stress responses Used to sterilize surfaces and explants
Concentration Low, tightly regulated by plants Varied; needs optimization for
effectiveness
Advantages Essential for plant health and ecology Broad-spectrum, environmentally
friendly
Limitations Potential for oxidative damage if It can be corrosive and requires careful
unregulated handling

This comparison highlights hydrogen peroxide's distinct roles and considerations in natural and artificial
contexts, emphasizing its importance and versatility as both a natural signaling molecule and a powerful sterilizing
agent for this research study [12, 13, 16, 17, 18, 19, 20].

METHODOLOGY

In this experiment, healthy leaf explants were selected: C. frutescens leaves exhibited a shiny, waxy layer
and smooth surface, while S. lycopersicum leaves had abundant trichomes and a serrated shape. The shape,
coloration, spots, lesions, and senescence of the leaves were noted during the selection process. during determine
the optimum concentrations of H,O», leaf explants were treated with foliar sprays of H,O, at concentrations of 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, and 50% on both the top and bottom surfaces. After treatment,
samples were rinsed with distilled water, dried with sterile tissue paper, and stored in sealed bags. Leaf explants
from the optimal H,O, treatment were then cut to 3-4 cm and cultured in Murashige & Skoog (MS) medium with
basic sterilization procedures. The MS medium was prepared by dissolving 4.4 g of powder in 1.0 L of sterile
distilled water, adjusting the pH to 5.7-6.0, and adding 4.0 g of agar before autoclaving at 121°C and 15 psi for 20
minutes. After one week of observation, the emergence of necrosis and contaminants, including bacteria and fungi,
was examined using a stereomicroscope and a compound microscope to assess their impact on leaf morphology.

RESULTS AND DISCUSSION

The results showed that at a high concentration of 30% H>0O», necrosis began to emerge along the veins
within 24 hours, even though the leaf cells remained fresh and exhibited high durability, as evidenced by the
opening stomata (Figure 1a, 1b,1c and 1d). This necrosis was likely due to the volatile bonds of H,O», which easily
break and initiate reactions [17]. It was noted that unattached leaves from the plant contained enzymatic catalases
and peroxidases that acted against excessive H,O, by transforming it into water and oxygen [21;22;23], thus
preserving plant cells from necrosis effects. This protective mechanism was effective against both internal H,O»
secretion and external sources such as foliar sprays in agriculture [17;21]. However, once the plant was collected
and the sampling procedure was performed, these enzymes no longer provided protection, leading to eventual
necrosis when external H>O, was introduced [24]. Depending on the type of plant, explant samples exhibited
delayed reactions to H,O, and varying degrees of necrosis due to the breakdown of H,O, bonds. Previous studies
showed that a short contact time with a high concentration of H>O, for surface sterilization was optimal [20;23],
while another study found that a low concentration of H,O» with a longer contact time of about 20 minutes resulted
in the highest explant survival rate during in vitro culture [18;20;21]. In terms of the durability of C. frutescens
and S. lycopersicum leaf samples, the optimal pre-sterilization needed to withstand the actual sterilization and IVC
culture by showing a low level of necrosis with no spike in browning [14;24]. Standard IVC testing showed that
the pre-sterilization treatment of 15% H>O, for one minute allowed leaf explant morphology to maintain green
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coloration with minimal necrosis, compared to 30% H»O,, which resulted in browning and necrosis after two days
for both species.

In these micropropagation experiments, two contaminants were identified for C. firutescens and S.
lycopersicum: bacteria and fungi (Figure le, 1f, 1g, and lh). The condition of contaminant emergence varied.
Although bacterial-fungal co-infections can exhibit antagonistic, synergistic, or cohabitant effects in explants [25],
the variety of contaminants in each plate indicated high contamination density and rapid emergence. Some of these
"environmental microorganisms" became latent due to the high nutrient availability in MS media, but most
bloomed due to the various nutrient content in the MS media [26]. Bacterial colonization tended to prompt cell
death, with necrosis appearing as soon as the infection occurred [25;26]. Fungus infections, meanwhile, delayed
necrosis [25] of explants by a few days but eventually contaminated entire plates. Within less than three days, all
plates exhibited contamination; however, plates with prior sterilization using 15% H»O, showed green explants
with a lack of both types of contaminants, especially bacteria, compared to those without 15% H»0O,, which showed
both bacterial and fungal emergence within three days, indicating a high microbial population density on the leaf
explant surface. Without prior optimal pre-sterilization, the explants also rotted faster and turned brown, regardless
of species.
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Figure 1. Necrosis and contaminant emergences a) 40x stereomicroscope within 6 hours, b) 40x
stereomicroscope within 24 hours; ¢) 400x stereomicroscope within 6 hours of d) 400 x stereomicroscope within
24 hours, e) bacteria, f) fungi g) bacteria (pioneer colony) with fungi h) fungi (pioneer colony) with bacteria.

CONCLUSION

This study explored the optimal concentration of hydrogen peroxide (H>O,) for pre-sterilizing leaf
explants from Capsicum frutescens and Solanum lycopersicum to improve micropropagation success. The optimal
pre-sterilization was a 15% H>O» treatment for one minute, which maintained the green color of the leaves and
minimized necrosis while effectively reducing high density contamination population from bacteria and fungi. In
contrast, explants without prior sterilization showed rapid contamination and browning. Future research should
focus on long-term contamination control, sustainable sterilization methods, and testing the effectiveness of the
15% H,0; concentration across different plant species.
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ABSTRACT

Foodborne diseases or also known as food poisoning, are a major global public health concern that has been caused
by consuming food or beverages that have been contaminated with pathogenic microorganisms. This study aimed
to quantify the presence of common pathogenic bacteria and determine its antimicrobial susceptibility in
commercially prepared beef burger patties. Various microbiology techniques such as sample collection, pre-
enrichment, serial dilution, plate counting, identification methods and antimicrobial susceptibility test were
applied. Out of fifteen (15) isolates obtained, four (4) of them were Escherichia coli, six (6) of them were Shigella
sp. and five (5) of them were Pseudomonas aeruginosa. Overall, Escherichia coli isolates were highly resistant
towards Neomycin, Streptomycin, Ampicillin, Chloramphenicol, Cephalothin, Ceftazidime, Erythromycin,
Clindamycin, Doxycycline and Sulphamethoxazole. Additionally, Shigella sp. isolates were highly resistant
towards Neomycin, Streptomycin, Ceftazidime, Erythromycin, Clindamycin and Sulphamethoxazole.
Furthermore, Pseudomonas aeruginosa isolates were highly resistant towards Neomycin, Cephalothin,
Ceftazidime, Erythromycin, Clindamycin, Furazolidone and Sulphamethoxazole. The multiple antibiotic resistance
(MAR) index of all (15) isolates were more than 0.2 ranging from 0.50 to 0.93. The high MAR index values indicate
an extensive antibiotic resistance that has frequent exposure to multiple antibiotics. Further research should be
conducted to identify the resistant genes, virulence, and the whole genome sequencing.

Keywords: Common pathogenic bacteria, beef burger patties, antibiotic susceptibility, MAR index

INTRODUCTION

Burger patties have been linked to several foodborne disease outbreaks. These patties, which are
frequently made from ground meat, can act as a bacterial reservoir. This study aimed to quantify the presence of
common pathogenic bacteria and determine its antimicrobial susceptibility in commercially prepared beef burger
patties. Some burger patties are frequently consumed without further cooking, such as in rare or medium-rare
burgers. Unless the burger patty is fully cooked, these bacteria can remain alive on the inside and pose a risk to
any potential bacterial contamination. Commercially prepared burger patties are burger patties that are produced
in a mass production to be commercialised in large quantities around the country. On the other hand, common
pathogenic bacteria means that the bacteria caused the most illnesses, hospitalizations and even deaths and this
include bacteria such as Escherichia coli, Shigella sp. and Pseudomonas aeruginosa. Various microbiological
techniques such as sample collection, pre-enrichment, serial dilution, plate counting, identification methods such
as biochemical tests were applied in this study. Antimicrobial susceptibility testing was carried out to determine
the susceptibility patterns of isolated bacterial strains to commonly used antibiotics. Out of fifteen isolates
obtained, four of them were Escherichia coli, six of them were Shigella sp. and five of them were Pseudomonas
aeruginosa. Overall, Escherichia coli isolates were highly resistant towards Neomycin, Streptomycin, Ampicillin,
Chloramphenicol, Cephalothin, Ceftazidime, Erythromycin, Clindamycin, Doxycycline and Sulphamethoxazole.
Additionally, Shigella sp. isolates were highly resistant towards Neomycin, Streptomycin, Ceftazidime,
Erythromycin, Clindamycin and Sulphamethoxazole. Furthermore, Pseudomonas aeruginosa isolates were highly
resistant towards Neomycin, Cephalothin, Ceftazidime, Erythromycin, Clindamycin, Furazolidone and
Sulphamethoxazole. The multiple antibiotic resistance (MAR) index of all 15 isolates were more than 0.2 ranging
from 0.50 to 0.93.

MATERIALS AND METHODS

This study utilised nutrient broth, nutrient agar, MacConkey agar, Gram stain reagents, Methyl red
indicator, MR-VP broth, Tryptophan broth, Kovac’s reagent, Alpha-naphthol, Potassium hydroxide, Mueller
Hinton agar, Simmons Citrate agar, distilled water, and a range of antibiotics such as Kanamycin, Gentamicin,
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Neomycin, Streptomycin, Ampicillin, Imipenem, Chloramphenicol, Cephalothin, Ceftazidime, Erythromycin,
Clindamycin, Doxycycline, Furazolidone and Sulphamethoxazole. Beef burger patties from three brands (Brand
A, Brand B, Brand C) were purchased in Kuala Pilah, Negeri Sembilan and stored at 4°C in their original packaging
until analysed. Each sample was weighed (10g) and homogenised in 90 mL of nutrient broth using a stomacher
for 60 seconds to create a homogeneous mixture. The homogenised sample was incubated at 37°C overnight to
promote bacterial growth (Ajourloo et al., 2021). Serial dilutions were performed by transferring 1 mL of the
homogenised sample into 9 mL of nutrient broth and continued until it reaches the dilution factor of 10°. A 0.1
mL aliquot from each dilution was plated onto MacConkey agar and spread uniformly using a sterile spreader.
Plates were incubated at 37°C overnight, allowing bacterial colonies to develop (Ben-David & Davidson, 2014).
After that, the colonies were counted using the Plate Count Method. A single colony from each plate was isolated,
purified on MacConkey agar, and then inoculated onto nutrient agar slants for further testing (O’Toole, 2016).
Isolated bacterial colonies were subjected to Gram staining and the IMVIiC test (Indole test, Methyl Red test,
Voges-Proskauer test, and Simmons Citrate test) to identify the bacteria (Aryal, 2022). The Kirby-Bauer disc
diffusion method was utilised to assess the susceptibility of the bacterial isolates to 14 different antibiotics. The
diameters of inhibition zones were measured after incubation and interpreted according to CLSI guidelines
(Delgado, 2021). The MAR index of the isolated bacteria was calculated to assess the level of antibiotic resistance.

RESULTS AND DISCUSSION

Colonies on MacConkey agar

As illustrated in Figure 1, there are two types of colonies which are pink colonies and colourless colonies
present on the MacConkey agar. The pink colonies indicate that the colonies are lactose-fermenting bacteria
meanwhile the colourless colonies indicate that the colonies are non-lactose-fermenting bacteria.

Pk colopy (able to ferment lncioee)

Colourless ¢olony (unabls 1o ferment lactosa)

Figure 1. Characteristics of the growth on MacConkey agar

Plate count method in CFU/g of pink and colourless colonies

Brand A showed the highest bacterial load with the values of 1.27 x 108 CFU/g for pink colonies and 9.10
x 107 CFU/g for colourless colonies. On the other hand, Brand B showed the lowest bacterial load with the values
of 1.02 x 10% CFU/g for pink colonies and 6.80 x 10° CFU/g for colourless colonies. Apart from that, Brand C also
showed presence of pink and colourless colonies but they were not in countable range as they were Too Many to
Count (TMTC) and Too Few to Count (TFTC). The high bacterial load showed significant contamination making
the beef burger patties unsafe for consumption unless it is fully cooked to 75°C for at least 30 seconds (Centre for
Food Safety, 2022).

Biochemical test and Gram staining of the isolates

From three brands of beef burger patties, fifteen isolates were obtained. All of the isolates were Gram-
negative. Brand A had three isolates and all of them identified as Escherichia coli. The presence of E. coli can be
linked to contamination from faecal sources (Khan & Gupta, 2020). On the other hand, Brand B had seven isolates
and six of them were identified as Shigella sp. meanwhile one of them was identified as E. coli. The presence of
Shigella sp. can be linked to contamination from an infected food handler that practices poor hygiene while
handling the raw materials in the production of burger patties (Bhutia et al., 2021). Apart from that, Brand C had
five isolates and all of them identified as Pseudomonas aeruginosa. The presence of P. aeruginosa can be linked

47



to poor sanitation in meat shops, unhygienic processing practices, and a lack of awareness among meat retailers
about essential requirements and guidelines for maintaining a clean meat shop (Elbehiry et al., 2022).

Antibiotic susceptibility test on E. coli, Shigella sp. and P. aeruginosa isolates

In this study, 4 isolates of Escherichia coli, 6 isolates of Shigella sp. and 5 isolates of Pseudomonas
aeruginosa from three different brands of burger patties were tested with 14 types of antibiotics namely Kanamycin
(K30), Gentamicin (CN10), Neomycin (N10), Streptomycin (S10), Ampicillin (AM10), Imipenem (IPM10),
Chloramphenicol (C30), Cephalothin (KF30), Ceftazidime (CAZ30), Erythromycin (E15), Clindamycin (DA2),
Doxycycline (DO30), Furazolidone (FR100) and Sulphamethoxazole (RL25).

E. coli isolates were highly resistance to 10 different antibiotics namely Neomycin, Streptomycin,
Ampicillin, Chloramphenicol, Cephalothin, Ceftazidime, Erythromycin, Clindamycin, Doxycycline and
Sulphamethoxazole, with the percentage of resistance between 75% to 100%. This aligned with the previous study
by Adzitey et al. (2020) with 71.67% of E. coli isolates being resistant towards Ampicillin and 85% of the isolates
being resistant towards Erythromycin. On the other hand, only one type of antibiotic which is Gentamicin that
E.coli isolates highly susceptible to with the percentage of susceptible of 75% and this also aligned with the
previous study by Adzitey et al. (2020) with 88% of the E. coli isolates being susceptible to Gentamicin.

On the other hand, Shigella sp. isolates were highly resistant to 6 different antibiotics namely Neomycin,
Streptomycin, Ceftazidime, Erythromycin, Clindamycin, and Sulphamethoxazole with the percentage of resistance
of 100%. This aligned with the previous study by Pakbin et al. (2021) with 66.6% of Shigella sp. isolates being
resistant towards Streptomycin and 50% of the isolates being resistant towards Ampicillin. On the other hand,
there are 5 types of antibiotics which are Kanamycin, Gentamicin, Imipenem, Doxycycline and Furazolidone that
Shigella sp. isolates were highly susceptible with the percentage between 67% to 100%. In the previous research
by Pakbin et al. (2021) also reported the similar results with 100% of Shigella sp. isolates being susceptible towards
Gentamicin.

Apart from that, P. aeruginosa isolates were highly resistant to 7 different antibiotics namely Neomycin,
Cephalothin, Ceftazidime, Erythromycin, Clindamycin, Furazolidone and Sulphamethoxazole with the percentage
of resistance between 80% to 100%. In the previous research by Arbab et al. (2023) also reported the similar results
with 80% of P. aeruginosa isolates being resistant towards Erythromycin. On the other hand, there are 4 type of
antibiotics which are Gentamicin, Ampicillin, Chloramphenicol and Doxycycline that P. aeruginosa isolates were
highly susceptible with the percentage between 80% to 100%. In the previous research by Jauher & Hasan (2023)
also reported similar results with 80% P. aeruginosa isolates susceptible towards Gentamicin.

Multiple Antibiotic Resistance (MAR) index and Antibiotic Resistance Pattern

Table 1 shows the antibiotics resistance patterns and multiple antibiotic resistance pattern (MAR) index
of Escherichia coli, Shigella sp. and P. aeruginosa isolates. The number of resistance patterns for 4 of the E. coli
isolates were in between 9 to 13 with MAR index values ranging from 0.64 to 0.93. This aligns with findings from
Adzitey et al. in 2020 with the MAR index of 0.63 and 0.60 in the raw beef samples. Similarly, a study conducted
by Datok et al. (2021) reported the MAR index of 0.5 to 1.0 in the kebab samples sold in a Nigerian city. Datok et
al. (2021) and Adzitey et al. (2020) also stated that a MAR index of 0.4 and above is associated with human faecal
source contamination and a MAR index of less than 0.4 is associated with nonhuman faecal contamination. On the
other hand, the number of resistance patterns for 6 of the Shigella sp. isolates were in between 7 to 8 with MAR
index values ranging from 0.50 to 0.57. This aligns with findings from Arbab et al. (2023) with the MAR index
ranging from 0.6 to 0.9 from healthy cattle samples. On the other hand, the number of resistance patterns for 5 of
the Pseudomonas aeruginosa isolates were in between 9 to 11 with MAR index values ranging from 0.64 to 0.79.
This aligns with findings from a study conducted by Badawy et al. (2023) with the MAR index ranging from 0.44
to 0.77 in the samples originating from cows and their drinking water. The high MAR index values for E. coli,
Shigella sp. and P. aeruginosa isolates indicate an extensive antibiotic resistance that has frequent exposure to
multiple antibiotics. This is also highly likely due to improper use or overuse of antibiotics in the food production
environment.
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Table 1. Antibiotics resistance patterns and multiple antibiotic resistance pattern (MAR) index of E.coli,
Shigella sp. and P. aeruginosa isolates
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CONCLUSION

To conclude, from three different brands, Brand A has the highest plate count value in CFU/g in both
pink and colourless colonies. Furthermore, there are three bacteria that can be found in beef burger patties which
are Escherichia coli, Shigella sp. and Pseudomonas aeruginosa. Apart from that, there are significant resistance
to multiple antibiotics observed and E. coli showed the highest range of MAR index. The high resistance of these
common pathogenic bacteria emphasises the importance of farmers using fewer antibiotics in livestock production
and relying on good management practices to prevent diseases that require the use of antibiotics. Moreover, it is
crucial to properly handle the burger patties such as cooking them thoroughly rather than consuming them medium
or medium-rare. In addition, more extensive sampling are required to understand any potential variation in the
screening of these common pathogenic bacteria as well as their antibiotic resistance profiles. Further research
involving the molecular characterization of resistant strains and identification of resistance mechanisms are also
highly recommended to determine the resistant genes, virulence, and the whole genome sequencing.
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ABSTRACT

Extracellular vesicles (EVs) are membrane-bound nanoparticles released by cells to facilitate intercellular
communication. They can potentially be used in medicine for diagnosis, prognosis and drug delivery systems.
Ultracentrifugation is the current gold standard for isolating EVs, but the constantly changing parameters to
maximize yield and purity highlight the research gap in achieving an optimal isolation method. This study aims to
optimize the EV isolation method from urine using ultracentrifugation. The number of centrifugation cycles was
first determined prior to optimization. As a result, particle size analysis (PSA) revealed that the one-cycle
centrifugation EV showed more monodispersed particles than the two-cycles centrifugation. The size distribution
for one-and two-cycle centrifugation were 93.1167 and 177.3333 respectively. of the particles. Furthermore, the
bicinchoninic acid (BCA) protein assay showed that the two-cycles centrifugation EVs contained fewer proteins
than the one-cycle centrifugation EVs. This implies the elimination of non-EV proteins, resulting in highly pure
EVs. The findings of these investigations can help develop a more efficient and reliable technique for ensuring
higher purity and yields of EVs, which is critical for downstream applications.

Keywords: Extracellular Vesicles, Isolation, Ultracentrifugation

INTRODUCTION

Extracellular vesicles (EVs) are nanosized vesicles released by cells in eukaryotes and prokaryotes organisms that
act as communication tools with another cell (1). EVs that are released by their parent cell carries cargo and
information from their parent cell to the recipient cell. In human, among the cargo that EVs carries include protein,
lipid, glycan and genome information (1). Parent cell release EV into extracellular environment of the body and
can be found in biofluid secretion such as urine, saliva and blood (1). Over the decade, massive research has been
done to explore many metabolites in EV especially protein, mRNA and lipid (3). Hence, EVs have attracted the
attention of many researchers from various fields, prompting further exploration. For instance, the metabolomic
analysis has been proven to differentiate between healthy and sick population in variety of disease, such as cancer
(1), autoimmune disease and inflammatory disease (2). Thus, EVs possess potential to be engineered as disease
biomarker and drug delivery agents.

Although there has been a significant amount of study conducted on EVs, there are still some necessary processes
that must be taken in order to obtain accurate and precise analytical results for EVs. The steps involved in this
process are sample collection, isolation, characterisation, and EV analysis. Out of all these steps, the isolation stage
is the most critical. An optimal isolation process is crucial for achieving both high production and purity of EVs.
Ultracentrifugation (UC) is the most commonly employed method for isolation (4). The simplicity and time
efficiency of UC have made it a favoured choice among researchers, contributing to its convenience and popularity
compared to alternative methodologies. Nevertheless, there is currently no established process for UC that ensures
the utmost efficiency and cleanliness of EVs (4). Various investigations have employed different
ultracentrifugation speeds and durations, hence confounding the ability to compare the obtained results. Hence,
this study aims to optimize the method of isolating EVs in order to establish a universally accepted protocol for
EV isolation.
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METHODOLOGY
Urine sample collection

Midstream, morning urine from six healthy volunteers aged 21-51 were pooled. The urine samples were treated
with dithiothreitol to make the concentration of 4.05x10-3 M to release entrapped EV by uromodulin protein.

EV Isolation

Samples were centrifuged using Beckman Coulter Allegra X-15GR Centrifuge at 2,000 xg (30 minutes),
17,000 xg (15 minutes), and ultracentrifuged with Thermo Scientific WX Ultra Series Centrifuge at 200,000 xg
for 2 hours, all at 4°C. To investigate the optimized method of EV isolation, another cycle of ultracentrifugation
is introduced after the first cycle of ultracentrifugation, at the same speed, time, and temperature. At the end of
ultracentrifugation, the white pellet suspended at the bottom of the tube that is expected to be EV is carefully
collected, added with 100uL PBS, and stored at -80°C to avoid EV degradation.

Characterization of EV

Isolated EV sample was then characterized by BCA Protein Assay to determine the protein concentration
in both cycles and urine control. The protocol on purchased BCA Protein Assay was followed and the absorbance
was determined with microplate reader BMG Labtech Spectrostar Nano Microplate Reader for absorbance reading.
Another characterization done in this research is a Particle Size Analyzer (PSA) to determine the size of vesicles
isolated in 1-cycle and 2-cycles by using Malvern Mastersizer 3000 instrument. The sample was diluted with 10
mL PBS at a ratio 1:300 for suitability in the instrument. The purity and yield was observed by looking at the PSA
and BCA protein Assay result.

RESULTS

Bicinchoninic Acid (BCA) Protein Assay

Standard working solution with known protein concentration was prepared according to the instructed
protocol. From the absorbance, a standard curve of concentration against absorbance was plotted. The correlation
coefficient, R? was calculated, giving value of 0.9954, indicating a well-fit regression of known concentration to
the absorbance. Hence, the linear equation can be used to calculate the protein concentration of sample. From
linear equation y= 1.0185x — 0.0006, the concentration of protein is calculated and depicted in Figure 2 to test
whether there is significant loss of protein between sample and control, t-test statistical test was carried out. At
significant difference 95% (o= 0.05), p-value is lower than a, null hypothesis is rejected, hence there is significant
difference of protein concentration between control and sample. There are few reasons that may explain lower
protein concentration as cycle increase. As the cycle increase, As the cycle increase, we were able to remove higher
density protein that retained in the sample. The protein removed was suspected to be non tetraspanins, such as
albumin and uromodulin. Hence, non tetraspanin protein was successfully removed from sample in two-cycle.
Hence, optimization of EV isolation by two-cycles of ultracentrifugation is successfully achieved.
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Figure 2. (a) Standard curve of protein concentration of EV against UV absorbance (b) protein concentration of
the EV between centrifugation cycles and control

Particle Size Analyzer

Average size (d.nm) for both cycles were determined by Malvern Mastersizer 3000. From the analysis, it
is found that one cycle has smaller average size compared to two cycle sample with 93.7767 d.nm and 177.3333
d.nm respectively. There is also a difference in Pdi value between the samples. For one cycle, the Pdi value obtain
was 0.4930 while for two cycles Pdi value was 0.6943 as also shown in figure below.
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Figure 3. (a) average size (d.nm) against type of sample (b) average size (d.nm) and Pdi value of samples

DISCUSSION

The isolated EV was analyzed by using the BCA protein assay in order to look at the protein concentration
between the control, one cycle and two cycle sample. From the analysis, it can be seen that the concentration of
the two-cycle sample was the lowest compared to the control and one cycle sample. This is due the difference in
sample preparation before the analysis where the one cycle sample only undergo one time UC while two cycle
sample undergo two time of UC. In other hand the control sample was the pure urine sample that has been treated
first before the analysis. During the two cycles of UC, more of the protein and other component that abundance in
the sample was remove compare to the one cycle of UC which made the concentration of protein in two cycle
sample lower compare to others. According to the t-test that has been made with 95% confident interval, there is
significant different between one cycle (t (3) = 0.1653, p = 0.05) and two cycle sample (t (3) = 1.3691, p = 0.05).

PSA was used in these studies to look at the size distribution of samples. From the result, it seems that
the one cycle sample the smaller size average compared to the two cycle sample with 93.1167 d.nm and 177.3333
d.nm repectively. The one cycle sample average size was fall in to the range of the desired size of EV which around
30 until 150 nm. This is shows, that one cycle sample is the one that going to be use in further optimization method.
This also can be proof by the Pdi value of the sample. The Pdi value obtain for the one cycle sample was 0.4930
and for the two-cycle sample was 0.6943. this show the Pdi value of one cycle sample was lower sample compared
to two cycle sample. The lower Pdi value show that the sample has good monodispersed while the higher the Pdi
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value shows that the sample indicate greater variation in sample. This may be due to the aggregation that happen
to the sample during the two cycle UC.

CONCLUSION

In summary, the PSA results indicate that the one-cycle sample yields favorable outcomes, as the average
sample size aligned with the reported EV size. The one-cycle sample also retains the majority of important proteins
that are necessary for EV identification. Hence, the one-cycle sample will be chosen for subsequent refinement,
with a specific emphasis on two factors, which are ultracentrifugation speed and time. Further investigations,
including Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM), will be carried
out in the future to provide additional confirmation of the presence of aggregation in the two-cycle sample.
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ABSTRACT

The increasing prevalence of breast carcinoma necessitates the development of novel and effective therapeutic
agents. This study evaluates the anticancer potential of biogenically synthesized copper oxide nanoparticles (CuO
NPs) using Camellia sinensis extract against human breast carcinoma cells. The synthesized nanoparticles were
characterized using various techniques to confirm their crystalline structure, size, morphology, and functional
groups involved in stabilization. The cytotoxic effects of these CuO NPs on MCF-7 breast cancer cells were
assessed through MTT assay, revealing a dose-dependent reduction in cell viability with 50% inhibitory
concentration (IC50) at 53.95 pg/ml. Further investigation into the mechanism of action was conducted using flow
cytometry and apoptosis assays, which indicated that CuO NPs induced cell cycle arrest and apoptosis in cancer
cells. Reactive oxygen species (ROS) generation, caspase activity assay and comet assay were also performed to
elucidate the underlying pathways, suggesting that oxidative stress and DNA damage play pivotal roles in the
cytotoxicity observed. Overall, our findings demonstrate that biogenic CuO NPs exhibit significant anticancer
activity against human breast carcinoma cells with minimal effects on normal cells, highlighting their potential as
a therapeutic agent due to their biocompatibility and lower toxicity. However, further validation of our data is
required in ex vivo and in vivo models before this CuO NPs could be exploited for the treatment and management
of human breast cancer.

Keywords: Biosynthesized, Copper oxide NPs, Camellia sinensis, Apoptosis, Breast cancer

INTRODUCTION

Cancer has become one of the most devastating diseases with more than 14 million new cases each year
and is expected to continue rising. According to the statistics released by the World Health Organization (WHO),
there were an estimated 20 million new cancer cases and 9.7 million deaths in 2022. With the advancement in
nanotechnology, nanoparticles are gaining lots of significance due to their use in cancer therapy. Previous studies
have reported that metal oxide nanoparticles can induce cytotoxicity in cancer cells with minimal side effects to
the normal cells [2], poses anti-oxidant capacity that can decrease the rate of tumour cells progression [1] and
induce generation of reactive oxygen species (ROS) oxidative stress which causes DNA damage and increases
death receptor expression [3].

Copper oxide nanoparticles (CuO NPs) have garnered attention for their potent anticancer properties.
Traditionally synthesized through chemical methods, CuO NPs have shown efficacy in inducing apoptosis and
inhibiting the proliferation of various cancer cell lines. However, concerns regarding the environmental impact
and biocompatibility of chemically synthesized nanoparticles necessitate the exploration of greener alternatives.
In the present study, CuO NPs were synthesized using Camellia sinensis extracts. Biogenic synthesis of
nanoparticles, utilizing plant extracts or other biological materials, offers a sustainable and eco-friendly approach.
This method not only reduces the reliance on hazardous chemicals but also enhances the biocompatibility of the
nanoparticles, making them more suitable for medical applications. Recent studies have highlighted the potential
of biogenic CuO NPs in biomedical applications, however the specific anticancer mechanisms of CuO NPs
synthesized from tea leaves extract remains underexplored.

Therefore, this study aims to evaluate the anticancer potential and their mechanisms of action of
biosynthesized CuO NPs against against breast cancer cells. Through comprehensive in vitro analyses, including
cytotoxicity assays, apoptosis evaluation, and mechanistic studies, we seek to elucidate the potential and
therapeutic applications of these biosynthesized CuO NPs. This research could pave the way for developing novel,
effective, and safe nanomedicine strategies for breast cancer treatment.
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METHODOLOGY

Synthesis and Characterization of CuO NPs

The stock for copper nitrate solution was prepared using distilled water. Various concentrations of the tea
extract solutions were used to measure the size of CuO NPs. The copper nitrate solution was stirred vigorously for
15 minutes at 350 rpm to get a well-mixed solution. Then, tea extracts were slowly added into the solution with
constant stirring speed for about 1 hour. The color of the solution was changed from pale blue to pale yellow and
finally to brown. The mixture was then cooled at room temperature for about 10 minutes. The precipitates were
separated by filter paper and washed using distilled water and ethanol until reached pH 7. The precipitate obtained
was dried in the oven at 100°C for 2 hours to obtain black powdered particles. It is necessary to characterize the
properties of the CuO NPs in order to understand the effect of experimental parameters and the physical and
chemical nature of the NPs. Thus, various tests involving UV- vis, SEM, FESEM, HRTEM, EDS, FTIR and XRD
were performed.

Cell culture

MCEF- 7 breast cancer cells and RWPE-1 human prostate epithelial were used in this study. Both cell lines
were cultured in growth medium supplemented with 10% FBS. Cells were allowed to grow as monolayer in a
CO; incubator at 37 °C with 5% COs,.

MTT assay

The cytotoxic activity of the CuO NPs compounds on the cells were assessed using the MTT cell viability
assay. Briefly, the cell lines were seeded at approximately 10* cells/well in 96-well plate and were incubated
overnight before treated with biosynthesized CuO NPs at various concentrations (0 -100 pg/mL) for 24 h. After
incubation, 20 pL of MTT reagent (5 mg/mL) were added to each well of the microplate followed by incubation
in the dark at 37°C for 90 min. The spent media were then discarded, and purple formazan precipitates were
dissolved in 200 pL. DMSO. The optical density was measured with a microtiter plate reader (Tecan Sunrise,
Switzerland). The assay was performed in triplicate and the half maximal inhibitory concentration (IC50) value
was obtained.

Live/Dead assay

Fluorescence viability stains were enabled the visualization of cell appearance based on membrane
integrity and differentially label live and dead cells. Qualitative assessment of cell viability upon treatment with
CuO NPs was conducted using the LIVE/DEAD® Viability/Cytotoxicity Kit according to manufacturer’s
instructions. Visualization of samples were performed using a Nikon Eclipse TS-100 fluorescence microscope
(Nikon, Tokyo, Japan) under 100> magnification.

Cell Cycle Assay

A total of 1.0x106 cells was grown as a monolayer and treated with CuO NPs incubated for 24h.
Following treatment, the treated and untreated cells were collected through trypsinization, centrifuged and washed
twice with ice-cold 1xPBS solution (cell harvesting). The cell pellets were re-suspended in 1 mL of 1xPBS solution
and 3 mL of 70 % ethanol added dropwise by a continues vortex to fix the cells. The cells were left for 30 min at
40C for a complete fixation and were washed twice with 1xPBS solution at a high centrifugation speed (850xg)
for 5 min. The cell pellets were stained with 200 puL of PI solution (stock: 50 pg/mL), 0.5 uL RNase (stock: 10000
pg/mL), and was incubated in the dark for 45 min. The samples were analyzed using MACSQuant® Analyzer 10
flow cytometry with MACSQuantify™ version 2.10 software (Miltenyi Biotec, Bergisch Gladbach, Germany).

Annexin V-FITC/ PI Flow Cytometry Assay

A total of 5.0x10° cells was cultured before treated with CuO NPs incubated for 24 h. Cells were then
harvested from both floating and attached cells and were washed twice using 1x PBS solution and further was
incubated for 15 min in the dark with 100.0 uL of binding buffer containing 5.0 uL of annexin V-FITC and PI,
respectively. The samples were mixed with 400.0 puL binding buffer before being analyzed using MACSQuant®
Analyzer 10 flow cytometry with MACSQuantify™ version 2.10 software (Miltenyi Biotec).

Caspase 3/7 Assay
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A total of 0.3x106 cells of cancer cell lines was cultured and treated with CuO NPs and were incubated
for 24h. Adherent cells were collected and centrifuged at 500xg for 5 min at 4°C. The cells were rinsed two times
with PBS to remove the impurities or debris. The pellets were solubilized at 2x107 cell/mL in a chilled 1xcell
extraction buffer PTR. Immediately the solution containing cells were incubated on ice for 20 min, followed by
centrifugation at 18,000xg for 20 min at 4°C. The final supernatants were transferred into the clean tubes and the
pellets were discarded. The samples were then tested using the assay immediately. A S50uL of sample was added
into the 96-well, followed by adding a 50uL of antibody cocktail prepared. After 1 hour of incubation, the
supernatants were aspirated and washed three times with 350uL 1xwash buffer PT. Then, 100uL TMB solution
was added into each well and incubated for 10- 30 min. Immediately a 100uL stop solution was added to stop the
reaction and OD reading was measured at 450 nm using TECAN microplate reader.

ROS Detection by Immunofluorescence Assay

ROS activity in the cancer cell lines treated with CuO NPs was studied using ROS assay kit purchased
from Canvax, Spain. This assay kit uses the cell permeant reagent Dichlorodihydrofluorescein-diacetate
(H2DCFDA), a fluorogenic dye that measures hydroxyl, peroxyl and other ROS activity within the cell. A total of
2.5x10* cells was grown in 96-well plates for 24 hours. Media was removed and the cells washed with 100pL ROS
assay buffer (100puL/ well+PBS). The ROS buffer was removed and stain the cells by adding 100uL diluted
H2DCFDA probe. Immediately, the cells were incubated with H2ZDCFDA probe for 45 min at 37°C in dark. Then,
the H2DCFDA solution was removed by washing with 1XROA buffer 100uL each well. The cells were treated
with CuO NPs and incubated for 1-6 hours. H202 was used as the +ve control in this test. Immediately, the
absorbance reading was measured at Ex/Em (485/530 nm) using TECAN microplate reader.

Comet Assay

A total of 1x 10* cells were cultured on 6-well plates and treated with CuO NPs. After 24 h, the treated
cells were placed in 1 mL of phosphate-buffered saline (PBS) containing 20 mM EDTA and 10% DMSO and then
disintegrate by serial pipetting. Treatment with hydrogen peroxide was used as the positive control: H202
concentrations and the cells was spread onto microscope slides precoated with normal agarose and subjected to
the alkaline comet assay. Viability was checked by trypan blue staining. The cells were lysed for 1 h in 10 mM
Tris, 100 mM EDTA, 2.5 M NaCl, 10% DMSO, 1% Triton X-100 (pH 10). DNA unwinding was carried out for
20 min at 40C in alkaline conditions (300 mM NaOH, 1 mM EDTA, pH > 13). The electrophoresis was performed
at 4°C under an electrical current of 400 mA (25 V) for 20 min. The slides were neutralized (Tris—HCl 0.4 M),
dehydrated in 70% ethanol, stained with 50 L ethidium bromide (10 g L—1) and then analysed using a fluorescence
microscope (400xmagnification, Eclipse 50i, Nikon) and finally scored using Comet assay IV image analysis
software (Perceptive Instrument, UK). The test parameter was considered as the % DNA in the tail (tail intensity).
Comet assay results were analyzed for significance from negative control.

RESULTS AND DISCUSSION

The anticancer potential of biosynthesized CuO NPs against human breast carcinoma cells was evaluated
through a series of in vitro experiments. X-ray diffraction analysis was performed to determine the crystal structure
and phase of copper oxide nanoparticles. XRD results showed that the particles were highly crystalline and with
monoclinic structure. Morphology of copper oxide nano particles confirmed by SEM, FESEM and TEM, which
showed that the particles are spherical and are in 20- 60 nm range. The main composition of the CuO NPs were
copper, oxygen and carbon from EDS result obtained. The presence of alcohol, aromatic hyroxyl and alkene from
the FTIR spectroscopy results proves that the pytochemicals involved in the synthesis of CuO NPs and also acting
as capping agent.

In this study, the cytotoxicity activity of CuO NPs were tested against MCF-7 breast cancer cells. The
results showed CuO NPs treatment were able to suppress the growth of those cancer cells in dose-dependent
manner. The percentage of viable cells were decreasing as the concentration of the CuO NPs increasing. The ICso
of CuO NPs in MCF-7 is 53.95+1.10 pg/mL. In addition, the CuO NPs treatment exhibited minimal cytotoxicity
effects on the normal cell lines (RWPE-1). This result is in accordance to previous studies reported that the CuO
NPs synthesized using Pogestemon benghalensis exhibit a half inhibitory effect on cell viability at 60.25 mg/L in
human normal fibroblast HDF cell lines [4] and could be a potential anticancer agent as it does not induce
significant cytotoxicity on normal cell lines. In addition, our finding through live/dead assay’s result showed a
large percentage of dead cells in MCF-7 cells treated with CuO NPs concentration in comparison to untreated
cells. Whilst, we observed the MCF-7 cells undergo cell death by apoptosis. Using this assay, the cells can be
recognized as viable (unstained), early apoptosis (annexin V-FITC stained only), late apoptosis (annexin V-FITC
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and PI stained) and necrosis (PI stained only) across various dose of treatment to observe the shift of cells towards
different stages of death.

Caspase cascades can be triggered through two major branches, either through cell surface TNF-
superfamily death receptor and the pivotal adaptor protein Fas activated death domain (FADD) leading to activate
of caspase- 8 and ultimately caspase- 3, or via the release of cytochrome C from mitochondria resulting in caspase-
9 activity and subsequent caspase- 3 action. Caspase- 3, represents a convergence point between the two routes,
and in turn induces PARP cleavage, chromosomal DNA breaks and finally the breakdown of the cell apoptotic
bodies (J.-f. Zhao et al., 2009). In this study, we use human cleaved caspase 3/7 assay to evaluate the CuO NPs
treated cells. We found that MCF-7 cell lines shows a higher expression caspase- 3/7 proteins in reference to the
control cells, indicating the cells undergoing cell death via apoptosis.

Oxidative stress refers to the imbalance due to excess ROS or oxidants over the capability of the cell to
overcome and response. Hence, oxidative stress leads to macromolecular damages and involves in various disease
effects especially cancer. Generation of ROS, together with the release of pro- apoptotic proteins from the
intermembrane space of mitochondria, trigger the activation of different modes of cell death. In this study, we
observed a positive test towards the ROS assay where the florescence intensity in MCF-7 cell lines were relatively
higher compared to the control cells. This conclude that the ROS generation in this cancer cell lines were higher,
and this supports the results on the apoptotic and genotoxic effects as the result on comet assay shows a similar
trend on the effects to the treated cells where the DNA double strand break is very clear using comet assay with
scoring of the DNA.

CONCLUSION

Overall, our findings demonstrate that CuO NPs biosynthesized using Camellia sinensis extract exhibit
significant anticancer activity against human breast carcinoma cells. The dose-dependent cytotoxicity, induction
of apoptosis, and involvement of oxidative stress highlight the potential mechanisms through which these
nanoparticles exert their effects. The biosynthesis approach not only enhances the biocompatibility of CuO NPs
but also aligns with sustainable and eco-friendly practices. However, further in vivo studies and clinical trials are
warranted to fully establish their therapeutic potential and safety profile. The integration of biogenic nanoparticle
synthesis in cancer nanomedicine could pave the way for the development of novel, effective, and sustainable
cancer treatments.
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ABSTRACT

Nepenthes, or pitcher plants, are carnivorous plants that attract and capture insect prey using modified leaves
shaped like pitchers. This adaptation occurred because they lived in an environment deficient in nutrients,
particularly nitrogen and phosphorus. We chose Nepenthes ampullaria, Nepenthes gracilis, and Nepenthes
rafflesiana as the three species in this study. Human activities currently threaten the habitat of these plants,
potentially leading to the decline of insects. Hence, the study aimed to identify the infaunal communities in each
Nepenthes and investigate the relationship between the infaunal community and pitcher size. We collected the
fluid content from ten pitchers in both the upper and lower pitcher water bodies of each Nepenthes, transferred it
into plastic test tubes, and then stored it with 75% ethanol. The study revealed ten insect orders obtained from the
pitchers of studied species, with hymenopterans being the most common prey. Other insects like mosquito larvae,
flies, beetles, and unidentified arthropods were also present. The study further determined that pitcher shape
influences the abundance of infaunal communities, with a positive and moderate correlation between pitcher
volume and the number of insects. This study suggests that larger pitchers have a higher number of infaunal
individuals in their water bodies.

Keywords: Carnivorous plants, Inquilines, Ecological interactions, Forest disturbance.

INTRODUCTION

Nepenthes, commonly referred to as tropical pitcher plants, belong to the Nepenthaceae family, which is
exclusively composed of the Nepenthes genus. Tropical pitcher plants' unusual pitchers simplify their feeding
processes and make them clearly identified. This is in sharp contrast to typical plants, whose roots absorb nutrients
from the earth (Dezhi & Aili, 2010). Nepenthes leaves have evolved into a pitcher structure with lubricating wax
crystals on the inner wall and 'insect aquaplaning' on the peristome (Bauer et al. 2012). This structure traps insects
in the carnivorous Nepenthes and collects desiccated leaves in the omnivore Nepenthes. This phenomenon results
from the fact that pitcher plants thrive in nutrient-deficient soils, particularly those lacking nitrogen, which inhibit
the growth of other plants. As a result, the pitchers are essential to Nepenthes' survival.

The infaunal communities found in the phytotelmata of Nepenthes play a significant ecological role,
contributing to the production of nutrients, particularly nitrogen (Miller & Kneitel, 2005). In return, the pitcher
plants provide a safe haven for inquilines from predators and serve as food sources for Nepenthephiles. Thus, the
infaunal communities and Nepenthes establish a symbiotic relationship, demonstrating mutual interaction, as
demonstrated by Lam et al. (2018). They assert that an inquiline can assist in sequestering nutrients within the
phytotelma where it resides. Beach Ridges Interspersed with Swales (BRIS) are coastal plains characterized
by sandy soils, common in eastern Peninsular Malaysia. However, rapid urbanization threatens their existence,
leading to habitat destruction and biodiversity loss. Insects, crucial for ecosystem functioning, are particularly
vulnerable to habitat loss. Therefore, this study aims to investigate the infaunal diversity within Nepenthes
pitchers in a BRIS ecosystem, in Merang, Terengganu.

MATERIALS AND METHODS

The sampling of infaunal communities was carried out in the BRIS ecosystem at Kampung Rhu Tapai,
Merang Terengganu (5°31'02"N, 102°58'16"E). Three Nepenthes species, N. ampullaria, N. gracilis, and N.
rafflesiana, were selected for this study. A total of 20 pitchers were collected from each species, comprising 10
upper pitchers and 10 lower pitchers. Pitcher maturity, determined by size, was a key criterion for selection. While
most pitchers were from different individuals, some were collected from the same plant due to their clustered
growth pattern.

Infaunal communities and pitcher fluid were extracted using a syringe-based inhalation/exhalation
technique. Larger insects were manually removed using a dissecting spatula. Samples were preserved in 75%
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ethanol and sealed with parafilm. The phylum, class, order, and relationships to the Nepenthes spp. were used to
identify and classify the inquilines species number within each pitcher plant species.

Pitcher volume was calculated based on measurements of peristome width and length using a vernier
caliper. Peristome length was measured from the opening of the pitcher to the base of the tendrils, while width was
measured at the widest point of the peristome. The collected data on pitcher length and peristome width were used
to analyze the relationship between pitcher morphology and infaunal community abundance. Correlation and
regression analyses were employed to examine the association between the size of Nepenthes and the infaunal
communities.

RESULTS AND DISCUSSION

A total of 3,187 infaunal individuals, representing ten orders of arthropods (Insecta and Arachnida), were
captured in pitchers of three Nepenthes species: N. ampullaria, N. gracilis, and N. rafflesiana (Table 1). The order
richness found in this study is comparable with previous studies. A study in Sarawak found ten insects order in
five Nepenthes sp. at Setiam Hill Sarawak (Marina et al., 2018), while six insects order and one non insects order
were encountered in five Nepenthes sp. at heath forest of Brunei (Gaume et al., 2016), and seven insects order
from N. rafflesiana at Central Catchment Nature Reserve (CCNR) in Singapore (Lam et al, 2020).

The abundance of infauna varied significantly among species, with N. rafflesiana hosting the highest
number of individuals (1,152), followed by N. gracilis (1,407) and N. ampullaria (278). The diversity of prey
captured by these Nepenthes species also differed. N. rafflesiana attracted a wider range of insect orders, including
flying insects like Blattodea, Diptera, Coleoptera, Orthoptera and Mantodea (Figure 1). In contrast, N. gracilis
primarily captured crawling insects such as ants and mites. Nepenthes ampullaria predominantly contained insect
larvae, particularly those of flies. Overall, ants, mites, insect larvae, and flying insects were the most common
infaunal groups found in Nepenthes pitchers. While arachnids (Araneae) were present, they constituted a smaller
proportion of the infaunal community. Hymenopterans especially ants were observed as the common infaunas
found in each Nepenthes pitchers, which was the same as the study by Adlassnig et al. (2011). Meanwhile, ants
were found mostly in lower pitchers of each Nepenthes, since they are epigeic foragers that build nest on the ground
(Lam et al., 2020).

Table 1. The abundance of infaunal communities that can be found in three Nepenthes species sampled
from BRIS area in Merang, Terengganu.
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Figure 1. The infaunal assemblages in three Nepenthes species sampled from BRIS area in Merang,
Terengganu.

Our analysis of pitcher size (length and width) revealed that N. rafflesiana had the largest pitchers,
followed by N. gracilis and N. ampullaria. Consistent with previous research (Cresswell, 1993; Gaume et al.,
2019), we found a positive correlation between pitcher size and infaunal abundance. Nepenthes rafflesiana and N.
gracilis, with their larger pitchers, captured a higher number of infaunal organisms. Correlation and regression
analysis revealed a strong positive linear relationship between pitcher volume and the total number of infaunal
individuals (r = 0.776, p<0.05). Pitcher size explains approximately 60.6% of the variation in infaunal abundance,
which implies that pitcher size has a significant contribution on the captured infaunal. Larger pitchers with
favorable conditions support greater infaunal diversity, reflecting the species-area relationship in ecology.

CONCLUSION

The pitchers of the three Nepenthes species contain ten orders of arthropods. The trapped infaunas consist
of ten insect orders (Hymenoptera, Blattodea, Diptera, Coleoptera, Orthoptera, Mantodea, and Odonata) and two
noninsect orders (Araneae and Acari). The order of Hymenoptera, especially ants, are the most abundant infaunas
that are found in each pitcher of every Nepenthes sp., especially in lower pitchers since they are foragers and have
small sizes, which make it easier for them to be trapped. In addition, the study proved that the morphology of the
pitchers influences the number of trapped infaunas, as evidenced by the strong and positive linear relationship
between the number of infaunas and pitcher volume. Therefore, the higher the pitcher volume, the higher the
number of infaunal communities trapped. For more research into the ecological dynamics of Nepenthes pitcher
plants and the animals that live with them, future studies could look at how the diversity and make-up of these
animal communities change throughout the year as a result of changes in temperature, rainfall, and plant growth.
This would provide insights into the seasonal dynamics of these ecosystems.
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ABSTRACT

This study evaluates eDNA extraction techniques to improve aquatic biodiversity monitoring by comparing two
filtration methods: single and multiple filter protocols, using various filters. Results indicate that a multiple filter
protocol using 0.45 pm cellulose nitrate (CN) membranes yields the highest eDNA. Among extraction methods,
the Phenol Chloroform Isoamyl alcohol (PCI) method significantly outperformed commercial kits in eDNA yield.
PCR amplification and Illumina MiSeq sequencing identified 14 families and 21 fish species. The study
recommends the CN 0.45 pum filter and PCI method for efficient, cost-effective eDNA extraction in aquatic
biodiversity research, particularly benefiting resource-limited settings.

Keywords: Environmental DNA; single filter; multiple filter; high yield; cost-effective; aquatic biodiversity.

INTRODUCTION

Environmental DNA (eDNA) analysis has emerged as a highly promising tool for the monitoring of
aquatic biodiversity (Andres et al., 2023). However, due to sample degradation during sampling and processing,
the standardized eDNA extraction protocol still presents a challenge to obtaining accurate and repeatable results
(Bowers et al., 2021; Beng & Corlett 2020). This study aimed to examine two filtration techniques for eEDNA
extraction from water samples by employing four different filter types to increase eDNA yield.

MATERIALS AND METHODS

In this present study we reported two filtration techniques: a single filter protocol and a multiple filter
protocol. We used cellulose nitrate (CN) membranes with pore size of 0.22 um and 0.45 pm, polyvinylidene
difluoride (PVDF) membrane with pore size of 0.45 um and common filter (CF) membrane to filter the sample
water. eDNA was extracted by a NucleoSpin eDNA water kit and Phenol Chloroform Isoamyl alcohol (PCI)
method. The eDNA extracted from each method was assessed for quantity and quality using a Nanodrop
spectrophotometer and agarose gel electrophoresis, respectively. PCR amplification was done using 12S RNA
gene. Some eDNA samples were sequenced using Illumina MiSeq platform to result validation.

RESULTS AND DISCUSSION

Using multiple filter protocol high eDNA yield was obtained. Comparison of all filter membranes showed
that CN membrane with pore size of 0.45 um can capture more eDNA than other filter membranes (Figure 1).
Between the extraction methods, PCI with multiple filter protocol could isolate five times more eDNA compared
to commercial DNA extraction kit method (Figure 2). Increasing the initial filter volume can increase the eDNA
yield. eDNA extracts were amplified using PCR primers for 12S rRNA gene to validate the results. Agarose gel
electrophoresis for assessing the quality of eDNA found all the same. 9 orders, 14 families, 18 genera and 21
species of fish were obtained using the [llumina MiSeq platform (Illumina, San Diego, CA, USA) (Figure 3). Our
findings align with those of Capo et al. (2020) and Hunter et al. (2019), who demonstrated that a multiple filter
protocol enhances eDNA yield, making it suitable for detecting species, even those present at low abundance.
Moreover, Ruan et al. (2022) evaluated various sampling, filtration, and extraction methods for monitoring fish
diversity via eDNA. They compared direct filtration and filtration-based precipitation, alongside three DNA
extraction techniques: DNeasy Power-Water Kit, DNeasy Blood & Tissue Kit, and conventional
phenol/chloroform. Analyzing water volumes of 500, 1,000, and 2,000 ml, they concluded that increasing filtration
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volume effectively enhances eDNA vyield, aiding fish community structure characterization in complex
ecosystems.
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Figure 1. Comparison between single filter and multiple filter method. A) Average concentration of eDNA
extracted using PCI method with single filter (red columns) and from multiple filters (blue columns). B) Average
absorbance ratio of A260/A280 of DNA extracted following PCI method using single filter (red columns) and
multiple filters (blue columns). Error bars indicate standard deviation of the mean. Value represents average of at
least three technical replicates, ns denotes not significant with (P > 0.05); **, P<0.01; ****_ P<0.0001.
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Figure 2. Comparison of eDNA extraction method. A) Efficiency of PCI method with single and multiple filters
and kit method. B) A260/A280 ratios of eDNA extraction methods. Value represents average of at least three

technical replicates, ns denotes not significant with (P > 0.05); **, P<0.01; **** P<0.0001. Statistical analysis
was performed using two-way ANOVA with Tukey multiple comparison test.
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Figure 3. Fish families and species obtained by eDNA metabarcod

CONCLUSION

For water filtration, CN 0.45 pm pore size membrane has advantages over others. PCI is recommended
as the best method for eDNA extraction with multiple filter protocol from aquatic samples with the least cost and
appropriate purity. The commercial eDNA extraction kit takes the shortest time; however, it is costly and so not
suggested for developing nations. We recommend the CN membrane pore size (0.45 pm) and PCI extraction with
multiple filter protocol for rapid assessment of aquatic biodiversity. The presented protocol will be helpful for
developing countries and will open new insights into research especially assessing biodiversity at an advanced
level.
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ABSTRACT

A 44-day feeding trial was conducted to evaluate the effects of feed supplemented with fucoidan and curcumin on
the growth performance and feed utilization of juvenile red Nile tilapia (1.98 + 0.46g). Four experimental diets
were tested; Control, 1.5 g/kg fucoidan (FD), 0.05 g/kg curcumin (CR), and 1.5 g/kg fucoidan with 0.05 g/kg
curcumin (FDR). A total of two hundred (n=200) homogenous tilapia juveniles were fed with the experimental
diets for 44 days, where each replicate was stocked with 10 fish. The study demonstrated no significant difference
in the specific growth rate, SGR (p>0.05). Protein efficiency ratio (PER) showed a significant difference for fish
in CR (p<0.05). While feed conversion ratio (FCR) and average daily weight gain (ADWG) in CR were enhanced
by 21% and 1.83%, respectively. This finding is contradicted by the results of the SGR that demonstrated no
significant difference between the treatment and control groups. Overall, the inclusion of fucoidan and curcumin
with the concentration of 1.5 g/kg and 0.05 g/kg, respectively, do not improve the overall growth performance
parameter of the red Nile tilapia however, PER, FCR, and ADWG was observed to have positive significant
difference in CR compared to the control group. The current study found that dietary supplementation with
fucoidan (FD) at a dose of 1.5 g/kg did not lead to significant improvements in growth rate or intestinal histological
profile. In contrast, curcumin (CR) at a dose of 0.05 g/kg successfully improved the PER, FCR, and ADWG of the
fish. This information is of increasing interest in fish nutrition that will affect the overall growth factor to provide
a healthy and sustainable feed formulation.

Keywords: curcumin, fucoidan, growth performance, feed utilization, tilapia

INTRODUCTION

Nowadays, with a continuously expanding global population, the food sector is growing rapidly,
particularly, aquaculture which continues to supply protein sources for human consumption. Aquaculture fish,
especially tilapias, have been seen to be a potential species to combat poverty, malnutrition, and food insecurity
due to their ability to survive in harsh environments, easy to culture, and marketability (Prabu et al., 2019).
However, due to high demand, the sustainability of the fish remains a significant concern. The major challenge
comes from feeding the farmed fish with an economically sustainable yet nutritious feed. At present, antibiotics
and other chemical drugs are used to promote the growth and health of the fish (Reda et al., 2013). The overuse of
these substances causes negative effects on the environment and the health of animals including humans. For
example, it contributes to the emergence of antimicrobial resistance of strains of bacteria (Akinnawo, 2023).
Hence, numerous studies have been conducted to find alternatives to antibiotics. Environmentally sustainable feed
additives such as immunostimulants, probiotics, and prebiotics have been introduced and practiced in the
aquaculture farm to increase the growth rate and health status of the aquatic animals

Fucoidans and curcumin have recently been highlighted in several aquaculture research as multifunctional
feed additives. Fucoidan which originates from brown seaweed can enhance growth performances, maintain a
healthy intestinal lining, and boost immunity in both fish and shrimp (Yang & Lim, 2021). Curcumin has been
acknowledged as a powerful immunomodulator as it has substantial pharmacological and biological properties
including antioxidant, anti-inflammatory, and anti-microbial which are also involved in the growth promotion of
fish (Amer et al., 2022; Mahmoud et al., 2017). Previous studies have been conducted to examine the effects of
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fucoidan and curcumin on the growth, gut microbiome, and intestine profile of aquatic organisms (Ji et al., 2021;
Mahgoub et al., 2020). However, the combination of both fucoidan and curcumin in the diets is not well studied
in growth performance and feed utilization in fish. Furthermore, there is still little information on whether
curcumin can improve the effect of fucoidan on the growth performance and feed utilization of the fish.

Thus, the present study was conducted to evaluate the effects of the combination of fucoidan and
curcumin supplemented diets on the growth performance and feed utilization in red Nile tilapia (Oreochromis
niloticus) juveniles.

MATERIALS AND METHODS

Experimental Diets and Feeding Trials

The feeding trials were conducted at the SATREPS-COSMOS Demo Site, Faculty of Agriculture,
Universiti Putra Malaysia, UPM, and were performed following the rule of the Institutional Animal Care and Use
Committee of Universiti Putra Malaysia (UPM) (IACUC/AUP-R007/2023). The basal diets used in this study
were modified from sources of the diets that have been documented to fulfill the nutrient requirements of tilapia
(O. niloticus) diets. The feeding diets were prepared by the inclusion of fucoidan (MANIS, UKM) and curcumin
(Bio Basic, Sangon Biotech) as follows; 0 (Control), 1.5 g/kg of fucoidan (FD) as described in a previous study
(Fabrini et al., 2017), 0.05 g/kg of curcumin (CR) as described in a previous study (Amer et al., 2022), 1.5 g/kg
and 0.05 g/kg of fucoidan and curcumin (FDR), respectively.

Experimental Designs and Growth Performance Parameter

A total of 200 red Nile tilapia juveniles were purchased (1.98 + 0.46 g) and distributed randomly into four
experimental groups. Each group had 5 replicates of 10 fish (n=50/group). The fish were acclimatized in 20 tanks
(30 cm x 19 cm x 18 cm) a week before the experiment. The water quality was maintained at a temperature, 25.0
+ 1.5°C; dissolved oxygen, 5.0 £ 0.1 mg/l; pH, 7.0 £ 0.5; ammonia, less than 0.02 mg/l, and nitrite, less than 0.5
mg/l as described in previous studies (Van Doan et al., 2014). For 44 days, each of the four experimental groups
was fed according to the prepared feed; Control, FD, CR, and FDR. At the end of the feeding trial, the final weight
of randomly selected fish was weighed from each replicate (n=15) to calculate the growth parameters such as
average daily weight gain (ADWG), specific growth rate (SGR), protein efficiency ratio (PER), and feed
conversion ratio (FCR)

Average daily weight gain (ADWG) = total weight gain (g) / experimental days

Specific growth rate (SGR) = 100 x (In final weight — In initial weight) / total period of experiment (days)
Protein efficiency ratio (PER) = total weight gain (g) / protein intake (g) x 100

Feed conversion ratio (FCR) = total feed intake (g) / total weight gain (g)

Statistical analysis

Collected data were statistically analyzed using ANOVA (SPSS Version 29 for MacOS SPSS Inc.,
Chicago, IL, USA). Post hoc Duncan test was used to assess differences among means; the variation in the data
was expressed as pooled SEM, and the significance level was set at p<0.05.

RESULTS AND DISCUSSIONS

Growth performance parameters

The study showed no significant difference in the SGR (p>0.05) between fish in different experiment
groups. However, PER showed a significant increase for fish in CR (p<0.05), while FCR and ADWG in CR were
enhanced by 21% and 1.83%, respectively (Table 1). This finding is contradicted by the results of the SGR that
demonstrated no significant difference between the treatment and control groups. The results showing an
improvement of PER, FCR, and ADWG are consistent with previous studies in red Nile tilapia (O. niloticus)
(Amer et al., 2022; Mahmoud et al., 2017), grass carp (Ctenopharyngodon idella) (Ming et al., 2020), and large
yellow croaker (Pseudosciaene crocea) (Jietal., 2021). The enhanced PER, FCR, and ADWG while no significant
increase was observed on SGR could be linked to several factors. Firstly, balanced nutrition has long been
recognized as a key factor in supporting growth performance, resulting in optimal body and flesh quality and, at

67



the same time sustaining the health of the fish (Adewumi, 2018). For example, the lack of essential nutrients such
as lipids, carbohydrates, minerals, and vitamins could affect the overall growth of the fish. The current studies
have focused only on the efficiency with which protein in the diet is converted into body mass instead of the overall
nutrients in the diet. Secondly, despite the increase in ADWG, there is no change in SGR, which suggests that the
starting weight of the fish was large enough for the SGR to remain stable and the fish have reached a size where
absolute growth (in grams per day) has improved making the ADWG have a significant increase.

At present, curcumin showed a positive increase in the PER, FCR, and ADWG compared to the control
groups. This is consistent with the information that stated that curcumin could boost nutrient utilization remarkably
(Jiang et al., 2016). The increased ADWG of the fish in CR could be due to the properties of curcumin in improving
digestion by increasing the trypsin and lipase activities leading to faster growth (Yang et al., 2022). The lowest
FCR was also observed in the curcumin group (CR), which was improved by 21% compared to the control groups.
Curcumin has a unique flavor that has been used in many local delicacies, which may increase the palatability of
feed resulting in increasing of feed intake (Alagawany et al., 2021). Thus, the feed was utilized more efficiently
by the fish which improved the feed efficiency. Curcumin’s anti-inflammatory properties reduce the inflammation
in the gut lining which improves the digestive efficiency and nutrient uptake, overall leading to a better growth
performance and lower FCR (Giri et al., 2019). Lower FCR indicates better efficiency in converting feed into body
mass making it to be desirable in achieving sustainable aquaculture practices. Less feed is needed to achieve
optimum growth which can minimize the cost and environmental effects. This study suggests that curcumin can
reduce the feed conversion ratio which leads to an increase in ADWG. Next, PER in the CR groups showed an
improvement compared to control groups (p<0.05). This could be due to the role of curcumin in increasing the
intestinal microbiota and digestive enzyme activities of the fish (Jiang et al., 2016). Meanwhile, fucoidan in this
study does not show any significance in growth performance parameters. Similar results related to the growth
performance parameter in the fingerlings of O. niloticus, were observed in a study by Fabrini et al., (2017), who
investigated the effect of different concentrations (0%, 0.5%, 1.0%, and 1.5%) of sulfated polysaccharides,
fucoidan extracted from brown algae.

Table 1. Growth performance and feed utilization of juvenile Nile tilapia fed with different diets
containing fucoidan and curcumin (n=60).

AW
W {(g) FYWY gD (pikay) SGH (%) FER {(g'zh FCR (=)
Combrol 1953 & D45 2200 &0 150" U006 b RO OUXT6 & 0L063* 93X & ] 992 L5876 & QL1267
FIa 23206l 24390000 0OI0£0002% 0433200000 14509234385 LATE L0008
CR 2000 0218 27A0&0U116Y QDT 000 OTREE 03280 JLIEG s JLOTSY  L1lé&0i079
FIak Lods =i 2445 = 00%1% 0001 £ 0002 0506007 19 1% =4000% 1243+ 0005

Values within the same column having different superscripts are significantly different (P<0.05). Data were
presented as mean * SE.

IW, initial weight; FW, final weight; ADWG, average daily weight gain; SGR, specific growth rate; PER, protein
efficiency ratio; FCR, feed conversion ratio

CONCLUSION

The inclusion of 1.5 g/kg of fucoidan has not improved the growth performance and feed utilization of
the red Nile tilapia while the inclusion of 0.05 g/kg of curcumin leads to significant improvement in growth
performance and lower FCR. The present study showed that a combination of fucoidan and curcumin with the
stated dose was not effective in increasing the growth performance and feed utilization of O. niloticus. The study
could direct future research on the optimum dose of fucoidan to be included in the diet for the significant effects
on the growth performance and feed utilization of O. niloticus.
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ABSTRACT

Trichomes are hairlike structure on plant tissues. Trichomes play important role in plant defense against biotic and
abiotic stress. The aim of this study is to determine the trichome density of chili leaves in response to mechanical
wounding on Capsicum annuum L. Two months old of chili plants were used for the experiments. Leaves from
nodes 7" and 9" were wounded using tweezer. All treatment were left for 12 days before trichome analysis. One
way Analysis of Variance (ANOVA) showed a significant difference in mean density of trichomes between
control, non-wounding, and wounding treatments on adaxial (F(2,9) = 53.49, p < 0.001) and abaxial surfaces (F,9
=25.84, p <0.001). Thus, this study suggested that the chili plants likely induced the formation of trichomes after
the mechanical wounding.

Keywords: induced response, wounding, plant hair, plant stress

INTRODUCTION

Chili is an economically important crop and grown worldwide due to their marketable value that have
been used in culinary, medicinal, and ornamental purposes [1,2]. Capsicum species belong to the Solanaceae
family and the most well-known and actively farmed species are C. annuum, C. frutescens, C. pubescens, C.
chinense, and C. baccatum, [3]. Capsicum annuum L. is a common domesticated chili and widely planted in
Malaysia. Chili cultivation presents a few challenges, including pathogen and pest infestation, as well as abiotic
stress [4]. Pests cause direct damage to plants, including yellowing of leaf tissue, stunted growth, reduced rate of
photosynthesis, and vector for pathogenic viruses that can cause plant death [5,6]. The usage of pesticide as
chemical control is less successful because pest have become more prominent, sprays only resistance towards
certain species of pest [7].

Trichome is a small protrusion on the surface of the plant originating from the epidermis. Morphology of
trichome study is often associated with plant defense. The occurrence of trichomes increase plant resistance against
pest infestations [8]. Non-glandular trichomes inhibits the movement of pests on leaf epidermis [9] and glandular
trichomes secretes the phenolic compounds that serve as chemical barriers on the epidermis by repelling the pest
in contact with epidermis [10]. High density of non-glandular trichome coverage increase the physical coverage
protection with fewer gaps prevent direct contact between cold air and leaf epidermis thus enhance cold resistance
of plants [11].

Previous studies carried out on chili pepper were mainly focused on describing trichomes morphology of
Capsicum sp. and discussed on the induction of leaves trichome density upon aphids infestation on Capsicum
frutescens [12,13,14]. However, there is little documented studies on the specialization of trichomes as part of a
plant stress. Thus, this project is aimed on the induction of trichomes in C. annuum in response to mechanical
wounding. The density of trichomes of this species are compared between control and wounded plants. This
information can be beneficial to plant breeders and agronomists in order to develop pest resistant crops, as well as
to promote the concept of Integrated Plant Management (IPM) in Malaysia.

LITERATURE REVIEW

Trichomes

Trichomes are one of key defence mechanisms known to have constitutive and induced sites to produce
chemical metabolites [15,16]. Trichomes are hair-like structures that can be found on the surface of various tissues
on plants. Most of the leaves, herbaceous stems, fruits, and flowers often show multiple types of trichomes [17,18].
Trichomes are generally classified as unicellular or multicellular, branched or unbranched, and glandular or non-
glandular. Trichomes vary in size, cell number, and shape. The morphology and density of trichomes vary among
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individual, species, and plant population [19]. Kim et al. [13] observed unicellular, multicellular structures, non-
glandular, and glandular trichomes on stems and leaves of Capsicum sp.

Function of Plant Trichomes

The trichomes can increase resistance by mechanically preventing herbivores from moving on the surface
of the plant [25,26]. Trapping does have a direct impact on the individual adaptability and population of affected
insects [27]. For instance, hooked tip non-glandular trichomes can reduce the lifespan and reproduction rate of
aphids and increase death of nymphs [28]. On the other hand, glandular trichomes secrete viscous or fluids to trap
arthropods or prevent herbivores from eating plants [29]. The glandular trichomes secrete sesquiterpenes and
zingiberene as repellent compounds towards two-spotted spider mites in tomato [30,31]. Glandular trichomes also
emit herbivore induced plant volatiles (HIPV) to attract the natural enemies of herbivores [32].

Trichome thickens the epidermis and contains slightly more long-chain fatty acids than other epidermal
cells, which then aids in reducing evaporation and temperature regulation [33]. A higher trichome density will
result in more visible wax coverage on the young leaves [33]. Leaf trichomes are thought to be an effective barrier
to prevent CO2 and H20 diffusion by increasing the resistance of the leaf boundary layer [34]. Therefore, the thick
trichome cover may be drought-resistant and can protect the plant to prevent excessive moisture loss [35].

Plant Response to Wounding

Wounding is a common damage to plants that is caused by abiotic stress such as strong wind, hail, or
heavy rain, as well as biotic stress including feeding from herbivores [20]. Herbivores wound plant tissues via
mouthpart and stylet by penetrating plant tissue and initiating plants to respond to the attacks. Physical damage by
abiotic and biotic stress promotes water loss at the wound area that leads to osmotic stress. Scratching or puncturing
the leaf surface is a common way to mimic herbivores feeding. However, plants can distinguish between
herbivorous and environmental damage [21]. Plant defence responds to both abiotic and biotic stress differs in the
amount of tissue removed, the spatial pattern of the wound, and the age of tissue. In addition, to tissues injury,
plants also differentiate the damages by recognizing salivary protein from herbivores during tissues chewing or
phloem sap sucking [22]. Herbivorous wounding could influence the response in induced plant defence [23]. This
is due to artificial wounds and herbivores wounds leaves do not produce a similar mixture of volatile compounds
[24].

METHODOLOGY

Two months old chili plants of C. annuum were used for the experiment. The experiments were conducted
following_treatments: i) control plants, ii) non-wounded plants, and iii) wounded plants. The leaves from nodes
between the 7th and 9th of chili leaves were carefully wounded on the leaf surface with a tweezer [14]. Non-
wounded leaves were collected from wounded plants, but from node 12 to 14. Healthy plants served as a control.
The experiment was conducted in a laboratory at temperature 25°C to 27°C and relative humidity of 70%. The
plant treatments were carried out for 12 days for four replicates. One-way Analysis of Variance (ANOVA) was
used to compare mean density of trichomes between control, wounding, and non-wounding treatments.

RESULTS

The mean density of leaf trichomes on both adaxial and abaxial surfaces showed a significant difference,
F(2,9)=53.49, p <0.001 and F(2,9) = 25.84, p < 0.001, respectively. One-way ANOVA was also conducted to
compare the density of glandular and non-glandular trichomes between plant treatments on C. annuum leaves on
adaxial leaf surfaces. The results revealed that there was a significant difference of glandular trichomes between
treatments, F(2,9) = 45.77, p < 0.001 (Figure 1). The results demonstrated that glandular trichomes density on
control leaves (18.02 = 1.35 cm-2) were lowered compared with wounded leaves (32.26 + 3.28 ¢cm-2) and non-
wounded leaves (31.27 £ 2.01 cm-2). However, the non-glandular trichomes density between control leaves (1.60
+0.62 cm-2), wounded leaves (1.74 £ 0.71 cm=2), and non-wounded leaves (2.05 £ 0.89 cm-2) were not differed,
F(2,9)=0.38, p=0.70 (Figure 1).
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Figure 1. Mean density of trichomes on adaxial surfaces on chili leaves.

The comparison of mean density of glandular and non-glandular trichomes between plant treatments on
abaxial is shown in Figure 2. The mean density of glandular trichomes were differed among treatments, F(2.9) =
24.71, p <0.001, of which control, non-wounded, and wounded leaves recorded the mean density of trichomes as
17.13 £3.94 cm-2, 29.48 + 2.90 cm-2, and 32.89 + 3.08 cm-2 respectively. Non-glandular trichomes showed no
significant difference on density between treatments, F(2,9) = 1.27, p = 0.33, of which control, non-wounded, and
wounded leaves showed the mean density of non-glandular trichomes as 1.62 + 0.71 cm-2, 2.15 + 0.47 cm-2, and
1.58 £0.47 cm-2 , respectively.
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Figure 2. Mean density of trichomes on adaxial surfaces on chili leaves.

DISCUSSION

In this study revealed both glandular and non-glandular trichomes were present on the leaf surface of C.
annuum. The density of leaf trichomes were increased on adaxial and abaxial surface of C. annuum upon
mechanical wounding. The induction of trichomes was not only occurred around wounded tissues, but the
trichomes number were increased in young and non-wounded leaves on the same plants. The results indicate that
the occurrence of wound on leaf tissues able to induce the systemic response in C. annuum. Systemic response
involves the activation of jasmonic acid (JA) and ethylene signalling pathway assisted by accumulation of protein
inhibitors in response to mechanical wounding and transmitted the alarming signal from wounded leaves to the
neighbouring non-wounded leaves [36]. The response leads to the long-distance responses by wounded leaves
provide protection against future damage in non-wounded leaves.

As highlighted in the introduction, glandular and non-glandular trichomes play different roles in plant
defence. Non-glandular are associated to mechanical defence, whereas glandular trichomes emitted chemical
toxins and metabolites that regulate second line of defense in plants [37]. However, the present of non-glandular
trichomes on C. annuum leaves were not affected after wounding, suggested that non-glandular trichomes mainly
involve as constitutive defence. Abiotic stress like wind and strong hail can cause injury to the plant tissues. Even
so, the resulting wound does not damage the entire plant tissue, but it is sufficient for the plant's defense system to
activate signalling pathways. General signals of injury in plants involving the role of glandular trichomes which
can be considered as a factory that stores and secretes secondary metabolites that activates signalling pathway
resulting the induction of trichomes on undamaged leaves 38,39]. In addition, wound tissues may cause water loss
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and consequently induce more glandular trichomes compared to non-glandular trichomes [40]. Non-glandular
trichomes were only induced when they reached a certain degree of stress such as drought [41]. Therefore, in this
study all plant treatments received a sufficient amount of water throughout 12 days of experiment. Thus, it is
possible to suggest that formation of non-glandular trichomes were likely dependent on water shortage.

CONCLUSION

In summary, our results demonstrated that density of trichomes were higher on wounded plants than non-
treated leaves on both abaxial and adaxial surfaces of Capsicum annuum. Only glandular trichomes were
significantly increased after wounding, suggesting that glandular trichomes play important role in induced defence
mechanism of C. annuum. In addition, C. annuum also showed more glandular trichomes on young, expanding
leaves on wounding plants when compared to control, indicated systemic response on wounding plants was
occurred. Further research is required to gain an insight into the distribution of trichome types in C. annuum and
to understand how various types of glandular trichomes contain different organic compounds that affect plant
resistance. Thus, the studies will provide more proven evidence on the roles of glandular and non-glandular
trichomes in plant defence mechanisms that are beneficial in controlling aphid colonization on chili plants
especially in biological control.
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ABSTRACT

Indoor air quality (IAQ) issues in school buildings can affect students' academic performance because children are
more vulnerable to dangerous risks such as sick building syndrome than adults. The purpose of this study is to
isolate and identify airborne bacteria in an urban kindergarten, Bangi, Malaysia and determine the antibiotic
resistance. Sampling was done in eight sampling rooms through an active sampling method and the colony forming
units CFU/m3 of bacteria were recorded, identified and correlated with indoor air physicochemical parameters.
Bacteria with a high Multiple Antibiotic Resistance Index (MAR) were identified and selected for 16S rRNA
sequencing. The results showed that the colony formation unit in the evening was 343 CFU/m3 higher than in the
morning which was 320 CFU/m3. The identified bacterial strains are Acinetobacter sp., Pseudomonas stutzeri,
Leclercia sp. and Mixta calida. Total colony forming unit of bacterial formation were at safe levels and all
physicochemical parameters met the established standards, showed the space is at a safe level for habitation.
Keywords: Indoor air quality (IAQ), bioaerosols, airborne bacteria, antibiotic resistance

INTRODUCTION

Indoor air quality (IAQ) resulting from high levels of bacterial concentration is a critical global issue
because individuals spend approximately 90 percent of their time at home, in the office, or at other workplaces,
exposing them to various types of pathogens (Mannan and Al-Ghamdi 2021). IAQ is important because it involves
chemicals like carbon monoxide, carbon dioxide, and smoke haze, as well as factors like temperature, humidity,
and air movement. It also includes aerosol pollutants, which can harm the health, comfort, and performance of
building occupants. Exposure to bioaerosols containing airborne microorganisms can result in respiratory distress
and other adverse health effects such as respiratory-related infections, pneumonitis, hypersensitivity and toxic
reactions (Wei et al. 2021). The study of indoor air quality should not be limited to measuring abiotic
physicochemical parameters but should also include aerosol pollutants (bioaerosols) due to their adverse effects
on health.

LITERATURE REVIEW

Bioaerosols are defined as airborne particles originating from biological sources such as bacteria, viruses,
protozoa, plants and animals or non-living organisms such as dust. Because of its small size and mass, it is easily
moved from one place to another and stays in the air for a long time. Staphylococcus, Micrococcus, Streptococcus,
Bacillus are Neisseria are the most dominant bacterial genera in indoor air while fungi are Cladosporium sp.,
Alternia sp., Penicillium sp. and Aspergillus sp. (Kumar, Singh and Singh 2022). Antimicrobial resistance to
antibiotics occurs when microorganisms such as bacteria and fungi develop the ability to resist resistance from
antimicrobial agents and continue to multiply in the presence of antimicrobial agents. Many factors influence the
results of antibiotic resistance tests, including environmental factors including temperature, osmotic pressure,
drying, and ions from electricity while biotic factors are among the factors found in the bacteria. The growing use
of antibiotics for personal care is thought to be the cause of the spread of antibiotic resistance in indoor
environments even though there are several sources of indoor antibiotic resistance bacteria (Lee and Yoo 2022).
The objective of this study is to explore the comprehensive effects of air quality on airborne bacteria and provide
a scientific basis for mitigating human exposure risks in indoor building of a nursery and pre-school. Poor indoor
air quality affects the productivity and health of students and employees, with the health of students, especially
children, being a particular concern due to their susceptibility to airborne microorganisms and weaker immune
systems. IAQ problems in school buildings may be more serious than in other building categories due to higher
occupant density, inadequate classroom sanitation, and inadequate outdoor air supply, lack of construction and
frequent maintenance of school buildings. Poor indoor air quality can also affect academic performance and
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student attendance because children are more exposed to health risks and exposure to environmental hazards than
adults. According to the Occupational Health and Safety Department, indoor air pollution has received little
attention compared to air pollution in the outdoor environment. Now, it has become a matter of public concern
which is partly driven by the emergence of new indoor air pollutants.

METHODOLOGY

Sampling of indoor air and airborne bacteria using the active sampling method at an urban kindergarten
in Bangi, Malaysia (2°55' 31.8" N 101°46' 32.7" E). Air sampling was taken from 12 rooms where six rooms from
pre-school (children aged 4-6 years), four bedrooms, library and isolation room. In-situ parameters were taken
during indoor air sampling by recording the number of individuals present, temperature, air movement, humidity
percentage and concentration of aerosol pollutants such as dust and fumes (D1 Giulio et al. 2010). Active sampling
of airborne bacteria was performed using the MicroBio MB2 400 Hole Bioaerosol Air Sampler supplied by
Cantium Scientific. A total of 100 liters of air is taken for one minute and triplicated each time the sampling is
carried out. Tryptone Soya Agar (TSA) and Buffered Charcoal-Yeast Extract (BCYE) agar. Petri dishes were
incubated at a temperature of 37°C for 48 hours while BCYE petri dishes incubated at 35°C for 72 hours. The
density of bacteria in the air was determined through the calculation of the number of colony forming units per
cubic meter (CFU/m?) on agar plates. Antibiotic resistance tests were performed on bacterial isolates through the
Kirby-Bauer disk diffusion method by referring to the Clinical Laboratory Standard Institute (CLSI) protocol.
Genomic DNA isolation from bacterial samples was carried out according to the protocol from the Bacterial
Genomic DNA Isolation Kit (ab288102) (Abcam) and the genomic DNA extract was used as a template to amplify
the gene by PCR. Bacterial samples were isolated and purified using the Bacterial Genome DNA Isolation Kit
(ab288102). Purified PCR amplicon samples were sent to Apical Scientific Company (Malaysia) for 16S rRNA
sequencing and analysis.

RESULTS

Indoor air physicochemical parameters and Identification of Bacteria

Physicochemical parameters of indoor air were recorded and compared. Readings were taken in triplicate
for each parameter in all sampling rooms conducted using a Q-Trak 7575 Indoor Air Quality Monitor connected
to a 964 Straight Probe Thermoanemometer and a DustTrak™ DRX 8534 Aerosol Monitor supplied by TSI
Incorporated. Colony forming units (CFU) of bacterial isolates on TSA agar from air samples were recorded and
compared using units (CFU /m?). For each sampling room, isolation was performed in triplicate. The record of
bacterial CFU in the evening is higher than in the morning. The average range of bacterial CFU in the evening was
343 CFU /m?. The average number of bacterial CFU in the evening was recorded the highest in 4 Betik, 5 Nenas
and 6 Tembikai. The average total evening bacterial CFU recorded for these three rooms was 665 CFU/m?, 517
CFU/m? and 435 CFU/m?. The lowest average amount of bacterial CFU in the evening was in the Library which
was 48 CFU/m’. In the morning, the average range of bacterial CFU was 320 CFU/m® where 6 Mangga recorded
the highest bacterial CFU (894 CFU/m?) and the Isolation Room and Library recorded the lowest average CFU of
123 and 30 CFU/m’. Based on the data recorded where class 6 Mangga were sampled next to be used as a control
room to compare the level of cleanliness in each room with a reading of 41 CFU/m’.

Antibiotic Resistance

All bacterial isolates are resistant to Ampicillin (96.55%) except bacterial isolate 15 which has an
inhibition zone diameter of 14 mm while all bacterial isolates are susceptible to the antibiotics Amikacin and
Kanamycin (0%). The percentage of Tobramycin antibiotic disc resistance was 24.14% representing 7 isolates out
of 29. Amikacin is in the group of aminoglycosides used to treat infections caused by more resistant strains of
Gram-negative bacteria and some Gram-positive bacteria. Seven bacterial isolates gave the highest MAR index
reading of 0.5 where bacterial isolates (1,4, 9, 12, 16, 17 and 18) resistance to Tobramycin and Ampicillin. There
is one bacterial isolate with a MAR index of 0, bacterial isolate 15 which is susceptible to the four types of
antibiotics used. Result of BLAST N analysis for bacterial isolates 1 and 16 have the same genus (Acinetobacter).
Bacteria isolates 4 and 12 have the same description except that bacterium 12 has a difference in the description
of Enterobacter sp. strain Dg-N11. Leclercia is a bacillus-shaped Gram-negative bacterium belonging to the
Enterobacteriaceae family and can be isolated from environmental specimens. L. adecarboxylata as an emerging
opportunistic pathogen with the potential to cause severe infections in immunocompromised patients. Bacterial
isolates 9 and 18 were identified as Pseudomonas stutzeri, a bacillus-shaped Gram-negative bacterium that is
motile because it has a single flagellum and has been categorized as an opportunistic pathogen of humans and
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frequently isolated from clinical settings. Immunocompromised patients are also susceptible to this P. stutzeri
(Alwazzeh et al. 2020). Mixta calida is a bacillus-shaped Gram-negative bacterium from the Enterobacteriaceae
family. It used to be known as Pantoea calida. This bacterium has been reported to cause postoperative meningitis
and bacteremia (Bhopalwala et al. 2022).

DISCUSSION

The increase in average bacterial CFU of air isolates for the eight sampling rooms can be related to
physicochemical parameters such as the number of individuals, relative humidity and temperature which play an
important role. The high number of occupants contributes to the concentration of microorganisms present in the
room. The results of microscopic observations show that most of the bacteria that have been successfully isolated
are Gram positive bacteria that have the form of cocci and rod.

CONCLUSION

The reading of physiochemical parameters and the formation of indoor air quality bacteria in the
kindergarten is below the accepted standard limits, indicating that it is at a safe level to be occupied but the
maintenance of indoor air quality needs to be improved due to the presence of opportunistic pathogens. Further
studies by surface sampling can be done following the presence of non-airborne bacteria to obtain more accurate
results.
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ABSTRACT

Malaysia comprises large number of mammals species, and most of which are small mammals. The diversity and
species composition of small mammals is still understudy, especially in east-coast of Peninsular Malaysia. This
study aimed to determine the diversity and species composition of small mammals in Chemerong Recreational
Forest and Kenyir. Ten sampling sessions with a total of 3000 sampling efforts, were conducted between
November 2021 and October 2022. Hundreds of collapsible wire mesh live traps were used in each sampling
session. In Chemerong Recreational Forest, 50 individuals were identified from 11 species, which is dominated
by Rattus rattus (n = 14), followed by Maxomys whiteheadi and Tupaia glis with nine individuals, respectively. In
Kenyir, 62 individuals were captured from nine species and mostly comprised of Sundamys muelleri (n = 15),
followed by Maxomys rajah (n = 14), and Rattus rattus (n = 13). Data from this study showed the diversity and
species composition varied between both study areas. Chemerong Recreational Forest shows higher diversity of
small mammals while Kenyir shows high dominance. The data recorded from this study can be used as baseline
data for further study and conservations effort for small mammal species.

Keywords: Diversity, species composition, small mammals, recreational forest, Terengganu

INTRODUCTION

Malaysia indeed stands out as a biodiversity hotspot (Von Rintelen et al., 2017), renowned for its rich
variety of flora and fauna. a This record includes diverse array of small mammal species, many of which weigh
below 5 kilograms when they reach maturity (Bourliere, 1975). In Peninsular Malaysia, there are about 205 small
mammal species, which comprise families such as Chiroptera, Muridae, Sciuridae, Scandentia, and Insectivora,
from more than 360 species of mammals (Department of Wildlife and National Parks (DWNP), 2023). They can
be found in diverse habitats, including high montane forests, coastal mangroves, swamp forests, and many more
(Laurent & Inza, 2020). Thus, with a huge range of habitats, they thrive occupying various niches and are important
for the survival of many ecosystems. Small mammals are important as they act as seed dispersal agents which help
in maintaining forest health, and their excrement contains seeds that promote the growth of new trees (Acharya.,
2001; Wells & Bagchi, 2005; Zwolak et al., 2010). Additionally, they also act as prey for animals higher up the
food chain (Nadchatram, 2008; Chaisiri ef al., 2010).

Some species of small mammals can also be found in built-up areas such as agricultural land, housing,
and urban areas. Certain species have become very adaptable in thriving in man-made areas and becoming
dominant species. Species that are known to be dominant in these areas such as House rat (Rattus rattus), Brown
rat (Rattus norvegicus), and Asian house shrew (Suncus murinus) as they are highly adaptable to various habitats
and are considered habitat generalists (Rhim et al., 2007; Bernard et al., 2009; Benacer et al., 2013). The study of
small mammal diversity in Terengganu is indeed an area that has received relatively less attention compared to
other regions, especially in forested areas. To date, previous studies have only focused on a few districts, such as
in Hulu Terengganu and several islands within the state (Noor ef al., 2016; Nor Zalipah et al., 2019; Baqi ef al.,
2021). Past literatures have also shown that there are about 74 species of small mammals in Hulu Terengganu and
56 species of small mammals in both Pulau Perhentian Besar and Pulau Perhentian Kecil (Baqi ef al., 2021).
Although only a few areas have been studied, a large diversity of small mammals has been found, with about 30%
of small mammals in Malaysia found in Terengganu (Rahim et al., 2016). The high level of small mammal
diversity is related to the relative density of intact forest areas in Terengganu, which provide a suitable habitat for
small mammals to thrive. Terengganu is one of the states in Malaysia and has the largest forest cover behind Sabah,
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Sarawak, and Pahang. More than 95750 ha of land in Terengganu are forested areas and are known as important
tourist hotspots (Terengganu Forestry, 2016). Therefore, this study aimed to determine the diversity and species
composition of small mammal species in Chemerong Recreational Forest and Kenyir in Terengganu.

METHODOLOGY

Study Area

The study was conducted at two recreational areas, the Chemerong Recreational Forest, and Kenyir
(Figure 1). The Chemerong Recreational Forest is located in the Pasir Raja forest reserve in Dungun. The area of
this recreational area is about 292 hectares and about 30km from the nearest city. The main attraction is the
waterfalls and hiking trails to camp at the mountain top. The second study area was conducted in Kenyir. Kenyir
is located in Hulu Terengganu, which is known as the second-largest man-made lake in Southeast Asia (Zainol e?
al., 2020). It has a total landmass of 38,000 hectares and Lake Kenyir offers many recreational spots around the
vast lake area which are accessible by speed boats and houseboats. Some of the famous are the Saok and Lasir
rivers which have many waterfalls, the Kelah Sanctuary, Bewah Cave, and the Belunak hiking trail.
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Figure 1. Map showing the location of the study areas in Peninsular Malaysia and within Terengganu state. (A)
View of Tasik Kenyir, (B) View of Chemerong Recreational Forest.

Ethical and Permit Approvals

This study was conducted with ethical approval from the UMT Animal Ethics committee
(UMT/JKEPHMK/2021/60)), permits for entering the study site from the Forestry Department (JH/100J1d.29(76)
and PHNT.100/58/2/33Bhg.3(6)), Development Authority of Terengganu Tengah (LKTT:060/1/4/3/5J1d.3-(28))
and also permit to capture animal from the Department of Wildlife and National Park (UMT/JPHLTn.600-
6/1/4JLD2(83)/210922).

Animal Trapping

The animal trapping sessions were conducted between May and November 2022. Four days and three
nights were allocated for each trapping session. Ten trapping sessions were conducted in the Chemerong
Recreational Forest and Kenyir respectively. A hundred wire-mesh live traps with dimensions of 25 cm X 15 cm
X 12 cm were used in each trapping session with a total of 300 trapping efforts per session. The traps were
randomly deployed along forest trails and river edges with a distance of 10m between each trap (Figure 2). Ripe
banana, oil palm fruit and sausages were used as baits and the traps were set during late evening and checked each
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day. The bait was replaced each day and traps that managed to capture specimens were brought back to the
Universiti Malaysia Terengganu (UMT) laboratory for further morphometric measurements and species
identification.

Figure 2. (A) Wire-mesh live traps with dimensions of 25 cm X 15 cm X 12 cm were used in each trapping
session (B) Traps were randomly deployed along forest trails and river edges with a distance of 10m between
each trap and (C) All captured individuals were brought back to the Universiti Malaysia Terengganu (UMT) lab
for further laboratory work and species identification.

Species identification

The morphometric measurements that were taken (Figure 3) such as the head-body length (from nose tip
to the anus), tail length (from anus to the tail tip), ear length (from external opening to the tip), hindfoot length
(from the tip of the longest toe to the heel), and the specimen bodyweight (Islam et al. 2021). The specimen sexes
also were recorded. All captured animals were identified until species level based on Francis (2019).

Tad(T)

Ear(E) "

Hindfoot(HF )

Huad-body(HB)

Figure 3. The morphometric measurement (Olayemi et al. 2008): Head-body (HB), 2) Tail (T), 3) Ear (E), 4)
Hindfoot (HF)

DATA ANALYSIS

Analysis was conducted on the diversity and abundance of small mammal species, using diversity indices,
species rank-abundance, species richness estimator, and rarefaction. The analysis of diversity was carried out using
PAST software version 4.11 (Hammer et al., 2001), iNEXT online latest version Aug. 2022 (Chao et al., 2014)
and Excel version 2310.
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RESULTS AND DISCUSSION

Species Composition of Small Mammals

A total number of 112 individuals were caught from both study sites, comprising 12 species from three
families, namely Tupaiidae, Sciuridae, and Muridae (Table 1). Kenyir recorded 62 individuals from 9 species and
Chemerong Recreational Forest with 50 and 11 respectively. The most dominant family caught was Muridae with
93 individuals, followed by Tupaiidae with 17 individuals, and Sciuridae with 2 individuals (Figure 4). In
Chemerong Recreational Forest, the most common species were Rattus rattus with 14 individuals, followed by
Maxomys whiteheadi with 9 individuals. As for Kenyir, the most dominant species were Maxomys rajah and
Sundamys muelleri with 15 and 14 individuals respectively (Figure 5). In both study sites, the presence of rare
species was recorded with one individual respectively. Chemerong Recreational Forest recorded 2 species while
Kenyir with one species, which is Sundamys muelleri and Maxomys surifer in Chemerong, and Chiropodomys

gliroides.

Table 1. Checklist of small mammals captured based on the study sites in family order.

Species Common name IUCN  Chemerong Kenyir  Total
individual

Order Scandentia

Family Tupaiidae

Tupaia glis Common Treeshrew LC 9 8 17

Order Rodentia

Family Sciuridae

Callosciurus notatus Plantain Squirrel LC 2 0 2

Family Muridae

Rattus rattus House Rat LC 14 13 27

Rattus tiomanicus Malaysian Field Rat LC 2 0 2

Sundamys muelleri Muller’s Giant Sunda Rat  LC 1 14 15

Niviventer cremoriventer Dark-tailed Niviventer LC 4 4 8

Leopoldamys sabanus Long-tailed Giant Rat LC 3 3 6

Leopoldamys ciliatus Sundaic Mountain LC 0 2 2

Leopoldamys

Maxomys rajah Rajah Spiny Rat VU 2 15 17

Maxomys surifer Red Spiny Rat LC 1 2 3

Maxomys whiteheadi Whitehead’s Spiny Rat VU 9 0 9

Chiropodomys gliroides Indomalayan Pencil-tailed LC 3 1 4

Tree-mouse

Total no. of individuals 50 62 112

No. of species 11 9 12

No. of family 3 2 3

Sampling effort 3000 3000 6000

Capture rate 1.7% 2.0% 1.9%
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Figure 5. Rank abundance curve of small mammals captured from Chemerong Recreational Forest, and Kenyir.

This study showed that Family Muridae with more than 83% capture rate resulting in being the most
abundant in both study sites. The high abundance of this family group was expected as Family Muridae are known
to be the most abundant rodent with more than 120 genera (William-Dee ef al., 2019; Department of Wildlife and
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National Parks, 2023). The nature of the study sites also contributes to the number of species abundance, as forest
habitats are known to have high abundance compared to urban and suburban areas according to data from previous
studies (Rhim et al., 2007; Bernard et al., 2009; Benacer ef al., 2013). The complexity of forest habitat creates
more niches for many species to cohabitate rather than generalise habitats in urban and suburban areas.

Besides, trapping methods by deploying cage traps on the forest floor have been shown to capture more
Family Muridae compared to other families of rodents. The theory revolves around the feeding behavior of each
family. Members of the Family Muridae, mostly comprised of rats and mice, are known to prefer floor foraging,
as they are not an excellent climber; they forage for seeds and fruits on bushes and also insects that crawl on the
ground (Wolton, 1985; Corbaldn & Debandi, 2006). While most of the Family Muridae are known to be nocturnal,
both families, Tupaiidae and Sciuridae, have similar characteristics which are diurnal and known to be active
during the morning and before dusk (Gould, 1978; Kvartalnov, 2022). Furthermore, these two rodent families were
known for their adaptation to climb trees and canopy (Wells et al., 2006). They have strong hind legs and slender
bodies that help them to move from one branch to another. They also prefer eating fruits and seeds, they mostly
forage food on trees and rarely go to the ground (Corlett, 2017).

The dominant species in this study contrasts with a previous study that has been conducted in the Sekayu
Recreational Forest (Shafie et al., 2021). The data from the previous study shows that the Sekayu recreational
forest was dominated by Rattus tiomanicus while the data from this study shows that Chemerong Recreational
Forest and Kenyir were dominated by Rattus rattus and Sundamys muelleri respectively. These differences in
dominated species were probably due to the geographical differences between habitats. Sekayu recreational forest
was surrounded by oil palm plantations, orchards, , and human settlements. Chemerong Recreational Forest has
similar surroundings as Sekayu, but it is located more profoundly in the forest area and near a mountain. In contrast,
Kenyir is distinct from the other two sites with large water bodies, and it is known for the biggest man-made lake
in Southeast Asia (Zainol ef al., 2020). The differences in the dominant species are closely related to the animal
ecology and its adaptability to human-dominated areas (Rhim et al., 2007; Bernard et al., 2009; Benacer et al.,
2013). Rattus rattus can be predominantly found in human settlements where it has adapted to be reliable to
humans for food. Although the Sekayu recreational forest is near to human settlements, the sampling point for the
conducted study was further from houses. Sekayu recreational forest are surrounded by grassy habitat oil palm,
and abandoned wood structure that were known to be primary habitat for Rattus tiomanicus (Saufi et al., 2020).
This explains the dominance of Rattus tiomanicus in Sekayu. Sundamys muelleri is known to inhabit the area near
water bodies such as in Kenyir, since this species is a strong swimmer (Pimsai et al., 2014).

Diversity Indices of Small Mammals

The diversity indices that were used for the estimation of diversity are Dominance (D’), Simpson (1-D),
Shannon (H”), and Evenness (E’). Out of these four indices, three indices showed that Chemerong Recreational
Forest has higher values, while Kenyir has higher value in D’. This shows that Chemerong Recreational Forest has
higher diversity, while Kenyir has higher dominance (Table 2). Figure 6 shows the individual-based rarefaction
curve of both study sites. This graph showed that Chemerong Recreational Forest has higher diversity compared
to Kenyir and the line was extrapolated (dotted line) until it reaches asymptomatic.

Table 2. The diversity indices for both study sites.

Chemerong Kenyir
No. of species 11 9
No. of individuals 50 62
Dominance (D’) 0.1453 0.1655
Simpson (1-D) 0.8547 0.8345
Shannon (H”) 2.156 1.947
Evenness (E’) 0.7853 0.7787
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Figure 6. The extrapolated graph of individual-based rarefaction for both study sites.

The individual-based rarefaction and extrapolation curves showed that both study areas nearly achieve
asymptote (Chao ef al., 2014). The asymptote line on the graph gives general indication on the data collected were
enough to represent the study sites (Chao et al, 2009). Therefore, to help estimating the actual number of
individuals in the study sites, the extrapolated value was used, which is visualised as a dotted line on the graph
that has shown the graph achieved asymptote when the individual was doubled to 100.

CONCLUSION

In conclusion, this study provided useful information about the diversity and species composition of small
mammals in Chemerong Recreational Forest and Kenyir, Terengganu. Our results illustrate that Chemerong
Recreational Forest has higher diversity, while Kenyir has higher dominance. Although, the data from this study
showed that both study area have similar small mammal species. Thus, further study in multiple forested area were
recommended to understand the diversity and species composition in east-coast of Peninsular Malaysia.
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ABSTRACT

Zingiberaceae is the largest family in order Zingiberales and commonly known as aromatic rhizomatous herbs.
Leaf epidermal characteristics are important for phylogenetic and taxonomic studies of many plants In
Zingiberaceae family, it is challenging to identify ginger species because of its large diversity and it can be difficult
to identify based on vegetative or floral morphology only. The aimed of this study is to identify the leaf
micromorphological characteristics and diagnostic characters that can be used in species identification in
Zingiberaceae. The leaf epidermal micromorphology of 10 species in Zingiberaceae was investigated by light
microscope. Based on the result, all nine ginger species leaves are amphistomatic type of stomata, except Globba
patens which stomata only found on abaxial surface of the leaf. Tetracytic stomata found in all examined species
except one anomocyctic type in Zingiber puberulum. Stomata mostly randomly distributed in both surfaces and
are more common on the abaxial surface. Simple, unicellular and non-glandular trichome present in four species
namely Globba sp. 1, Globba fragilis, Globba patens, and Zingiber puberulum. These morphological
characteristics of the leaf can be used as an additional data for identification of species in ginger family.
Keywords: Ginger Family, Leaf epidermis, Light Microscope, Stomata, Trichomes

INTRODUCTION

Zingiberaceae also known as ginger family, classified under the order of Zingiberales [1,2] comprise of
53 genera and 1,500 species globally [3]. Zingiberaceae is a perennial, aromatic herb, and has sympodial branched
of rhizome [4]. Although ginger is their most well-known spice, the family also contains other well-known
favorites like cardamom, turmeric, and galangal. The plants in the Zingiberaceae family also display these typical
traits of monocots: a single seed leaf, parallel veins, showy flowers, and a fibrous root system [5].

Leaf micromorphology provides a window into plant phylogeny taxonomy research activity. The
characteristics and variation of leaf epidermal which include of stomatal types, surface ornamentation and trichome
type can be useful as additional data for plant identification [6,7]. Specific plant species can be identified by certain
micromorphological characteristics, such as the arrangement of stomata or the presence or absence of particular
trichome types [7]. This is useful for identification, particularly for closely related species that may share a similar
macroscopic appearance. Compared to methods requiring larger portions of the plant, micromorphological analysis
is non-destructive because it often only requires a small sample of leaf tissue.

LITERATURE REVIEW

Zingiberaceae

The Zingiberaceae family, also known as the ginger family of flowering plants, is the largest family within
the Zingiberales order, with roughly 1,500 species distributed across 56 genera, six tribes, and four subfamilies
[8]. According to [9], Zingiberaceae is a family of rhizomatous plants that can be either annual or perennial.
Distichous, typically ligulate leaves with a single, dithecal stamen and a petaloid labellum derived from two
staminodes set the Zingiberaceae apart from related families of the Zingiberales [10].

More than 1,500 species of this family are distributed throughout tropical and subtropical regions,
including Asia, Africa, and the Americas. Southeast Asia is home to the greatest diversity of species, nevertheless.
The majority of its species are found in South and Southeast Asia. In Peninsular Malaysia, there are more than 160
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Zingiberaceae species, divided into 18 genera [11,12]. Generally, Zingiberae, Alpiniaea, and Globbae tribes hold
the most species diversity in Zingiberaceae family.

Leaf Micromorphology Zingiberaceae

The morphology of Zingiberaceae species and their ability to adapt to a variety of environments have
been the subject of numerous studies. According to [5], the Zingiberaceae family has a single, symmetrical leaf
blade, leaves arranged alternately in two opposing rows, and leaf sheaths that encircle the true stem to form a
pseudo-stem. The study conducted by [13] examined how Zingiberaceae species modify their leaf morphology to
accommodate varying light conditions.

Study by [7] stated that, for phylogenetic and taxonomic analyses of many plants, leaf epidermal is
crucial. The epidermal cells shape, the anticlinal walls outline, type of stomata, surface ornamentation and trichome
type that the researcher observed in Zingiber plants are now used to study phylogeny and taxonomy in many
different plant species. It is reported that a robust correlation between the density of trichomes and the pressure
exerted by herbivores [14]. Species that face greater herbivory tend to have more resilient trichomes. In order to
differentiate between those families and genera where identification is difficult, leaf epidermal characteristics such
as epidermal cell shape, stomatal type, size and distribution, and trichome type and distribution have proven crucial
[15].

METHODOLOGY

Sampel Collection and Preservation

Fresh and mature leaves samples were obtained from Mount Liang, Kuala Behrang, Perak and Sekayu
Recreational Forest, Kuala Berang, Terengganu. The leaves samples were cut and preserved in an AA solution
(70% ethanol; 30% acetic acid) in ratio 3:1.

Epidermal Peeling

Epidermal peels were prepared by gently scraping on both leaf surfaces until a thin transparent layer was
achieved [16,17]. The epidermal layers were washed with distilled water stained in 1% safranin before mounting
on clean slide. Images were then captured using a light microscope and examined.

Stomata and Trichome Identification

The morphology of stomata and trichome for both adaxial and abaxial were identified based on their
shape and type according to [18,19].

Stomata Density and Index

The stomatal index and stomatal density were obtained using the following formulae from [7]: stomata
index = number of stomata/ (number of stomata + number of epidermal cells) x 100%.; stomata density = number
of stomata/ area of view (mm?).

RESULTS

Based on the results obtained in this study there were 10 species comprised of five genera observed for
epidermis cell shapes, stomata type and the presence of trichomes. From all species observed, the stomata can be
found in both the abaxial and adaxial surface of the leaf, known as an amphistomatic arrangement except for
Globba patens which stomata only found on the abaxial surface. The trichomes can only be found in a few species
(Table 1).

Epidermal Cells

The epidermal shape of all examined species were found to be mostly elongated or hexagonal, with the long axis
usually perpendicular to the veins and arranged in rows parallel to the veins while the anticlinal walls were straight
or slightly curved at the edge. Adaxial epidermal cells were always more regularly arranged than abaxial cells.
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Stomata Morphology

All the species examined; the stomata are amphistomatic but are always more abundant on the abaxial
than the adaxial leaf surface (Figure 1). The stomata are randomly distributed in all species. The sizes of the
stomata are different in all species but constant on both surfaces. The stomata of all species studied are of tetracytic
except for Zingiber puberulum which has anomocytic type stomata on the adaxial leaf surface (Table 1, Figure 1
(g))- The result from this study showed that the stomata index and densities are different in each species (Table 1).
The stomatal index of the adaxial epidermis and the abaxial epidermis ranged from 0.26% (in Globba fragilis) to
1.80% (in Alpinia sp. 1) and from 1.50% (in Alpinia sp. 1) to 24.28% (in Globba sp. 1), respectively. The stomatal
density of the adaxial epidermis and the abaxial epidermis ranged from 0.0011 (in G. fragilis) to 0.0064 (in Alpinia
sp. 1) and from 0.0053 (in A/pinia sp. 1) to 0.0467 (in Z. puberulum), respectively.

Trichomes Morphology

Simple, unicellular and non-glandular trichomes were found in the four species studied (Table 1). The
trichomes were more abundance on the abaxial epidermis. Figure 1 (h) and (i) present the type of trichomes in
species examined.

Table 1. Comparable leaf epidermal characters of 10 species of Zingiberaceae

Adaxial epidermis Abaxial epidermis
Species Stomata Stomata Stomata Stomata Stomata  Stomata  Trichome
tvpe density index tvpe density index
yP (mn?) (100%) yP (mm?)  (100%)
Alpinia sp. 1 Tetracyctic 0.0064 1.80 Tetracyctic 0.0053 1.50 -
Alpinia Tetracyctic  0.0032 0.87  Tetracyctic ~ 0.0393 7.6 -
conchigera
Alpinia mutica  Tetracyctic 0.0032 0.86 Tetracyctic 0.0255 5.74 -
f};’efe”b”g’a Tetracyctic ~ 0.0032 150 Tetracyctic  0.0149  5.65 -
Etlingerasp. 1  Tetracyctic 0.0042 1.38 Tetracyctic 0.0212 5.21 -
Simple
Globba sp. 1 Tetracyctic 0.0053 1.54 Tetracyctic 0.0287 24.28 and
unicellular
Simple
Globba Tetracyctic ~ 0.0011 0.26 Tetracyctic ~ 0.0287 6.59 and
[fragilis .
unicellular
Simple
Globba patens - - - Tetracyctic 0.0297 5.82 and
unicellular
Zingiber sp. 1 Tetracyctic 0.0032 0.85 Tetracyctic 0.0180 3.54 -
Zingiber Simple
g Anomocytic 0.0032 0.81 Tetracyctic 0.0467 8.42 and
puberulum .
unicellular
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Figure 1. Leaf epidermis of studied specimens shown by light microscope. A-C Tetracytic stomata on adaxial
surface of (A) Alpinia conchigera, (B) Boesenbergia sp. 1, (C) Globba patens (stomata absent). D-F Abaxial
epidermis showing tetracytic stomata in (D) Alpinia mutica, (E) Zingiber puberulum, (F) Etlingera sp. 1. G
Anomocytic stomata on adaxial surface of Zingiber puberulum. H-I Trichomes of simple, unicellular and non-
glandular in Globba fragilis and Globba patens (arrow).

DISCUSSION

Our results show that the epidermal cells of all examined species are very similar in shape, i.e. elongated
or hexagonal, while the anticlinal walls were straight or slightly curved at the edge. The findings were consistent
with the reported characteristics in Zingiberaceae [7,20,21,22,23,24]

All the species examined in this study exhibit an amphistomatic leaf arrangement, where stomata are
present on both surface (abaxial and adaxial) of the leaf except for Globba patens which stomata found on the
abaxial surface only. Most of the stomata on both surfaces are tetracytic, specifically brachyparatetracytic type,
which refer the guard cells are surrounded by four subsidiary cells (two on each lateral and terminal stomata)
which corresponds to the reports by [25,26,27,5] except for Zingiber puberulum has anomocytic stomata on the
adaxial leaf surface.
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From this study, it was noted that the trichomes were simple, unicellular and non-glandular. This finding
is consistent with the previous description publish by [17,20,24,28] yet for this study, trichomes were absent in
Alpinia conchigera.

CONCLUSION

As a conclusion, the Zingiberaceae family displays a range in epidermal cell shape and arrangement.
However, there are similarities in morphologies of stomata and trichomes. Tetracytic stomata are distributed on
both surfaces. The results from this research showed the foliar epidermal features of the species were almost the
same, yet some of these characters can be useful in identifying and classifying the studied taxa. The presence of
anomocyctic stomata type on the adaxial surface in Z puberulum and G. patens exhibit hypostomatic leaf
arrangement high value have become a notable finding in this research. Although the overall epidermal
morphology is similar among ginger species, stomata density, stomata index and trichome type can offer valuable
systematic and taxonomic information as well as providing additional data for species identification.
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ABSTRACT

Coffee is the world's second most consumed beverage, and its popularity continues to rise. Made from dried and
brewed beans, moderate coffee consumption offers various health benefits, including migraine relief, stress
reduction, and an increase in antioxidants. However, understanding the caffeine content in locally available coffee
drinks is crucial for consumer health and well-being. Excessive consumption can have adverse effects, such as
anxiety, insomnia, digestive problems, and mental health issues. This study compared the caffeine content of hot
Americano coffees made from Arabica and Liberica beans, sourced from local coffee shops in Kuching, Sarawak.
Six samples were analyzed, with three brewed from Arabica beans (originating from Brazil, Costa Rica, and
Indonesia) and three from Liberica beans cultivated in Sarawak. Liquid-liquid extraction using chloroform and
Ultraviolet spectroscopy were employed for the analysis. The results showed that Arabica beans from Brazil had
the highest caffeine concentration (948.506 + 7.836 ppm), while Sarawak’s Liberica beans had the lowest
(579.595 £ 0.092 ppm). In order to study the effect of brewing techniques, brews prepared using an espresso
machine and through the pour-over (V60) technique was compared for their caffeine concentration. The findings
show the pour-over method yielded higher caffeine content for both Arabica and Liberica beans. This study
highlights the influence of coffee bean types and origins, as well as brewing techniques on coffee’s caffeine,
offering valuable insights for coffee consumers and the local industry.

Keywords: Coffee, caffeine content, Arabica bean, Liberica bean, UV-visible spectrophotometer.

INTRODUCTION

Coffee consumption has become a significant part of daily life globally and is especially popular in
Malaysia, where both international and local coffee cultures thrive (Gaascht et al., 2015; Rahim et al., 2019).
Coffee, the second-most consumed beverage worldwide, has more than 100 species, with Arabica and Robusta
being the most common beans utilized in the coffee industry (Omar et al., 2022). Conversely, Liberica beans is a
less common species of coffee. However, as global climate change, Liberica emerges as a resilient option as this
species possesses adaptability to shifting climate patterns (Lee, 2023). Arabica coffee is originated in the high-
altitude forests of Ethiopia and is highly regarded by its exceptional quality and delightful flavour (Cannon et al.,
2010). Liberica beans are much larger than arabica and robusta beans, and they are distinguished by their unique
jackfruit-like aroma (Insanu et al.,2021). In recent years, the national government and regional agricultural
organizations in Sarawak have made intensive efforts to promote the cultivation of Liberica coffee, though there
are still challenges that need to be addressed (Lee, 2023).

In Malaysia, coffee culture has evolved, with local coffee shops (Kopitiam) and international franchises
such as Starbucks and Coffee Bean catering to an increasing demand for quality coffee products. Despite this,
there is limited transparency regarding the nutritional content and active ingredients, such as caffeine, in the
beverages offered by local coffee shops. Excessive caffeine consumption is linked to adverse health effects,
including anxiety, insomnia, digestive disorders, and mental health issues (Fredholm ez al., 2003; Lara, 2010).
Therefore, understanding the caffeine content in various coffee drinks is essential for consumer awareness and
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health considerations. However, more comprehensive studies are needed to focus on the caffeine content in locally
brewed coffee drinks and the influence of different brewing techniques on this content.

This study aims to determine the caffeine content of various local coffee drinks sold in the local cafes
and to examine how different bean types and origins, as well as brewing techniques affect the caffeine
concentration. Six coffee samples were purchased from local coffee shops, and liquid-liquid extraction was
employed using chloroform as the solvent to isolate the caffeine from the coffee samples. The extracts were
subsequently analysed using Ultraviolet-Visible spectroscopy to quantify caffeine concentration. The findings
from this will provide essential data for quality control, ensuring products meet demand and comply with health
regulations, which consequently can enhance the reputation of coffee businesses.

MATERIALS AND METHODS

Materials

Cafteine standard, Chloroform. All chemicals were analytical-reagent grade. All solutions were prepared
using deionized water.

Sample Collection

Hot Americano coffee samples were obtained from different coffee shops located in Kuching, Sarawak.
The brewing technique used as well as the type and the origin of the coffee beans were recorded.

Extraction of Caffeine

Caffeine was extracted from the coffee samples according to the method by Mitek et al., (2021) with
some modifications. Approximately 5.0 ml freshly brewed coffee sample was inserted in a separating funnel,
followed by the addition of 0.50 mL of sodium hydroxide and 20 mL chloroform. The funnel was inverted three
times and allowed to stratify for 5 minutes. The chloroform layer was removed in a clean 100 mL volumetric
flask. The extraction was repeated twice more, each with a 20 mL chloroform addition. The combined extract was
dissolved with chloroform up to the calibration mark. Each coffee samples were extracted according to the same
procedure and prepared in triplicates.

Spectrophotometric determination of caffeine content

Quantitative analysis of caffeine was performed using a UV/Vis Spectrometer. The A max was
determined by scanning the standard caffeine solution from 190 - 400 nm and the obtained results gave an
absorption spectrum, which was characterized by a single intensive absorption band located in the UV range at A
max at = 276 nm. The standard linear calibration curve was run to obtain the linear range of sample analysis, the
correlation factor was with accepted value = 0.9923 and the standard calibration curve was linear with equation y
=0.0609x + 0.1618. The quantitative amount of caffeine in samples (ppm) was then determined using the standard
calibration curve.

RESULTS AND DISCUSSION

Caffeine Content

The caffeine content in six coffee samples brewed from different coffee bean types and different origins
is presented in Table 1. Based on the results, the highest caffeine concentration (948.506 + 7.836 ppm) was found
in a sample labeled as A2, which is coffee brewed from Arabica beans that originated from Brazil. In contrast,
sample labeled as L1, coffee brewed from Sarawak’s Liberica beans was found to contain the lowest caffeine
content (579.595 + 0.092 ppm). The finding of this analysis supports a study by Ling et al., (2001), which found
that Arabica beans have a greater caffeine level (1.06 g/100g) compared to Liberica beans (0.86 g/100g).
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Table 1. The caffeine content in coffee samples

Sample Bean type Origin Caffeine content
Al Arabica Costa Rica 773.684 + 3.907
A2 Brazil 948.506 + 7.836
A3 Indonesia 751.571 £ 3.677
L1 Liberica Sarawak 579.595 + 0.092
L2 Sarawak 606.086 + 1.092
L3 Sarawak 625.025 + 2.343

For samples brewed from Arabica beans, a variation in the caffeine content can be observed based on
the bean’s geographical origin. A study conducted by Olechno et al. (2021) shows that Arabica beans grown in
Kenya and Ethiopia have been discovered to have less caffeine than Arabica beans cultivated in Brazil. The
difference in caffeine content of coffee beans with different origins is due to the overall amount of chemicals in
the beans, which is also influenced by the surroundings, such as light and altitude above sea level. For instance,
in a study by Ribeiro et al., (2016), the Arabica bean cultivated at an elevation of >1200 m above sea level has a
greater caffeine concentration (13.39% to 12.35 g/kg of beans) compared to coffee bean grown at an elevation of
less than 1000 m above sea level.

Effect of Different Brewing Techniques

Research has demonstrated that the brewing technique of coffee bean has an impact on its characteristics,
in which the parameters involved significantly influence the extraction kinetics of the various chemical
compounds found in the roasted bean (Cordoba et al., 2020). In order to assess how the brewing technique affected
the composition of the brew, a pair of coffee drinks from each bean were prepared using different techniques; one
brewed with an espresso machine and another using the pour-over (V60) technique. The samples then were
analysed for the amount of caffeine using an ultraviolet/visible spectrophotometer. Figure 1 provides a summary
of the findings.
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Figure 1. Comparison of caffeine concentration by different brewing techniques.

After examining the caffeine content of four particular coffee drinks prepared using two separate
techniques, it is evident that the outcomes vary. A higher quantity of caffeine was found in both coffee beans
when brewed using the pour-over method. The Arabica bean had a greater caffeine concentration at §19.004 +
9.360 ppm, whereas the Liberica bean had a maximum of 625.025 + 2.898 ppm. Falls under the infusion category
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of extraction, pour over (V60) achieves the highest caffeine extraction rate because hot water can evenly pour
over the ground coffee at a specific temperature, allowing for the rapid release of dissolved components within
the first 2 minutes of extraction (Cordoba ef al., 2020). In contrast, an espresso machine employs a driving force
(high pressure) to rapidly push hot water through a compact bed of coffee grounds (Petracco, 2005). A study
conducted by Herawati et al., (2024) also shows that coffee brews using the V60 technique exhibit the highest
caffeine content when compared to Tubruk and cold brewing methods.

CONCLUSION

The findings of this study show that the bean types and origins, as well as brewing techniques, have a
significant impact on the caffeine concentration of coffee brews. Generally, samples brewed from Arabica beans
have greater caffeine content than those with Liberica beans. Additionally, the variation of geographical origins
of the Arabica beans used in this study supports that the cultivation environment of the beans could influence the
caffeine level in coffee. Further investigation on the impact of brewing techniques demonstrates that the pour-
over (V60) method produced a higher quantity of caffeine for both Arabica and Liberica beans, compared to
espresso machine brews. Liberica coffee presents an interesting subject for future research as Sarawak is an
important region for the cultivation of Liberica beans. Conducting in-depth studies on Liberica beans could reveal
the unique characteristics of these beans and contribute to a greater understanding of their potential in the coffee
market.
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ABSTRACT

The unregulated discharge of pollutants into water bodies has created the development of enhanced adsorbent
materials for on-site treatment applications to tackle water safety concerns. The utilization of agrowaste is widely
used due to its availability and eco-friendly as sorbent. In this study, Pineapple Crown Leaves (PCL) was
chemically (CPCL) and thermally modified (TPCL), and its characteristics were compared with the raw sample
(RPCL). The elimination of non-cellulosic components at 1624 cm' in CPCL and TPCL was confirmed by FTIR

spectra. The treatment resulted in an increased functional group through chemical and thermal alteration could
facilitates the adsorption of pollutants. The thermal behavior of RPCL, CPCL, and TPCL were analyzed using
Thermogravimetric Analysis (TGA). TGA results were in agreement with FTIR results where hemicellulose
degraded first followed by cellulose and lignin at temperatures 206°C, 396°C, and 480°C respectively for RPCL.
The degradation of hemicellulose, cellulose, and lignin is found at higher temperatures for chemically and
thermally treated as compared with raw PCL, RPCL. The results presented and discussed in this study
conclusively project the PCL as a potential sorbent material in water treatment. This paper highlights the
characterization of the raw and modified PCL and their potential application in sorption processes.

Keywords: pineapple crown, adsorption, agricultural biomass, carbonization

INTRODUCTION

The primary component found in the majority of agricultural waste or agrowaste is lignocellulose. It
contains cellulose (40-50%), hemicellulose (20-30%), and lignin (10-25%), as well as trace levels of pectin,
protein, and extractives (Deepa et al., 2015). The molecular structures of these parts have several functional groups
that can adsorb pollution (Dai et al. 2018). Some functional groups are insulated or sterically inhibited within the
bulk structure of the organic matrix, making them unavailable for direct interactions with contaminants, reducing
adsorption efficacy. Modification modifies the nature of surface functional groups, with particular modification
procedures chosen to optimize products for the intended use and chemical properties of the targeted pollutants
(Liu et al., 2022). Physical and chemical methods can modify agrowaste. Chemical modification often improves
adsorbents' physicochemical parameters, such as functional group composition and surface area. This
enhancement leads to a greater improvement in adsorption performance compared to physical modification
alteration (Aryee et al. 2021).

Alkaline treatment is one example of chemical modification. The reaction is often carried out by using
NaOH or KOH. The treatment decreases the concentration of amorphous elements like lignin and hemicellulose,
increasing surface area and exposing more functional groups in the treated agrowaste (Liu et al. 2022). Alkaline
treatment enhances the mechanical characteristics and thermal stability of agricultural wastes, hence permitting
improved removal of pollutants (Sahu and Gupta 2020). Conversely, carbonization refers to the process of
transforming agrowaste into biochar. According to Divband Hafshejani et al. (2016), biochar products have a
larger specific surface area, greater porosity, and more functional groups compared to the original agricultural
wastes they were derived from. The characteristics of biochar made from agricultural waste are strongly
influenced by the temperature of carbonization (Qiu et al. 2021). Typically, biochar made at temperatures below
500 °C has a higher amount of functional groups, while biochar made at temperatures between 500 and 700 °C
has a more porous surface and greater total porosity (Oliveira et al. 2017).

Malaysia's rapid growth in agricultural industries, including palm oil, paddy, and pineapple, has led to
high agrowaste production, with 1.6 million metric tons of agricultural waste dumped at landfills annually.
Pineapple Crown Leaf (PCL) from pineapples, which contain 79-83% cellulose, is a suitable sorbent material due
to its local availability. Malaysia is a leading pineapple producer, harvesting 400,000 to 600,000 metric tons per
year with 16 varieties which include Nanas Sarawak, Maspine, Yankee, Gandul, Moris Gajah, Josapine, N36,
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MD2, and Moris pineapple. Sarawak, the second largest pineapple producer in the state, has an area of 8,429
hectares, with Samarahan being the largest producer, covering 37% of the total planted areas (Matius et al., 2022).
Thus, the objective of this research is to characterize raw PCL (RPCL), chemically treated PCL (CPCL) and
thermally treated PCL (TPCL) using FTIR and TGA. The functional groups and thermal properties of each sample
were evaluated for application as sorbent for the removal of pollutants.

MATERIALS AND METHODS

PCL is derived from Sarawak pineapple species obtained from local pineapple farm in Samarahan. The
sample was prepared according to the method reported by Etanuro et al. (2023). The first step is to split the crowns
into a single set of leaves. The leaves were oven-dried for 18 hours at 70°C to eliminate moisture and
contaminants. The leaves were broken into powder and sieved through a British Standard Sieve (BSS Sieve) with
a mesh size of 125-850 pm (20-120 mesh). This sample is known as raw PCL. Then, samples are further treated
to obtain chemically treated (CPCL), and thermally treated (TPCL) samples. CPCL was prepared using 50 g of
washed dried ground PCL and was treated for 1 hour with 500 mL of a 10% NaOH solution at 100 °C with
stirring. The mixture was allowed to cool down at room temperature and then washed with deionized water until
the pH was neutral (Li et al., 2012). While, TPCL was prepared by carbonizing the dried ground PCL in a muffle
furnace at 300°C for an hour (Gheriany et al., 2020). Raw and modified PCL were characterized using FTIR and
TGA. FTIR spectra analysis was performed within the wave number range 4000 — 600 cm—1 using ATR method
on a Perkin-Elmer Frontier FTIR. Thermogravimetry Analysis (TGA) was executed using Thermogravimetric
Analyser Pyris 1 TGA interfaced with a heated rate of 10 °«C/min from 30 <C to 700 °C under the air atmosphere
(Pham et al., 2022).

RESULTS AND DISCUSSION

Cellulose, hemicellulose, and lignin usually decompose at different temperatures. The removal of the
majority of hemicellulose, cellulose, and, lignin from PCL after chemical and thermal treatment was attributed to
the difference in TGA results (Figure 1). The thermogram showed four degradation steps which is loss of water
and solvent, hemicellulose, cellulose, and lignin. In the first stage, it shows the mass loss at the temperature of
approximately 100°C, representing the loss of moisture and the release of weakly bonded water molecules. Next,
the degradation of non-cellulose components such as hemicellulose and pectin occurred at the temperature of 206°
C and 250° C for RPCL and CPCL respectively. These results were in agreement with a study done by Pham et
al. (2022). However, thermally treated samples showed the highest degradation temperature of hemicellulose at
304° C as the degradation of hemicellulose begin between 220° C to 310°C (Emiola-Sadiq et al., 2021). The
significant improvement in the degradation temperature of hemicellulose between raw, chemically, and thermally
treated PCL could be explained by the absence of components degrading at a lower temperature such as
hemicellulose in raw material.

The third stage is the loss of the most significant mass of samples which is loss of cellulose. In this stage,
the degradation of cellulose would likely start at 300°C to 450°C (Reichert et al., 2021; Akubo et al., 2019). The
degradation of cellulose ended at the high temperature of 396°C, 394°C, and 437°C for the raw, chemically, and
thermally treated samples respectively. The cellulose percentage for all the samples was found in the range 44 —
48%. Next stage, the degradation of lignin was found in between 400°C to 600°C (Lu & Gu, 2022). Based on
the thermogram, the degradation of lignin ended at temperatures 480° C, 550° C, and 604° C for RPCL, CPCL,
and TPCL respectively. The lignin content was found in between 8 — 10%. Finally, mass loss was recorded at
high temperatures of 588 C for raw samples, 550 ‘C for chemically treated samples, and 604.21 ‘C for thermally
treated materials. The samples were combusted, and char formation resulted from the destruction of thermally
stable structures in the compound severe heat (Gheriany et al., 2020).

In IR spectrum, the broad intense signal in the high energy region between 3600 and 3000 was attributed
to the stretching vibration of hydroxyl groups. These were due to the free OH groups present in carbohydrates
and phenolic groups present in PCL. The non-cellulose components specifically pectin in agrowaste samples
could be found at 1628 cm™' due to symmetrical stretching vibrations of the carboxylic acid group in pectin
(Gheriany et al., 2020). These peaks are only present in RPCL but absent in CPCL and TPCL. Signals at 1602
cm™! and 1580 cm™ were assigned to the vibrations stretching of the C=0O and C=C in aromatic rings, which
indicated the existence of lignin and hemicellulose in RPCL and CPCL (Adapa et al., 2011). These findings were
in agreement with the TGA result where thermal degradation of cellulose for TPCL is the highest compared to
RPCL and CPCL This is due to the loss of the methoxy group and syringyl unit of lignin as a result of the
elimination of hemicellulose and lignin by thermal alteration (Gaff et al., 2023). This condition suggests low
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hemicellulose content in TPCL increases the thermal degradation of TPCL samples. The presence of a variety of
functional groups from agrowaste would suggest it is a potential sorbent in the removal of pollutants through
adsorption or sorption properties. A low hydroxyl group might suggest agrowaste as a potential sorbent to remove
oil from the water system (AbdelWahab et al., 2016). The presence of hydroxyl, carbonyl, and ammine were
significant in heavy metals and dyes removal (Liu et al., 2022).
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Figure 1. Comparison of TGA for raw, chemically, and thermally treated PCL samples
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Figure 2. Comparison of FTIR spectrum for raw, chemically, and thermally treated PCL samples

CONCLUSION

The utilization of agricultural waste as sorbent in the removal of pollutants from water bodies offers a
potential solution due to eco-friendly and cost effective as it only uses unwanted parts of plants which usually
discarded. The high cellulose content in certain plants including the crown of pineapple (PCL) would be the best
solution to adsorb the pollutant released into the water bodies. Modifying surface functional groups in organic
materials optimize adsorption performance by altering their nature to suit the contaminants' intended application
and chemical characteristics. Thus, chemically and thermally modified PCL would offer better pollutant removal
since it has a higher surface area and having variety of functional groups.
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ABSTRACT

This study explores the potential of activated carbon derived from Couroupita Guianensis kernel shells (CGKS)
for use in supercapacitor applications, particularly electric double-layer capacitors (EDLCs). The activated carbon
was synthesized and characterized to evaluate its structural, morphological, and functional properties crucial for
energy storage. BET surface area analysis revealed a high specific surface area of 409.11 m?/g with a significant
micropore volume and an average pore diameter of 3.49 nm, indicating a predominance of mesopores—key
attributes for enhancing the charge storage capacity in EDLCs. SEM analysis highlighted a porous morphology
with macropores facilitating ion transport, critical for rapid charge/discharge cycles. FTIR analysis revealed the
presence of functional groups and chemical bonds in CGKS, demonstrating that activated carbon has diverse
surface functional groups. The EDLC demonstrated good performance through multiple charge-discharge cycles,
with a loss in capacitance of less than 2%, demonstrating its potential for long cycle life. The combined insights
from BET, SEM, and FTIR suggest that Couroupita Guianensis-derived activated carbon holds significant
promise for high-performance supercapacitor applications, offering a sustainable and efficient alternative for
energy storage technologies.

Keywords: FTIR, SEM, BET, CGKS & material characterization.

INTRODUCTION

Activated carbon is a flexible, porous substance used for water, air, and industrial adsorption as well as
energy storage. Traditionally, activated carbon was made from coal, coconut shells, and wood. However, biomass,
particularly agricultural and forestry leftovers, is being used as raw materials for activated carbon synthesis due
to the growing need for sustainable and eco-friendly alternatives (Marsh et al., 2006). Supercapacitors, also known
as electrochemical capacitors, are energy storage devices with high power density, fast charge/discharge cycles,
and long cycle life. Due to its high surface area, electrical conductivity, and porosity, activated carbon is the most
used electrode material for supercapacitors (Yahya et al., 2015). In recent years, there has been a growing interest
in developing sustainable and cost-effective sources of activated carbon for supercapacitor applications from fruit-
based biomass wastes (Hadi ef al., 2021). One such source is the Cannonball Tree (Couroupita guianensis), a
tropical tree belonging to the family Lecythidaceae. It is native to Central and South American rainforests,
particularly the Amazon Basin (Kumar et al., 2018). In Sabah, the cannonball tree had been found in Sabah
Agricultural Park, Tenom. A lot of previous studies done by researchers on Couroupita guianensis (CG) are about
its various applications in traditional medicine (Al-Dhabi et al., 2012). The investigation of CG fruit as activated
carbon materials is still ongoing. Therefore, the waste material from this fruit needs to be exploited because it is
an abundant and inexpensive natural supply. In this study, the CG fruit, particularly the fruit kernel shells, is a
source of biomass for producing activated carbon. These shells, often considered waste, are abundant in regions
where the tree is cultivated. Utilizing these shells not only provides a sustainable raw material for activated carbon
production but also adds value to what would otherwise be discarded as organic waste. The production of activated
carbon from CGKS involves two primary processes: carbonization and activation. During carbonization, the
biomass is heated in a furnace at 350°C for an hour to produce char, which is then activated to increase its porosity
and surface area. The activation process can be carried out chemically, using potassium hydroxide (KOH) as an
activating agent. This study aims to investigate surface morphology including the surface area and size of porosity
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of activated carbon produced by CGKS as well as charge and discharge analysis. This paper shows the surface
morphology of activated carbon produced by CGKS has the potential and superior quality to be used as the active
material for electrodes of supercapacitors.

MATERIALS AND METHODS

The CG fruit seed shells were broken into smaller pieces, submerged in water, dried, and carbonized in
a fire at 350°C for an hour. The carbonized biomass was activated with a 1:3 mass KOH solution, filtered, rinsed,
and heated in an oven.

.*gh'.':uﬁﬂnel Hearted
"Pr-eimalmem . Carbonization

Figure 1. Preparation of AC from CGKS
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The electrode was created by mixing AC with casein and Polyethylene Glycol, using solvents like
distilled water and acetone. Asymmetrical EDLC was created using an AC electrode for both the cathode and
anode, separated by filter paper and 4.45 M KOH as the electrolyte. Physical characterisation of the activated
carbon of CGKS was conducted using BET and SEM, while molecular analysis was conducted using FTIR. The
EDLC's performance was assessed using a charge-discharge circuit connected to a 4.0 V power source.

RESULTS AND DISCUSSION

Table 1 shows the information regarding the activated carbon content of CGKS. BET theory calculates
the specific surface area of solid materials of CGKS using gas adsorption data, providing crucial information on
activated carbon material structure. The activated carbon of CGKS indicates a large surface area, including
micropores and mesopores, makes it suitable for applications like adsorption, catalysis, and filtering, with detailed
analysis revealing its porosity.

Table 1. BET of the activated carbon of CGKS

Specific Surface Area Textural properties Measured Value

Surface Area Single point surface area at P/Po 0.302036194: 372.6396 m*/g
BET Surface Area 409.1105 m¥/g
Langmuir Surface Area 539.4117 m¥/g

Pore Size BJH Desorption average pore 3.2290 -3.4897 nm
diameter (4V/A)

DFT Pore Size Volume in Pores <1.536 nm: 0.13215 cm®/g
Total Volume in Pores <100.008 nm: 0.18005 cm®/g
Total Area in Pores >1.536 nm: 93.574 m?*/g

Figure 2 shows an SEM image of micropores and mesopores in activated carbon. Smaller pores within
macropore walls contribute to high surface area and adsorption capacity. The surface has a rough texture,
suggesting activation. Small particles and debris suggest incomplete combustion or residuals from activation.
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Cracks and fissures impact the structure's delicacy and adsorption capabilities. The irregular shape of activated
carbon particles is common in materials with activation processes. These characteristics contribute to the
material's adsorption capabilities.

Figure 2. Surface morphology of AC of CGKS

The Fourier Transform Infrared (FTIR) spectra reveal the functionality and chemical composition of
activated carbon, which can impact properties like adsorption capacity and affinity for different substances. The
spectrum identifies several key peaks, including O—H stretching vibrations in hydroxyl groups or water molecules,
nitrile groups, C=C stretching in aromatic rings, C—H bending in alkanes or phenolic O-H groups, ether or ester
groups, and out-of-plane bending of C—H bonds in aromatic compounds. These peaks provide insight into the
chemical composition and surface characteristics of activated carbon, which are crucial for its applications. The
main peaks are 3227.33 cm™!, 2214.81 cm™, 1574.15 cm™, 1366.57 cm™, 1231.55 cm™, and 800.08 cm™. These
peaks provide valuable information about the surface chemistry and functional groups of activated carbon, which
are essential for its applications.
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Figure 3. FTIR spectrum of AC of CGKS

The initial of ideal EDLC charge discharge graphs for the first tenth cycle have symmetric triangles
(Figure 4). This typical AC electrode graph displays good capacitive behavior. This suggests CG electrode
material conducts well. Over time, charge-discharge stability rises. This showed that the EDLC has good
capacitive performance and high cycle life.
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Figure 4: Voltage vs. time graph for 10 cycles of charge and discharge
CONCLUSION

Activated carbon, with its mechanical stability and macropores, is ideal for electrolyte and electrode
applications due to its fluid flow and adsorption capacity. However, cracks and fissures can reduce stability.
CGKS's large surface area and mix of micropores and mesopores make it suitable for adsorption, catalysis, and
filtration. It can also be transformed into activated carbon, potentially used in energy storage devices like
supercapacitors. The EDLC's charge-discharge graphs show good capacitive behavior, indicating good
conductivity of the CG electrode material, and a high cycle life over time.

RECOMMENDATIONS

Investigating the enhancement of CGKS-based biomass predecessors with mixed media of other
composite materials and their application at higher heating temperatures is being explored for various uses such
as biocatalysts, electrodes, and energy storage.
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ABSTRACT

Oleyl palmitate, a wax ester widely used in various industries, including cosmetic formulation, is challenging to
obtain naturally due to its high cost and limited availability. In this study, oleyl palmitate was synthesized through
an esterification reaction using oleyl alcohol and palmitic acid. Verification of the synthesized wax ester was
performed using Fourier Transform Infrared (FTIR) and Nuclear Magnetic Resonance (NMR) spectroscopy to
confirm the presence of ester bonds in its molecular structure. The antimicrobial activity of oleyl palmitate was
assessed against both Gram-positive and Gram-negative bacteria using the agar diffusion test. The Minimum
Inhibition Concentration (MIC) value was determined through the microdilution method. Two biological
activities, bactericidal effects (killing bacteria) and bacteriostatic effects (inhibiting bacterial growth), were
determined by the Minimum Bactericidal Concentration (MBC) value. The synthesized oleyl palmitate exhibited
a bactericidal effect against all Gram-positive bacteria studied, including Bacillus subtilis and Staphylococcus
aureus. Additionally, physicochemical properties such as SPF values (15.0), peroxide values (18.0 mEq Ox/kg),
saponification values (90.0 mg KOH/g), and iodine values (87.0 g I,/100 g) were determined. The data obtained
suggest that the synthesized oleyl palmitate holds potential as an active ingredient in cosmetic formulations.
Keywords: oleyl palmitate, biological, physicochemical, wax ester, cosmetic formulation

INTRODUCTION

Wax esters are esters with a chain length of 12 carbons or more, produced through the synthesis of fatty
acids and alcohols. These compounds, derived from various plants, animals, fungi, and bacteria, serve diverse
biological functions. In nature, wax esters play crucial roles such as protection, water resistance, and energy
storage. For instance, in plants, wax esters form a protective layer on leaves, fruits, and stems, preventing water
loss and shielding against external stresses. Additionally, animal sebum produced by sebaceous glands contains
wax esters that serve as lubricants for the skin and hair.

Beeswax, sperm whale, and jojoba oil are instances of botanical and zoological sources from which wax
esters can be obtained. Wax esters, also known as fat esters, are widely used in a variety of industries as lubricants,
plasticizers, antifoaming agents, and coating materials in medical and food sectors, as well as raw materials in
cosmetics and other chemical sectors [1]. In cosmetic formulations, due to their non-greasy, non-toxic and great
emollient properties, wax esters are used to give the skin a smooth and soft texture [1].

The need for synthetic production of oleyl palmitate has risen due to the high cost and difficulty in
obtaining naturally occurring wax esters. Both chemical and enzymatic processes have been successfully
employed to synthesize wax esters [2]. These artificially produced wax esters offer similar qualities and benefits
as their natural counterparts, such as emollience, moisturization and texture enhancement. Moreover, synthetic
wax esters come with advantages such as regulated composition, increased stability and consistent quality, making
them a preferred choice for cosmetic applications. In this investigation, oleyl palmitate will be synthesized through
a straightforward esterification method involving palmitic acid and oleyl alcohol in the presence of hexane.

Therefore, this study aims to assess the biological properties by evaluating the Minimum Inhibitory
Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of the sample on the targeted bacteria.
Additionally, the physicochemical properties of the synthesized oleyl palmitate, including peroxide value,
saponification value, SPF value and iodine value, will be examined using a standard method.

109

3" Applied Sciences Research International Conference 2024 (ASRIC2024)



The objectives of this study were to produce oleyl palmitate, a wax ester derived from the reaction of
palmitic acid and oleyl alcohol in hexane via esterification reaction. The synthesized products underwent
evaluation for both biological and physicochemical properties. To gauge their biological characteristics, a dilution
process involving Gram-positive and Gram-negative bacteria such as Bacillus subtilis and Escherichia coli was
employed to ascertain the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC) of the samples. Simultaneously, four parameters which are peroxide value, saponification value, SPF
value, and iodine value were examined to determine the physicochemical properties of oleyl palmitate.

METHODOLOGY

The methodology was divided into three main components: the production of oleyl palmitate, the
examination of antimicrobial properties, and the analysis of physicochemical characteristics, which illustrated in
the experimental design depicted below (Figure 1).
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Figure 1. Experimental Design.

Synthesis of Oleyl Palmitate

Oleyl palmitate was synthesized by reacting palmitic acid with oleyl alcohol. In the initial stage, palmitic
acid and oleyl alcohol were combined in a 250 mL universal bottle with n-hexane as the solvent, maintaining a
molar ratio of 1:2. The mixture underwent a 5-hour incubation at a reaction temperature of 50°C in a water bath
shaker set at 150 rpm [5].

Verification of Oleyl Palmitate

During the procedure, a sample (oleyl palmitate) from the reaction outcome underwent testing through
thin-layer chromatography (TLC). Furthermore, the sample was analyzed using spectroscopic instruments such
as Fourier Transform Infrared (FTIR) and Nuclear Magnetic Resonance (NMR). Prior to verification through
FTIR and NMR, Thin Layer Chromatography (TLC) was employed as a preliminary step. For FTIR, to ascertain
the functional group, the resulting product of the reaction was analyzed using Fourier Transform Infrared
Spectroscopy (Perkin Elmer, model spectrometer 100, England). The absorption peaks corresponding to various
functional groups are outlined in Table 1.
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Table 1. FTIR Absorption Peaks for several Functional Groups.
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For NMR, the structure of the produced compound was subsequently established through NMR analysis
of the ester sample using DMSO as the solvent. The chemical shift of the compound was gauged by employing
H-NMR and C-NMR spectra for compound identification.

Table 2. The main signal present in *C-NMR functional groups of oleyl palmitate.
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Table 3. The main signal present in '"H-NMR functional groups of oleyl palmitate.
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Antimicrobial Study of Oleyl Palmitate

The effectiveness of the sample against microorganisms was assessed through an antimicrobial assay
utilizing the agar diffusion method [6]. The MIC of the sample was established through the dilution method [7],
and its MBC was also determined [7]. Microorganisms employed in this research were Bacillus subtilis,
Staphylococcus aureus, Salmonella typhimurium and Escherichia coli. This is because, these organisms are well-
characterized and widely used in laboratory settings, allowing for standardized experimental conditions and
reproducibility.

Physicochemical Study of Oleyl Palmitate

Four parameters were selected for the physicochemical study of oleyl palmitate, including SPF value,
peroxide value, saponification value and iodine value.
SPF value

The acronym "SPF" (Sun Protection Factor) refers to a product's efficacy in safeguarding the skin against
the harmful effects of UV radiation. The SPF rating provides protection against UVB (ultraviolet B) rays, known
for causing sunburn and skin damage. Elevated SPF numbers signify heightened levels of protection. The 12
determination of the SPF value involves employing specific techniques, either in vitro or in vivo testing [8]. The
Mansur equation was employed to calculate the SPF value [9].

Mansur eq = CF x )" 320 290 x EE x I x Abs
Where, CF = correction factor

EE = an erythemal effect spectrum

I = the solar intensity spectrum

Abs = absorbance of the sample

Peroxide value

The quantification of reactive oxygen levels, expressed in milliequivalents (mEq) of free iodine per
kilogram of fat, is known as the peroxide value (POV). This value can be assessed by titrating iodine released
from potassium iodide with a sodium thiosulphate solution [10]. In cosmetic formulations, especially those
incorporating oils like carrier oils, plant oils, or oils derived from organic sources, the peroxide value assumes a
critical role. It provides insights into the stability and freshness of these oils, indicating potential levels of
oxidation. Elevated peroxide values suggest heightened oxidation and potential degradation of the product. The
equation below was applied to determine the peroxide value [11].

Peroxide value = [(B — S) x N x 1000]/W

Where, S =volume of titrant (mL) for the sample

B = volume of titrant (mL) for blank

N = normality of sodium thiosulphate solution (mmol/mL)
1000 = conversion of the unit (g/kg)

W = mass (g) of the sample (oleyl palmitate)

Saponification value

Saponification is the process of hydrolyzing an ester in an alkaline solution. The saponification value is
a measure of the chain length of all fatty acids. It is determined by the quantity of potassium hydroxide required
to neutralize the fatty acids produced through the complete hydrolysis of 1 g of the sample in oil or fat. Notably,
long-chain fatty acids, characterized by fewer carboxylic functional groups, exhibit a low saponification value
[12]. Equation 3.3 was then applied to calculate the saponification value [13].

Saponification value = [(B — S) x N x 56.1]/W
Where, B = volume of titrant (mL) for the blank

S = volume of titrant (mL) for the sample
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N = normality of hydrochloric acid HCI (mmol/mL)
56.1 = the molecular weight of potassium hydroxide KOH (g/mol)
W =mass (g) of sample (oleyl palmitate)

Iodine value

The iodine value is a measure of the amount of unsaturation or double bonds present in fats and oils. It
is also employed as one of the factors to evaluate the quality of olein. This value indicates the weight proportion
of absorbed halogen, specifically iodine, under test conditions. The definition involves calculating the amount of
iodine (in grams) absorbed by the fat (in 100 grams) during the test period. The iodine value is considered a
significant constant that is easily calculable for fats and oils [14]. Equation below was employed to determine the
iodine value [15].

Iodine Value =[(B — S) x N x 126.9]/W

Where, B = volume of titrant (mL) for the blank
S = volume of titrant (mL) for the sample

N = normality of sodium thiosulphate (mmol/mL)
126.9 = the molecular weight of iodine (g/mol)

W = mass of sample

RESULTS

Synthesis of Oleyl Palmitate

The esterification reaction mixtures of oleyl alcohol and palmitic acid were incubated in a water bath
shaker (150 rpm) at 50°C reaction temperature and with 5 hours of reaction time in the presence of n-hexane that
acts as solvent to help shift the reaction towards the products.

Verification of Oleyl Palmitate

To analyze the samples produced, oleyl palmitate was first isolated and purified before using FTIR and
NMR. Thin layer chromatography (TLC) was used for this purpose.

For TLC results, the separation of mixtures was observed by exposing them to UV light at 254 nm. The
chromatogram was characterized by the retention factor (Rf) of each analyte, which is the fractional distance
where the analyte spot to solvent by moving along the plate. The distance for each substance spot is measured
from the starting point of the substances, and the development distance for the substances is the distance to the
center of the substance spot.

In this study, the FTIR spectrum of oleyl palmitate was analyzed, and the results are presented in Figure
2. Other than that, Figure 3 illustrates the 'H-NMR spectrum and '>’C-NMR spectrum of oleyl palmitate.

Figure 2. FTIR Absorption Spectra of Oleyl Palmitate.
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The key peaks in the FTIR spectrum of oleyl palmitate are present in the range of peaks 2850-2950 cm-
!'for the C-H stretching, 1700-1750 cm™! for the C=0 stretching, 1000-1300 cm! for the C-O stretching and 600-
1500 cm'! for fingerprint region. From figure 2 above, the presence of strong C-H stretching peaks at 2921.67 cm
! confirms the long aliphatic chain, while the distinct C=0 peak present at 1711.24 cm’! indicates the ester
functionality. The C-O stretching bands present at 1299.70-1055.50 cm™ further support the identification of oleyl
palmitate as an ester derived from oleyl alcohol and palmitic acid.
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Figure 3. NMR Spectrum for 'H-NMR and '2C-NMR of Oleyl Palmitate.

The chemical shifts of the carbon atoms in the ester group of oleyl palmitate in the range of 160-185
ppm for the C=0 and 20-30 ppm for the methyl group on the end of the ester. Based on the NMR results in figure
3 above, it shown that chemical shifts of the carbon atoms in the ester group of oleyl palmitate present at 173.2
ppm for C=0 and the methyl group on the end of the ester which is oleyl palmitate present at 23.0 ppm.

Antimicrobial Assays of Oleyl Palmitate

The antimicrobial evaluation involved the utilization of agar-well diffusion and dilution methods. Within
the dilution method, two distinct analyses were performed: MIC (Minimum Inhibitory Concentration) and MBC
(Minimum Bactericidal Concentration).

According to the results of agar-well diffusion method, when assessed against Gram-positive bacteria
Bacillus subtilis and Staphylococcus aureus, oleyl palmitate generated distinct clear zones on the agar plate. In
contrast, there were no observable clear zones when the same compound was tested against Gram-negative
bacteria Salmonella typhimurium and Escherichia coli.

In the dilution method, the MIC is defined as the lowest concentration (maximum dilution) of the
antimicrobial agent that prevents turbidity growth, indicating that the agent is bacteriostatic, allowing some
bacteria to remain alive [16]. The result for this technique shown that the MIC value for oleyl palmitate on Bacillus
subtilis is at the second concentration (1:2 v/v) while on Staphylococcus aureus is at the third concentration (1:3
v/v). For Gram-negative bacteria which are S. typhimurium and E. coli, the MIC value for S. typhimurium cannot
be obtained while the MIC value for E. coli is at the first concentration which is 1:1 v/v. The MIC value for S.
typhimurium cannot be obtained might be because of the presence of other microbes could inhibit the growth of
S. typhimurium and affect the accuracy of the MIC determination.
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Table 4. The Minimum Inhibitory Concentration (MIC) Values of Oleyl Palmitate on Tested Bacteria.
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Whereas, the Gram-positive and Gram-negative bacterial strains were evaluated for their Minimum
Bactericidal Concentration (MBC) values. MBC is defined as the lowest concentration of an antimicrobial agent
that eliminates more than 99.90% of the initial bacterial population, leading to no visible bacterial growth on the
agar plates [17]. Table 5 presents the MBC values of oleyl palmitate against the tested bacteria. Streptomycin
sulfate is an aminoglycoside antibiotic that primarily inhibits protein synthesis in bacteria. In MIC testing,
streptomycin sulfate is used to establish the lowest concentration of the antibiotic that inhibits visible growth of
the test organism.

Table 5. The Minimum Bactericidal Concentration (MBC) Values of Oleyl Palmitate on Tested Bacteria.
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Physicochemical Study of Oleyl Palmitate

Following the determination of the antimicrobial properties of the created wax esters, their
physicochemical properties, including SPF value, peroxide value, saponification value and iodine value were also
assessed. Thus, table 6 provides a summary of the physicochemical properties of oleyl palmitate, the wax ester
synthesized in this study.

Table 6. Summarize Physicochemical Properties for Oleyl Palmitate.
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DISCUSSION

In the current study, oleyl palmitate was produced through an esterification reaction involving palmitic
acid and oleyl alcohol. It is expected that the products derived from the synthesis of wax esters would yield a high
percentage, typically ranging from 70% to 90% or even exceeding these values [2]. The reaction was conducted
with hexane serving as a solvent to dissolve the reactants and promote the formation of the desired product,
namely oleyl palmitate.

In this study, FTIR and NMR instruments were used to verify the product. Thus, the function of FTIR is
to detect the main functional group presence in the molecular structure and in FTIR, the ester bond (C=0) was
detected present at 1711.24 cm™,

The antimicrobial activity of oleyl palmitate was assessed using agar diffusion tests against both Gram-
positive and Gram-negative bacteria. The Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) values were determined using the microdilution method. The synthesized oleyl palmitate
exhibited a bactericidal effect against all Gram-positive bacteria studied, including Bacillus subtilis and
Staphylococcus aureus.

The physicochemical properties of the synthesized oleyl palmitate were evaluated by determining the
SPF value, peroxide value, saponification value and iodine value. The SPF value was found to be 15.0, the
peroxide value was 18.0 mEq O,/kg, the saponification value was 90.0 mg KOH/g, and the iodine value was 87.0
g [/100 g. These results suggest that the synthesized oleyl palmitate holds promise as an active ingredient in
cosmetic formulations.

CONCLUSION

The study successfully synthesized oleyl palmitate from palmitic acid and oleyl alcohol through an
esterification reaction. The biological properties of the synthesized oleyl palmitate were evaluated using MIC and
MBC methods, while its physicochemical properties assessed through SPF, peroxide, saponification and iodine
values. The data obtained suggest that the synthesized oleyl palmitate holds potential as an active ingredient in
cosmetic formulations, providing both biological and physicochemical benefits.
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ABSTRACT

Ionic liquids are commonly employed as a green alternative to break down the recalcitrant structure of
lignocellulose, an abundant material derived from agricultural crops like oil palm empty fruit bunch (OPEFB),
and facilitating further product conversion. In this study, triethylammonium sulfate, [TEA]J[HSO4] was
synthesized from triethylamine (cation) and sulfuric acid (anion) achieving 71.2 % of percentage yield.
Characterization was conducted through fourier-transform infrared spectroscopy (FTIR), nuclear magnetic
resonance (NMR) spectroscopy, and thermogravimetric analysis (TGA) instruments that confirmed the
successfulness of synthesis from the structural component of [TEA][HSO4], molecular arrangement and its
thermal stability. As sulfate-based ionic liquid can dissolve lignocellulosic components, the OPEFB subjecting
the dissolution process to ionic liquid pretreatment with varying temperature (30, 80 and 130 °C) and mixing time
(2h and 5h) to identify the optimum condition to achieve efficient decomposition. The characterization of
untreated and treated OPEFB was done by performing FTIR and x-ray diffraction (XRD) showed a prominent
reduction in structural crystallinity and lignin component of treated OPEFB. The field emission scanning electron
microscopy (FESEM) illustrated the increases in porosity and distorted surface which showed the disruption on
lignocellulose protective layer. The results indicate a significant breakdown of cellulose's hydrogen bond
networks and recalcitrant structures, highlighting the effectiveness of ionic liquid in decomposing lignocellulose
for potential value-added product such as fuels.

Keywords: triethylammonium sulfate, OPEFB, recalcitrant, optimum condition, decomposition

INTRODUCTION

Oil palm production is crucial in tropical regions for global vegetable oil supply but generates significant
agricultural waste, like empty fruit bunches (EFBs). Biomass, including oil palm empty fruit bunches (OPEFB),
is a key renewable energy source. Improper waste management can cause environmental issues. OPEFB is one of
the lignocellulosic biomass mainly composed of of cellulose (CsHi0Os)n, hemicellulose (CsHi0Os)n and lignin
(CioH110335) [1]. OPEFB can be converted into biofuels and other valuable products, but its complex structure
poses a challenge.

In order to create new products from OPEFB, its lignocellulose material must be broken down its
substituents by utilizing decomposition process from its native plant. Various pretreatment methods, like alkaline
treatment and organosolv pulping [1], have been used, but they often require high energy, have low conversion
rates, and can be harmful to the environment. Nowadays, researchers prone to seek simpler and environmental
friendly decomposition process of lignocellulose biomass from OPEFB.

Ionic liquids (ILs) have become promising green solvents for breaking down OPEFB lignocellulose,
offering an eco-friendly alternative to conventional methods. ILs can disrupt the strong bonds in lignocellulose,
enhancing the extraction of cellulose, lignin, and hemicellulose. The higher selectivity of cationic and anionic
structures of ionic liquid can enhance the extraction of lignin and hemicellulose for more cellulose accessibility
from OPEFB lignocellulose since ILs have lower vapor pressure and are non-flammable [1].

Therefore, using ionic liquids (ILs) is suggested as an effective and cost-efficient green alternative for
breaking down lignocellulose. This research focuses on synthesizing and characterizing ILs for decomposing
lignocellulosic material from OPEFB. It examines the decomposition process, analyzes the properties of the
products, and explores the optimum conditions, such as temperature and reaction time, to improve lignocellulose
breakdown.
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Importance of lignocellulose from OPEFB

The significant amount of waste produced from oil palm processing, particularly oil palm empty fruit
bunches (OPEFB), holds potential for creating valuable new products. As a byproduct of palm oil milling, OPEFB
is a fibrous material that could serve as a renewable biofuel alternative to fossil fuels [2]. Empty fruit bunches
(EFB) in palm oil mills are abundant, fibrous materials of biological origin. These EFB fibers are strong, solid,
and multicellular, featuring a central porous section called a lacuna. The fibers possess a polygonal cross-sectional
shape, featuring a dense arrangement of cells that enclose a compact bundle or vascular packet. Empty fruit
bunches (EFB) are devoid of chemical or mineral additives and may be free from foreign elements such as gravel,
wood residues, nails, and other waste, contingent on the mill's handling practices [3].

OPEFB is primarily composed of cellulose (CsH19Os)n (20-60% wt), hemicellulose (CsH;oOs), (17-31%
wt), and lignin (C;oH;1035) (18-50% wt) [1], with smaller amounts of organic compounds such as pectin and
pigments [4]. This composition allows OPEFB to be an alternative resource for biofuel production, sugar
extraction, and the creation of various bioconverted products [5]. As stated by Mohtar (2017), OPEFB
lignocellulose, a crucial component of plant cell walls, is highly versatile for chemical modifications, making it
valuable in industries such as food, pharmaceuticals, and medicine. Additionally, it can be used as a precursor for
producing specialty chemicals, surfactants, herbicides, and solvents. Using alternative energy sources like this in
internal combustion engines can reduce reliance on conventional fuels, significantly decreasing harmful emissions
and contributing to the reduction of global energy and environmental issues [6].

Ionic liquid utilization in biomass decomposition

Using ILs to break down lignocellulosic biomass offers benefits over conventional methods by altering
macromolecular structures, such as reducing cellulose crystallinity and extracting specific components like
hemicellulose and lignin [7]. ILs also support various fractionation processes after pretreatment and can promote
decrystallization by disrupting strong hydrogen bonds between cellulose fibers, which improves lignocellulose
digestibility and increases surface area and porosity [8].

ILs' effectiveness in pretreating lignocellulosic biomass is linked to the basicity of the IL anion, which
can weaken hydrogen bonds cross-link between hemicellulose, lignin, and cellulose [7]. The cationic and anionic
parts of ionic liquids (ILs) help extract biopolymers from OPEFB lignocellulose [9]. Choosing specific cations
and anions allows for tailoring ILs to better interact with biomass, improving the extraction process during
lignocellulose breakdown. [10].

Decomposing OPEFB lignocellulose with ILs requires only a small amount of solvent, which is low in
viscosity, recyclable, and reusable, while also shortening the processing time [9]. Compared to conventional
methods, IL pretreatment is simpler, consumes less energy, and is more environmentally friendly [2]. ILs also
helps to increase the surface area and reduce lignin content, making cellulose more accessible for hydrolysis,
thereby promoting efficient decomposition [5].

While ionic liquids (ILs) are eco-friendly alternatives to traditional volatile solvents and can help reduce
pollution, they can become more viscous during use [6]. This increased viscosity can lower their effectiveness by
limiting their ability to penetrate lignocellulosic material, resulting in reduced yields of hemicellulose, cellulose,
and lignin. Although some ILs can be costly, their recyclability allows them to perform almost as well as new
ones [9]. However, some ILs are less effective for biomass decomposition due to their high cost, low thermal
stability, poor humidity tolerance, and the need for low moisture during cellulose dissolution [11].

However, rather than to dissolve and pre-treat biomass, some ILs were found to be able to directly
catalyze biomass conversion, mainly by hydrolyzing and processing the polysaccharides without any other
catalyst [7]. Acidic ILs such as [HSO4]- based ILs became an appealing option to be utilized in biomass
pretreatment as the acidic properties selectively catalyze hemicellulose with a green and sustainable approach by
allowing selective extraction of hemicellulose from processed biomass [7].
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METHODOLOGY

Synthesis of IL [TEA][HSO4]

The synthesis of [TEA][HSO4] began by mixing 35 ml of triethylamine [TEA] with 25 ml of methanol
in a round-bottom flask. Then, 125 ml of 2M sulfuric acid (98%) was slowly added to the flask while stirring it
in an ice bath. Afterward, the flask was attached to a condenser for reflux, and the mixture was stirred at 70°C for
3 hours at 40 rpm to ensure the reaction was complete. The solution was then purified by washing it twice with
25 ml of diethyl ether and removing the solvent with a rotary evaporator at 55°C and 80 rpm. Finally, the
[TEA][HSO4] ionic liquid was analyzed using FTIR, NMR, and TGA techniques [11].

Decomposition of OPEFB lignocellulose in ionic liquids

Preparation of OPEFB biomass

In this study, the lignocellulosic biomass analyzed was oil palm empty fruit bunch (OPEFB) collected
from Kg Banggol, Setiu, Terengganu. The raw material weighed between 3 and 5 kg. The OPEFB was first rinsed
with tap water to remove dirt and sand, then cut into smaller pieces and dewaxed by soaking in acetonitrile
overnight. Afterward, the OPEFB was filtered to remove the acetonitrile and washed with distilled water to
eliminate any alcohol traces before being dried at 110°C for 16 hours. The dried OPEFB was then ground,
shredded, and crushed in a high-speed mill to achieve a particle size of 0.4-1 um [9], sieved to 250 um, and stored
in air-tight containers inside a desiccator for future use [4].

Decomposition of lignocellulose in ionic liquid

The sulfate-based OPEFB pretreatment process was conducted by examining two factors: temperature
and mixing time. The ionic liquid (IL) used was triethylammonium sulfate [TEA][HSO4]. The temperatures tested
were 30°C, 80°C, and 130°C, with mixing times of 2 hours and 5 hours. To perform the pretreatment, 27 ml of
synthesized [TEA][HSO4] was mixed with 1 g of OPEFB pulp in a 250 ml beaker, using a ratio of 1:20 (OPEFB
to IL). The mixture was stirred at 400 rpm for 2 hours while being heated to 30°C [11]. After treatment, the
OPEFB was separated from the ILs using filter paper, rinsed with 25 ml of ethanol, and filtered using vacuum
filtration. The filtrate was stored in glass vials, while the residue was dried in an oven at 80°C for 24 hours, cooled
at room temperature for 20 minutes, and stored in an air-tight container for further analysis using FTIR, FESEM,
and XRD.

RESULTS

Synthesis of triethylammonium sulfate [TEA][HSO4]

The synthesis of triethylammonium sulfate [TEAS] was resulting ILs in yellowish color liquid. The yield
of TEAS was approximately 71.2 % and the melting point is lower than 100°C.

Characterization of IL [TEA][HSO4]

Fourier-transform infrared spectroscopy (FTIR)

The FTIR spectra for TEAS synthesis obtained with % transmittance plotted against wavenumbers (cm
1) shows the peaks between 2660-2900 cm™! are due to N-H stretching vibrations in TEAS, while CH bond
stretching vibrations appear in the 3100-2900 cm-! range [12]. In the FTIR spectrum of triethylamine, the CH
bond stretching vibrations are found within this specific range. Additionally, during the synthesis of
[TEA][HSO4], a shift in the absorption peak occurs from 1400 (1453.73) cm™' to 1500 (1477.25) cm™!, indicating
the CH, functional group, and from 1000 (1046.75) cm™! to 1200 (1178.90) cm™!, indicating the SO functional
group. The absorption bands near 1250-1391 cm™! are due to the vibration of CHj in the N-CH,-CHj3 group of
[TEA][HSO4] [12].
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Nuclear Magnetic Resonance (NMR)

'H-NMR and "*C-NMR analyses were conducted to confirm the CH3;CH,- structure of the IL
[TEA][HSOs], indicating successful synthesis. In the "H-NMR spectrums, three distinctive peaks were observed.
A small peak at 3.310 ppm was attributed to the reference solvent CD3;OD. A strong peak at 1.409 ppm
corresponded to the nine protons in the CHs groups of [TEA]", showing a triplet pattern due to coupling with the
CH, group. Another strong peak at 5.257 ppm was associated with the six protons in the CH, groups of [TEA]",
expected to show a quadruplet but instead showed a single absorbance, possibly due to spin coupling effects. A
small peak at 8.702 ppm indicated the proton attached to the nitrogen atom, confirming proton transfer from
H,SO4 to TEA.

The 3C-NMR spectrum also showed three distinct peaks. A small peak at 49.15 ppm was attributed to
the reference solvent CD3OD. A strong peak at 8.66 ppm was linked to the three methyl (CH3) carbons in [TEA]".
A prominent peak at 47.17 ppm corresponded to the three methylene (CH,) carbons in the cation, with the
downfield shift due to the electronegative effect of the nitrogen in CH»-N, causing resonance in a higher energy
region.

Thermogravimetric analysis (TGA)

The TGA analysis of IL [TEA][HSO,] showed its thermal stability in relation to temperature and weight
loss. The analysis started at 37 °C, and as the temperature increased to 150 °C, there was a significant drop in the
weight, likely due to the evaporation of solvents like H,O and ethanol. From 150 °C to 280 °C, the weight
remained stable, indicating that the ionic liquid is thermally stable at high temperatures. This stability is beneficial
for applications like biomass decomposition, where ILs is most effective at 150 °C to 170 °C [13]. However, the
ionic liquid began to decompose when heated between 320 °C and 500 °C.

Decomposition of lignocellulosic from OPEFB in ionic liquid

The decomposition of lignocellulosic OPEFB was carried out on purpose to break down the recalcitrant
structure for more accessible of cellulose. The IL [TEA][HSO4] was chosen in this study for ionic liquid
pretreatment. The structure of the cation and anion in an ionic liquid plays a significant role in determining the
solvation chemistry, while the cation has a lesser effect [14]. Lignin, which contributes to hydrophobicity and
structural rigidity, binds hemicelluloses to cellulose in the cell wall [15]. The OPEFB matrix dissolved in ionic
liquids turns into a dark brown, thick, and sticky solution at 130 °C. The dark color comes from the removal of
lignin and hemicellulose, which dissolve into the ionic liquid. Since lignin gives biomass its brown color, its
removal affects both the color and thickness of the solution.

Characterization of treated and untreated OPEFB

Fourier-transform infrared spectroscopy (FTIR)

FTIR spectroscopy was used to study changes in the biomass surface during pretreatment to detect lignin
deposition. Spectra of untreated OPEFB were compared with those of treated samples with IL[TEA][HSO4] at
different temperatures and mixing times.

The peak around 3300-3500 cm!, which indicates OH stretching, was reduced after treatment,
suggesting that hydrogen bonds in cellulose were disrupted, making it more accessible to the reagent [2]. Peaks
associated with aromatic C=C stretching (1500-1600 ¢m™) and alkyl-aryl C-O stretching (around 1250 cm™)
showed that lignin content decreased with higher temperatures. The spectra for different temperatures and
treatment times showed that at 30 °C, CO and OH stretching decreased slightly after 2 hours and more after 5
hours. Similar patterns were observed at 80 °C and 130 °C, with a slight increase in OH stretching transmittance
after 5 hours at 130 °C compared to 2 hours.

Field emission scanning electron microscope (FESEM)

The FESEM images obtained depicting the morphology of treated and untreated lignocellulosic biomass.
The images illustrate the changes resulting from the pretreatment process. Initially, the untreated pulps exhibit
particles with a relatively high in fibrils, forming a thick and smooth surface to safeguard the enclosed cellulose
[1]. A comparable images of raw OPEFB and treated OPEFB with IL [TEA][HSO4] with 2000x magnification
obtained via FESEM. The images highlight distinct variations in the morphology between the untreated OPEFB
and the OPEFB subjected to IL-pretreatment, with variations in parameters including temperature and mixing
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time. The differences proved the impact of the lignin disruption and cellulose crystallinity disruption during the
pretreatment with ILs which interrupts the tissue system [5].

X-ray diffraction (XRD)

XRD profiles of biomass showed that untreated cellulose had peaks at around 16.6° and 22.2°, indicating
its crystalline structure. Using these patterns, the Crystallinity Index (Crl) was calculated for untreated and
pretreated OPEFB. For untreated OPEFB, the Crl was 35.61%. After 2 hours of pretreatment with IL at 30 °C, 80
°C, and 130 °C, the Crl values were 32.64%, 32.27%, and 34.85%, respectively. After 5 hours of pretreatment,
the Crl dropped to 32.26% at 30 °C, 30.60% at 80 °C, and 18.39% at 130 °C. The OPEFB with 5-h pretreatment
with ILs shows a significant decrease in CrI value from lower temperature 30 °C and 80 °C to higher temperature
130 °C.

DISCUSSION

In this research, the study aimed to synthesize green solvent Triethylammonium sulfate, [TEA][HSO4]
and explore the optimum condition of lignocellulosic decomposition evaluating two critical parameters:
temperature and mixing time. This approach involved characterization of OPEFB lignocellulose through FTIR,
FESEM and XRD.

According to FTIR analysis shows that as the temperature increases from 30°C to 130°C, there are
noticeable changes in the OH stretching patterns. Higher temperatures seem to make lignin and hemicellulose
more soluble in ionic liquids, which helps break down their structure and remove them more effectively [33]. The
CO and OH stretching intensities decreased after 2 hours of pretreatment but became more noticeable after 5
hours at 80°C and 130°C. This suggests that longer exposure at higher temperatures affects the OH stretching
bands. Overall, longer pretreatment times improve the dissolution of lignin and hemicellulose, which depends on
how well the substance reacts with the ionic liquids [16].

FESEM analysis showed how the shape of the biomass changed before and after treatment. Pretreatment
with IL made the biomass appear irregular, with a distorted surface and swollen structure, revealing more cellulose
fibers [17]. As the temperature rose, the OPEFB structure degraded more, showing increased damage. At 30°C,
OPEFB had noticeable pores, while untreated OPEFB was smooth. The most damage and open structure were
seen at 130°C, indicating it is the best temperature for decomposition. Longer mixing times also affected the
surface, with more peeling and deeper cracks after 5 hours compared to 2 hours. Longer pretreatment likely
removes more lignin and weakens the cellulose layer.

XRD results showed that the Crystallinity Index (Crl) of the pretreated biomass changed slightly with
different temperatures and mixing times, particularly after 5 hours. The Crl decreased in the treated OPEFB
compared to the untreated sample, likely because removing lignin disrupted the cellulose structure. The ionic
liquid (IL) helped extract crystalline components like hemicellulose and lignin, leading to peeling in the
amorphous areas. However, OPEFB treated for 2 hours at 130°C had a slight increase in Crl, possibly due to the
removal of amorphous regions which made the remaining cellulose more crystalline [34]. Higher temperatures
and longer mixing times reduced the Crl because the IL caused the cellulose to swell, disrupting the plant cell
walls and crystalline structure, turning the cellulose into an amorphous form [18].

CONCLUSION

In this study, we successfully synthesized and characterized the ionic liquid [TEA][HSO4]. This liquid
has triethylammonium as the cation and sulfate as the anion. We tested different temperatures and mixing times
to find the best conditions for decomposing lignocellulose using ionic liquids. The ionic liquid had a 71.2% yield
and was analyzed using FTIR, '"H-NMR, '3C-NMR, and TGA. FTIR confirmed the presence of functional groups,
NMR provided details on chemical shifts, and TGA assessed thermal stability. The IL [TEA][HSO4] was stable
from 150°C to 320°C and started to decompose above 500°C, making it suitable for high-temperature
decomposition processes. The results showed that using high temperatures and longer mixing times, such as a 5-
hour treatment at 130°C, improved the decomposition of lignocellulosic materials. This approach effectively
removes lignin, disrupts the cell wall structure, and makes cellulose more accessible for further processing. Ionic
liquids like [TEA][HSOs] are effective and environmentally friendly solvents for this purpose.
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ABSTRACT

Physalis angulata, known as cutleaf groundcherry or wild gooseberry, is a medicinal plant recognized for its health
benefits due to its high concentration of bioactive compounds with pharmacological properties. Despite the
recognized health benefits and traditional medicinal uses of Physalis angulata, there is limited scientific data on
the bioactive compounds responsible for its pharmacological characteristics. Therefore, this research aims to
identify compounds present in Physalis angulata ethanolic leaves extract. Liquid chromatography-Mass
Spectrometry (LC-MS) Q-TOF analysis in positive ionization mode was carried out to profile the compounds in
Physalis angulata ethanolic leaves extract. The identification of the compounds was done based on in-house
database library and literature comparison. One compound from the flavonoid class and three compounds from
the withanolide class were tentatively identified. Previous findings have shown that these compounds may
contribute to anti-inflammatory, antioxidant, neuroprotective and anticancer effects of Physalis angulata extract.
In summary, four compounds with bioactive properties were identified from the LC-MS profiling. Further
research is needed to confirm the identified compounds.

Keywords: Physalis angulata, LC-MS, Q-TOF, profiling.

INTRODUCTION

Plant extract profiling involves analytical techniques to characterise the complex composition of extracts.
Liquid chromatography-mass spectrometry (LC-MS) has become a crucial method in phytochemical profiling
due to its ability to identify and quantify compounds at trace levels (Jaberi et al., 2024). One of the most advanced
hybrid mass spectrometer designs is the quadrupole time-of-flight (Q-TOF), which combines a TOF and a
quadrupole instrument. This combination provides exact mass measurement for both precursor and product ions,
as well as the ability to undertake fragmentation experiments (Taamalli et. al., 2015).

Physalis angulata belongs to the Physalis genus within the Solanaceae family, which includes over 120
species predominantly found in South and North America, with some species also occurring in Europe,
Southeastern, and Central Asia (Tuan et al., 2020). The Physalis genus is commercially valuable not only as a
food source but also for its abundant bioactive compounds (Sharma et al., 2015). However, there is limited
scientific data on the bioactive compounds responsible for its pharmacological characteristics. Therefore, this
study aims to identify the compounds in Physalis angulata ethanolic leaves extract using LC-MS Q-TOF. The
findings could provide a foundation for further research into the therapeutic potential of this species.

MATERIALS AND METHODS

Sample extraction

The leaves of Physalis angulata were collected from Etalase Herbal in Bogor Regency, West Java,
Indonesia. The leaves were thoroughly cleaned to remove any impurities. They were then dried in a drying cabinet
set at 40°C for 5 days to ensure complete dehydration. The dried leaves were ground into a fine powder using a
blender, and the powder was sieved and dissolved in ethanol with a solid-to-solvent ratio of 1:10. This mixture
was sonicated using an ultrasonic bath at room temperature approximately 25°C for 1 hour. The resulting solution
was then filtered through Whatman No. 1 filter paper to separate the plant debris, leaving an ethanolic filtrate
containing the extracted compounds. The filtrate was concentrated using a rotary evaporator at 40°C until the
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volume was significantly reduced. The concentrated extract was then further dried in a water bath at the same
temperature to remove any remaining solvent, resulting in a semi-solid extract. The final semi-solid extract was
stored in a 4°C refrigerator until further use.

Profiling of Physalis Angulata

The sample was reconstituted in ethanol and filtered using nonsterile hydrophobic PTFE Syringe Filters
(0.22pum pore size). A total of 2 pg of sample was injected into the LC-MS Q-TOF (Agilent Technologies 6520,
Santa Clara, CA, USA). Chromatographic separation was carried out using a ZORBAX Eclipse Plus C18 column
(1.8 microns, 2.1 mm x 100 mm) from Agilent Technologies, SA, USA, which was maintained at 40°C in a
column oven. The system operated at a flow rate of 0.25 mL/min, with mobile phase A consisting of 0.1% formic
acid in water, and mobile phase B consisting of 0.1% formic acid in acetonitrile. The gradient was programmed
to transition from 5% to 95% mobile phase B over 18 minutes, followed by a change from 95% to 5% over 12
minutes. Data were collected in positive electrospray ionization (ESI) mode. To ensure mass accuracy, continuous
internal calibration was conducted during the analysis, using reference masses of m/z 121.0529 and m/z 922.0098.

Data analysis

The raw mass spectrometry (MS) data were processed and analyzed using Agilent Mass Hunter
Qualitative Analysis (software version B.05.00) to convert .d files into .CEF files. The compounds were then
identified by in-house database library (Personal Compound Database Library) and comparison with literature.

RESULTS AND DISCUSSION

The total ion chromatogram of the Physalis angulata leaves extract is presented in Figure 1. It represents
the sum of all ion intensities detected at each time point throughout the 30-minute LC-MS run. The list of
compounds detected between 9- to 18-minute is shown in Table 1. Nine compounds were detected using the in-
house database library. However, compounds labeled as ND were those that the database could not identify.

In this analysis, a molecular ion [M+H]" of 611.1608 was detected and tentatively identified as robinetin
3-rutinoside according to the in-house database library. This finding was in accordance with fragment ion reported
Rahim et al. (2022). Physalin E (m/z 545.2016) and physalin A (m/z 527.1912) were detected in this analysis, both
of which were previously reported by Da Silva et al. (2015). A m/z of 511.1967 was identified as 25,27-dihydro-
4,7-didehydro-7-deoxyphysalin A based on the in-house library. However, the fragment ion was not yet reported
in literature.

Robinetin 3-rutinoside is a flavonoid that is known for its antioxidant properties that help to protect cells
from oxidative stress and damage caused by free radicals (Sunday & Adeyemi, 2023). In addition, this LC/MS
profiling of Physalis angulata leaves extract revealed the presence of withanolides including physalin E, physalin
A, and 25,27-dihydro-4,7-didehydro-7-deoxyphysalin A, all of which are recognized for their anti-inflammatory
effects and other health-promoting properties, such as immunomodulatory and anticancer activities (Novitasari
et. al. 2024; Daltro et al., 2020).
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Figure 1. Total ion chromatogram of Physalis angulata ethanolic leaves extract.
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Table 1. List of compounds identified from minute 9 to 18 of the LC-MS run.

RT (min) Compound name m/z Compound name m/z
(library) (library) (library) (literature) (literature)
9.317 ND 215.1758 - -
10.276 Robinetin 3-rutinoside 611.1608  Robinetin 3-rutinoside 611.16
(Rahim et. al., 2022) -
10.891 ND 328.2593 - -
11.439 ND 679.5114 - -
11.633 ND 441.3436 - -
11.831 ND 396.8018 -
13.582 Physalin E 545.2016 Physalin E (Da Silva 545.2023
et. al., 2015)
15.748 Physalin A 527.1912 Physalin A (Da Silva 527.1917
et. al., 2015)
17.477 25,27-Dihydro-4,7- 511.1967 - -
didehydro-7-
deoxyphysalin A

CONCLUSION AND RECOMMENDATION

In conclusion, this LC-MS analysis of Physalis angulata leave extract has revealed four compounds from
the group of flavonoids and withanolides. Further research is needed to properly confirm the identification of
these compounds.
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ABSTRACT

Skin cancer victims have been increasing each year due to an increase in exposure to ultraviolet rays which
increases the need for cancer research, The objectives of this project were to determine the optimal initial cell
concentration and volume of cells for producing spheroid cells, to identify the suitable cell suspension media for
producing spheroid cells and to study the effect of essential oil (EO) from Piper sarmentosum on spheroid cells’
viability and morphology. The hanging drop method was used to form the spheroid. The spheroid cell viability
and morphology were analyzed using MTT assay and ImagelJ software. The morphology of melanoma and non-
melanoma skin cancer show changes where the spheroid cells’ spherical shape were broken, indicating disruption
in cell-cell adhesion of spheroids however there were no changes for normal human fibroblast cell. The results
showed that the MTT assay did not have any effect on all spheroids, indicating the presence of protective layers
that prevent MTT reagent penetration however addition of EO from Piper sarmentosum increased the absorbance
of MTT when given to spheroids in increasing dosage from 5 to 50 ul. All spheroids that were treated with 50 ul
of essential oil gave the highest MTT absorbance reading. In conclusion, the effect of essential oil from Piper
sarmentosum on spheroid cells can be used for further research on creating natural anti-cancer drugs.

Keywords: spheroids, melanoma, non melanoma, essential oil and Piper sarmentosum

INTRODUCTION

Cancer is a disease where some of the body cells undergo mutation at a cellular level and grow
uncontrollably. A normal cell will stop dividing at a certain point of growth and then die. However, a gene
mutation causes the normal cell to stray away from its normal life cycle, keep on dividing and spread to other
body parts. The cancerous cells can disrupt normal organ function because they are immature and cannot perform
their specific function, disrupting oxygen and nutrient distribution to the normal cells and causing normal cells to
die. If most of the normal cells that can perform their specific jobs die and only cancer cells that cannot their job
remain, organ failure happens causing severe side effects for the cancer patient (Saini et al., 2020). Cancer victims
have been increasing gradually each year with over 1 million cases estimated and over 600 thousand deaths
estimated over the year 2020 (Siegel et al., 2020). Especially in skin cancer where one in every three cancer cases
diagnosed is a form of skin cancer (Jeong et al., 2021). Melanoma also known as malignant melanoma is a rare
type of skin cancer that is known for its high mortality rate, aggressiveness and persistence. The main cause of
mutation that leads to melanoma skin cancer is overexposure to ultraviolet light or rays that mainly come from
the sunlight. Opposite to melanoma skin cancer, non-melanoma skin cancer is more commonly diagnosed among
cancer patients. The major difference between melanoma and non-melanoma skin cancer is that non-melanoma
is a non-spreading skin cancer or has a very low chance of spreading to other body parts.

Anti-cancer drugs that only affect the cancerous cells need to be studied and developed such as using
herbs. In this study, Piper sarmentosum is used in the form of essential oil to treat normal and cancer skin cells
specifically fibroblast (HFF1), melanoma (A375) and non-melanoma (A431) cells. Piper sarmentosum is known
for its medicinal effects such as anti-hypertension, anti-cancer and anti-diabetes due to its antioxidant
characteristics (Ugusman, 2018). The main compounds of Piper sarmentosum that have anti-cancer properties are
phytochemicals and amide alkaloids. Spheroid cancer cells are formed to be treated using essential oil extracted
from Piper sarmentosum. Spheroid cells are formed because the 3D cell can mimic accurately the cancer cell
structure, natural physiology, the resistance of cancer cells toward therapeutic strategies and the interactions
among cells (Habanjar et al., 2021). A more accurate method can help produce accurate data at the end of this
research.
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MATERIALS AND METHODS
Cell Culture

Media Preparation (10% FBS)

45 ml of Dulbecco’s Modified Eagles’s Medium (DMEM) mixed with 5 ml Fetal Bovine Serum (FBS)
(10% w/v) to make a total volume of 50 ml. The medium was stored in a refrigerator at 4°C. The needed amount
for each subculture was transferred to a new bottle every time a subculture was done. The new bottle was heated
in a water bath at 37°C before used.

Subculturing Monolayer Cells In T-Flask

Spent media was discarded from the 70 % confluent 75 cm2 T-flask into the waste beaker. T-flask was
washed with 5 ml of Phosphate Buffer Saline (PBS) and discarded into a waste beaker. 1.5 ml of 0.025% trypsin
was pipetted onto the monolayer cells and the flask was placed in a CO2 incubator for 10 minutes to detach the
cells. 10 ml of fresh media was added to the flask. All contents of the flask consisting of cells, trypsin and media
were transferred to a 15 ml centrifuge tube. The tube was centrifuged at 800 rpm for 5 minutes. The supernatant
was discarded and cells resuspended in 10 ml of fresh medium. 1 ml of tube content and 14 ml of fresh media
added into a new 75 cm2 T-flask. The flask was kept in the incubator for cell growth and the remaining 9 ml of
cell solution in the centrifuge tube was used for spheroid formation.

Spheroid Formation

Spheroid cells with a concentration of 505,000 cell/ml, 815,000 cell/ml and 1,000,000 cell/ml for A375,
A431 and HFF1 respectively was produced using the hanging drop method. The lids of each petri dish were
removed and placed in a way the opening facing up. 50 pl of cell solution were pipetted from each cell and
multiple doplets added onto the lids of each petri dish. 5 ml of PBS was added onto the bottom plate to create a
hydration chamber to prevent the drying of cell solution media. The lids were flipped carefully to maintain the
droplets' shape and the petri dishes were sealed with parafilm. Petri dishes were kept in an incubator for 7 days
for production of compact spheroid cells.

Piper sarmentosum’s Essential Oil Treatment

Transfer Spheroid Cells

The spheroids were formed on petri dish lids using the optimal initial cell concentration, volume of cell
and suitable media as determined in previous experiments. After 7 days, the spheroids were transferred from petri
dish lids into 96 well plate.

Essential Oil Addition

The media in each well plate were removed carefully without disrupting the spheroids. The essential oil
from Piper sarmentosum was added into each well with increasing volume vertically from row B to F where no
essential oil was added into the wells. The essential oil was diluted with a dilution factor of 2 using culture media.
The well plate was sealed with parafilm and observed under a microscope for morphology analysis. Then, the
well plate was kept in the incubator for 24 hours.

Morphology Observation & MTT Assay

After 24 hours, the well plate was observed under the microscope to record changes in morphology. Then
MTT assay was done to analyse cell viability. The media was removed and 150 pl 5 pg/ml MTT reagent was
added. The well plate was incubated for 4 hours. After 4 hours, media in all wells were removed and 100 pl
Dimethyl sulfoxide was added into all wells from row B to row G. The plate was incubated for 10 minutes and
the optical density reading at 570 nm was recorded.

RESULTS AND DISCUSSION

Results and discussion of the experiment to study the effect of essential oil from Piper sarmentosum on
spheroid cells viability and morphology are shown below. This experiment also was done using three different
types of cells such as melanoma skin cancer cell denoted as A375, non-melanoma skin cancer cell denoted as
A431 and normal human fibroblast cell denoted as HFF1
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Figure 1. The effects of EO from Piper sarmentosum at varying concentrations onto the viability of a.
melanoma b. non melanoma and c. human dermal fibroblast spheroids me asured by MTT assay

Figure 2. Microphotographs of melanoma cells (A431) a. before and b. after the treatment with 50 pL essential
oil from Piper sarmentosum

Figure 1 shows the effects of EO from Piper sarmentosum at varying concentrations onto the viability
of melanoma, non melanoma and human dermal fibroblast spheroids measured by MTT assay. From the result,
the spheroids which were not treated with EOs did not give any reading for the MTT absorbance but not the
spheroids treated with EOs. For negative control, we treated the spheroids with DMSO and could not get the MTT
absorbance from the reading as well. Our observation onto these spheroid (result not disclosed) found that addition
of MTT and DMSO did not break up the aggregation nor affecting the morphology of the spheroids. However,
the value of MTT absorbance increased with the increase treatment of EOs for normal cells as well as both A431
and A471. This shows that EOs did not have cytotoxicity effect onto these cells and helped MTT assay to penetrate
into the cell membrane to get into the mitochondria for staining. This result also proved that spheroids have
protective mechanism to hinder chemicals or drugs from entering the cells which is interesting and yet to be
discovered.

Spheroids are formed when cells attach using protein-based cell adhesion molecules such as integrins,
cadherins, selectins and immunoglobulins. These cell adhesion molecules on the cell surface enabled the cells to
gather in one place to attach and form a compact spheroid with a tight junction between each other (Janiszewska
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et al., 2020). However, components in Piper sarmentosum’s essential oil have an effect on the cell adhesion
molecules where it can reduce the effectiveness and amount of cell adhesion molecules by damaging and
inhibiting the protein-based cell adhesion expression (Ekeuku et al., 2021). These explain the changes in A375
and A431 spheroids’ morphology (Figure 2) after being exposed to Piper sarmentosum’s essential oil for 24 hours.
The components in the essential oil damage the cell adhesion molecules and cause the spheroid to become loose
and the cells were separated from each other. The higher volume of EO caused larger changes in spheroids
morphology.

Hence, it can be concluded that EO from Piper sarmentosum affects the A375 and A431 spheroid cell
morphology by breaking down the spherical shape of a spheroid through damaging cell adhesion molecule
functions.

CONCLUSION

In conclusion, by carrying out the methodology, the objectives of this project were successfully achieved.
There are morphology changes in A375 and A431 spheroids that were treated with essential oil from Piper
sarmentosum where the spheroid cells’ spherical shape is broken whereas no morphology changes in HFF1
spheroids. The viability effect of A375, A431 and HFF1 cannot be determined using MTT assay due to repelling
effect and protective barrier of the spheroid cell but the spheroids treated with Piper sarmentosum’s essential oil
show increasing absorbance of purple formazan with the increasing volume of essential oil because component
in the essential oil increase cell permeability and reduce mitochondrial membrane potential. Hence, it can be
concluded that Piper sarmentosum’s essential oil has more effect on cancerous cells than normal cells. Further
research of this project with more suitable viability methods and changes in the form of essential oil used for
treatment can help in creating an effective anti-cancer drug from natural herbs and depend less on chemical anti-
cancer drugs
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ABSTRACT

This study focuses on the determination of active pharmaceutical ingredient (API) content of diclofenac sodium
from four brands (Avonac®, Voltaren®, Diclotroy® and Dyfenac®) of the tablet drug. Diclofenac sodium, a non-
steroidal anti-inflammatory drug (NSAID), is commonly used for its analgesic, anti-inflammatory, and antipyretic
properties. Ensuring the accurate dosage of this medication is crucial as the drug does not require medical
practitioner prescription. Overdoses of the drug associates with several adverse effects that even life-threatening.
In addition, there is concern on the quality of the drug in local market considering the raise in counterfeit drug
cases lately. Consumers can be attracted to the counterfeit drug as the drug usually at a lower price than its
authentic ones. Thus, monitoring the quality of diclofenac sodium is essential. In this study the API content of
diclofenac sodium in the chosen brands was determined using UV-VIS spectrophotometer. The absorbance at the
Amax Was used for quantitative analysis. The external standard calibration curve was used to correlate the
relationship between the absorbance at the Amax and its corresponding concentration with strong correlation (R?
value = 0.9988). The UV-VIS method used in this study was validated and found that the method can accurately
(percent recovery: 90.7 — 107.8 %) and precisely (standard deviation less than 0.01) to determine the API content
of the diclofenac sodium. All the API content of diclofenac sodium from all the brands were closed to its value
claimed from their pharmaceutical companies. The percent assay obtained (95.37 — 99.27 %) also within the limit
sets by British Pharmacopoeia standards. Thus, this indicates all the brands were authentic and safe to consume.
Keywords: diclofenac sodium, UV-VIS, API content, quality

INTRODUCTION

Consuming counterfeit medications may pose unknown risks to consumers as the contents are not
regulated. In Malaysia, about 5 % of medicine are counterfeit (Ng, 2014) and the percent is expected to increase
in future (Nur Wahida et al., 2016). Even in Indonesia, our neighboring country, counterfeited drug has been
reported sold in their local pharmacies (Rachmadi et al., 2017). This scenario is very alarming and highlight the
necessity for monitoring the quality of drugs available in the Malaysian market. Since the physical appearance of
counterfeit drugs similar as the authentic ones. In this study the quality of diclofenac sodium tablet from four
brands (Avonac®, Voltaren®, Diclotroy® and Dyfenac®) were investigated by using UV-VIS
spectrophotometer. The tablets samples were crushed into homogenized small powder using mortar and pestle
prior dissolved in methanol. The solutions were sonicated, centrifuge and the supernatant were filtered prior use
for UV-VIS measurement. The UV-VIS method was validated (in term of its accuracy, precision and linearity
range) prior use for assessing the quality of the drug. The quality of the drug was assessed based on the active
pharmaceutical ingredient (API) content and it’s percent assay.

MATERIALS AND METHODS

Materials

Diclofenac sodium tablet samples were chosen from four brands, namely as Avonac®, Voltaren®, Diclotroy®
and Dyfenac®). The value in () refers to its active pharmaceutical ingredient (API) content. All the drugs were
bought from several pharmacies in Shah Alam.

Preparation of diclofenac sodium sample solution

Preparation of sample solution followed Moreno et al. (2019). For each brand, 10 tablets were used. The
tablets were taken out of their blister packs and weighed to determine the average weight per tablet. The tablets
were then ground into a fine powder using a mortar. The amount of powder equivalent to one tablet was suspended
in methanol in a 50 mL volumetric flask to prepare a 1000 mg/L sample solution. This solution was sonicated for
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30 minutes and then centrifuged at 3000 rpm for 5 minutes. The resulting supernatant was collected and filtered
through filter paper. From this, 20 mg/L sample solution was prepared.

Preparation of working standard solutions

1000 mg/L diclofenac sodium standard stock solution was prepared from diclofenac sodium powder
(95% purity) in two different solvents: methanol and 0.1 M sodium hydroxide. Then, the stock solution was
filtered prior prepared working standard solution.

UV-VIS measurement

All the blank, standard and sample solutions were measured by UV-VIS spectrophotometer at range 200
—400 nm. The sequence for the measurement was as followed: blank, standard and sample solutions.

Validation study

The method used for quantification of diclofenac sodium in this study was validated based on linearity
range of external standard calibration curve, accuracy and precision.

RESULTS AND DISCUSSION

The UV-VIS spectra of diclofenac sodium in standard solutions (Figure 1 (a)) displayed two prominent
peaks with Amax = 220 and 282 nm. The first prominent peak is not included in the study due to the shifting of the
Amax as the concentration increases. The second prominent peak at 282 nm is more stable and does not shift as the
concentration increases, thus, this peak does follow the Beer-Lambert law. The observation in the current study
was in line with previous studies that reported the prominent peak of diclofenac sodium to be at 282 nm (Mane et
al., 2019; Hasan et al., 2017). Figure 1 (b) shows the spectra for four different brands of diclofenac sodium overlay
with each other. The spectra feature of diclofenac sodium on these fours’ brands have similar features observed
in the standard solution, with the appearance of two prominent peaks at ~ 220 and 282 nm. The first peaks were
not chosen as the Amax for Voltaren and Avonac were different from other brands. In contrast, the second peak the
Amax for all these four brands was constant. Therefore, the second peak was chosen for the quantification. The
absorbance of the diclofenac sodium at 282 nm in the sample brands was almost the same, consistent with their
theoretical concentrations prepared which were the same (i.e. 20 mg/L).

The absorbance at the Amax Was used as the y-axis to construct an external standard calibration curve. The
calibration curve was used to find the relationship between the measured absorbance and its respective
concentration. The curve showed a strong linear correlation between the absorbance and the concentration (R?
value = 0.9988). This linearity range was valid for concentration range of 0 — 50 mg/L of diclofenac sodium. The
accuracy of UV-VIS method used in this study was assessed by % recovery test that measured in triplicates for
each sample brand (Table 1). The sample was spiked with 10 mg/L diclofenac sodium and all sample brands
measured by UV spectrophotometer resulted with concentration closed to its spiked/added concentration with the
% recovery lies between 90.7 and 107.8 %, which this range falls within the acceptable range (i.e. 80-110%)
(Alquadeib, 2019). Therefore, the UV-VIS method used in this study can accurately quantify the diclofenac
sodium in all sample brands. The precision of the method was assessed by its standard deviation showed in the
column 3 of the table 1. The UV-VIS method used resulted with very good precision for triplicate measurements
(with the largest standard deviation of 0.0088). The diclofenac sodium content per tablet (API) for all sample
brands measured using in this study were closed to the content (API) claimed by their pharmaceutical companies
(Table 2). This is evident from the % bias calculated (the measured API — API claimed by the pharmaceutical
companies). The percent assay was calculated from UV spectra of standards and sample solution with 20 mg/L
of diclofenac sodium. The percent assay obtained in this study was between 95.37 and 99.27 %, which this range
is within the acceptable percent assay sets by British Pharmacopoeia standards for a drug (British Pharmacopoeia,
2004).
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Figure 1. UV spectra of diclofenac sodium in (a) standards and (b) sample solutions.
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Figure 2. An external standard calibration curve for diclofenac sodium

Table 1. The accuracy and precision data for the UV-VIS method used
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Table 2. The amount of diclofenac sodium and percent assay obtained in all sample brands
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CONCLUSION

The UV-VIS method used in this study are reliable for determination of API content in Avonac®,
Voltaren®, Diclotroy® and Dyfenac®. This is supported by the validation study conducted that proven the UV-
VIS method can accurately and precisely determined the API content of the four brands. All four brands were
safe to consume as the API content close to the value claimed from the pharmaceutical companies. In addition,
the percent assay of the drug in all brands was within the limit sets by the British Pharmacopoeia standards.
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ABSTRACT

Antibiotic residues have caused water pollution as it is consumed daily for the treatment of diseases. They are
released to wastewater from the excretion by human bodies. This study explores the potential utilization of
diethylenetriamine(DETA)-modified poly(AN/AM), as polymeric adsorbents for removal of doxycycline (DOX)
from aqueous solutions. The FT-IR spectra revealed that the chemical modification of poly(AN/AM) with DETA
was successful. The scanning electron microscopic (SEM) analysis showed that the poly(AN/AM) and DETA-
modified poly(AN/AM) appear as agglomerated spherical beads with average particle size of 204 nm and 282
nm, respectively. The effect of pH, adsorbent dosage, contact time and initial concentration of DOX solution were
investigated during the adsorption process. The adsorption isotherm studies are fitted well with Langmuir
adsorption model with R? value of 0.9988 which indicates monolayer adsorption process. This study showed that
a polymeric material; DETA-modified poly(AN/AM) is a promising adsorbent to capture DOX from aqueous
systems.

Keywords: adsorption, polymeric adsorbent, redox synthesis, pharmaceutical residues, chemical modification

INTRODUCTION

One type of emerging pollutants in aquatic environment is antibiotics residues that was excreted in urine
and faeces by human and animals. DOX was not fully metabolized by the body and still has strong activity even
though has been released to water environment (Chen et al., 2023). DOX residue was detected in river water,
sewage effluent and animal therapy where the highest concentration of DOX was found to be in the river water
and animal therapy (~82.2 ng/L). The high levels of antibiotics are associated with the population densities
because the river is located at the high populated areas. Hence, human activity is the main contributor to the
existence of DOX in water (Deng et al., 2016). Many approaches had been conducted for the removal of antibiotics
from water, but the high cost of operation impaired the effort of removal. Therefore, in this study, we proposed
removal by using adsorption technique by using a polymeric material known as polyacrylonitrile (PAN). The
adsorption process is arguably the most effective and efficient method due to its affordability and simplicity.
Adsorption process is superior in the removal of a variety of pollutants like heavy metals, organic pollutants, and
dyes due to their great adsorption properties as well as their economical method because it can be operated at low
energy consumption (Sen et al., 2023). PAN was chosen by many researchers as an adsorbent to remove emerging
pollutants because of the presence of nitrile group (-CN) that could be tailored with functional groups to
selectively bind the pollutants (Adeyi et al., 2019). However, PAN homopolymer is not feasible to adsorb ions
effectively due to the hydrophobicity of nitrile groups. Thus, acrylamide (AM) was integrated into the PAN
system to enhance the effectiveness of the removal of heavy metal ions(Md Jamil et al., 2015). Polyacrylamide is
commonly used as a water treatment component in wastewater flocculation and sludge dewatering. It is soluble
in water and hydrophilic in nature due to its lengthy structure with charge amide groups. That being so, it was
assigned for sweeping, bridging, and charge neutralization (Feng et al., 2020). Besides, the incorporation of AM
into PAN lowered the nitrile-nitrile dipolar interactions and ease the chemical modification of nitrile groups by
using amine-based reagent. Diethylenetriamine (DETA) was used as the amine-based chelating agent to
chemically modified nitrile groups along the poly(AN/AM) polymer chain. In this work, the adsorption study was
explored using DETA-modified poly(AN/AM) for the removal of DOX from water environment
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MATERIALS AND METHODS

Poly(AN/AM) was prepared by using similar method that was reported before (Md Jamil et al., 2015).
Chemical modification with diethylenetriamine (DETA) was carried out by adding 3 g of poly(AN/AM) to the
mixture of 50 mL of methanol and 4.8 mL of diethylenetriamine (DETA) in a round bottom flask fitted with
condenser. The mixture was stirred for 1 hour at room temperature. After that, 1 g of NaOH pellet and continued
mixing for 6 hours at 70 °C. After completion of the reaction, the modified poly(AN/AM) was filtered and wash
with deionized water. The chemically modified polymer was dried at 50 °C in a vacuum oven.

Characterizations

Fourier transforms infrared (FTIR) spectra was recorded on Spectrum 100 Perkin Elmer (U.S.A.) with
Universal Attenuated Total Reflectance (UTAR) by using potassium bromide (KBr) pellets in a resolution range
of 4000-500 cm™' at room temperature (25 °C). Scanning electron microscopy (SEM) (JEOL JSM 6360 LA,
Japan) was operated at 10.0 to 25.0 kV to observe the morphology of the polymer particles. Brunauer-Emmett-
Teller (BET) analyser was used to evaluate the surface area and porosity of the sample.

Adsorption studies

0.01 g of DOX was dissolved in 100 mL of distilled water as a stock solution. It was then diluted serially
to 20 mL of 100 ppm and added into a centrifuge tube mixed with each sorbent to carry out the adsorption capacity
determination. The solution was shaken using Protech water bath shaker at room temperature (25 °C) for 240 min
at 100 rpm. 3.00 mL aliquot of the supernatant was taken out and filtered using a 0.2 um Millipore filter syringe
and then centrifuged using DLAB DM0424 for 10 minutes to separate the adsorbent and supernatant. Dynamica
HALODB-20 UV-Vis spectrometer was used to analysed them in the range of 200-400 nm of absorbance. The
percentage removal of pharmaceuticals can be expressed as Equation 1.

Co- C
Percentage Removal (%)=(——)x100 % (1
CO
where C, is expressed as the initial concentration (mg/L) and C. is expressed as the equilibrium adsorbate
concentration (mg/L). Then, the steps were repeated using variation of the following parameters: pH, adsorbent
dosage, concentration of DOX and contact time.

RESULTS AND DISCUSSION

Fourier Transform Infrared (FT-IR) Analysis

As shown by the spectrum of poly(AN/AM) (Figure 1), there is appearance of absorption band at 2260
cm! that is assigned to the C=N group absorption band. there is also appearance of an intense band that is assigned
to C=0 of secondary amide at the region of 1680 cm'. The peaks arising from N-H group of secondary amines
was observed at region 3300-3400 cm™! representing the presence of AM monomer integrated successfully into
PAN structure. In the IR spectra of DETA-modified poly(AN/AM), there was an appearance of additional broad
band at the region of 1640 cm™ (due to the C=N stretching of imine group). The absorption band around 3400
cm! (due to the N-H stretching band) is also broader as compared to that of poly(AN/AM). These observations
proved that the modification of poly(AN/AM) with DETA was successful.

Scanning Electron Microscope (SEM) Analysis

Figure 2 show the surface morphologies of poly(AN/AM) and DETA-modified poly(AN/AM). The
particles appear as agglomation of spherical beads. The images were analyzed by using ImagelJ software and it
was found that the particle size of poly(AN/AM) and DETA-modified poly(AN/AM) are 204 nm and 282 nm,
respectively.
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Branauer-Emmett-Teller (BET) Surface Area Analysis

The surface are analysis revealed that the specific surface area of poly(AN/AM) and DETA-modified
poly(AN/AM) are 51.54 m?*/g and 25.17 m?/g, respectively. The average pore size of poly(AN/AM) and DETA-
modified poly(AN/AM) are 19.30 nm and 29.95 nm, respectively. Meanwhile, the pore volume of poly(AN/AM)
and DETA-modified poly(AN/AM) are 0.369 cm?/g and 0.260 cm?/g, respectively.
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Figure 1. FT-IR spectra of poly(AN/AM) and DETA-modified poly(AN/AM)

Figure 2. SEM images of (a) poly(AN/AM) and (b) DETA-modified poly(AN/AM)

Point zero charge determination

pHpzc of poly(AN/AM) and DETA-modified poly(AN/AM) was found to be 3.1 and 8.4, respectively. It
is expected that at pH less than 3.1, poly(AN/AM) is positively charged which made it highly selective towards
certain targeted drugs. In contrary, the pHpzc of DETA-modified poly(AN/AM) is 8.4 which showed a basic
character. The value is slightly near to neutrality thus it is more versatile adsorbent as compared to that of
poly(AN/AM). DETA-modified poly(AN/AM) could be deduced as positively charged adsorbent when the pH
less than 8.4 while pH beyond 8.4, it is negatively charged.

Batch Adsorption Studies

The percentage removal of DOX exhibited the highest with 81.2% (8.07 mg/g) at pH 5. DOX has three
positions of ionizable functional groups (alcohol, phenol and amino) at different pKa values which are 3.02, 7.97
and 9.15 respectively. As a result, DOX display anion, cation, and zwitterion behaviour. It functions as a cation
(DOX™) at pH less than 3.02, a zwitterion (DOX?) between pH 3.02 and 7.97, an anion (DOX") between pH 7.97
and 9.15, and beyond pH 9.15 (Aniagor et al., 2021). Besides, pHpzc of DETA-modified poly(AN/AM) possessed
a positively charged surface at pH. Due to this, the presence of zwitterion DOX showed the highest percentage
removal when the positively charged DETA-modified poly(AN/AM) interacted with the anion. The study on the
effect of initial concentration of DOX (at 100 ppm) showed that the adsorption capacity of DOX was 21 mg/g
with the percentage removal of 47.6%. Meanwhile, the study on the effect of adsorption time demonstrated that
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79.7% of DOX (3.91 mg/g) was removed at 150 min. The effect of adsorbent dosage showed that 82.3% of DOX
was successfully removed by using 50 mg of adsorbent.

Adsorption isotherm studies

As shown in Table 1, adsorption of DOX is fitted well with the Langmuir adsorption isotherm model
with R? value of 0.9988 with 39.53 mg/g of maximum adsorption capacity. The separation factor; Ry value is
0.1179 (smaller than 1) which indicates that the adsorbate prefers to bind to the adsorbent surface rather than
remaining in the bulk solution (Al-Saeedi et al., 2023). The corelation coefficient, R? value for the models were
arranged in the order of Langmuir > Temkin > Freundlich. The Temkin model showed the Bt value of 0.1172
J/mol; indicating that the adsorption process is relatively weak. This suggests that the adsorption of DOX onto
DETA-modified poly(AN/AM) is likely to be a physical adsorption process, rather than a chemical one. Physical
adsorption is typically characterized by weak intermolecular forces, such as van der Waals forces, between the
adsorbate and the adsorbent.

Table 1. Adsorption isotherm model constants and correlation coefficients

Isotherm model
Langmuir Freundlich Temkin
(max (Mg/g) 39.53 Kr 3.130 Br (J/mol) 0.1172
K1 (L/mg) 0.0530 n 1.706 Kr(L/g) 118.68234
RwL 0.1179 R? 0.9622 R? 0.9807
R? 0.9988

CONCLUSION

This study demonstrated that DETA-modified poly(AN/AM) is a promising polymeric adsorbent for the
removal of DOX from aqueous solutions. The material showed high adsorption capacity and selectivity for DOX,
and its surface properties can be tailored to optimize its performance. The results of this study provide valuable
insights into the design and development of novel polymeric adsorbents for the removal of emerging pollutants
from water environments.
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ABSTRACT

The mangrove ecosystem, a vital land-sea interface, has been identified as a potential sink for microplastics
originating from both marine and terrestrial sources. This study aimed to assess the presence of microplastics in
the sediments of Rhizophora apiculata mangroves at Setiu Wetland. Surface sediments were collected from three
stations (n=18) using a ponar grab and chemically extracted with a modified WESTPEC method, followed by
manual sorting under a microscope. A total abundance of 2292 item/kg dry wt. were found across stations, with
a mean abundance of 382+161 items/kg dry wt. The highest concentration was near a fish cage (Station 1), while
the other stations had similar levels. Microplastics were predominantly fibers (>80%), with fragments, films, and
foams also present, but pellets were rare. Transparent and black microplastics were most common. SEM-EDS
analysis revealed surface cracks and pits, indicating mechanical and chemical weathering, and attachment of toxic
elements and biofilm. The microplastic polymers were made of polypropylene and polyvinyl chloride, which links
the contamination to human activities in the surrounding area. Statistical analysis showed a correlation between
microplastic abundance and sediment pH, but not with soil organic matter. These findings advance our
understanding of microplastic pollution in mangroves and highlight the need for further research on its impacts
on mangrove and aquatic ecosystems.

Keywords: Microplastics, Mangrove sediment, Rhizophora, Setiu Wetland, Malaysia

INTRODUCTION

Microplastics (MPs) are synthetic polymer particles smaller than 5 mm, classified as primary (originally
manufactured) and secondary (broken down from larger plastics) (Dung et al., 2021). Mangrove ecosystems,
situated at the land-sea interface, can accumulate MPs from both marine and terrestrial sources, including
aquaculture waste and landfill runoff (Zhou et al., 2020). While mangroves typically exhibit lower levels of MPs
contamination compared to other coastal areas, their distribution and characteristics in mangrove sediments
remain poorly understood (Li et al., 2019). Mangrove sediments and roots play a crucial role in trapping
contaminants, influenced by vegetation and tidal actions, which can increase microplastic prevalence (Zhang et
al., 2021).

Globally, mangroves are critical for filtering sediments and providing habitats for diverse species, yet
they face significant challenges from plastic pollution, with plastics making up 70% of marine waste in these
areas (van Bijsterveldt et al., 2021). The aerial roots of mangrove trees are vital in reducing wave energy and
limiting MPs accumulation (Duan et al., 2021). Recent studies have detected MPs in marine species from Setiu
Wetland, Terengganu, underscoring the need for further investigation in Malaysia (Ibrahim et al., 2021). MPs
enter mangrove ecosystems via runoff from urban, agricultural, aquaculture and industrial areas, posing risks to
biota through direct ingestion or indirect consumption of contaminated prey (Bretas et al., 2020; Dung et al.,
2021). Understanding microplastic pollution in mangroves is essential for managing these vital ecosystems, which
cover just 0.5% of the world's coastlines (Maghsodian et al., 2022).

Setiu Wetland is the largest natural wetland on Peninsular Malaysia’s East Coast, spans three river basins
to form a 14 km continuous lagoon. This distinctive landscape includes nine interconnected ecosystems including
mangroves forest that support a diversity of flora and fauna (Rahman et al., 2023). Thus, protecting this area from
threats like microplastic pollution is crucial for maintaining the long-term health and benefits of its ecosystems.
Therefore, this study aims to quantify and characterize microplastic in the mangrove sediments of Rhizophora
species at Setiu Wetland, Terengganu. Microplastics can compromise the health of mangrove ecosystems by
contaminating sediments and waters, posing risks to marine life and disrupting these critical habitats. The results
will provide valuable insights for developing effective management strategies to address plastic pollution,
ensuring the preservation of these essential ecosystems for coastal protection and biodiversity conservation.
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MATERIAL AND METHODS

A total of 18 surface sediment samples were collected from three stations (ST01-STO03; Figure 1), each
consisting of two Rhizophora apiculata plants spaced approximately 1 meter apart (coded as A and B). At each
station, three replicate sediment samples were collected per mangrove plant using a Ponar grab. The samples were
transferred to stainless-steel containers, covered with aluminum foil, labeled, and stored in an ice box for transport
to Universiti Malaysia Terengganu. In the laboratory, samples were dried at 60°C for 72 hours, ground and sieved
through 1 mm and 5 mm mesh. For microplastic extraction, 200 g of sediment underwent density separation with
zinc chloride, followed by wet peroxide oxidation with hydrogen peroxide (WESTPAC, 2018). The samples were
filtered through 47mm GF/C Whatman filter papers, placed in a cleaned petri dish, dried in a desiccator, and
examined under a stereo microscope for microplastic abundance (item/kg dry wt.). Surface analysis was
performed using a scanning electron microscope-energy- dispersive X-ray spectrometer (SEM-EDS), and
polymer types were identified with ATR-FTIR (Ibrahim et al., 2021). The sediment pH was measured with a
calibrated pH meter using a sediment-to-water ratio of 1:2.5. The organic matter content in the sediment was
determined using the loss on ignition method, where it was heated in a muffle furnace at 450°C for 4 hours. For
the quality control, blank samples throughout the study were included to ensure accuracy and prevent cross-
contamination.
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Figure 2. Map of sampling areas in Setiu Wetland, Terengganu

RESULTS AND DISCUSSIONS

Microplastics were observed at all sampling stations, with a total abundance of 2292 items/kg dry wt and
a mean of 382+161 items/kg dry wt. Station 1 (STO1A and ST01B) had the highest abundance of MPs, followed
by Station 2 and Station 3 (Table 1). The elevated levels at Station 1 may be due to nearby fish farms using plastic
equipment like nets, cages, and foam buoys (Lin et al., 2022), which could contribute to MPs generation through
degradation. Conversely, Stations 2 and 3 showed lower contamination, likely due to their locations, in which
Station 2 is influenced by seawater intrusion, while Station 3 is near a jetty. The high disturbance at the jetty and
the dilution from freshwater-seawater mixing possibly reduced MPs accumulation. In this study, MPs with small-
sized (<1mm) were predominant compared to large-sized MPs (1-5 mm) (Table 1). This observation suggests that
the generation of secondary microplastics is particularly favorable within mangrove sediments due the unique
structural characteristics of mangrove ecosystems, including their complex root systems and sediment dynamics,
enhance the efficiency of trapping and retention of smaller microplastics (Chaisanguansuk et al., 2023). The
observed MPs were found in seven different colors, as illustrated in Figure 2, with transparent and black being
the most common in the sediment samples. This suggests that plastic particles may subjected to degradation
processes and have specific sources (Li et al., 2020). Fibers were the most prevalent, accounting for over 80% of
the total MPs observed (Figure 3). Our results align with previous studies conducted in other Southeast Asian
countries, which also identified microfibers as the dominant shape among the observed microplastics (Mohamed
Nor &, 2014; Navarro et al., 2022; Chaisanguansuk et al., 2023; Vidayanti & Retnaningdyah, 2024).
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Table 1. Total abundance of MPs based on sizes

Station Total abundance of MPs based on size (item/kg dry wt.) Total abundance
0.0-0.3 mm 0.3-0.5 mm 0.5-1.0 mm 1.0-5.0 mm (item/kg dry wt.)
STO1A 50 113+7.6 283+113 238+88 685+143
STO1B 43+11.5 63£11.5 173+11.5 165+13.2 445£161
ST02A 30+5.0 474+2.9 120+5.0 100 297+34
ST02B 1742.9 37+2.9 13242.9 118+2.9 303+33
STO3A 1742.9 52+10.4 90+23 115+39 273442
ST03B 25+5 42+7.6 110£10 11247.6 288491
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Figure 3. Colors of MPs across sampling stations Figure 4. Shapes of MPs across sampling stations

Surface analysis of representative microplastics (MPs) using SEM-EDS revealed grooves, fractures, pit
holes, and biofouling on their surfaces, indicating exposure to mechanical and oxidative weathering processes as
well as microbial colonization. This might explain why more transparent microplastics were found in this study,
as they aged over time. This increases the specific surface area of MPs, enhancing their capacity to adsorb toxic
elements (Deng et al., 2020). The SEM-EDS results confirmed the presence of Cu, Fe, Ti, Ca, Zn, Al, and Ni on
the MPs' surfaces, suggesting that metals can easily bind to MPs. This increases the risk of harmful impacts on
aquatic organisms through bioaccumulation and biomagnification in the Setiu Wetland mangroves. Furthermore,
the polymer types of the observed MPs were identified using ATR-FTIR, revealing that the fiber MPs were
composed of polypropylene and polyvinyl chloride. Polypropylene fibers are commonly used in ropes, nonwoven
fabrics, air filters, diapers, and fishing nets (Lin et al., 2022). Meanwhile, polyvinyl chloride fibers (vinyon) serve
as bonding agents for nonwoven fabrics and products (Mohamed Nor & Obbard, 2014).

A negative correlation was observed between pH sediment and MPs abundance (r = -0.94, p <0.05).
Lower pH levels may alter the surface charge of both microplastics and sediment particles, enhancing microplastic
adsorption. Additionally, acidic conditions can affect microbial activity, potentially reducing microplastic
degradation rates and increasing their persistence (Maghsodian et al., 2022). However, no correlation was found
between soil organic matter and microplastic abundance.

CONCLUSION

This study revealed a significant contamination of microplastics in the mangrove sediments of Setiu
Wetland, with an overall abundance of 2292 items/kg dry wt. and an average of 382+161 items/kg. The highest
concentrations were observed at Station 1, likely due to the proximity of fish farms that utilize plastic equipment,
which contributes to microplastic generation through degradation. The small-sized MPs (<1 mm) were
predominant, suggesting that mangrove ecosystems facilitate the trapping and retention of these particles. Fibers
made up over 80% of the total observed MPs, with transparent and black being the most common colors. Surface
analysis highlighted that these MPs are subjected to mechanical and oxidative weathering, increasing their
potential to develop biofilm and adsorb toxic elements. Furthermore, the identified polymers were predominantly
polypropylene and polyvinyl chloride, raising concerns regarding their impact on aquatic organisms through
bioaccumulation and biomagnification. The negative correlation between sediment pH and microplastics suggests
that the accumulation of MPs may be influenced by sediment characteristics. Regular monitoring programs should
be implemented in Setiu Wetland to combat miroplastic pollution, particularly near fish farms, along with
regulations to reduce plastic use in aquaculture, as MPs can be a vector for environmental pollutants. Further
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research on sediment characteristics and mitigation strategies is needed to assess the effects of microplastics on
ecosystem health and biodiversity.
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ABSTRACT

This study aims to prepare ZIF-8 incorporated with Ag and Ti as doped thin films showing dual functionalities as
photocatalysts for methylene blue (MB) degradation and as photoelectrochemical (PEC) materials for water
splitting. Based on the findings, the prepared Ag/ZIF-8 and Ti/ZIF-8 effectively narrowed the band gap, with ZIF-
8 (3.60 eV) > Ag/ZIF-8 (3.55 eV) > Ti/ZIF-8 (3.50 eV). Moreover, the current density increased from 0.65 mA
cm 2 for bare ZIF-8 to 1.50 mA cm and 2.55 mA cm™ for Ag/ZIF-8 and Ti/ZIF-8, respectively. The increased
current facilitated efficient charge transfer and enhanced photocatalytic activity. Under optimal conditions,
photodegradation of MB (10 mg L") was achieved at more than 90% within 240 minutes, following the pseudo-
first-order rate constants of 0.0103 min, 0.0109 min, and 0.0138 min! for ZIF-8, Ag/ZIF-8, and Ti/ZIF-8,
respectively. The superior performance of Ti/ZIF-8 is attributed to its unique internal structure and the synergistic
interactions between Ti and ZIF-8, which enhance light absorption and charge separation efficiency. This work
highlights the potential of metal-doped ZIF-8, specifically Ti/ZIF-8 and Ag/ZIF-8 thin films, for dual-functional
applications in photocatalytic water treatment and green energy production within a PEC system.

Keywords: Dual-functional, metal-doped ZIF-8, dyes photodegradation, photoelectrochemical, water splitting

INTRODUCTION

Industrialization and population growth have led to severe environmental pollution and an energy crisis,
largely due to inefficient wastewater treatment from industries like textiles that release harmful dyes. With the
UN forecasting a 51% increase in wastewater by 2050, traditional methods struggle with dye removal and high
energy consumption, exacerbating sustainability issues. This study seeks to address these challenges by exploring
metal-doped Zeolite Imidazolate Framework-8 (ZIF-8) materials for dye degradation and hydrogen production
through photocatalytic and photoelectrochemical processes. ZIFs, including ZIF-8, are promising for advanced
photocatalytic applications due to their high surface area, tunable pore size, and chemical stability. However, ZIF-
8’s wide band gap limits its efficiency in visible light photocatalysis. Recent research has shown that doping ZIF-
8 with metals can enhance its photocatalytic activity by narrowing the band gap and improving light absorption
(Celebi et al., 2022; Thamilselvan et al., 2023).

In this study, ZIF-8 and metal-doped variants (Ag/ZIF-8 and Ti/ZIF-8) were synthesized and evaluated
for their photocatalytic and photoelectrochemical properties. Structural characterization was performed using X-
ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), and energy-dispersive X-ray
spectroscopy (EDX). Photocatalytic performance was assessed by degrading methylene blue (MB) under visible
light, while photoelectrochemical performance was evaluated through hydrogen production using linear sweep
voltammetry (LSV). The results revealed that metal-doped ZIF-8 catalysts exhibited superior efficiency in
degrading MB compared to pure ZIF-8, with Ti/ZIF-8 demonstrating the highest photocatalytic performance and
significant hydrogen production. These findings highlight the effectiveness of metal doping in enhancing both
photocatalytic and photoelectrochemical activities, addressing critical issues of water pollution and energy
production.

147
3" Applied Sciences Research International Conference 2024 (ASRIC2024)



MATERIALS AND METHODS

Chemicals

Zinc nitrate hexahydrate (Zn(NOs),-6H,0, 98%), 2-methylimidazole (2-MeIM, 99%), Triethylamine
(TEA, 99.55%), Titanium isopropoxide (TTIP, 95%), silver nitrate (AgNOs3, 99%) and Methylene blue (MB) were
purchased from Sigma-Aldrich (USA). All chemicals were used as received without any modification.

Synthesis of ZIF-8, Ag/ZIF-8 and Ti/ZIF-8

This synthesis procedure was adapted from the methodology developed by Naim et al. (2020) with some
modifications. ZIF-8 was synthesized using a solventless method, employing Zn(NOs3),-6H,O and 2-MeIM in a
molar ratio of 1:6:500 with water as the solvent. The Zn(NOs),-6H,0 was dissolved in deionized water, while 2-
MeIM was prepared separately in deionized water with 3 mL of TEA added gradually. The two solutions were
combined and stirred for 1.5 hours, resulting in the formation of ZIF-8. To synthesize Ti/ZIF-8 and Ag/ZIF-8,
0.0064 g of AgNOsand 760 uL TTIP was introduced into the ZIF-8 mixture. The resulting solids were isolated
via centrifugation, washed, and dried at 60°C, followed by grinding and further drying at 80°C. Thin films of ZIF-
8, Ag/ZIF-8 and Ti/ZIF-8 were then fabricated by compacting the dried powders onto Mylar substrates using
epoxy resin, followed by natural air-drying.

RESULTS AND DISCUSSION

XRD analysis was conducted to understand the crystalline structures of ZIF-8, AgZIF-8 and Ti/ZIF-8.
The obtained XRD patterns (Figure 1(i)) for ZIF-8 (a), AgZIF-8 (b) and Ti/ZIF-8 (c) displayed distinct and narrow
peaks, indicating an ordered arrangements and confirming their crystalline ZIFs materials (Li et al., 2023; Yu et
al., 2022). Furthermore, the diffraction peaks corresponding to ZIF-8, AgZIF-8 and Ti/ZIF-8 are clearly evident
at 20 angles of 7.20°, 10.34°, 12.60°, 14.56°, 16.34°, and 17.92°, which correspond to the (011), (002), (112),
(022), (013), and (222) plane, respectively. These angles closely align with the JCPDS card no. 00-062-1030 for
ZIF-8, as previously reported (Kim et al., 2023; Mohammadi & Nakhaei Pour, 2023). This result confirms that
the ZIF-based photocatalyst was prepared successfully.

Table 1 displays the EDX spectra of ZIF-8 featuring peaks corresponding to Carbon (C), Zinc (Zn),
Oxygen (O), and Nitrogen (N) with weight ratios of 55.8%, 17.3%, 6.0% and 21.0%, respectively. These findings
serve as confirmation of the formation of ZIF-8. These weight ratios are in contrast to those documented in a
previous study (Tuncel & Okte, 2021) which reported weight percentages of 73.8% for C, 6.7% for Zn, 1.8% for
O, and 17.6% for N. In this experiment, ZIF-8 exhibit higher abundance levels of C and Zn, indicative of the
presence of zinc and organic components from 2-methylimidazole. The significant quantity of nitrogen
underscores the formation of covalent bonds between zinc and 2-methylimidazole within the frameworks. Despite
variations in the abundance ratios of ZIF-8 compared to the prior study, the presence of the elements remains
consistent, confirming the synthesis of ZIF-8, Ag/ZIF-8 and Ti/ZIF-8. Furthermore, Ag/ZIF-8 and Ti/ZIF-§ also
show the presence of Ag and Ti respectively in the EDX diagrams.

The FTIR spectrum was analyzed to verify the structural integrity of ZIF-8, Ag/ZIF-8, and Ti/ZIF-8
(Figure 1(ii)). In the spectrum of ZIF-8, an absorption peak was observed at 424 cm™ %, which corresponds to the
stretching vibrations of Zn-N bonds (Narimbi et al., 2023; Rahaman et al., 2022; Santos et al., 2023). This peak
indicates the chemical bonding of Zn with N atoms from the methylimidazole groups, confirming the formation
of the imidazolate structure (Zhang et al., 2018), which in turn confirms the successful synthesis of the ZIF-8
compound.A broad peak between 2500 and 3700 cm™* suggests the presence of hydroxyl groups (OH™) (Wijaya
etal., 2021; Zhang et al., 2018) and the N-H stretching mode (Rahim et al., 2021). According to Rahim and Majid
(2023), the absence of peaks within the 3300-2200 em ™t range in the ZIF-8 structure indicates the deprotonation
of all hydrogen bonds. However, the N-H bending mode recorded at 3374, 3305, and 3315 cm ™ for ZIF-8 showed
an increase in the area under the curve compared to 2-methylimidazole, suggesting a strong attachment of the
imidazolate group to the Zn metal (Rahim et al., 2021).

Furthermore, when doped with metal, an additional increase in the area under the curve is observed,
likely due to enhanced interaction between the doped metal ions and the imidazolate framework, which increases
the density of vibrational states in the N—H bending region. This indicates that the doped metal ions are effectively
incorporated into the ZIF-8 structure. The peaks at 3135 cm ™" and 2929 cm™* were associated with aromatic and
aliphatic C—H asymmetric stretching vibrations, respectively. A peak at 1676 cm ™, corresponding to N-H, was
observed only in 2-methylimidazole and not in ZIF-8, Ag/ZIF-8, or Ti/ZIF-8, which is attributed to the
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deprotonation of the bond to facilitate metal-organic interactions in the ZIFs, as discussed by Zhang et al.
(2018).The bands between 600 cm™* to 1500 cm ™ were related to the stretching and bending modes of the
imidazole ring (Khosravi, 2023).
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Figure 1 XRD spectra (i) and FTIR of 2-methylimidazole, (a) ZIF-8 , (b) Ag/ZIF-8, and (c) Ti/ZIF-8 (ii).

Table 1. The percentage of carbon,zinc,oxygen, nitrogen, silver and titanium for ZIF-8, Ag/ZIF-8 and
Ti/ZIF-8.

Notation Carbon (C) | Zinc (Zn) | Oxygen (O) | Nitrogen (N) Silver (Ag) | Titanium (Ti)

ZIF-8 55.8% 17.3 % 6.0 % 21.0 % - -
Ag/ZIF-8 50.8 % 17.1 % 33% 28.1 % 0.7% -
Ti/ZIF-8 44.3% 15.2% 8.6% 18.8 % - 13.0 %

The photocatalytic activity and degradation efficiency of MB are depicted in Figure 2(i). All the materials
exhibit photocatalytic activity at varying levels, which may be influenced by the presence of the 2-
methylimidazole ring. This ring, characterized by double bonds and lone pair electrons, behaves as an aromatic
compound, allowing for potential - stacking interactions with the benzene ring of MB. Among the tested
materials, Ti/ZIF-8 demonstrates superior photocatalytic performance compared to Ag/ZIF-8 and ZIF-8. The
degradation efficiency of Ti/ZIF-8 reaches nearly 100% (96.35%) within 240 minutes under visible light
irradiation, outperforming Ag/ZIF-8 (93.71%) and ZIF-8 (91.04%). The incorporation of Ag and Ti into the
surface of ZIF-8, thereby enhancing photocatalytic performance. This improvement is corroborated by a narrower
band gap and stronger absorption in the visible light region, as confirmed by the DR UV-Vis spectra.

To further explore the dual-functionality of ZIF-8-based photocatalysts, water splitting was analyzed
using a PEC system. The efficiency of hydrogen generation was assessed through LSV, measured at 0.610 V
versus Ag/AgCl, equivalent to 1.23 V for the normal hydrogen electrode (NHE) reference. Ti/ZIF-8 composite as
photoanode exhibited the highest current density at 0.610 V, measuring 2.55 mA/cm?, followed by Ag/ZIF-8 at
1.50 mA/cm?, and ZIF-8 alone at 0.65 mA/cm? The enhanced hydrogen production in the PEC system was
attributed to the charge carriers generated from the photoanode under photoelectrochemical excitation
(Thamilselvan et al., 2023). In this context, Ti*" ions, with their superior electron conductivity compared to Ag**
ions, were more effective in transporting PEC-induced electrons to the counter electrode.
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Figure 2 Photodegradation (i) and LSV (ii) of (a) ZIF-8 , (b) Ag/ZIF-8, and (c) Ti/ZIF-8

CONCLUSION

The study validates the successful synthesis of ZIF-8, Ag/ZIF-8, and Ti/ZIF-8, as confirmed by XRD,
EDX, and FTIR analyses, which reveal their crystalline structures and elemental compositions. The strategic metal
doping of ZIF-8 significantly enhances its photocatalytic and photoelectrochemical performance. In this
advancement, Ag/ZIF-8 and Ti/ZIF-8 demonstrate higher efficiency in both MB degradation and hydrogen
production compared to ZIF-8. Notably, Ti/ZIF-8 achieves the highest photodegradation efficiency at 96.35%
over 240 minutes, surpassing Ag/ZIF-8 at 93.71% and ZIF-8 at 91.04%. LSV measurements further reveal that
Ti/ZIF-8 achieves a current density of 2.55 mA/cm?, outperforming Ag/ZIF-8 at 1.5 mA/cm? and ZIF-8 at 0.65
mA/cm?. This superior performance is attributed to the enhanced electron conductivity of Ti*" ions, which is more
effective than Ag>* ions in transporting PEC-induced electrons. Future research should explore bimetallic doping
strategies to further enhance the performance and functionality of ZIF-based photocatalysts
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ABSTRACT

Nanofluid is a promising technique for promoting crude oil displacement in reservoir through reduction of
interfacial tension (IFT) and wettability. This study aims to evaluate the nanofluid capability of bio-surfactant
synthesized from Palm kernel in synergy with SiO, NPs. The palm kernel surfactant (PS) combined with the
SiO, NPs revealed significant adsorption at various operation conditions during nanofluid formulation (PSNP).
The optimal adsorption parameters of PSNP were found to be at 120 minutes contact time, 0.2%wt SiO, NPs
dosage, 40°C temperature, pH 9, and 3% PS concentration. The adsorption isotherms data for PSNP experiment
fitted with the Langmuir isotherm ( R-squared value of 0.9). The nanofluid of PSNP was found to reduce the IFT
of oil/brine system from 6.22 mN/m to a low level of 1 x 102 mN/m. Also, the nanofluid altered the wettability
to water wet condition by 10%.

Keywords: Enhanced oil recovery (EOR), Surfactant, nanoparticles, and adsorption.

INTRODUCTION

Crude oil is a dominant primary source of energy and one of the developed marketplaces with the
potential to address the global energy crisis [1-2]. The need for energy necessitates the application of diverse
hydrocarbon recovery techniques including surfactant flooding[3]. Several factors are responsible for oil
remaining in the reservoirs such as wettability, interfacial/surface tension and negative capillary force [4].

Surfactants

Surfactants play unprecedented roles in many EOR systems, including surfactant flooding, polymer-
surfactant flooding, and foam flooding [5]. They have been considered as revolutionary agents with excellent
EOR properties due to their surface acting capabilities, reduction of oil-water interfacial force and changing the
rock wetting properties [6]. In recent years, there has been a surge of interest in the use of NPs in synergy with
surfactants to overcome the limitation of surfactant-based EOR methods. This is mainly due to their nano size,
thermal stability, and surface properties created by the electrostatic interaction of NPs with surfactant molecules
[7]. Surfactant derives from plants are economically potential to oil industries due to their low toxicity, high
biodegradability, multi-functionality, environmental capacity, and availability of resources [8].

Palm kernel oil (Elaeis guineensis)

Palm kernel oil (PKO) is an edible plant oil derived from the seeds of palm kernel tree (Elaeis
guineensis). Palm oil is among few highly saturated vegetable fats containing 16-carbon atom
saturated fatty acid (palmitic acid). The PKO is derived from the kernel, or the inner seed, of
oil palm fruit and is widely used vegetable oil in various industries, including food, cosmetics,
and personal care products [9-10].
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METHODOLOGY

Synthesis & Adsorption Studies

For the synthesis, exactly 20 ml of PKO was separately heated around 80-90° C for 30 minutes to simmer
the oils. 10 g NaOH was added by stiring, and the mixture was heated at 80° C for about 3 hours. The solid
product was analyzed using Fourier transform infrared spectroscopy FTIR To determine the optimum
concentration of PS adsorbed onto the SiO, NPs, various concentrations of the PS (1, 2, 3, 4, and 5%wt) each
containing fixed amount of 0.2 % wt. SiO, NPs were prepared using 3 %wt. brine. Thereafter, the mixtures were
agitated using orbital shaker at 300 rpm for 60 minutes at control temperature of 37 °C. All the filtrates were
analyzed using UV-spectrophotometer. The adsorption at equilibrium of PS onto NPs was calculated.

IFT & Contact angle analysis

The IFT analysis was carried out using a SVT20 spinning drop at 80°C and 4000 rpm. The IFT tube was
firstly filled with brine and placed in the chamber. After that, the tube was set under spinning at about 500 rpm,
the rotation was able to keep the oil drop at the center of the tube. Subsequently, the rotation was increased to
about 4000 rpm step-wise to ensure drop stabilization. At this stage the drop image was continuously captured by
a camera attached to the equipment through which the IFT values were computed automatically using the principle
of Young Laplace equation. Contact angle was performed by a drop shape analyzer instrument. At first, slices of
reservoir sandstones were submerged in different formulations of PSNP and one sample as a control (in brine).
Thereafter, they were allowed for 48 hours to ensure adequate saturation and then contact angles were analysed.

RESULTS

Physico-chemical Analysis

The physical and chemical properties of the oil and surfactant have are provided in Table 1. From the
table there is an indication of successful synthesis of surfactant due to significant identified functional groups with
shifts observation.

Table 1. Physico-chemical analysis results Palm kernel oil (PKO)

Physico-chemical Oil Func. groups Oil FTIR (cm™) PS FTIR (cm™)
Parameters properties

State at room Liquid -CH; and -CH3sst. 2921-2854 2921-2854

Temp.

Color of oil Dark brown -C=0 st. 1746 Shift 1550

Yield of oil 13% -CH; and -CHj3 bend. 1466-1235 1400-1300

Moisture content 6.02% -C-0 1163 Shift 950

Sap. mgKOH/g) 145.19 Long chain 729 729

Acid No. 0.19

(mgKOH/g)

Mass of PS (g) 24.15

Adsorption studies

From the results in Figure 2a, the calibrations plot of absorbance against concentration have produced
the R-squared value of 0.995. This data has demonstrate good correlation thatcan be used for subsequent
adsorption studies.

Effects of PS concentration and SiO: NPs dosage on Adsorption capacity

In Figure 2b, the maximum adsorption capacity of PS was found to be 49.09% at 3%wt which indicates
good efficiency of the PS in facilitating the adsorption onto NPs. This adsorption capacity demonstrates strong
affinity of interaction with the SiO, NPs. The higher adsorption capacity implies a greater surface coverage of the
SiO; NPs.
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The results of SiO, NPs dosage on adsorption capacity can also be observed in Figure 2¢, and has showed
significant influence of the NPs dosage on adsorption capacity and depicting interesting trend. It was observed
that the maximum adsorption of 86 % was achieved at a dosage of 0.2 %. This dosage exhibited the highest
affinity between PS and the SiO, NPs, leading to a substantial adsorption capacity [11].

Effect of Contact Time on adsorption

From the result presented on Figure 2d, the PS exhibited a higher percentage of adsorption (61.1%) at
120 minutes. Economically, this suggests that the choice of surfactant and its interaction time significantly impact
the adsorption process, and optimizing this parameter can enhance the overall efficiency of PS and SNPs

interactions.

Effect of Temperature & pH on adsorption

Based on the data plot presented in Figure 2e the effects of temperature on adsorption capacity of the PS
onto SiO, NPs have been demonstrated, it is observed that it exhibits a higher adsorption capacity at 40°C (54.7%).
This result highlights the impact of temperature on the adsorption behavior of surfactants onto NPs under a
constant operational conditions and optimized parameters such as dosage, contact time, concentration and others.
In general, the adsorption isotherms data reveal that the PSNPs experiment fitted well with the Langmuir isotherm

by respective R-squared value of 0.9417.
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Figure 2. Results of (a) calibration curve to study the Effects of (b) PS concentration (c) dosage of SiO, NPs (d)
Contact time of PSNP and (e) effect of temperature (f) pH of PSNP on the percent of adsorption capacity.

IFT & Contact angle Results

The average IFT value for oil/brine system was found to be 6.22mN/m as presented in Table 2, this
represented the original interfacial force between the oil and brine which serves as a baseline for comparison. The
average IFT values of PS and PSNP significantly showed tremendous IFT reduction effects to ultralow level of
4x107 and 1x102 mN/m, respectively. These further reductions are attributed to surface active properties of
surfactant and NPs, respectively [10][1]. From the table 3 it can be seen that the original contact angle of the
oil/brine system was found to be approximately 21 £+ 5°. The control fluid exhibits the highest average contact
angle, suggesting a relatively less wetting surface. When PS and PSNP were analyzed in comparison with the
control, there were significant reductions from 20.58 £ 5° of a baseline to 14.09 + 2° for PS and 18.47 + 3° for
PSNP, respectively. This has demonstrated that the PS and PSNP have abilities to alter the surface condition to
more prefferred values due to wetting behaviours [14] as shown in figure 3.
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Table 2. Average value of IFT
TIME BRINE PS PSNP
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40 6.2445 0.0030 0.0140 CA- Reduction

60 63546  0.0042 0.0139 ~ Pavameters Average (cal'l pepo (o)

80 6.2440 0.0049 0.0143 BRINE 20.58+5 - -

100 6.0283  0.0049 0.0139 PS 14.09 +2 6.49 32
Average 6.22 + 4 x 1.3 x PSNP 18.47+3 2.11 10

0.1 1073 102
30 —+—BRINE —@—PS —A—PSNP

[\
(O}

[\
(e}

—
(e

Average Contact Angle (0)
O

(=]

5 10 15 20 25 30 35
Run No.

Figure 3. Contact Angle profile

CONCLUSION

From this study, there is a significant adsorption of PS onto the SNPs due to the van Waal and
electrostatic attractions between the surface charges. The optimum adsorption conditions of the nanofluid were
3%wt of PS and 0.2 %wt SNPs at 40 oC and pH 9. These data fitted well with Langmuir isotherm having
demonstrated R2 of 0.9417. The nanofluid PSNP demonstes good IFT reduction and wettability property. This
hybrid material is anticipated to have numerous uses in EOR.
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ABSTRACT

This study explores a sustainable method for synthesizing monodisperse styrene methyl methacrylate (SMMA)
copolymer nanospheres through free emulsifier approach and deionized water as the sole solvent. The impact of
high-speed stirring which is 1000, 1250 and 1500 rpm on the particle size and dispersity of the SMMA
nanospheres was systematically investigated. Notably, achieving monodisperse nanospheres with an average size
of 154.6 nm without surfactants or stabilizers is significant. The results indicate that increasing stirring speed
enhances uniformity and decreases particle size, with the highest stirring speed (1500 rpm) yielding the smallest
and monodisperse nanoparticles. This environmentally friendly synthesis method holds promise for applications
in drug delivery, coatings and nanocomposites. The optimized parameters and characterization insights from this
study provide a foundation for future advancements in nanomaterials with tailored properties.

Keywords: SMMA copolymer, high-speed stirring, monodisperse nanospheres, free emulsifier method,
environmental sustainability.

INTRODUCTION

Styrene methyl methacrylate (SMMA) copolymer combines the uniqueness of styrene, known for its
high refractive index and optical properties along with methyl methacrylate, valued for its transparency and
rigidity [1]. This copolymer exhibits low moisture absorption, high chemical resistance, transparency, stiffness
and scratch resistance, making it suitable for diverse applications, including packaging, electrical appliances,
automotive parts and medical equipment [2-5]. Traditional synthesis methods involving free radical
polymerization often use hazardous solvents and surfactants, posing environmental and health risks [6]. This study
secks a greener alternative by employing high-speed stirring in a free emulsifier approach to produce
monodisperse SMMA nanospheres, addressing the need for controlled particle size and minimizing environmental
impact.

METHODOLOGY

SMMA copolymer nanospheres were synthesized via high-speed emulsion polymerization using styrene
and methyl methacrylate monomers, potassium persulphate as the initiator, and deionized water as the solvent.
The reaction was conducted in a 250 ml tri-neck round-bottom flask equipped with a magnetic stirrer and reflux
condenser, with stirring speeds set at 1000, 1250, and 1500 rpm. The polymerization was carried out at 70°C
under a nitrogen atmosphere for 8 hours. The resulting nanospheres were characterized using Malvern Nano Sizer
for particle size and polydispersity index, Fourier Transform Infrared (FTIR) spectroscopy for molecular
structure, and Scanning Electron Microscopy (SEM) for morphology.

RESULTS AND DISCUSSION

The study revealed that increasing the stirring speed significantly reduces the particle size of the SMMA
nanospheres. At 1500 rpm, the particles reached an average size of 154.6 nm with a polydispersity index of 0.189,
indicating a high level of uniformity. The FTIR analysis confirmed successful polymerization with the reduction
of C=C absorption peaks and SEM images showed spherical and uniform nanospheres. These findings validate
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the effectiveness of high-speed stirring in achieving monodisperse particles and highlight the potential of the free
emulsifier method for environmentally friendly synthesis.

CONCLUSION

This research demonstrates the successful synthesis of monodisperse SMMA copolymer nanospheres
using a green approach with high-speed stirring. The optimized parameters and resulting nanosphere
characteristics underscore the method's potential for various applications, including drug delivery and coatings.
This work contributes valuable insights into the synthesis of polymer nanomaterials and paves the way for further
research and application development.
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ABSTRACT

A molecularly imprinted polymer (MIP) targeting L-tryptophan (L-Tryp) was synthesized using ethylene glycol
dimethacrylate (EGDMA), methacrylic acid (MAA), and 2,2'-azobis(isobutyronitrile) (AIBN) with water and
methanol as porogens. ATR-FTIR spectroscopy confirmed hydrogen bond formation between the polymer and
L-Tryp. SEM and BET analyses characterized the surface morphology, area, and porosity of both non-imprinted
(NIP) and L-Tryp-imprinted polymers (L-Tryp-IP). Adsorption studies demonstrated enhanced L-Tryp removal
efficiency at pH 5 over 240 minutes, with the L-Tryp-IP showing a 90% removal rate compared to 67% for NIP.
The adsorption followed the Langmuir model, and the pseudo-second-order model best described kinetics. The
L-Tryp-IP showed high selectivity when tested against molecules similar in structure to L-Tryp and exhibited
excellent sensitivity, stability, repeatability, and reusability.

Keywords: L-tryptophan; imprinted polymer; adsorption study

INTRODUCTION

Cancer remains a global health concern, with mortality rates expected to rise due to demographic
changes. Immune activation is crucial for cancer prevention, but advanced tumors often evade immune
surveillance, creating an immunosuppressive environment [1]; [2]. L-Tryptophan (L-Tryp) metabolism
significantly influences the tumor microenvironment, affecting both immunity and tumor progression [3]; [4].
Traditional L-Tryp analysis methods, such as UPLC-MS/MS and HPLC, are complex and costly [5]; [6]; [7].

Molecularly imprinted polymers (MIPs) offer a promising alternative for L-Tryp analysis due to their
high specificity and selectivity [8]. Studies on L-Tryptophan-imprinted polymers (L-Tryp-IP) have used various
techniques, including bulk polymerization, precipitation, and sol-gel methods [9]; [10]; [11].

Bulk polymerization for L-Tryp-IP synthesis faces challenges due to L-Tryp's insolubility in non-polar
solvents. Researchers have improved adsorption by substrate coating or using novel monomers and solvents. This
study explores L-Tryp-IP development using bulk polymerization without substrates to overcome solubility
challenges and enhance detection, potentially improving the accuracy and reliability of L-Tryp analysis for cancer
research and diagnostics.

METHODOLOGY

L-Tryp-IP and NIP were synthesized using a bulk free-radical polymerization method. Polymerization
occurred in an oil bath at 60°C for 48 hours. NIP was prepared similarly, without L-Tryp. Post-polymerization,
the polymers were ground into fine powder using a planetary ball mill and sieved to obtain 25-45 pum particles.
These polymers were characterized via ATR-FTIR, SEM and BET. The adsorption studies were conducted by
batch rebinding experiment, which was performed in an aqueous medium.
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RESULTS AND DISCUSSION

The ATR-FTIR analysis of synthesized polymers, including MAA and EGDMA, revealed key insights
into their functional groups. The IR spectra showed shifts in absorption peaks after the interaction with L-
Tryptophan (L-Tryp) and its subsequent removal.

SEM images of L-Tryp-IP and NIP have cauliflower-shaped particles with irregular sizes. The use of a
porogen solvent creates a porous structure. The cauliflower shape is due to phase separation in low-solvency
media, which causes co-polymerization and pore filling. L-Tryp-IP has a rougher surface than NIP, signifying
successful template removal and improved adsorption capacity. This particle morphology is characteristic of MIPs
produced by bulk polymerization.

The BET analysis shows that L-Tryp-IP has a higher surface area (6.4127 m?/g) and larger pore volume
(0.0264 cm?/g) compared to NIP (3.3041 m*/g surface area, 0.0037 cm?/g pore volume). L-Tryp-IP also has larger
pores (22.99 nm) compared to NIP (8.41 nm), indicating better adsorption capacity and more recognition sites.

The adsorption studies showed that L-Tryp-IP has a greater removal percentage, selectivity, and stability
than the NIP.

CONCLUSION

In conclusion, the synthesized L-Tryp-IP) demonstrated excellent adsorption properties, with high
selectivity and efficiency in removing L-Tryp from analyte solutions. Various analyses, including IR spectra,
SEM morphology, BET surface area measurements, and adsorption studies, confirmed that L-Tryp-IP possesses
favorable adsorption kinetics, outstanding reusability, and stability across multiple cycles. Furthermore,
selectivity experiments highlighted the specificity of L-Tryp-IP for L-Tryp, indicating its potential for practical
applications in separation and purification processes. These findings suggest that L-Tryp-IP is a promising
adsorbent for the efficient removal of L-Tryp from complex matrices.
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ABSTRACT

This study explores the integration of rice straw as a pore-forming agent in the fabrication of the
Lay ¢S19.4C00.2Fe0303.4-Ba(Ce.6Z10.4)09Y 01035 (LSCF-BCZY) composite cathode for protonic ceramic fuel cells
application. Rice straw was incorporated into the cathode matrix at different weight percentages, and the
composite cathodes were sintered at 1000°C. Their microstructural and physical properties were evaluated using
X-ray diffraction, scanning electron microscopy, and densitometry. The results reveal that the inclusion of rice
straw significantly enhances the porosity of the cathode, with porosity levels increasing proportionally with the
amount of rice straw added. Notably, the crystalline structure of the LSCF-BCZY composite remained stable
across all samples. The porosity increase, ranging from 5.53% to 27.74%, corresponded with a decrease in sample
density from 1.3 to 0.9 g/cm3, indicating improved microstructural characteristics. The increased porosity
improved reactant diffusion to active sites, potentially enhancing cell performance and operational stability. A
comprehensive assessment of the modified cathode's mechanical and electrochemical properties would be
beneficial for future studies, providing insights into how microstructural changes impact the composite cathode's
structural integrity and phase conductivity.

Keywords: Biomass waste, Pore former, Composite cathode, Microstructural properties, Protonic ceramic fuel
cells.

INTRODUCTION

Protonic ceramic fuel cells (PCFCs) represent a significant advancement in electrochemical technology,
converting hydrogen and low hydrocarbons into electrical energy with high efficiency and minimal environmental
impact. PCFCs, utilizing proton-conducting ceramic electrolytes, offer several advantages over traditional solid
oxide fuel cells (SOFCs) that use oxygen-ion-conducting electrolytes. These advantages include lower activation
energy requirements and higher energy efficiency within the temperature range of 500-800°C, which also helps
reduce operational costs and component degradation (Tahir et al., 2022). Additionally, PCFCs generate water at
the cathode during the electrochemical reaction, thereby eliminating the need for further fuel recycling (Mather
et al., 2021).

The performance of PCFCs is heavily dependent on the efficiency of the cathode, which plays a critical
role in the electrochemical reduction of oxygen. An effective cathode must exhibit high electronic conductivity,
compatibility with the electrolyte and interconnect materials, and adequate porosity to facilitate oxygen diffusion
to the active sites (Tahir et al., 2022). Among the various materials used for cathodes, composite cathodes such
as Lag6Sr04Coo2Fe303.-Ba(Ceo6Z10.4)09Y0.1035 (LSCF-BCZY) have garnered attention for their enhanced
performance due to improved ionic conductivities and expanded electrochemical activity (Abd Aziz et al., 2020).

Optimizing the microstructure of the cathode, particularly its porosity, is crucial for maximizing PCFCs
performance. Porosity influences the accessibility of active sites and the diffusion of reactants, which are essential
for efficient electrochemical reactions (Sun et al., 2010). Effective microstructure optimization often involves
incorporating pore-forming agents into the cathode material to achieve desired porosity levels. Traditional pore
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formers include graphite, starches, and polymers, which have been used to enhance the microstructural properties
of cathodes (Nie et al., 2011; Abd Mutalib et al., 2016).

This study investigates the use of rice straw, a biomass waste, as a pore-forming agent in the fabrication
of LSCF-BCZY composite cathodes. Rice straw was incorporated into the LSCF-BCZY cathode matrix at various
weight percentages, and the composites were sintered at 1000°C. X-ray diffraction, scanning electron microscopy,
and densitometry were used to evaluate the effects. The addition of rice straw increased the cathode porosity and
reduced its density while preserving the crystalline structure of the composite. This enhanced porosity is expected
to improve reactant diffusion and potentially enhance cell performance and stability.

MATERIALS AND METHODS

The LSCF (Lao.sSro.4C00.2Fe0.803-00) and BCZY (Ba(Ceo.sZ10.4)0.9Y0.103-8) powders were prepared
following the method outlined by Ismail et al. (2022). The powders were mixed in a 50:50 weight ratio and ground
using an agate mortar to ensure a homogeneous distribution within the composite cathode.

Rice straw was collected from paddy fields in Perlis, cut into small pieces, and dried to remove moisture.
The dried rice straw was then ground into a fine powder using a grinder and sieved through a 63 um mesh. The
sieved rice straw powder was stored in an airtight container for subsequent use.

The prepared LSCF-BCZY composite cathode powders were mixed with the rice straw powder at
varying weight percentages (0%, 10%, 20%, 30%, and 40%). The mixture was then ground using an agate mortar
to ensure uniform distribution of the pore former in the composite.

The resulting powder mixtures were pressed into pellets with a diameter of 13 mm using a hydraulic
press under a pressure of 300 MPa for 5 minutes. This procedure was repeated for each concentration of rice straw
powder to prepare composite cathodes with 10%, 20%, 30%, and 40% rice straw content.

RESULTS AND DISCUSSION

Figure 1 presents the X-ray diffraction (XRD) patterns of composite cathodes containing varying
concentrations of rice straw (0%, 10%, 20%, 30%, and 40%). The analysis confirms that the characteristic
diffraction peaks of LSCF and BCZY remain unchanged, indicating that rice straw is fully combusted during heat
treatment and does not chemically interact with the composite. This absence of secondary phases underscores rice
straw's suitability as a pore former. As noted by G. Ch. Kostogloudis et al. (2000), maintaining chemical
compatibility between the cathode material and the electrolyte is crucial for optimal cell performance, as any
reaction products at the cathode-electrolyte interface could adversely affect efficiency.
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Figure 1. XRD patterns of the composite cathode with varying amounts of rice straw powder
(a) Owt.%, (b) 10wt.%, (c) 20wt.%, (d) 30wt.%, and () 40wt.%.

Figure 2 presents scanning electron microscopy (SEM) images of the composite cathodes with 0% and
40% rice straw concentrations. The images reveal a notable increase in porosity with the addition of 40% rice
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straw, compared to the unmodified cathode. This enhancement in porosity is attributed to the decomposition of
rice straw during heat treatment, which facilitates the formation of fine pores. The increased porosity improves
gas diffusion and extends the triple-phase boundaries (TPB), which is essential for optimizing cathode
performance. Table 1 summarizes the porosity levels of the composite cathode as determined by image analysis
software. An increase in porosity is observed, starting from 8.44% at 10 wt.%, progressing to 12.33%, and further
rising to 16.66% with the addition of 30 wt.% rice straw. The highest porosity of 20.94% is achieved at 40 wt.%
rice straw, demonstrating a clear trend where higher pore former content correlates with increased porosity

Figure 2. SEM Micrograph of the unmodified composite cathode (a) and the composite cathode modified with
(b) 40 wt. %

Table 1. Porosity of LSCF-BCZY composite cathode with varying amounts of incorporated rice straw

Rice straw amount (wt. %) Porosity (%)
0 5.53
10 13.33
20 15.47
30 20.07
40 27.74

Table 1 summarizes the density measurements of the composite cathodes after heat treatment at 1000°C.
The density decreases from 1.33 g/cm? at 0% rice straw to 0.93 g/cm? at 40% rice straw, reflecting the increased
porosity. While higher porosity enhances gas diffusion, excessive porosity may compromise structural integrity.
Therefore, an optimal rice straw concentration, generally between 20% and 30%, is recommended to achieve a
balance between performance and durability (Li et al., 2013; Abd Aziz et al., 2020; Nie et al., 2011).

Table 2. Density of LSCF-BCZY composite cathode with varying amounts of incorporated rice straw

Rice straw amount (wt. %) Density (g/cm®)
0 1.33
10 1.26
20 1.11
30 1.02
40 0.93
CONCLUSION

In conclusion, this study has demonstrated that rice straw is an effective pore-forming agent for
fabricating LSCF-BCZY composite cathodes, significantly enhancing porosity while maintaining the original
crystalline structure. The optimal porosity and density were achieved with 30 wt.% rice straw, balancing improved
gas diffusion and mechanical stability. The absence of secondary phases confirms that rice straw does not
chemically interact with the composite, ensuring reliable cathode performance. Future research should explore
the mechanical and electrochemical properties of these modified cathodes to fully assess their potential in practical
applications.
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ABSTRACT

A comparison between Solanum Lycopersicum or tomatoes grown organically and non-organically on the
quantity of antioxidants, such as phenolic and flavonoid compounds and the total antioxidant activity was studied.
The results based on the ultraviolet visible spectrophotometers revealed the organic tomato contained the
highest total phenolic content with a value of 10.9 pg GAE /5 g and the highest total flavonoid content with a
value of 1.693 pg QUE/S g. The antioxidant activity of organic tomato evaluated by DPPH (2,2-diphenyl-1-
picrylhydrazyl) free radical scavenging assay was higher (84.5%) than those of the non-organic tomato.While the
inhibition concentration of 80% value for organic tomato was found to be lower (1.17 pg/ml) than non-organic
tomato (1.71 pg/ml) indicating of better antioxidant properties in organic tomato. The results suggest that organic
tomato could be a potential source of natural antioxidants that are worth the price. Therefore, further research to
determine the overall antioxidant capacity of organic tomatoes is indispensable.

Keywords: Antioxidant activity, organic tomatoes, phenolic compound

INTRODUCTION

In Malaysia, market price of organic Solanum Lycopersicum or tomatoes is more expensive compared
to non-organic tomatoes. Organic tomatoes are believed to have high antioxidant content and good for improving
health. Since the 90’s, an increasing number of consumers are willing to pay more for food produced by
environmentally friendly and pesticide-free practices such as organic farming (Didier & Lucie, 2008). However,
one question without a clear answer, whether the organic management system really improves the total antioxidant
content in tomatoes.

Several studies have pointed out a better quality of organic foods compared to those from conventional
production. For example, Vinha et al. (2014) reported the fruits grown using organic methods contain significantly
more chemicals with estimation of 24% of total phenolics and 21% of flavonoids. Oliveira et al. (2013) discovered
that organic tomatoes accumulate higher concentrations of vitamin C (55%) and phenolic compounds (139%)
than those grown on conventional farms. In another study, Mitchell et al. (2007) had reported that
organically grown tomatoes contained higher levels of flavonoids (quercetin and kaempferol aglycones)
than conventional ones. Tomatoes fertilised organically have an ascorbic acid concentration that ranges between
29% and 31% (Caris-Veyrat et al., 2004; Toor et al., 2006), which is greater than the findings from tomatoes
fertilised with mineral.

The present study conducted to compare the antioxidant potential of organic and non-organic tomatoes
by analyzing phenolic and flavonoid compounds content in tomatoes and antioxidant activity. The outcomes of
the research will assist the Malaysian consumers in planning and making decisions on buying right tomato that
go towards achieving and sustaining a healthy life.

MATERIALS AND METHODS

Materials

Organic tomato brand of Suan Mokkh Gardens, harvested in Port Dickson, Negeri Sembilan and non-
organic tomatoes brand of Segar2go, harvested in Kinta Highlands, Malaysia were purchased from Aeon Big
Ampang. Folin-Ciocalteu reagent, sodium carbonate, gallic acid, distilled water, aluminium chloride, sodium
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nitrate, sodium hydroxide, quercetin, DPPH (2,2-diphenyl-1-picrylhydrazyl), methanol and ascorbic acid were
purchased from Sigma Aldrich.

Sampling

Convenience sampling was employed to get the sample for this study. Freshly harvested tomato organic
brand of Suan Mokkh Gardens (Rm 7.99) and non-organic brand of Segar2go (RM 3.99) were purchased from
local stall in Aeon Big Ampang. Samples were placed in air-tight plastic bags and immediately stored at 4 °C in
laboratory, Faculty Sciences, UPM.

Sample preparation

Tomatoes were chopped into pieces and stored at -18 °C for a week. Then, the samples were freeze dried
to remove the moisture content. After freeze-drying, the samples were powdered using a dry grinder.

Sample extraction

5 g of powdered tomatoes were extracted with 50 mL ethanol for 24 h at room temperature. The extracts
were then evaporated in vacuum concentrator at 60 °C and stored in a 4 °C refrigerator (Robles-Ramirez et al.,
2016).

Determination of total phenolic content

Total phenolic content (TPC) was determined according to the method of the FolinCiocalteu method
(Singleton & Rossi, 1965). 1 ml of extract was mixed with 5 ml of distilled water and 1.5 ml of Folin Ciocalteau
reagent. After the mixture was incubated at room temperature for 5 min, 4 ml of 20% w/v Na,COs solution was
added, and the volume was made up to 25 ml with distilled water.The mixtures were vortexed and kept for 90
min in the dark at room temperature until blue colour develops.The samples were then observed on measuring
absorbance at 765 nm using a spectrophotometer. Finally, absorbance values were compared with those of
standard Gallic acid concentrations (20, 40, 60, 80, 100 pg/ml). The phenolic concentrations were
expressed in terms of milligrams of Gallic acid equivalent per gram of fresh weight (mg GAE/g fresh matter.

Determination of total flavonoid content

The total flavonoids concentrations (TFC) were determined according to the method described by
Koolen et al. (2013). 1 ml of extract (20,40,60,80,100 pg/ml) was mixed with 4 ml deionized water and 0.3 ml
NaNO; (5%). After the mixture was incubated for 5 min, 0.3 ml of AICl; (10%) were added followed by 2.0 ml
of 1.0 M NaOH after one more minute. The volume was completed to 10 ml with distilled water. The mixture
was stirred and kept at room temperature for 40 min. The absorbance was measured at 510 nm using a
spectrophotometer. Total flavonoids were reported as milligrams of quercetin equivalent per gram of fresh weight.

ICso of DPPH scavenging activity

The DPPH free radical scavenging assay described by Bouaziz et al. (2008). was used to evaluate the
antioxidant capacity of organic and non-organic tomatoes. The mixture consisted of 2 ml of each sample methanol
extract (25,50,75,100 pg/ml) was mixed with 2 ml of 0.004% DPPH methanolic solution. The mixture was kept
in the dark at room temperature for 30 min and the absorbance was recorded at 517 nm using UV-VIS
spectrophotometer. Ascorbic acid used as positive control references. The scavenging activity (SA) and the
concentration of extract that could scavenge 80% of the DPPH radicals (ICso) was calculated.

RESULTS AND DISCUSSION

Total phenolic content

Table 1 summarizes the results of total phenoliccontent in tomato, There are differences in the amounts
of phenolic compounds in different tomato types. When compared to commercially cultivated tomato varieties,
organic tomatoes typically have greater amounts (12.18 ug QUE/S g) of TPC. These findings are consistent with
the most recent research by Oliveira et al. (2013), which showed that compared to tomatoes grown on conventional
farms, organic tomatoes acquire higher quantities of phenolic compounds (+139%) and vitamin C (+55%). Study
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conducted by Oliveira et al. (2013) proposed that the higher concentrations of these compounds in organic
tomatoes might be caused by the extra stress that organic farming exposed to the crops.

Table 1. Total phenolic and flavonoid content of organic and non-organic tomato

Tomato Total phenolic (ug GAE /5 g) Total Flavonoid (ug QUE /5 g)
Organic 12.18 1.693
Non-organic 5.93 1.578

Total flavonoid content

Table 1 summarizes the results of total flavonoid content in tomato . The result shows organic tomato
possesses higher TFC with 1.693 pug QUE/S g rather than non-organic tomato with only 1.578 pg QUE/S g.
Mitchell et al. (2007) have reported that organically grown tomatoes contain higher levels of flavonoids than
conventional ones. Secondary metabolism of plants produces flavonoids to protect plants from bacteria and fungi
withacts as a fungicide and antibiotic (Vickery & Vickery 1981). Therefore, the organic farming method, which
does not utilise pesticides, accounts for the higher level of flavonoid compounds.

ICso of DPPH scavenging activity

Calculation of ICg based on the equation curve for organic tomato which is y =1.506x + 78.24 with R?
= 0.9417 while for non-organic tomato is y = 1.635x + 77.21 with R? = 0.9639. According to Fitriansyah et al.
(2017) the lowest ICgy means had the highest antioxidant capacity and a lower ICg indicates higher potency,
meaning the substance is effective at a lower concentration. Result ICgy value of organic tomato was 1.17 pg/ml
lower than non-organic tomato with 1.71 pg/ml. Table 2 present the comparison of ICsy concentration which show
that that organic tomato possesses the highest antioxidant activity since lower concentration needed to scavenge
80% of the initial DPPH radicals.

Table 2. % Radical inhibition of organic and non- organic tomato

Concentration % Radical Scavenging from DPPH Assay
(ug/ml) Organic tomato Non-organic tomato
25 79.61 78.46
50 81.76 80.96
75 82.15 82.31
100 84.50 83.46

CONCLUSION

A comparative study on the antioxidant potential of organic and non-organic tomatoes were conducted
by analyzing phenolic and flavonoid compounds content in tomatoes and antioxidant activity. The organic
tomatoes showed a relatively higher content of both phenolic compounds and flavonoid. The alcohol extracts
from organic tomatoes presented higher antioxidant activity than the non-organic tomatoes. The results suggest
that organic tomatoes contain rich sources of natural antioxidants and offer better health benefits. Therefore, the
further research to determine antioxidant compounds such as lycopene, beta-carotene, ascorbic acid that
contribute to the overall antioxidant capacity of tomatoes is indispensable.
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ABSTRACT

Developing efficient heterogeneous catalysts with high metal dispersion and good reusability is crucial to the
catalytic activity. Herein, a metal organic framework (MOF) was used as an ideal support, like UiO-66-NH> to
encapsulate PANiCo nanoparticles via solvothermal methods. Most of the reported work is only focused on the
single metal or two metal based MOFs and their application. This study aims to synthesis the PANiCo-NH,BDC
and PdNiCo-UiO-66-NH,BDC using the solvothermal method. The preparation of trimetallic, which is PdANiCo-
NH,BDC and PdNiCo-UiO-66-NH,BDC, is characterized by using nitrogen adsorption-desorption analysis
(Brunauer-Emmet-Teller, BET) and Fourier Transform Infrared Spectroscopy Attenuated Total Reflection (FTIR-
ATR) spectroscopy. The result of FTIR-ATR shows the vibrational modes of molecules and can provide
information about the functional group such as N-H stretching, O-H stretching, C-H stretching, C-O stretching,
C-N stretching and CONH (DMF) stretching that are present in PdNiCo-UiO-66-NH,BDC and PdNiCo-
NH,BDC, but the peak of Zr-O has present because the PANiCo has embedded to UiO-66-NH,BDC. Next, the
result BET shows that PANiCo-UiO-66- NH,BDC has a larger surface area and pore volume compared to PANiCo-
NH>BDC. As a result, PANiCo-UiO-66-NH,BDC shown the better characteristic due to the larger surface area
compared to PANiCo-NH,BDC.

Keywords: Metal Organic Framework; PdNiCo-NH,BDC; PdNiCo-UiO-66-NH,BDC; FTIR-ATR; nitrogen
adsorption-desorption analysis (Brunauer-Emmet-Teller, BET)

INTRODUCTION

Metal organic frameworks (MOFs), known as porous coordination polymers (PCPs), are materials. It is
a novel permeable substance featuring a crystalline framework composed of three-dimensional structures formed
through coordination bonds connecting metal ions or metal clusters with organic ligands. MOFs have open porous
frameworks with periodic repetitive components, a large specific surface area, and a significant number of active
sites [6]. MOFs are usually used as precursors for the annealing process to create materials based on transition
metals or porous carbon nanomaterials, aiming to enhance the low conductivity of MOFs effectively [4}.
However, monometallic MOFs explored as catalysts but face limitations like low catalytic activity and selectivity
while bimetallic MOFs offer improvements over monometallic MOFs but still face challenges. Issues include
suboptimal synergistic effects between the two metals, limited catalytic performance enhancement, and potential
instability during prolonged use. While the metals that used were Pd, Ni and Co. The choice of these trimetallics
which are PANiCo-NH;BDC and PdNiCo-UiO-66-NH,BDC was made because Ni was selected due to its high
electron transfer ability and larger electron occupancy [8], Pd has selective adsorption [2], and Co has various of
versality of coordination [8]. Based on the distinct capabilities of each metal, this study will focus on the synthesis
of a trimetallic MOF using a combination of Pd, Ni, and Co. In literature, the the synthesis of MOFs is reported
using different methods which include solvothermal, microwave, ultrasonic, electrochemical, mechanochemical,
solvent evaporation and ion thermal. Among the reported methods, solvothermal is mostly preferred due to its
ease of operation, short reaction time, controllable reaction conditions and low-cost. In addition, the MOFs
synthesized using the solvothermal method possess high-crystallinity, high-purity and superior properties
compared to other methods of synthesis. In this work, we report that the preparation using the solvothermal
method for the synthesis of PANiCo-NH,BDC and its comparison with PANiCo-UiO-66-NH,.
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Figure 1. Structure of MOF

Sources: (Rafique, 2020)

MATERIALS AND METHODS

The study focuses on the synthesis of PANiCo-NH,BDC utilizing a modified technique from [1]. The
synthesis used dissolved Ni (NOs),'6H,0, Cobalt (NO3)2-6H,O, Palladium (NOs),'6H,O, 99% 2-
aminoterephthalic acid (CsH7NO4), and Zirconyl chloride octahydrate (ZrOCl) in a combination of
Dimethylformamide (DMF), deionized water, and ethanol. The mixture was heated in a Teflon-lined autoclave
for 48 hours before cooling, centrifugation, washing with DMF and ethanol, and drying in a hot air oven. The
resulting black precipitate was collected, cleaned, and dried overnight. The resultant materials were identified as
PdNiCo-NH,-BDC. PdNiCo-UiO-66-NH,BDC was the name given to the co-doped UiO-66-NH,BDC containing
Pd, Ni and Co. The precursor was dispersed in 15 mL of DMF solvent, then added to the solution while
magnetically stirring. The mixture was transferred to a Teflon-lined autoclave and heated in a 90 °C oven for 48
hours. The synthesis material was identified as PANiCo-UiO-66-NH,-BDC.

Nitrogen adsorption desorption analysis (Brunauer-Emmet-Teller, BET) was used to investigate the
surface area, pore volume and pore size of catalysts by using a Micromeritics ASAP 2020 instrument. Before the
analysis is carried out, gaseous molecules that were chemically bound to the metal surface were removed by
degassing at 300°C for 3 hours before analysing all samples under 77K liquid nitrogen environment to acquire
adsorption isotherms. The surface chemistry of the PdNiCo-NH,-BDC and PdNiCo-UiO-66-NH,BDC was
studied by using FTIR-ATR spectroscopy (Perkin Elmer Spectrum 400 FTIR-ATR Spectrometer). A small
amount of the sample was added at the sample instrument. The IR spectrum was obtained at a resolution of 4 cm
! over the range of 4000-600 cm'! to observe the presence of functional groups.

RESULTS AND DISCUSSION

Nitrogen adsorption desorption analysis for textural properties.

The nitrogen adsorption-desorption isotherms and physical structural properties of PANiCo-NH,BDC
and PdNiCo-UiO-66-NH;BDC are presented in Table 1 and Figure 2, respectively. The adsorption isotherms refer
to type IV according to IUPAC adsorption isotherms of classification, which indicate that PANiCO-UiO-66-
NH;BDC and PdNiCo-NH,;BDC are mesoporous materials. PANiCO-UiO-66-NH,BDC and PdNiCo-NH,BDC
have BET surface areas of 14.6561 m?/g and 459.7890 m?/g, respectively. These values show that the addition of
UiO-66 lead to an increase of BET surface area, the decreased of pore volume but for pore size there are
insignificant change. Nevertheless, the direct NH,BDC and UiO-66-NH,BDC support cavities will have the
typical pore diameter [2][7].

Table 1. BET surface area, pore size and pore volume of PANiCO-UiO-66-NH:BDC and PdNiCo-

NH:BDC.
MOF BET surface area | Pore Size Pore Volume
2
(m7g) (nm) (m/g)
PdNiCo-NH,BDC 14.6561 0.071109 18.2998
PdNiCo-UiO-66-NH,BDC 459.7890 0.088553 9.5461
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Figure 2. Nitrogen adsorption-desorption isotherm at 77K for (a) PANiCo-UiO-66-NH,BDC, (b) PdNiCo-UiO-
66-NH,BDC

FTIR analysis for determination of functional group.

FTIR analyses of PdNiCo-NH,BDC and PdNiCo-UiO-66-NH,BDC are presented in Figure 3 in the
range of 650- 4000 cm™'. The peaks appearing for PANiCo-NH,BDC and PdNiCo-UiO-66-NH,BDC at 3284 to
3271 cm™ and 3245 to 3267 cm™! are related to the asymmetric and symmetric vibrations of amino groups.
Generally, 2-aminoterephthalic acid (NH,BDC) ligands exhibit broad peaks at 3390 cm™ and 3479 cm™! for both
catalysts. The vibration peak of C-H assigned to the benzene ring for these two catalysts is the same, appearing at
768 cm™'. Two peaks centered at 1571 and 1385 cm™ correspond to the symmetric and asymmetric stretching of
the C-O of the carboxylate group for PANiCo- NH,BDC, while the peaks appear at 1556 and 1385 cm™ for
PdNiCo-UiO-66-NH>BDC. The bands at 1255 cm™ and 1254 cm™ can be assigned to the stretching vibrations of
the C-N group, respectively. The presence of a peak related to CONH bands, resulting from coordinated DMF, is
observed at around 1652 cm™. A distinguishing feature between PdNiCo-NH,BDC and PdNiCo-UiO-66-
NH>BDC is the presence of a peak at 690 cm™!, indicating the Zr-O signal [3][9].
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Figure 3. FTIR analysis of (a)PdNiCo-NH,BDC (b)PdNiCo-UiO-66-NH,BDC
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CONCLUSION

PdNiCo-NH2BDC and PdNiCo-UiO-66-NH2BDC were synthesized using solvothermal synthesis.

These materials were characterized by N2 adsorption-desorption isotherm analysis at 77K and FTIR-ATR
analysis. The results indicate that PANiCo was embedded into UiO-66-NH2 and fixed on the surface due to the
presence of zirconium, which acts as a co-support for the metals. The FTIR spectra of PANiCo-NH2BDC and
PdNiCo-UiO-66-NH2BDC were almost identical, with the primary difference being the presence of Zr-O bands
in PdNiCo-UiO-66-NH2BDC. Additionally, the surface area of PANiCo-UiO-66-NH2BDC was observed to be
higher compared to PANiCo-NH2BDC. Surface morphology analysis indicated an enhancement in the porous
structure of the material after PANiCo was embedded into UiO-66-NH2. PdNiCo-UiO-66-NH2BDC exhibited
higher activity due to its increased surface area, pore size, and pore volume compared to PANiCo-NH2BDC.
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ABSTRACT

The increasing demand for sustainable agricultural practices has led to a rise in waste, particularly lignocellulose-
rich biomass like coconut husk. The high lignin content and complex structure of lignocellulose materials pose
significant challenges for efficient decomposition, making conventional technologies costly and environmentally
impactful. To overcome these issues, ionic liquids (ILs), offer a promising solution due to their low vapour
pressure, thermal stability, and high solubility. This research focuses on triethylammonium sulfate (TEAS), a
sulfate-based IL synthesized with a 76% yield and characterized by Fourier Transform Infrared Spectroscopy
(FTIR), Nuclear Magnetic Resonance Spectroscopy (NMR), and Thermogravimetric Analysis (TGA). TEAS was
used to decompose coconut husk fibers at various temperatures (30, 80, and 130°C) and times (2 and 5 hours),
analyzed using FTIR, X-ray Diffraction (XRD), and Field Emission Scanning Electron Microscopy (FESEM).
Optimal decomposition conditions were found to be 80°C for 5 hours. The study demonstrates TEAS’s
effectiveness in lignocellulose breakdown, offering valuable insights into the structural changes in treated
materials and presenting a sustainable solution for managing agricultural waste.

Keywords: lignocellulose, coconut husk, ionic liquid, triethylammonium sulfate, decomposition

INTRODUCTION

Lignocellulose materials, also known as lignocellulose biomass, are abundant and cost-effective sources
of biomass feedstock for the production of fuels and platform chemicals. These materials encompass a wide range
of resources, including forestry waste such as forest cutting, reforestation, forest processing, and protection, as
well as agricultural waste like crop straws, agricultural crops, and by-products. Additionally, lignocellulose
biomass includes microalgae and urban solid wastes. Among the various lignocellulose materials, coconut husk
fiber holds significant promise as a feedstock due to its abundant availability as a byproduct of the coconut
industry.

Coconut husk fiber, also known as coir, forms the outermost coating of the coconut fruit and consists of
lignocellulose components such as cellulose, hemicellulose, and lignin. Specifically, it contains 26.60% of
cellulose (C¢H19Os)n, 17.74% of hemicellulose (CsH10Os)n, and 41.18% of lignin (CioH11035) [16]. However, the
high lignin content and complex structure of lignocellulose materials, including coconut husk fiber, present
challenges in efficiently breaking down these materials into their constituent parts. Therefore, a crucial step in the
process of lignocellulose biomass conversion is needed, known as decomposition.

Traditionally, various physical, chemical, and biological methods have been employed for lignocellulose
decomposition. These methods include mechanical milling, pyrolysis, acid hydrolysis, alkaline treatment,
enzymatic hydrolysis, and microbial fermentation. However, these conventional decomposition techniques often
suffer from limitations such as high processing costs, process complexity, formation of degradation products, low
selectivity, limited sugar release, and environmental impact [17].

Recently, the utilization of ionic liquids (ILs) as solvents for lignocellulose decomposition has emerged
as a promising alternative. ILs are salts composed of organic cations and organic or inorganic anions that remain
in a liquid state at room temperature. They possess unique properties, including low vapour pressure, good thermal
stability, and high solubility for lignocellulose components. ILs are chemically inert and can effectively dissolve
and disrupt the lignocellulose structure, facilitating the release of cellulose and hemicellulose for further
conversion into valuable products [18].

Among the various IL types, sulfate-based ionic liquids have demonstrated significant potential in
lignocellulose decomposition. These ILs typically consist of organic cations and sulfate anions, offering enhanced
efficiency and selectivity compared to other ILs. The presence of sulfate anions improves product yield by
separating it from the IL phase. Sulfate anions can interact with lignin, leading to its partial or complete
dissolution, while the organic cations enhance the solubility of cellulose and hemicellulose.
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METHODOLOGY

Biomass Preparation

Coconut husk sample as lignocellulose materials was obtained from hometown, Kg Banggol, Setiu,
Terengganu. Coconut husk was washed, dried in the oven at 105 °C for 2 to 3 days, and then ground into desired
fine particles. Then, it was kept for further used.

Synthesis of Ionic Liquid

The synthesis of TEAS was conducted in a 250 ml round-bottomed flask immersed in an ice bath and
fitted with a reflux condenser, following the method reported by [11]. 125 mL of 2M sulfuric acid (1 mol) and 25
mL methanol were added dropwise into 35 mL triethylamine (1 mol). The reaction mixture was stirred and heated
at 70°C for 3 hours under a circulating water bath to ensure complete reaction. After cooling down, the mixture
underwent a washing process with diethyl ether twice to remove impurities. Subsequently, the methanol content
was evaporated by using a rotary evaporator. The synthesized TEAS was then characterized using FTIR, NMR,
and TGA.

Decomposition of Lignocellulose Material

The dissolution of the coconut husk biomass in ILs was conducted following the procedure described in
[12]. The dissolution process was performed in a 200 mL beaker, where 1g of coconut husk was introduced to 27
mL TEAS in a ratio of 1:20. This process was carried out for a duration of 2 hours. Subsequently, the beaker was
placed on a heating block and stirred using a magnetic stirrer. The research involved varying the parameters of
temperature and time, specifically exploring temperature ranges spanning from 30 to 80 °C and 130 °C, along
with varying time intervals of 2 hours and 5 hours.

Upon completion of the dissolution process, the samples were removed from the heaters and allowed to
cool down until they reached a room temperature of approximately 28-30 °C. The precipitated sample was rinsed
three times with ethanol and filtered through vacuum filtration. Then, the samples were dried for approximately
24 hours at 110 °C in an oven.

RESULTS

Synthesis of triethylammonium sulfate [TEA][H2SO4]

The synthesized triethylammonium sulfate ionic liquid is yellowish in colour, exists in a liquid state, and
exhibits an oily texture, with a percentage yield of 76 %.

Characterization of Ionic Liquids

Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectrum of TEAS shows peaks beyond 2700 cm ™! appearing in the ranges of 3250-3450 cm™!
and 3100-2900 cm™!. The CH stretching vibration in IL cation is described in the 3100-2900 cm™' range but it has
low intensity due to strong NH stretching in the 3250-3450 cm™! range, as noted by [13]. An absorption band
around 1650-1580 cm™! indicates NH bending in amine groups. Further bands are seen at 1400-1500 cm™! and
1250-1391 ecm™!, corresponding to —CH> and —CHs vibrations in the N—CH>—CH; groups, respectively. Peaks at
1200-1185 cm™! are linked to S-O stretching in sulfate ions, while those at 850-870 cm™! denote SO2 groups from
sulfuric acid. Additionally, a medium-intensity peak in the 1250-1020 cm™! range suggests CN stretching in amine
groups. The observed peaks closely resemble those reported by [13] and [14].

Nuclear Magnetic Resonance Spectroscopy (NMR)

In the 'H NMR spectrum, a peak at 8.702 ppm indicates the NH bond, while peaks between 5.2-5.4 ppm
and 1.3-1.45 ppm correspond to hydrogen bonding in CH, and CH3 groups, respectively. The solvent peak is at
3.31 ppm. In the *C NMR spectrum, three peaks are noted which are 49.15 ppm for the solvent CD;0D, around
47 ppm for carbon in CH, groups, and 8.6 ppm for carbon in CHj3 groups.
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Thermogravimetric Analysis (TGA)

At ambient temperature (30 °C), TEAS experiences slight weight loss, likely due to solvent evaporation.
This weight loss continues until 130 °C as volatile components are removed. From 100 °C to 290 °C, TEAS
remains stable with a constant weight percentage, indicating thermal resilience. However, significant weight loss
and decomposition occur between 320 and 500 °C, indicating the breakdown of the compound.

Decomposition of Lignocellulose Material

At 30°C, the ionic liquid turned from yellow to reddish-yellow. At 80°C, it became a slightly darker red.
At 130°C, the color changed significantly to dark brown or black, indicating intense reactions and breakdown of
organic compounds. The husk became limp, black, and charred, suggesting excessive thermal degradation at the
highest temperature. The decomposition of coconut husk was lowest at 6.93% at 30°C for 2 hours and highest at
26.16% at 80°C for 5 hours, indicating a significant increase in decomposition with higher temperature and longer
duration.

Characterization of Untreated and Treated Lignocellulose Materials

Fourier Transform Infrared Spectroscopy (FTIR)

The untreated husk exhibits characteristic peaks indicating the presence of hydroxyl groups, aliphatic C-
H bonds, carbonyl groups, aromatic skeletal vibrations, and C-H bending vibrations, associated with cellulose,
hemicellulose, and lignin. Upon treatment at 30°C and 80°C for both durations, the spectra show a decrease in
transmittance in the 3200-3500 cm™! region, suggesting reduced hydroxyl groups linked to lignin, along with
alterations in carbonyl groups, aromatic skeletal vibrations, and lignin structures, indicating the selective impact
of the ionic liquid on lignin components.

However, at 130°C for a 2-hour treatment, an unexpected increase in the lignin peak at 3200-3500 cm™!
suggests incomplete lignin removal. While the 5-hour treatment at this temperature reduces the hydroxyl groups,
it is not as effective as at 80°C. The optimal parameters for efficient lignocellulose decomposition using TEAS
are determined to be 80°C for a 5-hour treatment, as this condition provides the most effective lignin modification
and removal, aligning with the desired outcome for coconut husk decomposition.

X-ray Diffraction (XRD)

The XRD peaks decrease in intensity with increasing temperature and treatment duration, indicating a
disruption in the crystalline arrangement. At 30 °C, a noticeable decrease in crystal intensity occurs, while at 80
°C, a significant reduction is observed, especially after 5 hours. At 130 °C, the decrease is less prominent than at
80 °C. The combined effect of higher temperatures and extended treatment times enhances the ionic liquid's
impact, promoting the decomposition of lignocellulose and the formation of amorphous materials.

The decrease in crystallinity correlates with the reduction in lignin content in the treated samples. lonic
liquids effectively break down lignocellulose by targeting lignin, disrupting the ordered arrangement of cellulose
and hemicellulose. According to [15], higher temperatures cause cellulose to swell, leading to a disordered
structure and reduced crystallinity (Crl). The sample treated at 80°C for 5 hours shows a significant Crl reduction
to 29.59%, aligning with the XRD peak decrease. This substantial modification in the lignocellulose structure
demonstrates the potential of ionic liquid treatment for applications in biofuel production or other value-added
products.

Field Emissions Scanning Electron Microscopy (FESEM)

The FESEM micrographs comparing untreated and TEAS-treated coconut husk for 2 and 5 hours at
different temperatures. The untreated husk has a smooth, fibrillary surface due to intact lignin and hemicellulose.
After 2 hours of treatment, minimal changes occur at 30 °C, while at 80 °C, pores form, indicating lignin removal.
At 130 °C, the structure is significantly disrupted. For 5-hour treatment, pores appear at 30 °C and become more
pronounced at 80 °C, with high temperature at 130 °C causing considerable structural destruction. The treatment
induces pore formation, enhancing surface accessibility and reactivity for subsequent processes.

DISCUSSIONS

FTIR spectroscopy reveals specific absorption bands related to molecular vibrations, which help to
identify functional groups and confirm the presence of triethylammonium and sulfate ions. The characteristic
peaks corresponding to NH and CH stretching vibrations, as well as S-O and SO: stretching, indicate successful
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incorporation of these groups into the ionic liquid structure. NMR spectroscopy further complements this by
providing detailed information about the chemical environment of hydrogen and carbon atoms in TEAS. The
observed chemical shifts confirm the presence of triethylammonium groups and validate the synthesis. TGA
analysis assesses the thermal stability of TEAS by tracking weight loss as a function of temperature. This analysis
is crucial for understanding the thermal resilience of the ionic liquid, which is important for its applications in
high-temperature processes. The observed weight loss patterns help to identify the temperature ranges where the
ionic liquid remains stable or undergoes decomposition, ensuring its suitability for various applications.

FTIR analysis of untreated and treated biomass provides insights into the chemical changes occurring
during treatment with TEAS. Changes in the intensity of specific peaks related to cellulose, hemicellulose, and
lignin reveal the impact of ionic liquid treatment on the biomass. Specifically, reductions in peaks associated with
lignin suggest partial removal or modification of lignin, a key component in the lignocellulose matrix. XRD
analysis complements this by showing changes in the crystalline structure of the biomass. The disruption of the
crystalline arrangement, observed as decreased peak intensity, indicates the breakdown of the ordered cellulose
and hemicellulose structures. This disruption correlates with the removal of lignin and the formation of more
amorphous materials. FESEM micrographs provide a visual representation of these structural changes, showing
the development of pores and surface disruptions. The increased porosity and structural modifications enhance
the biomass’s accessibility and reactivity, suggesting improved effectiveness of the ionic liquid treatment in
altering the biomass’s physical and chemical properties.

CONCLUSION

In summary, the synthesis of triethylammonium sulfate (TEAS) was successful, with its structure
confirmed by FTIR and NMR analyses and thermal stability up to 320°C shown by TGA. TEAS effectively
decomposed coconut husks, with the most efficient results obtained at 80°C for 5 hours. This treatment led to
significant reductions in lignin content and crystallinity, as well as increased porosity, making the biomass more
accessible that had been confirmed by FTIR, XRD and TGA analysis. These findings indicate that TEAS has
promising potential for improving biomass processing, especially for biofuel production, and further research
could enhance its effectiveness and sustainability in this field.
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ABSTRACT

This study presents the outcomes of anion titration studies of two potential molecular recptors, namely 1,2-bis[N,
N’-6-(3-pyridylmethylamido)pyridyl-2-carboxyamido]propane (LD) and 1,2-bis[N,N’-6-(3-
pyridylmethylamido)pyridyl-2-carboxyamido]hexane (L2). These two novel compounds, L1 and L2 were
synthesized from nucleophilic substitution reactions which combines n-diamine (n=5,6) with N-6-[(3-
pyridylmethylamino) carbonyl]-pyridine-2-carboxylic acid methyl ester, respectively. Fourier Transform Infrared
(FTIR), Nuclear Magnetic Resonance (NMR), and Ultraviolet-Visible (UV-Vis) were used to fully characterized
the synthesized compounds. Important significant peaks were found in the infrared spectra, with corresponding
to (N-H),(C-H),(C=0),(C-N) and (C=C) ranges from 3299-3301 cm!, 2857-2931 ¢cm™!, 1664-1526 cm™!, 1431-
1367 cm’!, and 788-848 cm™!. Meanwhile, *C NMR showed the resonances for the carbon of alkyl, pyridine, and
carbonyl groups in range of 22.09-28.75 ppm, 50.79 ppm, and 121.66-161.65 ppm, respectively. In the 'H NMR
spectra, the protons of alkyl, pyridine, and amide groups were detected at 1.35-1.59 ppm, 3.34-4.62 ppm, and
7.34-8.58 ppm, respectively. Compounds L1 and L2 exhibit absorption band at A_max = 224, 368, and 370 nm
when titrated with chromate anion, and absorbance at 226 and 354 nm when titrated with phosphate.

Keywords: anion, analyte, chromate, phosphate, diamide

INTRODUCTION

Amide is a flexible functional group that is employed in a wide range of industrial processes and chemical
reactions. However, amides' reactivity and limited reaction conditions make their synthesis and manipulation
difficult. The harsh reaction conditions required by many current methods for synthesizing amides, such as high
temperatures, potent acids, or toxic compounds, limit the spectrum of possible substrates and make the process
challenging to scale and maintain. To enable amide synthesis under more favorable conditions while preserving
high yields and selectivity, novel synthetic techniques are required.

Unlike amines, which are basic, amides are neutral chemicals. Despite the fact that the C-N bond is
generally coupled by a single bond that allows for unrestricted rotation, the amide linkage is planar. Amide was
chosen for this study because it can recognize both the counter anion and the entering molecule through hydrogen
bonding contact. Anion binding receptors are classified into two types: those that bind anions only by hydrogen
bonding or ion-dipole interactions, and those that coordinate anions in Lewis acidic centers.

By taking the advantages of amide NH functional group, several anion receptor molecules were created
with a particular scaffold, such as a U-shaped structure, to facilitate anion binding via amide NH moieties.
Through hydrogen bonding, an in situ anion’s pocket will naturally operate as anion binding host by having inward
oriented N-H fragments such as amine as the binding site. Thus, in this study, two novel diamide compounds, 1,2-
bis[V,N’-6-(3-pyridylmethylamido)pyridyl-2-carboxyamido ]Jpropane (7)) and 1,2-bis[N,N’-6-(3-
pyridylmethylamido)pyridyl-2-carboxyamidoJhexane with amide NH pockets suitable for binding anions are
proposed as molecular receptor for oxyanions such as chromate and phosphate (Figure 1).
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Figure 1. The structure of 1,2-bis[NV,N -6-(3-pyridylmethylamido) pyridyl-2-carboxyamido]hexane

Bis-pyridyl-amide ligands are excellent multi-N donor molecules and multi-O molecules, and they are a
strong option for producing polyoxometalates-based metal-organic complexes (POM-based MOCs) because they
can operate as both hydrogen bonding donors and acceptors (Wang et al., 2014). Their ability to meet metal ion
coordination or anions requirements by bending their backbones for relevant twist angles and interacting with
each other via hydrogen bonds between the amide groups. These flexible or semi-rigid bis-pyridyl-amide ligands
have been tested as a great bridging ligand for constructing supramolecular networks and metal-organic
frameworks.

Several ligands have structural and functional group similarities with bis-pyridyl-amide ligands and are
frequently categorised accordingly. Bis-pyridyl ligands, or ligands having two pyridyl groups instead of an amide
linker, can also bind to metal ions to create stable complexes. Bipyridine (2,2'-bipyridine), bis(pyridine), and
phenanthroline are a few examples. A comparable ligand to bis-pyridyl-amide ligand is the bis-amine ligand,
which has two amine groups and may likewise form stable complexes with metal ions. Bis(amine) ligands with
different amine substituents are among them (Lee et al., 2022). Like bis-pyridyl-amide ligands, ligands with two
oxazoline groups can bind with metal ions. One typical application for these ligands is in asymmetric catalysis
(Satoh et al., 2012).

Due to their capacity to establish strong and specialised interactions with anions, amide ligands are
extensively researched as anion receptors. They have a wide range of uses, including the detection of hazardous
anions in aqueous solutions, biomedical diagnostics, and environmental monitoring. As anion transporters, amide-
based substances can facilitate the flow of anions across membranes. These substances frequently have many
amide groups, which interact with anions through hydrogen bonds to facilitate effective anion transport (Kaur et
al., 2017).

METHODOLOGY

Toluene (40 mL) were mixed with N-6-[(3-pyridylmethyl amino)carbonyl]-pyridine-2-carboxylic acid
methyl ester (0.4 g) and 1,5-pentadiamine/hexanediamine (1 M, 0.12 mL). They were refluxed in inert
environment while being monitored using thin layer chromatography (TLC) until the reaction is completed. After
that, the toluene was evaporated with a rotary evaporator, leaving the compound with a cream solid texture (Haris
et al., 2021).

Anion Titration studies

The diamide compound and anions salt were dissolved in the solvent acetonitrile for anion recognition
investigations. The product stock solution of 3 mL was placed into five volumetric flasks of 10 mL. In each
volumetric flask (10u L, 20 pL, 30 pL, 40 pL, and 50 pL), anions were titrated into the ligand. Each volumetric
flask will have 10 pL of anions added.

RESULTS

UV-Vis titration studies were performed for L1.From the spectrum chromate anion, it shows that the
C=0 group of ligand undergoes n — > at Amax 240 nm and the pyridine group undergoes m© — 7 at Amax 270
nm. From the spectrum phosphate anion, it shows that the C=0 group of ligand undergoes n — w3 at Amax 240
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nm and the pyridine groups undergoes n — m at Amax 285 nm. Electrons transferred from the benzene ring n-
system to the C=0 group triggered the electron transition in pyridine. In similar, the UV-Vis titration studies were
performed for L2 with the corresponding set of anions in hexane to evaluate the binding interactions
quantitatively. Molecular receptor in product shows an absorption band at A_max = 224, 368, and 370 nm, with
chromate respectively. The incremental addition of chromate ion to receptors resulted in a weakened adsorption
which is hypochromic shift at 224 nm and an increase in the adsorption peak which is hyperchromic shift at 368
and 370 nm. Meanwhile, with phosphate, the molecular receptor in product shows an absorption band at An.x =
222, 226, and 354 nm, respectively. The incremental addition of phosphate ion to receptor resulted in a
hypochromic shift at 222 nm and increase in hyperchromic shift at 226 and 354 respectively.

CONCLUSION

In conclusion, the proposed molecular receptors displayed absorption bands with chromate anion at Amax
=224,368, and 370 nm, and absorbance with phosphate at Amax =222, 226, and 354 nm in UV spectra, that shown
high potential to act as anion receptors for both chromate and phosphate.
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ABSTRACT

The rising prevalence of obesity has been associated to the development of non-communicable diseases (NCDs),
including stroke, cardiovascular disease, and diabetes. Despite available medications, there is an ongoing search
for safe and cost-effective alternatives, and turmeric leaf (Curcuma longa) appears to be a promising candidate.
This study aimed to evaluate the potential anti-obesity and antidiabetic properties of various extracts of turmeric
leaf using in vitro procedures. The maceration extraction was employed by using solvents of different polarity
viz. n-hexane, acetone and ethanol. Enzyme assay exhibited that the ethanolic extracts has significant activity
against porcine pancreatic lipase at 500 pg/ml (ICsp = 123.16 pg/ml). Subsequently, the a-amylase inhibition
assay revealed notable activities in all three extracts, with ethanolic extracts showed the highest inhibition (ICso
=206.06 pg/ml), and was comparable to that of standard acarbose (ICso = 128.91 pg/ml). In the reducing sugar
content (RSC) assay, the ethanolic extracts exhibited the highest RSC value (304 + 3.30 mg GE/g) than others.
The dose-dependent relationship also proved that higher concentration of plant extracts resulted in increased
inhibition. The findings of this study provide evidence that turmeric leaf possesses both anti-obesity and
antidiabetic properties and could be developed as a natural remedy to combat chronic metabolic disorder like
obesity and diabetes.

Keywords: pancreatic lipase, a-amylase, reducing sugar content, C. longa leaf

INTRODUCTION

Obesity is defined by abnormal or excessive fat build-up that can impair health. Reports from World
Health Organization (WHO) has disclosed that the prevalence of obesity is an emerging problem globally, even
in middle- and lower-income countries like Malaysia and is linked to several complications including stroke and
cardiovascular diseases. Many obese also suffer from metabolic disorder such as type 2 diabetes mellitus (T2DM),
which is characterized by upraised blood sugar levels (hyperglycemia) and abnormal lipid levels (dyslipidemia).
This condition arises primarily due to insulin resistance, where the body's cells fail to respond effectively to
insulin, a hormone crucial for regulating glucose and lipid metabolism (Abdella et al., 2024).

In recent years, preventive medicine has been integrated as one of the vital health strategies, and several
reports have expressed that the ingestion of natural products with high polyphenol content can play a beneficial
role in the prevention and amelioration of lifestyle-related diseases like obesity and diabetes (Ntiiez et al., 2023).
Turmeric (C. longa) has gained a lot of interest for producing numerous complex compounds that are useful in
foods such as spices, flavoring, and seasoning, as well as in the cosmetic and pharmaceutical industries (Sharma
et al., 2022). Normally, utilization of turmeric is limited to rhizome, but the leaf part is also a rich source of
bioactive compounds such as curcuminoids, flavonoids and terpenoids, which have potent anti-inflammatory,
antioxidant, and antidiabetic properties (Fuloria et al., 2022). A study conducted by Zou et al., (2021) highlighted
that dietary curcumin (natural flavonoids found in turmeric) could improve insulin sensitivity and reduced
inflammation in rats with high-fat diet-induced obesity. Moreover, a study by Hodaei et al., (2019) has reported
that curcumin supplement is effective in reducing blood glucose level and weight in T2DM patients.

Despite the reported biological properties and high nutritional values of turmeric leaf, the scientific
research on its potential therapeutic effects in the management of obesity, diabetes, and related metabolic disorders
is still limited. In this context, the purpose of this study was to evaluate the anti-obesity and antidiabetic properties
of turmeric leaf extracts using in vitro method of enzymes inhibition of pancreatic lipase and a-amylase, as well
as reducing sugar content analysis.
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MATERIALS AND METHODS

Plant Material Preparation and Extraction

Fresh turmeric leaf was obtained from local market in Arau, Perlis. The plant sample was washed three
times with distilled water to remove any impurities before being hot-air dried for 24 h at 60 °C in the oven. The
dried leaf was then grounded into powder, sieved and stored at room temperature until further use. The extraction
process was performed as previously reported by Kim et al. (2019), with slight modifications. Briefly, the
powdered samples were macerated with n-hexane, acetone and warm ethanol in a separate beaker with ratio of
1:6 and left for 24 h at room temperature. The supernatant of each mixture was then be extracted and filtered
through a 0.45 pm polyvinylidene difluoride (PVDF) filter.

Pancreatic Lipase Inhibitory Assay

The pancreatic lipase inhibitory effect of turmeric leaf was determined according to the method of Ngoh
et al. (2017) using olive oil as a substrate. An aliquot of 500 ul of phosphate buffer, 100 pl of the plant extracts
and 100 pl of olive oil were incubated at 37 °C for 10 min. Then, 100 pl of porcine pancreatic lipase solution was
added and further incubated at 37 °C for 1 h. After placing in a boiling water bath for 10 min, the mixture was
cooled with running water, and centrifuged at 2000 rpm for 10 min. The upper layer was discarded and titrated
with 0.5 N NaOH, using phenolphthalein as an indicator.

a-amylase Inhibitory Assay

The inhibitory capacity of a-amylase was performed by reacting different concentrations of each of the
plant extracts with a-amylase and starch solution, as described by Veena & Keshamma (2019) with slight
modifications. The assay was carried out in an enzyme activity determination system of phosphate buffer saline
(PBS) (0.1 M, pH 7.0). 500 pl of a-amylase (1 mg/ml) was pre-incubated for 10 min with varying concentrations
of the plant extracts (100-500 pg/ml) and 500 pl of PBS. After pre-incubation, 500 pl of a 0.1% starch solution
was added and further incubated at room temperature for 30 min and 1 ml of DNSA reagent was added to halt the
reaction. The mixture was then incubated in a boiling water bath for 5 min before being cooled to room
temperature and diluted to 10 ml with distilled water. The absorbance was recorded at 540 nm using UV-VIS.
The results were presented as an inhibition percentage. The procedure was repeated using acarbose (1 mg/ml
stock) as the positive control. The inhibitory activity was calculated using the following formula:

(Acontrol - Asample)

% inhibition = x 100

Acontrol

Reducing Sugar Content Assay

The 3,5-dinitrosalicylic acid (DNSA) method by Lam et al. (2021) was employed to determine the
reducing sugar content (RSC), with minor modifications. The DNSA reagent was prepared by dissolving 1 g of
DNSA and 30 g of sodium potassium tartrate in 80 ml of 0.5 N NaOH solution and heated until it was fully
dissolved. The solution was cooled to room temperature and diluted to 100 ml with distilled water. For the
analysis, 2 ml of DNSA reagent and 7 ml of distilled water were added to a test tube containing 1 ml of the plant
extracts (1 mg/ml) and heated to 80 °C using water bath for 10 min. The mixture was then cooled using water
bath for 20 min. The absorbance of the resulting solution was measured at 540 nm using UV-VIS. The RSC value
was determined from the calibration curve of standard D-glucose (100-300 mg/l). The results were expressed as
milligrams of D-glucose equivalent (GE) per gram of dry extract weight. A blank sample was prepared following
the same procedure without the plant extracts.

Statistical Analysis
All experiments were conducted in triplicates and data obtained were analyzed by using standard
deviation and mean wherever applicable.

RESULTS AND DISCUSSION

The capacity of extracts of turmeric leaf to mitigate complications implicated in obesity was assessed in
the present study. It has been reported that inhibition of key digestive enzymes for lipids and carbohydrates can
help in the management of obesity, diabetes, and other diseases linked to them (Magwaza et al., 2024). An enzyme
called pancreatic lipase aids in the hydrolysis and digestion of fats to produce fatty acids and glycerols, which are
absorbed into the blood stream and transported to various tissues. Another postprandial enzyme involved in the
digestion of carbohydrates, a-amylase is essential for salivary and pancreatic secretions. Its inhibitors could
decelerate food digestion and reduce post-meal blood sugar levels, making them a potential oral hypoglycemic
agent for diabetes treatment (Guo et al., 2019). Furthermore, reducing sugars are a class of carbohydrates that
could be oxidized and causes proteins, lipids and DNA to undergo glycation. This process leads to the gradual
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cumulation of advanced glycation end products (AGEs) within cells and tissues, which are associated to the
development of complications in diabetes. A study carried out by Al-Qarni, (2020) has found that the rise in
amylase activity was correlated with higher levels of reducing sugars.

Thus, suppression of these enzymes' activity may prevent fat accumulation and hyperglycemia by
impeding the digestion and absorption of lipids and carbohydrates, which produce absorbable fatty acids,
triglycerides and glucose. In this study, turmeric leaf extracts significantly and dose-dependently inhibited the
activities of porcine pancreatic lipase (PPL) (ICso = ethanol: 123.16 pg/ml) and a-amylase (ICso = ethanol: 206.06
pg/ml; acetone: 300.84 pg/ml; n-hexane: 250.14 pug/ml), respectively (Figure 1). The reducing sugar content
(RSC) of turmeric leaf was found highest in the ethanolic extracts (304 + 3.30 mg GE/g), compared to extracts of
n-hexane (173.80 + 3.27 mg GE/g) and acetone (128.73 + 23.42 mg GE/g) (Figure 2). The RSC values in the
turmeric leaf have not been reported till date. Nevertheless, these results could be improved through utilization of
purified plant extracts instead of the crude samples.
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Figure 1. (a) Inhibitory effects of ethanolic turmeric leaf extracts against porcine pancreatic lipase (PPL); (b)
Inhibitory effects of turmeric leaf extracts against a-amylase
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Figure 2. Calibration curve of standard D-glucose vs absorbance for reducing sugar content (RSC) analysis

Similar findings were observed in a previous study by Upreti et al., (2019), whereby the ethanolic extracts of
Eucalyptus camaladulensis Dehnh leaves showed both PPL and a-amylase inhibition. The ability of turmeric leaf
extracts to inhibit the activities of PPL and a-amylase indicates that they are potent inhibitors of lipids and
carbohydrates hydrolyzing enzymes. Evidently, the inhibitory action of the ethanolic extracts against a-amylase
was comparable to that of standard acarbose (ICso = 128.91 pg/ml). These results also imply that turmeric leaf
contains substances that are beneficial as a treatment for obesity and diabetes.
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CONCLUSION

The present work concludes that the ethanolic extracts of turmeric leaf possess significant anti-obesity
and antidiabetic properties. This was demonstrated by the ability to inhibit major digestive enzymes, which
indicates its potential to suppress appetite and delay lipid and carbohydrate digestion and absorption. Further
studies involving in vivo conditions are necessary to evaluate the effectiveness of the ethanolic extracts of turmeric
leaf, which may be utilized as active ingredients in functional foods, food supplement, pharmaceuticals and natural
therapies of obesity and diabetes.
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ABSTRACT

In this study, we calculate the correlation energy in Helium-6 using Variational Quantum Eigensolver (VQE),
with a full term unitary-paired-coupled-cluster-doubles ansatz (UpCCD) on various quantum computer
simulators. We aimed to reduce the optimisation time steps involved in the VQE simulations. We implemented a
set of termination criteria based on a fit of measured expectation value using a logarithmic function. One of the
criteria that defines a proper termination involves using the fitted coefficients for two neighbouring fits, spaced
10 steps apart, where a small change in the fitting coefficient indicates termination. We showed that this set of
termination criteria is effective at terminating non-converging and converging calculations, saving computing
resources.

Keywords: Nuclear pairing, Optimisation, Quantum Algorithm, VQE

INTRODUCTION

The revolutionary potential of quantum computers in quantum simulation has garnered significant
attention as the field continues to mature. One area of research where this attention has notably increased is within
the nuclear physics community, which has seen a growing application of quantum computing in nuclear structure.
Quantum algorithms, particularly of variational quantum algorithms type such as VQE (Peruzzo et al., 2014), are
especially attractive due to their relatively lower resource requirements and adaptability of the limitations of Noisy
Intermidiate-scale quantum (NISQ) era hardware.

Despite the relatively lower resource requirements of VQE, implementation of deep quantum circuit
depth necessary to prepare the ground state ansatz wavefunction is stifled. The constraints primarily lie in quantum
hardware specification. To address these constraints, these nuclear structure studies were often limited to focus
on either small nuclei (Kiss et al., 2022), toy models (Romero et al., 2022) or nuclear systems with small solution
space. Otherwise, either simplifications of quantum circuits for ground state ansatz preparation were made
(Dumitrescu et al., 2018) or state-vector simulations (Kiss et al., 2022) were carried out. We aimed to study the
minimal quantum computer specifications required for nuclear structure calculations involving full-term ansatz.
Full-term ansatz here refers to a unitary-paired-coupled-cluster-doubles (UpCCD) ansatz that consider first order
trotterisation and full implementation of Jordan-Wigner mapping. Such study however, involve high calculation
volumes. Here, we present a set of termination criteria based on a fit of mesured value using a logarithmic function
to efficiently terminate calculations, saving computing resource.

THEORETICAL BACKGROUND

The hybrid quantum-classical VQE algorithm uses a quantum computer to compute the expectation value
of a Hamiltonian, H, with respect to a parameterised trial wavefunction [)); this expectation value is then to be
minimsed by a classical computer. The expectation value is given by

)
EVQE = m

where the minimised Eyp is an upper bound value of the actual ground-state energy Ej . In this study,
we limit ourselves to solve a nuclear pairing problem in a *He nucleus, considering constant pairing matrix
elements. The trial wavefunction used in this study is of type UpCCD, which composed of excitation operators
that promote nucleons in pair. For optimisation, the Simultaneous Perturbation Stochastic Approximation (SPSA)
optimiser (Spall, 1992) was employed in this study for its ability to tolerate moderate levels of noise.

2 EO-

The Hamiltonian to be solved is given by
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where e; is the one-body matrix representing single-particle energy and Vj;;; is the two-body matrix

elements that represents antisymmetrised pairing matrix elements. The single-particle energies were generated
with a mean field description of the ®He nucleus with nucleon-nucleon interaction of Skyrme (Beiner et al., 1975)
type; and pairing is described by a constant pairing matrix elements generated by seniority force (Bonche et al.,
1989) is given by

Gy

“wiTiren,

where G, represents a pairing strength and N, represents the nucleon number associated with the charge
state q € {n, p} representing neutron and proton. We determine the correlation energy E,,,, defined by

A
Ecorr = E — Z ei(ajai)
i

where E is the energy expectation value of the Hamiltonian, while the summation of the single-particle
energy, e;, involves the lowest occupied levels.

METHODS

The expectation value of the Hamiltonian operator was evaluated with respect to a unitary-paired-
coupled-cluster-doubles (Lee et al., 2018) ansatz starting from a Hartree-Fock meanfield solution |¥,). The ansatz
is

71 (612!
o) = ey = % (i),

where T, (and its conjugate T‘;) is a cluster operator that includes double excitation operators that
jj#

. . . Jji
promotes the nucleons in pairs. Assume real cluster amplitudes 6, = 6, ,

the excitations operators and its

. . . S A Ji Jji Ji Lo .
conjugations can be rewritten as T, — TZT =2ij (Bii—‘[ii‘), where 7, composed of fermionic creation and

annihilation operators. First order trotterisation and Jordan-Wigner (Jordan & Wigner, 1928) mapping were
employed to convert the expectation value of the Hamiltonian with the ansatz into a circuit. This circuit ansatz is

Jj . . o
controlled by four parameters 6.~ that represents all the possible pair excitations in a He nucleus.

Next, optimisation of the set of parameters 91.11.1 is done by configuring the classical optimiser SPSA with
a learning rate given by a schedule as a function of iteration step k given by (Spall, 1992)
a

W ATkt Do

and the perturbation for each step was given by the function
_ c
T (k+1)Y

where a = 0.602, y = 0.101, A = 0, ¢ = 0.1 and a is calibrated to reduce the expectation value of the
first iteration k = 1 by 1MeV.

Ck

All the calculations were started from the same excited state by setting all the initial parameters 0 l.]l.l to

zero except for 9133 = 1 chosen arbitrarily, to mitigate barren plateaus as practised in (Kiss et al., 2022).

The set of termination criteria implemented were based on a fit of measured value using a logarithmic
equation

y =myln(x) + ¢,
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at specific optimisation step chosen such that k = 10,20,30,--,200. The logarithmic fit takes into
account all the preceding data up to the specific k-th step. The calculation were terminated whenever any of the
following criteria is triggered:

Criterion 1: my, > 0,

Criterion 2: [|mq,]| < 0.1,

Criterion 3: || Dk~ Pk-10) || < 4m%.
M(k-10)

The first criterion ensures that success iterations lead to a lower energy, ruling out cases with no obvious
minimisation trend. In cases where the decrement in energy from k = 1 to k = 10 is rather small (defined as
absolute value of m;, smaller than 0.1), calculation will be terminated. Calculations terminated with the first
two criteria will be repeated.

Finally, the third criterion defines a proper way to terminate the calculation by comparing the change
Am, in the slope m;, between successive logarithmic fits (e.g. between m,, and m,, or between mg, and ms).
For Criterion 3, several values of Am € {5,8,10} were examined and presented in the Results and Discussion
section. Finally at termination, E_,,, was extracted and an averaged value EX .. was obtained by taking an average
of the 10 iterations from the last converged iteration.

Finally, the calculations described above were carried out on quantum computer simulators, hereforth
called FakeJohors with various specifications, a state-vector simulator, and IBM 16-qubit FakeGuadalupe.
FakeJohors utilised in calculations herein were modified from the FakeGuadalupe, a noisy quantum computer
based on a real IBM 16-qubit quantum computer Guadalupe. We limited ourselves to modify only the coherence
times and quantum errors of FakeJohors, while retaining other properties. Two FakeJohors are configured here,
with coherence times of 5 X 10™3ms and quantum errors of 10~3 for FakeJohor A; and 5 X 10'ms and 1077 for
FakeJohor B.

RESULTS AND DISCUSSION

For the SPSA optimiser application, the convergence curve is characterised by a rapid decrease in the
early iterations followed by a slower descent as it approaches convergence. The fitting function of y = my In(x) +
¢, was chosen to capture such plateauing behaviour towards a convergence. Here, negative value of the coefficient
m,, indicates a minimising trend and vice versa. In cases of intolerable noises, the convergence curve exhibits a
fluctuating behaviour. The use of the logarithm fitting function takes in consideration the overall minimising
trend, averaging out the fluctuating behaviour.

In Figure 1, the blue lines illustrate the extracted E,,, as a function of iterations for calculations
simulated using FakeJohor A, FakeJohor B, a state-vector simulator and the IBM FakeGuadalupe. In Figure 1(a),
a red solid line was fitted at k = 10, with the fitted coefficient m;, = 1.346. The red dash-dot line indicates the
termination point at k = 10 triggered by the Criterion 1, where the positive m;, implies upward trend in the first
10 steps. Further iterations from iteration k = 10 show consistent fluctuations, where there is no obvious
minimisation trend.
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Figure 1. Convergence curve for VQE simulations using FakeJohorA with coherence times of 5 X 10™3ms and
quantum errors of 1073, FakeJohorB with 5 X 10 ms and 1077, a state-vector simulator, and an IBM
FakeGuadalupe. Termination Criterion 1 triggered is shown as a red verticle dash-dot line in (a). The markers
A, x and Vshows the termination triggered by Criterion 3 with Am = 10%, 8% and 5% respectively.

Meanwhile, the Criterion 2 was initially defined with the intention to terminate calculations with slow
early descent, i.e. to consider only calculations with large decreases in the first 10 iterations. In many calculations
where this set of termination criteria is applied, Criterion 2 was only triggered once.

In Figure 1(b) showing the convergence curve of simulation using FakeJohor B, two additional lines in
green and red represent the fitted lines at iteration k = 80 and k = 90 respectively. The coefficients for the slopes
at these two lines were fitted at mgy = —2.868 and mq, = —2.725. The relative difference in these 2 coefficient
is less than 8%, and therefore marked by a marker, x, showing termination triggered by Criterion 3 with Am =
8% at k = 90. The same process was also carried out for Am = 10% and 5% in the same figure, and were marked
by A and V respectively. The termination with a more a lenient Am = 10% gives an earlier termination at k =
70, while the more stringent Am = 5% terminates at later iteration at k = 150. Similar markings are noted for
the simulations using state-vector and FakeGuadalupe in Figure 1(c) and 1(d), where they all showed earlier
terminations than the maximum 200 iterations.

In Table 1, the values of EX,,... terminated with Criterion 3 with different Am are listed for the FakeJohor
B and the state-vector simulation. The table also compares EX .. with the E2%., listing the absolute and relative
differences. Despite being terminated in earlier iterations, all the results agree well within a small margin from
the final E2%%., with an exception to the state-vector simulation with the more lenient Criterion 3 (4Am = 10%).
The small margins for boths termination Criterion 3 with Am = 5% and 8% reflect the good performance of the

Criterion 3 employed.
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Table 1. The values of EX .., at different k,,,, triggered by termination Criterion 3 with different Am.
These values are shown for FakeJohorB and state-vector simulations. At each termination, comparisons
of EX ., with the E200. at k,,,.,, = 200 are listed as absolute and relative differences.

Criterion 3 with | Keerm, | Elory (MeV) | E205 | Elyry — E2%, | A% from E23%,

Am = 5% 150 -0.09487 -2.97E-03 3.23
FakeJohor B Am = 8% 90 -0.09548 -0.09190 -3.58E-03 3.90

Am = 10% 70 -0.08996 1.94E-03 -2.11

Am = 5% 160 -0.11713 4.00E-05 -0.03
State-vector Am = 8% 100 -0.11705 -0.11717 1.20E-04 -0.10

Am = 10% 20 0.33866 4.56E-01 -389.03

CONCLUSION

In calculations involving NISQ quantum computer with inherent noise, typical methods of comparing
neighbouring values or simple moving averages no longer work. The termination criteria introduced mitigate this
via a fit function, and terminates the calculation effectively, especially Criterion 1 that terminates fruitless
calculations, and Criterion 3 that terminates converged calculations. In our work, using Criterion 3 with value of
Am = 8% is sufficient to balance the trade-off between computational resources and accuracy. With the set of
termination criteria introduced, the calculations were successfully and consistently terminated at an earlier
iterations, cutting the total number of iterations needed roughly in half.
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ABSTRACT

This study investigates the reliability of NanoHub’s BioLabSensor in simulating the performance of nanowire
biosensors with varying radius. The primary objective is to systematically examine how nanowire radius impacts
sensor efficiency and responsiveness. Using NanoHub’s BioLabSensor, a series of simulations were conducted
to evaluate the settling time of nanowire sensors across different analyte concentrations, maintaining consistent
values for other parameters such as length, oxide thickness, and doping density. The findings reveal that smaller
nanowire radius result in faster settling times, indicating higher sensitivity and responsiveness. Conversely, larger
radius presented practical constraints, with non-finite and real function values at interval endpoints. The study
highlights the importance of optimizing nanowire dimensions to enhance biosensor performance. Future research
should focus on refining simulation tools and exploring the limitations observed in extreme cases to better
accommodate a broader range of parameters.

Keywords: Nanowire biosensors, NanoHub BioLabSensor, radius size, settling time, simulation

INTRODUCTION

Nanowire biosensors, known for their high surface area-to-volume ratio and exceptional electrical
properties, have garnered significant attention in biosensing. These sensors are crucial in applications such as
medical diagnostics (He, et al., 2019)(Kumar et al., 2020), and biochemical research (Jadhav et al., 2021).
According to Zhang et al. (2021), the sensitivity and efficiency of these sensors are heavily dependent on the
radius of the nanowire.

This study focuses on the reliability of NanoHub’s BioLabSensor in simulating the performance of
nanowire sensors with varying radius. Sensor performance is evaluated by its settling time (duration for the sensor
to stabilize and provide a reliable output in response to a change in input) across different analyte concentrations
(Nair & Alam, 2006). The primary objective is to systematically examine key factors influencing nanowire sensor
performance, focusing on the impact of nanowire radius on sensor efficiency and responsiveness. This research
aims to enhance the understanding of nanowire biosensor efficiency and reliability by identifying optimal
conditions through simulation.

Simulation results suggest that smaller radius results in faster settling times across all analyte
concentrations, indicating higher sensitivity and responsiveness. However, simulations show limitations for large
radius sizes, where interval endpoint function values were non-finite and real, suggesting practical constraints in
the simulator's capability. The observations are important in pertaining to a knowledge of the nanowire structures
design particularly with the aim to increase the sensitivity and responses of the biosensor.

MATERIALS AND METHODS

This study involves a comprehensive simulation approach using NanoHub’s BioLabSensor to evaluate
the performance of nanowire sensors with varying radius sizes. NanoHub’s BioLabSensor was selected for its
precise modeling capabilities.
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Figure 1. Structure of Nanowire Sensor

Table 1. Parameter of 6 nanowire sensor with different radius

_ Radius Length Oxide Thickness Doping Density

BioSensorLab 3.0x10° cm

My Study (1) 2.5%10° cm
(Ryu, et al., 2010)

My study (2) 3.5x10° cm 5.0x10* cm 1x107 cm 1x10" ¢cC
(Spain, et al., 2015)

My Study (3) 1.0x10* cm

My Study (4) 1.0x10° ¢cm

My Study (5) 5.0x107 cm

Each nanowire with mentioned radius was tested under the same environmental conditions. The
simulator was configured to record the settling time of the sensor in response to analyte concentrations ranging
from 1x10715 M to 1x10°® M. Settling time data were recorded and plotted to visualize the relationship between

nanowire radius and sensor performance across these concentrations.

RESULTS AND DISCUSSION

An anomaly was noted during the simulation for My Study 3 with the radius of 1.0x10* c¢m, the largest
radius, where the simulator failed to produce a finite and real function values, highlighting practical constraints

in terms of the simulation capability.

Pl

r— =

Figure 2. Output of nanowire simulation for My Study (3)
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Thus, My Study (4) with the radius of 1.0x10"> ¢m was conducted, where now the sensor performance
can be observed at range of 5.0x10”7 ¢cm to 1.0x10-5 c¢m, as shown in Figure 3.

L]

Figure 3. Graph of Settling time vs. Analyte Concentration for BioSensorLab, My Study (1), My Study (2), My
Study (4), and My Study (5)

From Figure 3, a decreasing trend can be observed when the analyte concentration increases. It is
suggested that the behavior indicates that the settling time of the nanowire biosensor decreases at higher
concentrations of the analyte. From the results obtained, all the parameters used in this study (with various radius)
exhibit a consistent downward trend, with slight variations between them. Here, the nanowire with radius of
5.0x10”7 c¢m as indicated by plot 5 in Figure 3 results in a faster settling time compared to the other studies.
Meanwhile, the nanowire with radius of 1.0x10- c¢cm as indicated in plot 4, results in a slowest settling time
compared to the other studies. The settling time of a nanowire biosensor with a large radius is slower due to the
increased conductance modulation achieved at higher target molecule densities with a larger radius of the silicon
nanowire (Pawar, et al., 2019). Additionally, under flow conditions, the sensor length in the flow direction is a
critical parameter limiting the concentration drop as the analyte flows past the sensor, affecting settling time (Jin,
etal., 2019).

The detail from the plot can be seen from Table 2 below;

Table 2. Value of Settling Times at various analyte concentrations.

Analyte concentration (M) Settling Time(s)

BioSensorLab | My Study (1) | My Study (2) | My Study (4) | My Study (5)
le-15 59778.3 50210 69274 188820 10737.9
2.04336e-15 28345.5 23814.7 32840.7 89367.4 5103.91
2.21222e-11 1.51074 1.2774 1.74068 4.5465 0.287895
4.52035e-11 0.696769 0.589708 0.802154 2.08199 0.133866
4.8939e-07 1.22553e-05 1.09845e-05 1.3404e-05 2.2711e-05 3.66043e-06
le-06 4.33613e-06 3.95007e-06 | 4.6748e-06 7.0871e-06 1.46527e-06
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Based on Table 2, settling time for My Study (5) is the shortest among all the nanowires structure. The
difference of settling time between BioSensorLab and My Study (5) at analyte concentration at1x10° M is
2.87086x10 seconds. Meanwhile at analyte concentration at 1x10-'3 M, the difference is 49040.4 seconds. This
proves that the radius of a nanowire significantly impacts the Settling Time when analyzing different target analyte
concentrations in nanowire sensors. Miniaturizing biosensors into the nanoscale enhances signal-to-noise ratio by
increasing signal density and reducing background signals, impacting the limit-of-detection and response time
(Nair, & Alam, 2006). Yesayan's (2022) work underscores that thinner nanowires exhibit higher sensitivity to
analyte concentrations, affecting the sensor's response time and overall performance.

CONCLUSION

In conclusion, this study has shown the capability and the limitation of the NanoHub BioLabSensor to
simulate the performance of nanowire with various radius of sizes. The primary finding is that a decrease in
nanowire radius correlates with a reduction in settling time, leading to faster sensor responses to varying analyte
concentrations. This principle supports the notion that smaller nanowires enhance diffusion rates and sensitivity,
thereby improving overall sensor performance. Specifically, the smallest radius which is 5.0x10”7 ¢cm (as used in
My Study 5) exhibited the shortest settling times across all analyte concentrations. It is recommended that future
sensor designs should prioritize the optimization of nanowire dimensions within the identified effective range to
maximize performance. Additionally, further study should explore the limitations observed in extreme cases and
refine simulation tools to better accommodate a wider range of parameters.
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ABSTRACT

This study investigates the structural, electronic, and Li-ion diffusion properties of Mn-doped LiFePOs
(LiFe1-Mn,PO4, where x = 0.125, 0.25, 0.375) cathode materials for lithium-ion batteries using first-principles
calculations with the GGA-PBE+U functional, as implemented in the CASTEP software package. The on-site
Coulomb interactions were calculated with U values of 4.4 eV for Fe and 10.1 eV for Mn. The effects of varying
Mn concentrations were systematically analyzed to identify the optimal doping level for enhancing the
electrochemical properties of LFP. Results indicate that Mn substitution modifies the crystal structure and
improves electronic conductivity by reducing the band gap, with LiFeo.7sMno..sPO4 showing the lowest band gap
of 3.442 eV due to impurity energy levels from Mn 3d states observed in the density of states. Additionally, Mn
doping enhances Li-ion diffusion by lowering the migration energy barrier, which is critical for high-rate
performance. LiFeo.s7sMno.12sPO4 exhibited the lowest migration energy barrier of 0.68 eV, resulting in a
significantly higher diffusion coefficient of 3.42x10-14 cm?/s compared to the pure LiFePO.'s diffusion
coefficient range of 1074 to 107! cm?/s. Among the studied concentrations, LiFeo.s7sMno.12sPO4 demonstrated the
best combination of structural stability, electronic conductivity, and Li-ion mobility, suggesting that Mn doping
is an effective strategy for enhancing the performance of LFP-based cathodes. These findings provide valuable
insights into the development of advanced cathode materials for next-generation lithium-ion batteries.
Keywords: First-Principles, Cathode Materials, LiFePO4, Manganese, Li-ion Diffusion

INTRODUCTION

The olivine-type LiFePO, (LFP) was first introduced by Padhi et al. [1] in 1997 as a potential cathode
material for lithium-ion batteries. This material has garnered significant interest due to its high theoretical
capacity, excellent stability and safety, cost-effectiveness and environmental friendliness [2]. The theoretical
capacity of LFP is around 170 mAh/g which makes it a good choice for applications where long cycle life and
safety are prioritized. The discharge voltage platform of LFP typically ranges from 3.4V to 3.5V which is lower
than some other cathode materials like Nickel Manganese Cobalt (NMC) or Lithium Cobalt Oxide (LCO) but this
is compensated by the excellent thermal stability and longer cycle life of LFP. Currently, LFP is primarily utilized
in Electric Vehicles (EVs) and Hybrid Electric Vehicles (HEVs). However, despite its advantages, LFP cathode
material is limited by low ionic and electronic conductivity. This results in reduced charge/discharge rates, lower
energy density and diminished cycling performance, restricting its broader application in high-performance
lithium-ion batteries [3]. To enhance its performance, various approaches have been explored including reducing
particle size, applying carbon coatings and doping with different cations [4-6]. Among these methods, cation
doping has emerged as particularly promising.
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Recently, an increasing number of reports have emerged, documenting experimental studies focused on
improving the electrochemical properties of LFP through the strategic doping of various elements. Moreover, the
inherently poor electronic conductivity of LFP prevents the realization of its theoretical capacity. To address this
challenge, Yamada et al. discovered that doping Fe ions in LFP with metal cations like Mn?* can significantly
enhance performance. Their research highlights that the most effective approach involves using LiFei-MnsPOs,
which benefits from operating voltages in the optimal range of 3.5V to 4.1V [3]. Building on this, Guerfi et al.
[7] state that LiMnPOs has a theoretical capacity (171 mAh/g) similar to LFP but offers about 20% higher energy
density due to the higher redox potential of Mn*/Mn?" (4.1 V versus 3.5 V for Fe**/Fe?"). Hence, the selection of
Mn as a cation dopant, owing to its ability to enhance energy density by leveraging the superior redox potential
of the Mn**/Mn?* couple, thus providing a strategic advantage over Fe**/Fe?*" in terms of voltage and overall
electrochemical performance.

By using density functional theory (DFT) as implemented in computer code, the first-principles
calculations on the physical and chemical properties of the solid materials can be performed. These include the
properties such as structural, electronic as well as Li-ion diffusion properties [8—10]. The first-principles study of
these properties on cation doping on LFP has been reported in previous research. For example, Wang et al. [11]
demonstrated through both first-principles calculations and experimental work that doping with molybdenum
(Mo) can improve the material’s electronic conductivity. Similarly, Chung et al. [12] found that doping with
niobium (Nb) enhanced the electrochemical properties of LFP. These studies suggest that doping can significantly
improve certain performance aspects of the material. However, current research often overlooks how doping
affects material stability which is crucial for battery performance. This research aims to provide a comprehensive
view of how doping affects not only the electrochemical performance but also the atomic-scale structure and
behavior of LFP materials with a particular focus on first-principles calculations of structural, electronic and Li-
ion diffusion properties based on LiFe:-.Mn,PO4 (x = 0,0.125,0.25,0.375). By integrating theoretical insights into
Li-ion migration mechanisms, this study seeks to elucidate how dopants influence ion transport and contribute to
performance enhancements at the atomic level.

COMPUTATIONAL METHOD

The first-principles calculations in this work are based on density functional theory (DFT) using
exchange-correlation (XC) functional from generalized gradient approximation by Perdew-Burke-Ernzerhof[13].
The calculations were performed using Cambridge Serial Total Energy Package (CASTEP) computer code [14].
The pseudopotentials and plane-wave basis set were employed to calculate the structural, electronic and Li-ion
diffusion properties of LiFei-Mn,POs (x = 0,0.125,0.25,0.375). The configuration of Li-1s? 2s!, O-2s? 2p*, P-3s?
3p3, Fe-3d° 4s? and Mn-3d° 4s” are treated as the valence electrons for the Ultrasoft Pseudopotentials (USPP).
Since using only the GGA-PBE generalization function would underestimate the electronic properties of LFP.
Hence, the electronic properties show a substantial percentage percentage from the experimental data [15].
Therefore, the GGA+U method was used to describe the strongly localized electronic states of the transition
metals in pure and doped compounds using the effective Hubbard U parameter with setting U = 4.4 eV to describe
the Fe 3d state and U = 10.1 eV to describe Mn 4d state. This method is applicable to predict the properties of
phosphate materials containing transition metals [16] The wave function for valence electrons was expended using
a plane-wave basis set within a specified cut-off energy that was selected as 350 eV for pure LFP and LiFeMnPOs,.
The Monkhorst-Pack scheme k-points were set as 5x6x7 for the pure LFP and 1x1 %2 for the LiFeMnPOs. For
the geometrical optimization, the total energy was set using 5.0x10° eV/atom for total energy, 0.01 eV/A for
maximum force, 0.02 GPa for maximum stress and 5.0 x10* A for maximum displacement. As shown in Figure
1 (a), the crystal structure of bulk LFP, depicted with an orthorhombic olivine structure in the Pnma space group
was generated using Materials Studio 8.1 and consists of 28 atoms within its unit cells. The Mn doped LFP crystal
structures with concentration of 0.125%, 0.25% and 0.375% as shown in Figure 1 (b,c, and d) were illustrated by
replacing Fe atom in 1 X2 x1 supercell consists of 56 atoms including 8§ Li, 8 Fe, 8 P and 32 O.
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Figure 1. The crystal structures of (a) bulk LiFePO4(b) Mn doped LiFePO4 with 0.125% concentration (c) Mn
doped LiFePO4 with 0.25% concentration and (d) Mn doped LiFePO, with 0.325% concentration

RESULTS AND DISCUSSION

Structural Properties

The calculated structural parameters of LiFeo.s7sMno.125PO4, LiFeo.75Mno.2sPOa, and LiFeo.s2sMno.375sPO4
are listed in Table 1. The obtained lattice parameters (a, b and ¢) and volume (V) from GGA-PBE functional are
agreed with experimental reports and other theoretical calculations. Thus, the calculation method in this work is
reasonable to be performed. To some extent, the structural parameters from LDA will be lower than the
experimental values while GGA functional tends to overestimate the data. This shortcoming arises from the
challenge of simulating the correlation interaction between electrons. As a result, the right electron density
functional becomes difficult to calculate ref.

From Table 1, it can be seen that the Mn doping with different concentration does not destroy the original
crystal structure of LFP, the lattice constant increases significantly and the cell volume increases. When Mn atoms
are doped into the LFP with different concentration, the extra space is introduced and the change of ion radius
leads to distortion of the crystal structure and expansion of the cell volume. On the one hand, the increase in the
lattice constant caused by doping leads to lattice distortion of the crystal. This distortion may lead to changes in
the interaction energy between atoms in the lattice which affects the electronic and energy band structure of the
material. On the other hand, the increase in cell volume caused by doping can provide more space for the diffusion
of lithium ions in the lattice. By expanding the cell volume, the movement path of lithium-ions in the lattice
becomes longer, reducing the mutual collisions between ions thus lowering the migration energy barrier of ions
and improving the mobility and conductivity of ions [17].

In summary, while Mn doping leads to structural changes such as increased lattice constants and cell
volume, these modifications have positive effects on lithium-ion diffusion and battery performance. The reduced
migration energy barrier and enhanced ion mobility can significantly improve charge/discharge rates and cycle
stability making Mn-doped LFP materials more suitable for high-performance lithium-ion battery applications.
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Table 1. Lattice parameters and volumes of LiFeo.s7sMno.12sPO4, LiFeo.7sMno.2sPO4, and
LiFeo.62sMno.37sPO4 from theoretical and experimental data

Materials Method a(A) b (A) c(A) V (A3
LiFeo,g75Ml’lo,|25PO4 10.38 12.10 4.73 593.66
This work
LiFeoA75Mn0A25PO4 10.41 12.14 4.74 598.43
(GGA-PBE)
LiFeoﬁstnoA375PO4 10.47 12.17 4.75 604.78
LiFePO, Exp [1] 10.33 6.011 4.69 291.40
6.001 10.32 4.69 290.15
LiFeo.99Mng 01 PO4 6.002 10.32 4.69 290.55
LiFe.07Mng 03PO4 GGA-PBE [18] 6.004 10.32 4.69 290.76
LiFeg.9sMng ¢sPO4 6.01 10.32 4.69 290.93
LiFeo_93Mn0‘07PO4 601 1033 469 29121
LiFeo g75sMng 125PO4 GGA-PWI1 [19] 10.36 12.10 4.73 593.48

Electronic Properties

The electronic properties of Mn-doped LiFePO. were investigated by examining the band structures of
LiFeo.875Mno.12sPO4, LiFeo.7sMno.2sPOa, and LiFeo.s2sMno.37sPO4, as shown in Figure 2 (a), (b), and (c),
respectively. A common issue with density functional theory (DFT) calculations, particularly when using
generalized gradient approximation (GGA) with PBE exchange-correlation functionals, is the underestimation of
band gaps compared to experimental values. To address this, the GGA-PBE+U method was employed, which
includes on-site Coulomb interactions and thus provides a more accurate representation of the electronic structure,
yielding band gaps closer to the experimental range.The calculated band gaps for the Mn-doped compositions
were found to be 3.625 eV for LiFeo.s7sMno.12sPOs, 3.442 eV for LiFeo.7sMno.2sPOs, and 3.783 eV for
LiFeo.c2sMno.37sPO4. These values are consistent with other theoretical works that report band gaps within the
range of 3.4-4.0 eV, supporting the reliability of the GGA-PBE+U method in capturing the electronic behavior of
these materials. Notably, the experimental band gap for undoped LFP is approximately 3.75 eV, which aligns
closely with the calculated band gap for LiFeo.s2sMno.375sPO4, demonstrating the effectiveness of the GGA-PBE+U
approach in replicating experimental results.

All three Mn-doped compositions exhibit a direct band gap with the valence band maximum and
conduction band minimum occurring at the Q point, positioning the Fermi level at 0 eV on the energy axis. The
introduction of Mn into the LFP lattice leads to the formation of impurity energy levels primarily from the Mn 3d
states, which significantly influence the electronic properties of the material. These impurity levels reduce the
band gap, thereby enhancing electronic conductivity by making it easier for electrons to be excited across the gap.
Among the studied compositions, LiFeo.7sMno.2sPOs shows the lowest band gap of 3.442 eV, due to the
pronounced presence of Mn impurity energy levels. This reduction in band gap facilitates improved electronic
conductivity by providing additional pathways for charge carriers. The presence of these impurity energy levels
not only narrows the band gap but also enhances the material’s overall electronic properties, making Mn doping
a viable strategy for enhancing the performance of LiFePOs in lithium-ion batteries. The improved conductivity
resulting from Mn doping could lead to better battery efficiency and faster charge/discharge rates, making these
materials more suitable for high-performance applications.
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Figure 2. Calculated electronic band structures of (a) LiFeo.s7sMno.12sPOa (b) LiFeo.7sMno.2sPO4 and (c)
LiFeo.62sMno.375POa4

The partial density of states (PDOS) analysis, as illustrated in Figure 3, provides a detailed understanding
of how Mn doping affects the electronic structure of LFP. The PDOS for Mn 3d's, P 2s, P 2p, O 2s and O 2p states
highlights the significant changes introduced by Mn doping. In undoped LFP, the electronic properties are
primarily governed by the Fe 3d orbitals. However, upon introducing Mn, the Mn 3d states contribute new features
to the band structure. This addition introduces impurity levels within the band gap, which are clearly visible in
the PDOS. For instance, in LiFeo.s7sMno.12sPO4, the presence of Mn 3d states near the conduction band results in
the lowest band gap of 3.442 eV. This reduction in the band gap is due to the pronounced Mn 3d states that
enhance conductivity by facilitating easier electron transitions. Similarly, LiFeo.7sMno.2sPOs also exhibits a
reduced band gap of 3.442 eV, attributed to substantial contributions from Mn 3d states, which improve the
material’s electronic conductivity. In contrast, LiFeo.s2sMno.375sPO4, although having a higher band gap of 3.783
eV, still shows significant Mn 3d effects. The higher band gap in this composition may result from increased
scattering or localized states at higher Mn concentrations, which differently affect the electronic structure.

The PDOS analysis also provides insights into the contributions of the oxygen and phosphorus orbitals.
The O 2p states, which are involved in bonding with Fe and P, interact significantly with Mn 3d states. These
interactions are crucial in modifying the electronic properties of the material, as they influence the band structure
and contribute to the observed reduction in the band gap. The O 2p states play a key role in the valence band and
their alignment with Mn 3d states affects the electronic conductivity. Furthermore, the P 2p states, which interact
with both the O 2p and d states, also impact the electronic behaviour. Although the P 2s states are involved in
lattice bonding, have less direct influence on the band structure compared to the P 2p states.

Overall, the PDOS analysis underscores the impact of Mn doping on LFP electronic structure. The
introduction of Mn 3d states results in a significant reduction in the band gap, enhancing the electronic
conductivity. The interaction among Mn 3d, O 2p, and P 2p states plays a crucial role in this process, highlighting
the effectiveness of Mn doping in improving the performance of LFP for lithium-ion batteries. This
comprehensive understanding of the electronic changes induced by Mn doping demonstrates its potential to
enhance the cathode materials suitability for high-performance applications.
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Figure 3. The calculated PDOS of (a) LiFeo.87sMno.12sPO4 (b) LiFeo.7sMno.2sPO4 and (C) LiFeo.62sMno.37sPO4
obtained from DFT+U calculations

Li-lon Diffusion Properties

The multiplicity performance of lithium-ion batteries measures the performance of the battery when it is
charged and discharged at high multiplicity over a short period of time, and this performance metric is influenced
by the diffusion rate of lithium-ions [20]. In this paper, the search transition state theory was calculated to
investigate and gain insight into the migration behavior of lithium ions in battery materials in order to provide
more accurate guidance for optimizing the performance of lithium-ion batteries as shown in Figure 4.
Experiments and theories show that the migration of lithium-ions in the (010) direction is a relatively stable
direction. It is the main direction of lithium-ion insertion and extraction in the material [21]. To study the
migration behavior of lithium ions in the doped system, the investigation focused on exploring the migration
channels of lithium ions along the b-direction. By the transition state search method, we removed a lithium atom
in the the doped supercell, constructed lithium vacancies and calculated the diffusion energy barrier of lithium-
ions from the initial to the final state.

Zaki et al. states that the migration energy of pure LFP was 0.838 ¢V. Based on the data in Figure 4(a
and b), the migration energy of lithium ions in the intrinsic of LiFeo.s7sMno.12sPO4 and LiFeo.7sMno.2sPO4 are 0.68
eV and 0.69 eV which are lower than pure LFP which is consistent with the previous results [22]. Meanwhile, the
migration energy of LiFeo.c2sMno.37sPO4 is higher than pure LFP which is 0.85 eV as shown in Figure 4 (c) due
to thet lithium-ions located in the b channel diffuse in an arc in the channel under the electrostatic repulsion with
the neighboring Fe ions. The lowest migration energy in LiFeo.s7sMno.12sPOa indicates that lithium ions can move
more easily through the lattice, suggesting higher ionic conductivity compared to the other compositions. It has
been shown that the diffusion constant of lithium-ions in doped LFP can be improved by decreasing the activation
energy, thus improving its performance. To further investigate the effect of doping on the diffusion properties of
lithium-ions, the diffusion coefficient of LiFeo.s7sMno.12sPO4, LiFeo.7sMno.2sPO4 and LiFeo.s2sMno.37sPO4 have
been calculated using equation (1).

E
D = a?expexp (— K‘;CYt") )]

Where a represents the distance between the LiFeo.s7sMno.12sPOs, LiFeo.7sMno.2sPOs  and
LiFeo.c2sMno.37sPO4 system bouncing along the b direction, v is estimated to be 10'* Hz, Kp is the Boltzmann
constant, T is the temperature of the system (300 K), and E, represents the activation energy. After calculation,
the diffusion coefficient of lithium-ions in the LiFeo.s75sMno.12sPOa, LiFeo.7sMno.2sPO4 and LiFeo.s2sMno.37sPO4 are
3.42x10714, 2.27x10°'* and 2.30x10°"° cm?/s. The diffusion coefficients of lithium ions were calculated for the
Mn-doped LiFePOs systems, revealing significant differences in ion mobility among the various compositions.
For LiFeo.s7sMno.12sPO4, the diffusion coefficient was found to be 3.42x107'* cm?/s, which is the highest among
the studied compositions. This high diffusion coefficient is consistent with its lower migration energy barrier of
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0.68 eV, indicating that lithium ions can migrate more easily within this material. In contrast, LiFeo.7sMno.2sPO4
exhibited a diffusion coefficient of 2.27x107* cm?s, slightly lower than that of LiFeo.s7sMno.12sPOa, corresponding
to its slightly higher migration energy of 0.69 eV. Meanwhile, LiFeo.c2sMno.37sPO4 showed a significantly reduced
diffusion coefficient of 2.30x107'* cm?%s, which can be attributed to its higher migration energy of 0.85 eV. The
decrease in the diffusion coefficient with increasing Mn content suggests that while Mn doping can enhance the
electronic conductivity of LiFePOa., excessive Mn concentrations may hinder lithium-ion mobility due to the
increased migration barriers. Therefore, LiFeo.s7sMno.12sPO4 strikes the best balance between maintaining low
migration energy and achieving a high diffusion coefficient, making it the most promising candidate among the
studied compositions for enhancing lithium-ion transport in cathode materials.
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Figure 4. Energy profiles of the ion migration and its migration energy for (a)LiFeo.s7sMno.12sPOa, (b)
LiFeo.75Mno.2sPO4 and(c) LiFeo.625Mno.37sPO4
CONCLUSION

In conclusion, this study provides a thorough evaluation of Mn-doped LiFePOs cathode materials,
focusing on their structural, electronic, and Li-ion diffusion properties. The results reveal that Mn doping
significantly influences these aspects, with LiFeo.s7sMno.12sPO4 emerging as the most advantageous composition.
The structural analysis indicates that Mn doping expands the lattice and cell volume without compromising the
crystal structure, thanks to the different ionic radii of Mn and Fe. This expansion improves Li-ion diffusion by
reducing migration energy barriers. Electronically, Mn doping introduces impurity levels from Mn 3d states,
leading to a substantial reduction in the band gap, with LiFeo.s7sMno.12sPO4 achieving the lowest band gap of 3.442
eV. This reduction enhances electronic conductivity, making the material more efficient for charge transfer. The
highest diffusion coefficient of 3.42x107'* cm?*'s observed for LiFeo.s7sMno.12sPO4 underscores its superior Li-ion
mobility. Overall, LiFeo.s7sMno.12sPO4 presents an optimal combination of reduced band gap, improved electronic
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conductivity and enhanced Li-ion diffusion, making it the best candidate for high-performance lithium-ion battery
applications.
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ABSTRACT

This research investigated the effect of graphene nanoplatelets (GNP) on the properties of polylactic acid
(PLA)/kenaf fibre (KF) biocomposite foams. Azodicarbonamide (ADC) was used as blowing agent for the PLA
composites, while zinc oxide (ZnO) was used as activator for ADC. Biocomposite foams of
PLA/KF/GNP/ADC/ZnO were prepared using a twin-screw extruder and compression molding. Different
loadings of GNP were used: 0.05, 0.10 and 0.15 phr. The sample without GNP served as the control sample. The
tensile, thermal, water absorption and morphological properties of the samples were examined. The inclusion of
0.05 phr GNP optimally increased tensile properties and water absorption resistance compared to the control
sample. However, the thermal stability of the nanocomposites showed insignificant changes with the small amount
of GNP nanofiller. Scanning electron microscope micrograph demonstrated good interfacial interaction between
the polymer and the filler. This finding concluded that 0.05 phr GNP could enhance the mechanical tensile
properties of biocomposite foam. Future recommendations include exploring surface treatments or coupling agent
to achieve improvements in other aspects.

Keywords: Biopolymer; blowing agent; tensile properties; TGA; water absorption

INTRODUCTION

Researchers are increasingly directing their efforts toward combating pressing environmental concerns
by developing a new category of eco-friendly composites known as bio-composites. These materials, fully
biodegradable, incorporate natural fibers alongside recycled polymer resins. Kenaf, a widely utilized natural fiber,
stands out for its appealing mechanical and physical attributes, which are yet to be fully explored. Moreover,
kenaf’s rapid growth rate ensures its ready availability (Arjmandi et al., 2021). Thermoplastics filled with kenaf
fiber are gaining traction as bio-composites, particularly in Malaysia, given the country’s favorable climate for
kenaf cultivation (Mustafa et al., 2015).

In 2019, global plastic production reached 370 million tons, with a mere 9% undergoing recycled, 12%
incineration, and the remainder persisting in the environment or landfills. Plastics poses significant challenges to
aquatic ecosystems, where organisms readily ingest small plastic particles that subsequently permeate the food
chain, endangering both animals and humans (Kumar et al., 2021). Hence, employing polylactic acid (PLA)
polymers presents a viable solution to environmental challenges. As outlined in Marra et al. (Marra, Silvestre,
Duraccio, & Cimmino, 2016), PLA production offers numerous benefits, such as recyclability into lactic acid via
hydrolysis, the capability to manufacture biodegradable hybrid paper-plastic packaging, waste reduction in
landfills, and the potential to tailor physical properties through material modification. Consequently, blending
kenaf fiber with PLA yields an eco-friendly composite material.

Reducing weight not only lessens resource use during manufacturing but also decreases energy needed
for transportation, thereby conserving resources and lowering CO, emissions. The is particularly in mobility
applications. However, achieving weight reduction without sacrificing performance, poses a significant challenge
in producing lightweight structural components. Methods must be devised to achieve substantial weight reduction
with minimal impact on mechanical performance, all while maintaining high productivity and keeping costs low
(Mihalic, Pretschuh, Lummerstorfer, & Unterweger, 2023). Incorporating graphene nanoplatelets (GNP) as nano-
reinforcements in polymers offers significant enhancements in mechanical performance owing to their planar
structure and extremely high aspect ratio. Graphene boasts notably higher tensile modulus (1 TPa) and ultimate
tensile strength (130 GPa) compared to other nano-reinforcements. Its high specific surface area facilitates the
effective transfer of stress across the interface, providing superior reinforcement compared to carbon nanotubes
(Mohammed, Tcherbi-Narteh, & Jeelani, 2020).
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In this work, the objective was to investigate the effect of GNP at small loading on the mechanical tensile,
thermal stability and water resistance of PLA/kenaf fibre composite foams.

MATERIALS AND METHODS

Raw Materials

Poly(lactic acid) (PLA), with a melting temperature of 165°C and graded as 3251D Natureworks Ingeo™
Biopolymer, was sourced from Unic Technology Ltd, China. This PLA has a density of 1.24 g/cm?® and a melt
flow index of 80 g/10 min (190°C/2.6 kg). Kenaf fiber (KF) powder, ranging from 100 to 150 um in size, was
used to reinforce the PLA matrix and was provided by Kenaf and Tobacco State. Azodicarbonamide (ADC), an
exothermic foaming agent with a decomposition temperature of 200-210°C, along with zinc oxide (ZnO), a
foaming agent decomposition stabilizer, were obtained from Sigma Aldrich.

Sample Preparation and Characterization

The preparation process for the PLA/kenaf fiber/GNP bio-composite foam samples was divided into two
stages: extrusion and compression molding. Before starting the melt-blending process, kenaf fibers and PLA were
dried in an oven at 65°C for 24 hours. In the first stage, all the materials were melt-blended using a co-rotating
twin-screw extruder (Thermo Prism THE 16PC). The PLA/kenaf fiber was fixed at 70/30 (wt/wt), while 2 phr
azodicarbonamide (ADC) and 2 phr zinc oxide were used as chemical blowing agent and activator. The
temperature profile was set for each barrel from the feed zone to the die zone at 165°C, 170°C, 175°C, and 165°C,
with a screw speed of 40 revolutions per minute (rpm). In the second stage, the extruded pellets were compressed
via a hot and cold pressing process (model LP50 machine) at 180°C for 13 minutes to form bio-composite samples.

For the characterization tests, dumbbell-shaped samples were used for tensile testing. This test was
conducted at room temperature using a Universal Testing Machine Model Testometric M350-10CT with a load
of 1000 N and a speed of 5 mm/min. Thermogravimetric analysis (TGA) was run from room temperature to 600
°C, at the heating rate of 10 °C/min under nitrogen atmosphere. The water absorption test was conducted to
determine the percentage of water absorbed by the sample at room temperature in tap water. The percentage of
water absorption was computed using the formula SA (%) = 100 [(Bt — B0) / B0O], where Bt is the weight of the
sample at time t and BO is the weight of the sample before immersion in tap water. Scanning electron microscope
(SEM) was run to observe the surface morphologies of tensile fractured composite specimen after coating with
gold.

RESULTS AND DISCUSSION

Table 1 describes the tensile properties of PLA/kenaf fiber bio-composite with various small loadings of
GNP. When GNP was incorporated at 0.05 phr, the tensile strength, Youngs modulus and elongation of
nanocomposite increased to maximum values of 8.28 MPa, 1248.7 MPa and 1.06 %, respectively. The 0.05 phr
of GNP is considered as the optimum loading, promoting good compatibility between the PLA matrix and filler
component. This could be attributed to the good dispersion of GNP within PLA/kenaf fiber composite, which
prevents agglomeration (Mohd Amran et al., 2021; Shahdan, Ahmad, Chen, Ali, & Zailan, 2016), as observed in
Figure 2 (b) with uniform morphology. When GNP loading increased, the tensile properties gradually decreased,
but the tensile strength and modulus for the nanocomposite at 0.1 phr were still higher than those of the control
sample (without GNP). The decreasing trend at higher GNP content can be explained by the tendency of GNP
agglomeration in the bio-composite samples, which acts as initiation or propagation points for cracks (Naveen,
Jawaid, Zainudin, Tharig Hameed Sultan, & Yahaya, 2019). Meanwhile, the nanocomposite with the presence of
GNP, irrespective of its loading, exhibited higher elongation, which is probably correlated to the increased
crystallinity induced by GNP nanofiller (Mistretta, Botta, Vinci, Ceraulo, & La Mantia, 2019).
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Table 1. Tensile properties of PLA/kenaf fiber/GNP foamed bio-composite samples

GNP content (phr) Tensile strength (MPa) Youngs modulus (MPa) Elongation (%)
0 6.22+0.74 113136 £ 78 0.94 £ 0.05
0.05 8.28 £0.60 1248.68 + 211 1.06 +£0.10
0.1 6.37+0.53 1196.21 + 80 1.03+0.09
0.15 1.40 +0.05 696 + 200 1.03 +0.08

Figure 1 shows the effect of GNP loading on the TGA curves of PLA/kenaf fiber foamed bio-composites.
Generally, the weight loss curves of the composites exhibited insignificant shifts, suggesting that the GNP loading
used in this study is too small to improve thermal stability. The decomposition temperature recorded around 300
°C, which is consistent with previous study on PLA/kenaf fiber composite (Abu Hassan, Ahmad, Chen, &
Natarajan, 2022).

120
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Figure 1. TGA thermogram of PLA/kenaf fiber/GNP foamed bio-composite samples

Table 2 lists the water absorption and thickness swelling of PLA/kenaf fiber foamed samples containing
different GNP loading after short-term (24 h) water immersion. The neat PLA/kenaf fiber foamed sample
exhibited the water absorption and thickness swelling for 12.43% and 4.32%, respectively. The water absorption
of 12.43% was higher when compared to a previous study on PLA reinforced with 20 wt% kenaf fiber (<5% for
24 h) (Abu Hassan, Ahmad, Chen, & Shahdan, 2020), due to the higher kenaf loading used in this study.
Interestingly, the water absorption and swelling values decreased in the nanocomposites with 0.05 phr GNP. This
could be attributed to the GNP acting as an effective barrier, preventing water molecules from penetrating the
PLA matrix (Naveen et al., 2019). Beyond 0.05 phr GNP, the water resistance effect is lesser due to non-uniform
distribution of GNP.

Table 2. Water absorption of PLA/kenaf fiber/GNP foamed bio-composite samples

GNP content (phr) 24 h water absorption (%) 24 h thickness swelling (%)
0 12.43 4.32
0.05 8.32 3.67
0.1 13.13 5.18
0.15 9.37 5.11

Figure 2 shows the SEM micrograph of PLA/kenaf fiber foamed bio-composites (a) without and (b) with
0.05 phr GNP. As observed in Figure 2 (a), some holes are present, and the foam cells are bigger in size. In
contrast, Figure 2 (b) illustrates a more uniform microstructure with no large gaps, showing well interfacial
interaction. With the presence GNP, smaller and perfect round shape foam cells were formed in the
nanocomposite. This observation supports the increased tensile properties results as shown in Table 1.
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Figure 2. SEM micrograph of PLA/kenaf fiber foamed bio-composites

(a) without and (b) with 0.05 phr GNP

CONCLUSION

Bio-composite foams made from PLA, kenaf fiber and GNP were prepared via melt-blending technique. The
inclusion of GNP at 0.05 phr increased the tensile properties and improved the water resistance of PLA/kenaf
fiber bio-composites. However, a small loading of GNP did not significantly affect thermal stability. Future
recommendations include surface modification or treatment and optimization of processing techniques to further
enhance the developed bio-composite foam.
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ABSTRACT

This research investigates the structural and microstructural characteristics of the undoped double perovskite
La2CuTiO6 (LCTO) utilize X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), and field-
emission scanning electron microscopy (FESEM). XRD results confirmed the phase purity and crystal structure
of LCTO, offering detailed insights into its lattice parameters and overall crystallinity. FESEM analysis provided
a detailed view of the material’s microstructure, showing a consistent grain size and morphology, which are
important for determining its physical properties. FTIR spectroscopy was utilized to identify vibrational modes
and bonding configurations, providing a deeper understanding of the local structural features of LCTO. These
comprehensive analyses establish a foundational understanding of the undoped compound's structural stability
and microstructural attributes, which are crucial for its potential use in electronic and dielectric applications.
Keywords: Double perovskite, X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), Field-
emission scanning electron microscopy (FESEM)

INTRODUCTION

This research focuses on the structural and microstructural characteristics of undoped La,CuTiOs
(LCTO), aiming to explore its potential for dielectric applications, an area with limited existing research. The
study addresses the lack of comprehensive understanding of LCTO’s crystallinity, grain morphology, and bonding
structures. While perovskites, including double perovskites, have been extensively studied for various
technological applications, there is limited exploration of La-based perovskites with Cu and Ti (Tsvetkov et al.,
2019). Past studies have emphasized the role of B-site cations in influencing the stability and performance of
perovskite materials (Agarwal et al., 2022), often using X-ray diffraction (XRD) to analyze phase purity (Liu et
al., 2017), field-emission scanning electron microscopy (FESEM) to assess grain size (Sahoo et al., 2023), and
Fourier-transform infrared spectroscopy (FTIR) to investigate bonding configurations and vibrational modes
(Neenu Lekshmi et al., 2014). In this study, XRD, FESEM, and FTIR were utilized to examine the structural and
microstructural properties of LCTO. The findings confirm a well-ordered crystal structure, uniform grain size,
and stable bonding configurations, underscoring LCTO’s potential in electronic and dielectric applications. These
results enhance the understanding of perovskite materials and their future optimization in advanced technologies.

MATERIALS AND METHODS

La,CuTiOs (LCTO) was synthesized using high-purity starting materials, including Lanthanum (III)
oxide (Lay03) from Sigma Aldrich (99.99% purity), and Titanium dioxide (TiO) and Copper (II) oxide (CuO)
from Alfa Aesar (each 99.99% purity). The powders were carefully weighed according to the required
stoichiometric ratios and then mixed thoroughly. This mixture underwent a solid-state reaction process: initially,
it was ground for 1 to 2 hours to ensure a uniform blend. The powders were then calcined at 900°C for 24 hours.
Afterward, the material was ground again and subjected to a second calcination at 1100°C for an additional 24
hours to facilitate phase development. For the characterization of LCTO, X-ray diffraction (XRD) was performed
out utilizing a PAN-analytical Xpert PRO MPD diffractometer with Cu-Ko, radiation (wavelength of 1.5418 A)
in the 26 range from 18 to 90 degrees. Fourier-transform infrared (FTIR) spectroscopy, carried out with a Thermo
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Fisher Nicolet 6700 spectrometer, measured infrared absorption spectra between 400 and 1500 cm™' to investigate
bonding characteristics. Additionally, field-emission scanning electron microscopy (FESEM) with a Hitachi SU
8000 was used to capture high-resolution images of the material's microstructure and surface features.

RESULTS AND DISCUSSIONS

The study of LCTO identifies it as having a single-phase orthorhombic structure with Pnma symmetry,
supported by X-ray diffraction (XRD) results that display clearly defined peaks, indicating excellent crystalline
quality (Li et al., 2023). The lattice parameters are determined as a = 5.616 A, b = 7.860 A, and ¢ = 5.575 A,
resulting in a unit cell volume of 246.112 A3. Although the lattice parameters are largely consistent, there is a
significant increase in the b parameter due to distortion in the TiOs octahedra (Yang et al., 2010). Additionally,
the study observes that bond lengths and angles within the B-site octahedral structure are distorted, with Ti-O
bonds showing variations in length that reflect both elongation and compression. Figure 1 shows the XRD pattern
of LCTO.

Intensity (a.u.)

W

30 40 50 60 70 80
20 (degree)

Figure 1. X-ray diffraction (XRD) pattern of LCTO

In the FTIR spectrum of LCTO, a significant absorption peak is observed around 590.14 cm’!. This peak
is linked to the symmetric stretching vibrations of the CuOg and TiOg octahedra. The peak's position is affected
by the higher oxidation states of Cu?* and Ti*', which alter the vibrational frequencies of these octahedral units
within the perovskite lattice (Parida et al., 2019). The detection of this peak supports the presence of these
octahedra in the material and aligns with the expected FTIR features of perovskite compounds, confirming that
LCTO retains its perovskite structure.
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Figure 2. Fourier-transform infrared (FTIR) pattern of LCTO
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The FESEM examination of LCTO indicates that the particles are irregular and vary in size, often
clustering together, which is likely due to the high preparation temperature. The grain size of LCTO is relatively
small, possibly related to reduced structural distortion and lower grain boundary energy. These characteristics can
affect nucleation rates and enhance diffusion, making the material suitable for applications requiring efficient ion
or electron transport, such as solid oxide fuel cells. Figure 3 shows the FESEM image of LCTO.

Figure 3. FESEM image of LCTO

CONCLUSION

The examination of LCTO confirms that it maintains a perovskite structure with lattice parameters of a
=5.616 A,b=7.860 A, and c = 5.575 A, and identifies CuOg and TiOs octahedra through an FTIR peak at 590.14
cm!l. However, FESEM analysis reveals problems with small grain sizes and particle aggregation, which are
likely due to high preparation temperatures. While the structural stability aligns with theoretical expectations,
these practical issues may impact the material’s performance. To improve the effectiveness of La,CuTiOs in
applications such as solid oxide fuel cells, it is advisable to adjust the synthesis conditions to better manage grain
size and reduce clustering.
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ABSTRACT

In the present study, a series of composite gypsum were fabricated using a conventional method by incorporating
different sizes of banana trunk fibers with sizes of 38 um, 63 um, 125 pum, and 250 pm into the gypsum matrix.
The elemental traces and compressive strength of gypsum containing different sizes of banana trunk fibers were
determined using a Scanning Electron Microscopy equipped with Energy-dispersive X-ray (EDX) Spectroscopy
and a Universal Mechanical Testing machine. The EDX spectra reveal the emergence of C (carbon), O (oxygen),
S (sulfur), Ca (calcium), Mg (magnesium), Si (silicon), P (phosphorus), K (potassium), and Na (sodium) elements.
Meanwhile, the mechanical testing shows the compressive strength of composite gypsum varied from 1.771 MPa
to 11.278 MPa. Variation in compressive strength of composite gypsum was affected by the size of banana trunk
fiber modified the fiber spacings and load transfer mechanism in the gypsum matrix.

Keywords: Gypsum, banana trunk, organic fibers, compressive strength, cracks

INTRODUCTION

Nowadays, composite materials utilize raw materials to extract lignocellulosic fibers from various
sources such as fruits, seeds, stems, leaves, lianas, pseudo-trunks, and roots [1]. A banana plant is categorized as
a colossal herb that arises from an underground stem to form a trunk with a certain height of approximately 3- to
6-meters. It is composed of several main parts such as a stem or trunk, fruits, and leaves. The banana trunk is also
known as pseudostem, in which the formation is facilitated by tightly packed overlapping leaf sheats [2]. The
mass production of bananas yields a vast amount of pseudo-stem waste and generates a major agro-waste problem
and an environmental issue. Therefore, an alternative to manage the arising issues related to banana pseudo-stem
is vital to pursue [3]. Composite is a type of material that is made of two or more constituent materials consisting
of matrix and reinforcement that exhibit different physical or chemical properties that generates new material with
significant features that are different from the individual component [2].

The development of industrial sectors expanding the application of various fiber-reinforced
composites. The possible applications of fibers become wide due to the generation of new fibers that possess high
performance, low-cost production, and beneficial features that can enhance the properties of existing composites.
Organic fibers attract attention among researchers due to their advantages of being environmentally friendly,
renewable resources, recyclable, and satisfying the requirement of green building rating systems that enable them
to be used as construction materials [4]. Gypsum products are unique and are based chemically on calcium sulfate
hemihydrate CaSO4.2H,0. However, the strength of gypsum products depends on several factors such as the
water/powder ratio, additive materials, mixing time et cetera [6]. Developing gypsum composites containing
natural fibers emerges as an alternative to address environmental issues related to carbon dioxide emissions from
synthetic fiber production contributing to the positive aspects since it can enhance the mechanical, thermal, and
acoustic properties [5]. Therefore, the aim of this study is to use banana trunk fibers as reinforcement agents in
gypsum to enhance the mechanical properties of final products.

MATERIALS AND METHODS

Extraction of Fibers

Banana trunks were obtained from Kota Kinabalu, Sabah, Malaysia. At the initial stage, the banana
trunks were cut into a specific dimension of 30 cm - 15 cm (length x width). Then, the outer cortical region of the
banana trunks was removed manually. This process was followed with the removal of the flesh part of the banana

215
3" Applied Sciences Research International Conference 2024 (ASRIC2024)



trunks using a semi-sharp knife to obtain banana trunk fibers in a bulk form. Next, sodium hydroxide (4 wt%
NaOH) was used for alkaline treatment to facilitate the removal of lignin and hemicellulose. The chemical
treatment was performed in a round bottom flask and subject to the stirring process for a duration of two hours.
After that, the banana trunk bulk fibers were subjected to the drying process. Then, the banana trunk bulk fibers
were rinsed using distilled water several times and subjected to the drying process under sunlight. Finally, the
banana trunk bulk fibers were subjected to a milling and sieving process (Sieving set/ RX-29 (Tyler USA)) to
obtain distinctive sizes of fine fibers in the range of 38 pm, 63 pm, 125 pm, and 250 um.

Fabrication and Characterization of Samples

The sample without banana trunk fibers was prepared using 25 g gypsum powder (Sigma Aldrich) and
15 ml distilled water. Meanwhile, the sample with banana trunk fibers was prepared using 24.25 g gypsum
powder, 0.75 g banana trunk fibers, and 15 ml distilled water. The weight of all constituent powders was measured
by using analytical balance. All the ingredients and distilled water were mixed and stirred to attain homogeneous
mixtures. After that, the mixtures were poured into the mould and subjected to a drying process with a duration
of 4 hours under the sunlight. Then, the samples were subjected to structural and mechanical testing. The
elemental traces were performed using HITACHI S-3400. The mechanical properties of samples were determined
by using a Universal Mechanical Testing Machine (Gotech/ai-70001I-10/fritsch/pulversette14). The compressive
strength of each sample was evaluated by using the following equation [7];

, Load (N)
Compressive strength = ——————— |
p 9 Surface area (mm?2) ( )
The compressive strength enhancement factor was calculated as follows.
Compressive strength o sum with organic fibers
Enhancement factor = i gth of 9yp ganicf (2)

Compressive strength of gypsum without organic fibers

RESULTS AND DISCUSSION

Structural Properties

Figure 1 shows EDX spectra of gypsum containing banana trunk fibers with a size of 125 pm reflecting
the emergence of C (carbon), O (oxygen), S (sulfur), Ca (calcium), Mg (magnesium), Si (silicon), P (phosphorus),
K (potassium), and Na (sodium). All elements detected from EDX and their respective weight percentages and
atomic percentages are summarized in Table 1. The inset in Figure 1 manifests gypsum containing banana trunk
fibers in powder form. The gypsum crystals exhibit a tabular cleavage making it to appear like a fine slivers [10].

CRsfey . i . MESPT—— . _
'11, i

83

Figure 1. EDX spectra of gypsum plaster containing banana trunk fibers. Inset shows the SEM image of
gypsum plaster containing banana trunk fibers
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Table 1. EDX elemental traces of gypsum containing organic fibers

Element Series Weight (%) Atomic (%)
Carbon K-series 1.64 3.11
Oxygen K-series 44.01 62.66
Sulfur K-series 21.59 15.34
Calcium K-series 31.55 17.93
Magnesium K-series 0.16 0.15
Silicon K-series 0.22 0.18
Phosphorus K-series 0.54 0.40
Potassium K-series 0.11 0.07
Sodium K-series 0.17 0.17

Mechanical Properties

Table 2 shows variations in the compressive strength of gypsum containing different sizes of banana
trunk fibers. It can be observed that the incorporation of a smaller size of banana trunk fibers with a size of 38 pm
and 63 pm (PPBT38 and PPBT63 samples) into the gypsum matrix decreases the compressive strength from 5.498
MPa to 1.771 MPa and 4.838 MPa. The decrease in compressive is due to the large fiber spacing that lowers the
transferring loads efficiency. In addition, the small size of banana trunk fibers causes impairment to the crystal
lap structure inside the gypsum matrix and reduces the gypsum strength [9].

Meanwhile, the incorporation of a bigger size of banana trunk fibers with a size of 125 pm and 250 um
(PPBT125 and PPBT250 samples) into the gypsum matrix elevates the compressive strength to 11.278 MPa and
10.762 MPa with a significant enhancement factor of 2.05 and 1.96, respectively. A significant increase in
compressive strength of gypsum with the incorporation of bigger size of banana trunk fibers due to the short
distance between fibers and even distribution of fibers in the gypsum matrix. In this view, the applied force was
transferred to the fibers and distributed to the matrix between the fibers. Therefore, stress concentration can be
reduced [9].

Table 2. Compressive strength of gypsum with varying sizes of banana trunk fibers

Sample code Compressive strength (MPa) | Enhancement factor

PP 5.498 1.00

PPBT38 1.771 0.32

PPBT63 4.838 0.88

PPBT125 11.278 2.05

PPBT250 10.762 1.96
CONCLUSION

The incorporation of banana trunk fibers with distinct sizes into the gypsum matrix significantly alters
the compressive strength of composite gypsum. The current findings show that the tiny banana trunk fibers of
sizes 38 um and 63 pm weakened the gypsum structure due to the generation of larger fiber spacing. Meanwhile,
the incorporation of bigger banana trunk fibers of sizes 125 pm and 250 um strengthened the gypsum structure.
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ABSTRACT

This study explores the potential to amplify and extend the generation of intracavity-squeezed light across the
fourth harmonic frequency using a dual-octave system composed of multichannel nonlinear waveguides. The
Hamiltonian of the model is solved using the phase space P representation. The results demonstrate that the model
successfully amplifies and extends the frequency range of the squeezed light. This highlights the potential of
dual-octave multichannel waveguides as a promising candidate for advancements in quantum optics and photonic
technology.

Keywords: quantum optics; squeezed light; quantum noise; harmonic generation; positive-P representation.

INTRODUCTION

The application of squeezed light is immensely significant in quantum optics, with various applications
such as quantum imaging [1], gravitational wave detector [2, 3], optical communication [4], and quantum
teleportation [5]. One of the simplest yet most effective sources for generating squeezed light involves the use of
nonlinear waveguides in various configurations and interactions [6]. In this paper, we explore the potential for
extending the range of squeezing to the fourth harmonic frequency using multichannel nonlinear waveguides a,
b, c, and d operating under second-order nonlinearity to facilitate harmonic generation. These waveguides are
designed as a dual octave system, each comprising multichannel waveguides with similar properties enhanced by
cavity mirrors.

MATHEMATICAL ASPECT
The Hamiltonian describing our proposed model can be written as,
A . 3 A A A A A
H:zhzj:l{HQ+H1+Hk+Hg+ r} @
H,=0Q, (&n&n +h'h, +¢'é, + c?’jé’n) @)

[:Il _ %[}((&Izdml &j&:+l)+(l;:2£n+l - Aij:+l)+(5”CAM —C2CAZH)+<dT2d,H1 —&332‘“ )} ®
A =k (ané,j vhat+acivea vad +cin&;) @)

A = (gndz ~&d, ) + (gnl;; —&'b ) + (6‘,152 ~&é, ) + (gnc;’z ~¢ld, ) (5)

A, =(a,T1+4'T, )+ (b ' +5'T ) (eI +elr,) +(a7nri - a?jF,,) (6)

A

where 7 denoted the reduced Planck constant. =~ Q describe the free Hamiltonian with coefficient

AT A (47 AT A AT s
a,d, ’b" b” »CaCo ’d" d" being the bosonic operator for the input fields in the channels a, b, ¢, and d, where n =

A

. . H .
1, 2, 3 represent the field at the first Q;, second €, and fourth Q3 harmonic frequencies. ~~ % describe the

A

nonlinear Hamiltonian with y denoted the nonlinear coupling of the quadratic nonlinearity ¥?. Furthermore, = ¥
gives the coupling Hamiltonian between the channel waveguides respectively. The external pumping fields from
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A A

the cavity mirror and cavity lose are modelled through Hamiltonian HS and HF' We obtain the master equation
of the Hamiltonian following the Von-Neumann equation of motion by the application of the positive P
representation, the Fokker-Planck Equation (FPE) is derived. In the positive P representation, the resulting FPE
can be directly converted to its corresponding Stochastic Differential Equation (SDE) using Ito Calculus. We
develop a program using the fourth-order Runge Kutta method to solve the SDE over 10° stochastic trajectories
in MATLAB. Accordingly, the squeezing of the system is investigated by using;

S, =4<(Af()2>—1§0; s, =4<(A?)2>—1so (7)

A~

)?:(A+21T)/2 Y=(21—21T)/2i 8)

RESULTS

Figure 1 shows the generation of the squeezed light in the system. The squeezing effects are observed in
both the X and Y quadrature, labelled as Sx and Sy in Figure 1, respectively. The generation scheme involves
coherent initialization in channel a and vacuum initialization in the other channels. Figure 1(a) shows strong
squeezing in the Y quadrature. While strong squeezing is only observed in the Y quadrature for the first harmonic,
both quadrature variances exhibit squeezing in the second (Figure 1(b)) and fourth (Figure 1(c)) harmonic
generations. For the first and second harmonics, squeezing appears early in the quadrature evolution, while it
takes more time for the fourth harmonic fields to develop stronger squeezing. With cavity support, we observed
that both the first and second harmonics undergo amplitude squeezing magnification by a factor of 103, while the
fourth harmonic achieves up to 10* squeezing amplification.
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Figure 1. Squeezed light in channel a. (a) First Harmonic, (b) Second Harmonic, and (c) Fourth Harmonic
frequencies.

CONCLUSION

The possibility of amplifying and extending intracavity-squeezed light generation across the fourth
harmonic frequency using a dual-octave system of multichannel nonlinear waveguides has been studied. The
system can generate strong squeezed light in the first, second, and fourth harmonic frequencies. The first and
second harmonics showed squeezing amplification by a factor of 103, while the fourth harmonic reached up to
10*. This system shows promise for enhancing quantum optical applications.

ACKNOWLEDGEMENT

This study was funded by a Fundamental Research Grant Scheme (FRGS/1/2021/STG07/02/4) from the
Ministry of Higher Education Malaysia.

REFERENCES

J. L. O. Brien and J. L. O. Brien, “Optical Quantum Computing,” vol. 1567, no. 2007, 2014, doi:
10.1126/science.1142892.

M. S. M. Hanafi, A.-A. M. A. Ibrahim, R. Julius, and P. K. Choudhury, “Squeezed Light Generation in Three-
Channel Nonlinear Coupler with Second-Harmonic Generation and Frequency Mismatch,” J. Phys.
Conf. Ser.,2022, doi: 10.1088/1742-6596/2411/1/012021.

R. Julius and A. B. M. A. Ibrahim, “Squeezing over Two Octaves of Frequency Difference with Second
Harmonic” J. Phys. Conf. Ser.,2022, doi: 10.1088/1742-6596/2411/1/012022.

R. Julius et al., “Single- and compound-mode squeezing in nonlinear coupler with frequency mismatch,” J.
Electromagn. Waves Appl., vol. 0, no. 0, pp. 1-15, 2019, doi: 10.1080/09205071.2019.1702591.

M. K. Olsen, “Entanglement and asymmetric steering over two octaves of frequency difference,” vol. 063839,
pp- 1-6, 2017, doi: 10.1103/PhysRevA.96.063839.

R. Julius et al., “Sub-Poissonian photon squeezing and entanglement in optical chain second harmonic
generation,” J. Mod. Opt., 2019, doi: 10.1080/09500340.2019.1603408.

221



3R? Applied Sciences Research International Conference ASP[ ‘:C
(ASRIC2024) é

INVESTIGATION OF NEMS CARBON NANOTUBE BASED FIXED-
FIXED BEAM STRUCTURE BY USING NANOHUB SIMULATION
Wan Nur Shamila Binti Wan Saimi', Farah Liyana Binti Muhammad Khir**

School of Physics & Materials Studies, Faculty of Applied Sciences, Universiti Teknologi MARA (UiTM), Shah
Alam

shamilasaimiOl@gmail.com,* farah668@uitm.edu.my

ABSTRACT

This study aims to simulate the pull-in voltage behavior of fixed-fixed beams for NEMS applications in switch
by using NanoHUB Simulation. The simulation focuses on parameters such as beam length to observe the pull-
in voltage behavior and to investigate the influence of van der Waals forces on the pull-in voltage of these beams.
In order to validate the results, we compare the bending behavior with findings from previous research. We have
found that the simulation is successful where we can see the bending behavior when we increase the beam length,
but the simulation is not successful for the lowest and highest beam length as there is no bending behavior. For
future recommendations, we suggest that other parameters such as initial gap can be used to investigate the pull-
in voltage behavior of fixed-fixed beams for NEMS applications in switch.

Keywords: Fixed-fixed beam, carbon nanotube NEMS, pull-in voltage

INTRODUCTION

Nanoelectromechanical systems (NEMS) include nanometer-sized switches, actuators, and sensors. This
paper focuses only on carbon nanotubes-based NEMS switches, which are essential for designing random access
memory and communication networks with high frequency and fast switching speed (Dequesnes, 2002). Pull-in
voltage characteristics of nanostructures in different working conditions affect device performance and reliability.
Nano structures experience an attractive force that can cause mechanical instability near their pull-in voltage.
Understanding this behavior optimizes design parameters, prevents failure, and boosts the NEMS efficiency.
Researchers can develop more robust and efficient NEMS by studying pull-in voltage with parameter changes. In
this study, we propose a varying beam parameter focusing on beam length for the simulation of fixed—fixed beam
for carbon nanotubes-based NEMS switches.

The carbon nanotubes-based NEMS switches structure consists of a beam and ground plane. The beam
will be deflected once a voltage is applied between the beam and ground plane. When the beam has been deflected,
there would be a reaction on the existing electric field that exists between the beam and ground plane enhancing
the distribution of charges (Sankar et al., 2013). Van der Waals forces would deflect the beam aside from the
applied voltage, but the effect of this force depends on the gap between the beam and the ground plane. The
deflection forces are countered by elastic forces that try to return the beam to its original position, in agreement
with the Newton 3™ Law. When the potential difference between the beam and the ground plane exceeds a critical
value, the beam becomes unstable and collapses onto the ground plane (Yang et al., 2008). The potential which
causes the beam to collapse onto the ground plane is defined as pull-in voltage. After applying the pull-in voltage,
the beam and ground plane make a contact and result to be turned ON (Mahdi et al., 2021). However, if the beam
and ground plane are no longer in contact, this indicates that the device is OFF (here, pull-in voltage is not applied
to the beam).

In this study, we focus on the simulation via NanoHUB software. Here, we investigate the pull-in
behavior of a fixed-fixed beam as a carbon nanotubes-based NEMS switches. The results obtained from varying
the beam length by comparing it with other research work were analyzed systematically. From the simulation, a
basic finding regarding the simulated carbon nanotubes-based NEMS switches will be used to understand the
effect of pull-in behavior exhibited by the device.

MATERIALS AND METHODS

The study involved a simulation performed by using a freeware known as NanoHUB. The selection of
the carbon nanotube-based NEMS switches for fixed-fixed beam can be found under “Carbon nanotube based
fixed-fixed NEMS". The structure of carbon nanotube-based NEMS switch is shown as in Figure 1.
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Figure 1. Carbon nanotube-based NEMS switch structure

Here, the simulations were repeated four times with various beam lengths as shown in Table 1.

Table 1. Parameters of carbon nanotube-based NEMS switch for fixed-fixed beam

Length (nm) Diameter (nm) Initial Gap (nm) References

50.00 2.00 4.00 Dequesnes et al., 2002
80.00 2.00 4.00 Dequesnes et al., 2002
1.00 2.00 4.00 My work

3000.00 2.00 4.00 My work

RESULTS AND DISCUSSION

The fixed-fixed beam of the carbon nanotubes-based NEMS switches was investigated with applied
voltage range between 0-20V. Table 2 shows the simulation results based on the parameters mentioned previously
in the methodology section.

Table 2. Pull-in voltage of carbon nanotube-based NEMS switches for fixed-fixed beam

Length (| Diamet | Initial Pull-in Pull-in Voltage | Pull-in Pull-in  Voltage | References
nm) er(nm) | Gap Voltage | obtained from | Voltage obtained from
(nm) (with simulation (without | simulation
vdw) (with vdw) (V) | vdw) (without vdw) (V)
%) V)
50.00 2.00 4.00 6.20* 6.75 6.30* 6.95 Dequesnes et
al., 2002
80.00 2.00 4.00 2.20* 2.20 Not 2.70 Dequesnes et
stated al., 2002

1.00 2.00 4.00 Not in range My work

3000.00 | 2.00 4.00 Not in range My work

*Results obtained from (Dequesnes et al., 2002)
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For the simulation of 50 nm beam length, our observation shows that the pull-in voltage with van der
Waals forces is 6.75 V in comparison with (Dequesnes et al., 2002) where the pull-in voltage obtained was 6.20
V. It is suggested that the discrepancy between these works may result from different simulation tools with
different commands in terms of parameters. Interestingly, the pull-in voltage without van der Waals forces
increase to 6.95 V in comparison with (Dequesnes et al., 2002) where the pull-in voltage value was 6.30 V. From
our observation, both pull-in voltage with and without van der Waals forces resulted in significant amounts of
differences in voltage.

The simulation for 80 nm length shows that the pull-in voltage with van der Waals forces obtained was
2.20V, in agreement with the results performed by (Dequesnes et al., 2002) study. However, the pull-in voltage
without van der Waals forces from previous study was not stated in their study. Thus, for future work, it is
recommended to further investigate the effect of length by referencing more work from other researchers.

The simulation of 1 nm length was conducted since to further investigate the pull-in voltage for the
smallest length of the structure. Here, the pull-in voltage with and without van der Waals were not obtained. The
simulation was also conducted for the highest value of length (3000 nm) that can be included in NanoHUB
simulation. The results shows that there was no pull-in voltage from the simulation. We suggest that the NanoHUB
simulation has limitations in terms of length. Table 2 systematically shows a visualization of a deflected beams
obtained from our simulation results.

Table 2. The pull-in behavior of carbon nanotubes based fixed-fixed NEMS switches

Parameter

Simulation result

Pull-in Voltage (V)

Reference

Length =50 nm
Diameter = 2 nm
Initial gap =4 nm

i il

4
wiags [

Dequesnes et al.,
2002

(a) (b)
Length = 80 nm = Dequesnes et al.,
Diameter =2 nm | _\\‘\ ) 2002
Initial gap = 4 nm | A1 -3
¥ | 1 §
i ] " \
i
- "
TE A
(©) (d)
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Length=1 nm i " -r My work
Diameter = 2 nm
Initial gap =4 nm .z
§
© 6)
Length = 3000 ) el bbb ot e e el T My work
nm !
Diameter =2 nm |
Initial gap = 4 nm | = i
o
I
I
(8) (h)

CONCLUSION

In this paper the pull-in behavior of the carbon nanotubes based fixed-fixed NEMS switches is presented.
The result is successful when compare with other research work. Here, when the length is increased to an optimum
value, the pull-in voltage will decrease. However, the simulation is not successful for the lowest and highest beam
length as there is no bending behavior observed via the simulation plot. Thus, NanoHUB simulation software is
capable of investigating the pull-in behavior of a fixed-fixed beam but with a limitation in terms of the length
value. Further investigation is suggested to monitor the effect of length by referencing more work from other
researchers.
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ABSTRACT

Electron Spin Resonance (ESR) spectroscopy is a technique employed to investigate molecules that contain
unpaired electrons and a resonator is used for excitation and detection of the ESR signals. Here, the design for a
cylindrical dielectric resonator (DR) based on erbium-doped borotellurite glass-ceramics enclosed in an
aluminium cylindrical conducting cavity is simulated for X band ESR experiments. To that end, we have measured
the dielectric constant and dielectric loss and based on the measurement, we simulated the DR design for operation
at around 9 GHz.

Keywords: Dielectric resonator, erbium-doped borotellurite, microwave, X band, dielectric constant, dielectric
loss, resonant cavity perturbation, quality factor

INTRODUCTION

Electron Spin Resonance (ESR) or Electron Paramagnetic Resonance (EPR) involves the excitation of
unpaired electrons, with an energy splitting caused by the Zeeman effect. ESR spectroscopy uses resonators to
detect and excite such paramagnetic substances, i.e. radical species in an external magnetic field, via microwave
absorption. Applications of ESR include tracking electrical transport changes in quantum tunneling/interactions,
spin-dependent photoluminescence for spin dynamics, and scanning probe techniques for materials science and
biology [1]. Quantum computing also uses resonators to couple qubits, enhance readout sensitivity, and control
the qubit quantum state. Some of the commonly used resonator designs are cylindrical cavity, rectangular cavity
or re-entrant, stripline [2] and dielectric resonator (DR), where the microwave magnetic component aligns
perpendicularly to the externally applied field.

ESR spectrometers are typically used in X band and higher frequencies, such as Q band (34 GHz) [3]
and W band (95 GHz) [4]. Researches show resonant frequencies of DR are determined by their dimensions and
dielectric properties [5-7], e.g. for a specific frequency, the resonator can be designed to have different dimensions
depending on its dielectric constant [6,7]. Small DRs based on materials with high dielectric constant have an
added benefit for small-sized applications, e.g. mobile communications and satellites. Typical dielectric materials
used for resonators are rexolite (¢" = 2.53 and tan 6 = 6.0 x 10" measured at 10 GHz), ease for
machining/fabrication [8], rutile (¢"= 80 to 100) [9], and alumina (¢" = 9.8 to 10.2), which offers good dielectric
constant performance.

In this work, we investigate erbium-doped borotellurite glass-ceramics as the dielectric material for an
ESR resonator at X band frequency, housed in a cylindrical aluminium conducting cavity and coupled with iris
holes to facilitate microwave signal propagation. A through hole at the top of DR accommodates a quartz tube
sample holder, ensuring precise sample placement at the highest induced microwave magnetic field. In the
following sections, we explained the experimental works and simulation results.
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DIELECTRIC PROPERTIES MEASUREMENT OF ERBIUM-DOPED
BOROTELLURITE GLASS-CERAMICS

There are several techniques to measure the dielectric properties. Reference [10] proposed transmission-
reflection technique that requires full S-parameter measurement for waveguides or coaxial lines. The free-space
technique involved the use of wide-open spaces in the experimental setup [11], and the open-probe technique used
flattened and solidified samples [12]. For cylindrical rod samples, the resonant cavity perturbation technique is
typically used [13-15].

To determine the dielectric properties, " = ¢ — ic' [16], we employed the resonant cavity perturbation
technique using Q-factor extraction method by taking in account the shifts in resonant frequencies, 4f,and inverse

of quality factors, 4 (%) for real part, ¢ and imaginary part, € of complex permittivities [17]:

e = —chﬁ;f) +1 [1]
=G G 2]

2617 (fe=fs) Qs
where f., fs, Oc, Os, Ve, and Vi are resonant frequenmes, quality factors, and volumes for unloaded and
loaded cavities, respectively.

For our TEo; mode cavity resonator, we designed WR-90 waveguide with 8 mm iris holes placed at both
ends to create standing waves at resonant frequency, f, = 8.12 GHz for the unloaded cavity (see Fig. 1). The Fig.
2 cavity resonator shows the dimension of the resonator: 22.86 mm (width) x 10.16 mm (height) x 30 mm (length).
A 2 mm sample hole at the cavity's center was drilled to ensure the interactions onto sample at the maximum
concentrated electric field [18]. Finite Element Method (FEM) simulation (Ansys HFSS) was used to simulate
the cavity resonators, as shown in Fig. 1. Measurements are conducted using scalar network analyzer, (Signal
Hound USB-TG124A and USB-SA124B) to measure the insertion loss.
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Figure. 1. Simulation design for rectangular cavity resonator, with @ =22.86 mm, » = 10.16 mm and d = 30
mm.

Figure. 2. Rectangular cavity resonator (left) and borotellurite sample (right).

To verify the perturbation technique is accurate, simulation was done and the results was used with Eqn.
(1) and (2). The result shows a 6.22 % error for dielectric constant of an alumina sample compared to the reference
values in the simulation. The contributing factors are most likely due to the Q-factor extraction method and
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simulation accuracy. Hence, the alumina sample is determined to have a dielectric constant, " = 8.59 + 6 %. The
dielectric loss of the sample is tan 0 = 9.504 x 1074+ 17 %.

For erbium-doped borotellurite glass-ceramics, the resonant frequency for unloaded cavity, f,=8.12 GHz
shifted to f,=7.039 GHz after the insertion of the sample. Thus, the dielectric constant was determined using Eqn.
1 where €" = 17.73 £ 6 %. Fig. 3 also shows the Sy peak of -17.12 dB for unloaded cavity with a narrow linewidth
of 15.7 MHz. After the sample insertion, the S peak reduced to -36.60 dB with a broader linewidth of 20.7 MHz.
Consequently, the O-factor decreased from 517.6 (unloaded) to 339.9 (loaded), resulting in the dielectric loss, tan
6=2.289 x 10" £ 17 %, which is significantly determined by its quality factors, as expressed in Eqn. 2 [19].
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Figure. 3. Unloaded and loaded cavities between SNA experimental results with simulated results.

DESIGN AND SIMULATION OF DIELECTRIC RESONATOR USING ERBIUM-
DOPED BOROTELLURITE GLASS-CERAMICS

A cylindrical DR made of borotellurite (¢" = 17.73 £ 6 %, tan § = 2.289 x 1074 +17 %) with dimensions:
6 mm (radius) x 7.2 mm (height), operating at f, = 8.395 GHz, being placed inside an aluminium cavity (25 mm
radius X 30 mm height). TEM mode was confirmed to be TEy; mode using FEM simulation. A 4 mm diameter
quartz tube holds the sample to provide a high filling factor. The simulated results in Fig. 4, shows waveguide
adapters of X band dimensions 22.86 mm (width) x 10.16 mm (height) connecting on both sides, directing the
electromagnetic waves into and out of the cavity. Fig. 4 also shows the S, peak of -6.076 dB for unloaded cavity,
reduced to -7.578 dB after the sample insertion.
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Figure. 4. Proposed simulation design for cylindrical DR (left) and simulated results for loaded and unloaded
cavities (right).

CONCLUSION

This project aims to design a DR using erbium-doped borotellurite glass ceramics, with higher dielectric
constant than alumina, in order to enhance the concentration of the induced magnetic field for ESR signal
detection at X band frequencies while also reducing the overall size of the DR. A comparative study of dielectric
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properties between alumina and borotellurite was conducted. We found that alumina has ¢ = 8.59 £ 6 % and tan
6 =9.504 x 10" £ 17 %, determined through the resonant cavity perturbation technique with Q-factor extraction,
whereas borotellurite has a dielectric constant of 17.73 & 6 % and a dielectric loss of 2.289 x10™* & 17 %. Using
borotellurite, we have designed and simulated the DR and it was found to resonate at 8.395 GHz. The next phase
of the project involves fabricating designs and conducting cavity for ESR signal detection.
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ABSTRACT

Lithium-ion capacitors (LICs) are hybrid energy storage devices that merge the high energy density of lithium-ion
batteries with the high-power density and long cycle life of supercapacitors. This study investigates the
electrochemical performance of LICs using both asymmetric and symmetric electrode configurations. In
asymmetric LICs, different materials are used for the anode and cathode, typically pairing a battery-type anode
like MCMB with a capacitor-type cathode such as activated carbon. In contrast, symmetric LICs use the same
material for both electrodes; in this study, Nano Fiber Graphene (PGNF) and activated carbon (AC) were utilized.
The research involved preparing positive and negative electrodes using various carbon-based materials and
assembling LICs with four different combinations of these electrodes. The samples were labeled as follows: sample
I (MCMB and AC), sample II (AC and AC), sample III (PGNF and AC), and sample IV (PGNF and PGNF). All
samples underwent cyclic voltammetry to assess their electrochemical properties. The results showed that sample
IIT exhibited the highest capacitance and energy density, with values of 50.3 F/g and 15.72 Wh/kg, respectively,
outperforming the other samples. Additionally, the study found that asymmetric LICs generally provide higher
energy density than symmetric LICs. These results suggest that combining PGNF as an anode with AC as a cathode
in an asymmetric configuration can significantly enhance the energy storage capacity of LICs while maintaining
a reasonable power density.

Keywords: Lithium-ion capacitors, asymmetric electrode, symmetric electrode, energy density, Nano Fiber
Graphene (PGNF)

INTRODUCTION

Lithium-ion capacitors (LICs) are hybrid energy storage devices that combine the high energy density of
lithium-ion batteries with the high-power density and long cycle life of supercapacitors (Naoi & Simon, 2008).
This unique combination makes LICs suitable for various applications, including electric vehicles, portable
electronics, and renewable energy systems. The performance of LICs is heavily influenced by the configuration of
their electrodes, which can be either asymmetric or symmetric.In an asymmetric configuration, different materials
are used for the anode and cathode, typically combining a battery-type anode, such as mesocarbon microbeads
(MCMB), with a capacitor-type cathode, like activated carbon (Amatucci & Badway, 2003). This setup is designed
to optimize energy density by leveraging the strengths of both materials. On the other hand, a symmetric LIC uses
the same material for both electrodes, often resulting in better power density and cycle stability (Miller & Simon,
2008). Materials such as activated carbon (AC) are commonly used in symmetric configurations to maintain
balance and uniformity in the electrochemical processes (Pandolfo & Hollenkamp, 2006). This study focuses on
evaluating the electrochemical performance of LICs using both asymmetric and symmetric electrode
configurations. For asymmetric LICs, different materials were selected for the anode and cathode, specifically
using MCMB as the anode material, which allows for lithium-ion intercalation, and AC as the cathode material,
which offers a high surface area for electrostatic charge storage. To explore symmetric configurations, materials
such as PGNF and AC were employed. The study compares the performance of these LICs by preparing four
distinct electrode combinations: Sample I (MCMB and AC), Sample II (AC and AC), Sample III (PGNF and AC),
and Sample IV (PGNF and PGNF). The results of the study showed that Sample III (PGNF and AC) exhibited the
highest performance. Furthermore, the study confirmed that asymmetric LICs generally provide higher energy
density compared to symmetric LICs. However, symmetric LICs demonstrated superior power density and cycle
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stability, making them more suitable for applications requiring rapid charge/discharge cycles and long-term
durability. The findings of this study will contribute to the ongoing development of optimized LIC designs tailored
for specific energy storage applications (Zhang & Zhao, 2009).

MATERIALS AND METHODS

This research aims to examine how changes in cathode and anode materials affect the electrochemical
properties of lithium-ion capacitors. Typically, commercial lithium-ion capacitors use MCMB for the negative
electrode and activated carbon for the positive electrode. This standard combination will serve as a reference
sample. To enhance the capacitance of the cell, 20% by weight of Lithium Iron Phosphate (LiFePO4) will be added
to the positive electrode. The experiment begins by preparing the positive and negative electrodes. Table 1 helps
in understanding how variations in electrode materials and their masses might affect the performance of lithium-
ion capacitors.

Table 1. Mass and composition of material for positive and negative electrode

Sample I II I v
Negativ | Positive Negativ | Positive | Negativ | Positive | Negative | Positiv
e electrode | e electrode | e electrod | electrod | e
electrod | material electro | material | electrod | e e electro
e de e material | material | de
material materia materia materia
1 1 1
Material MCMB | AC+ AC AC + PGNF AC + PGNF PGNF+
LiFePOy4 LiFePOq, LiFePO LiFePO
4 4
Mass 0.0245 0.0286 0.0255 | 0.0309 0.0254 | 0.0319 0.0251 0.0298

This column lists the identifiers for each sample, labeled as I, II, III and IV. All samples use activated
carbon (AC) or pristine graphene nanoflakes (PGNF) as positive electrodes. Meanwhile, negative electrode
materials vary between Mesocarbon Microbeads (MCMB) and PGNF across different samples.

Each electrode was assembled into Teflon cells inside a glove box, utilizing a 1M LiPFs electrolyte
(Ethylene Carbonate-Dimethyl Carbonate EC-DMC) and a polypropylene (PP) separator. This setup was then
replicated by incorporating 20% LiFePOs into the positive electrode of each sample. Negative electrodes include
arange of materials such as MCMB, AC, and PGNF. By changing the negative electrode materials and the amount
of LiFePOs, the table aims to assess the impact of these variations on the performance of the energy density
lithium-ion capacitors.

RESULTS AND DISCUSSION

Figure 1 below shows a combination of cyclic voltammetry curves for four samples of Lithium-ion
capacitors by using a different combination of positive and negative material. LiFePO4 is added to the positive
electrode in each sample to assess their electrochemical properties. From this CV curve, sample III (red color) gets
a wider curve compared to other samples.
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Figure 1. Cyclic Voltammetry curve for (Sample I) SIB, (Sample III) SIIIB and (Sample IV) SIVB. The scan
rate for each sample is 5SmV/s with cut of potential 2-3.5V

Table 2. Data Analysis for sample adding 20% of LiFePO4

Sample MCMB_A | AC_ AC | PGNF_AC | PGNF_PGNF
¢ 11 I v
I
Scan Rate SmV/s SmV/s 5mV/s SmV/s
Current (50mA/g) 0.00237 0.0006 0.0036 0.00091
Capacitance (F) 0.4741 0.1098 0.72036 0.18279
Total Mass LIC (g) 0.0531 0.0564 0.0573 0.0549

Specific Capacitance (F/g)
35.71406 7.7844 50.2869 13.31818

Energy Density (Wh/g)
11.16065 2.4326 15.7147 4.16193

Table 2 shows that sample III obtains the higher result of energy density which is 15.7147 Wh/kg
compared to other samples. This result may be considered as a higher energy density because the value is more
than 10Wh/kg. This is because of the unique structural atom of PGNF (asad ali et.al, 2022). It helps to improve
the Solid Electrolyte Interface (SEI) layer that may usually occur during the first cycle of the cell. Next, the second
higher energy density is obtained by Sample I which is 11.16Wh/kg. This combination is more convenient to use
as a commercial LIC because the material of MCMB is cheaper compared to PGNF.

CONCLUSION

The experimental results demonstrated that asymmetric LICs, particularly the combination of Nano Fiber
Graphene (PGNF) as the anode and Activated Carbon (AC) as the cathode, outperform other configurations in
terms of energy density, achieving 15.72 Wh/kg with a capacitance of 50.3 F/g. This configuration optimizes
energy storage while maintaining a satisfactory power density, making it a promising option for applications that
require high energy storage capabilities.
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On the other hand, symmetric LICs, which utilized the same materials for both electrodes, showed better
power density and cycle stability. This makes symmetric configurations more suitable for applications demanding
rapid charge/discharge cycles and long-term durability.

In summary, the research findings underscore the importance of selecting appropriate electrode materials
based on the specific energy and power requirements of LIC applications. Future work should explore the
integration of these materials in practical energy storage systems and further investigate the long-term stability of
these configurations.
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ABSTRACT

Melastoma Malabathricum Linn (MML) is a small tree that grows wildly on wastelands and roadsides of Southeast
Asia. It is known to traditionally treat various ailments including haemorrhoids and confinement wounds from
childbirth. The many phytochemical constituents in its leaf like tannins exerts a great source of antimicrobial and
antioxidant properties that may change the face of medicine that is in threat due to pathogens resistant to antibiotics,
for example Staphylococcus Aureus. In folks medicine, the M. malabathricum L. leaves are chopped up and made
into a paste to apply to wounds. This method was found to be impractical and hence a more conventional approach
is applied where the leaf extract is added to topical preparations in the form of lotion. The study serves as a purpose
to evaluate the emulsion based on tannin contents, antimicrobial and antioxidant assays, and stability tests on three
different concentrations of the crude leaf extract oil —3.0%, 5.0%, and 7.0% of 10 grams of water-based emulsion.
The leaves extract was obtained by Soxhlet and Cold extraction methods in a ratio of solvent combinations
(70:20:10) of ethanol, methanol, and water. 3.62 and 4.98 grams of crude extract was obtained from cold and
Soxhlet extraction methods respectively after undergoing rotary evaporation. The results have indicated that Cold
extraction method extracts more tannins from MML with 31.63% difference to Soxhlet extract. Nonetheless, more
antioxidant activity was exhibited in Soxhlet extract with 66.94% difference. The stability test results indicated
that this water-based emulsion must be kept at 30°C to avoid it from dissociating. From the presented study, 7%
emulsion was proven to be most effective in antimicrobial agent.

Keywords: Melastoma, leaves, extraction, medicinal, water-based emulsion

INTRODUCTION

Traditional herbal medicine, derived from plants, is widely embraced in various nations, including
Malaysia, owing to the rich pharmacological properties of medicinal plants. Over 80% of the global population
turns to plants for fundamental healthcare needs, driven by a growing scepticism towards modern medicine due to
its high expenses, restricted availability, and potential adverse effects. Consequently, researchers are proactively
seeking cost-effective, safe, and sustainable medicinal alternatives with fewer side effects and an extended duration
before resistance development (Mhatre, Nagaral, & Kulkarni, 2014)

Multidrug resistance manifests when bacteria, fungi, or other microorganisms undergo evolutionary
changes, developing mechanisms to resist the impact of antibiotics — e.g., Staphylococcus aureus. This
development poses a substantial global health risk, potentially causing antibiotic treatments to falter, complicating
infection control, and heightening the likelihood of contagion (de Kraker, Stewardson, & Harbarth, 2016). In
response to this challenge, the scientific community has sought to counteract multidrug resistance by developing
new antibiotics over the years.

A shrub native to Southeast Asia, Melastoma malabathricum is also known by the names Senduduk,
Singapore Rhododendron, Indian Rhododendron, and Malabar Gooseberry. This small tree is native to the China,
Australia, Singapore, Indonesia, Malaysia, and other tropical and monsoonal climate countries. The leaves,
flowers, and fruits of M. malabathricum are the main features of its ethnobotany; nevertheless, this study focuses
mostly on its herbal leaves due to it being available in a larger quantity. Leucorrhoea, dysentery, haemorrhoids,
diarrhoea, and confinement wounds from birth are among several ailments that these leaves have a long history of
treating in Indonesia, Malaysia, and India (Idris, Purnomo, Martak, & Fatmawati, 2022).

In addition, (Joffry et al., 2012) discussed that in folks’ medicine, the leaves of Melastoma malabathricum
was used to be applied as paste onto wounds to prevent them from scarring. Despite the long history of traditional
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use of M. malabathricum L. for a variety of illnesses, there is currently little scientific evidence to support the
herb’s potential as a source of antioxidant and antimicrobial agents. The development and application of M.
malabathricum leaves for therapeutic purposes is severely hampered by this knowledge gap.

Furthermore, M. malabathricum L. leaves were proven to contain phytochemical constituents like tannins,
flavonoids, and alkaloids (Isnaini, Permatasari, Mintaroem, & Widodo, 2018)(Thatoi, Panda, Rath, & Dutta,
2008). According to (Nortjie, Basitere, Moyo, & Nyamukamba, 2022), tannins consist of polymeric phenols like
ellagitannin which exerts antidiarrheal, and antimicrobial activities. Other than that, though much research has
proven saponins to exhibit antioxidant activities, tannins were also said to mimic antioxidant properties
(Amarowicz, 2007).

The possibility to extract tannins alone from the leaf allows for a more focused exploration of their
specific properties, unmasking their full therapeutic potential. To the best of our knowledge, there were no studies
focusing on optimizing the leaf’s antimicrobial and antioxidant efficacy from tannins. As stated by Maria Elvina
Tresia Butar-Butar et al (2021), deciphering the antimicrobial and antioxidant efficacy in Melastoma
malabathricum leaves may help develop a strong, stable, and effective water-based emulsion. This emulsion is
also easier to apply to the skin as compared to the traditional paste.

In this work, the antimicrobial properties and stability of M. malabathricum L. leaves extract from the
developed water-based emulsion will be investigated. It will also measure the tannin content and antioxidant
activity of the leaves extract. The combinations of antimicrobial properties, stability assessment, tannin content
measurement, and antioxidant activity evaluation will provide a comprehensive understanding of the potential
medicinal and functional properties of the M. malabathricum L. leaves extract in the form of the developed water-
based emulsion, lotion

MATERIALS AND METHODS

Apparatus and Materials

The apparatus needed in this study is a laboratory grinder, glass beaker, aluminium foil, filter paper
(Whatman No.1), UV-Visible Spectrophotometer, Soxhlet Apparatus, analytical balance, petri dish, mini
centrifuge, rotary evaporator, sterile swab, and an incubator. The materials needed in this research are the
Melastoma malabathricum leaves, water-based emulsion, 300 mL of 99% methanol, 600 mL of 99% ethanol,
water, 2,2-diphenyl-1-picrylhydrazyl (DPPH), nutrient agar, mannitol salt agar, Folin Ciocalteau reagent, tryptone
soya broth, and sodium carbonate (Na>CO3). All chemicals used are analytical reagent grade chemicals to ensure
this study meets research standard, enhancing the credibility of this study.

Pre-treatment of M. malabathricum L. leaves

The leaves were collected from Selangor, Malaysia. It was then washed thoroughly in running water and
distilled water to remove any dirt and unwanted contaminants. Next, the leaves will be dried in a confined air-
conditioned space of 18 °C for cold extraction method (Abah & Egwari, 2011), whereas for the conventional
method Soxhlet, the leaves were air-dried at room temperature. The air-dried leaves were blended into powder to
increase its surface area for extraction.

Extraction of Leaves

Two methods of extraction were implied in this study — Soxhlet extraction and Cold Extraction methods.
Both methods imply the same amount of ethanol, methanol, and water solvents in ratio of 70:20:10 (Abah &
Egwari, 2011).

The powder was placed in a thimble-holder and filled with fresh solvent from a distillation flask. When
the vapor rises, the solvent was condensed and filled up the thimble (Nortjie et al., 2022). The soxhlation of M.
malabathricum leaves were performed using 99% ethanol, 99% methanol and water as solvent, in the ratio of
70:20:10 respectively. 10 grams powdered leaves were wrapped in filter paper, tied at both ends with thread and
inserted into the Soxhlet apparatus. Then, 300 mL of the solvent were poured into the round bottom flask of the
Soxhlet apparatus (Septiani et al., 2021). The soxhlation were conducted at 80°C for 6 hours until the cycle droplets
are colourless.

The powdered leaves were soaked with solvent and kept in an enclosed jar for 72 hours for cold extraction
method. The contents were shaken before filtering using filter paper (Whatman No. 1). The part of filtered content
was concentrated using a rotary evaporator at 40°C (Abah & Egwari, 2011)(Rajkumar, Panambara, &
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Sanmugarajah, 2022). The crude leaf extract from this method were tested against tannin content and antioxidant
assay and were compared to the Soxhlet Extraction Method.

Water-based emulsion characterizations

The extracted leaves were infused with the water-based emulsion and were tested against two categories,
which were antimicrobial assay and stability tests. These tests were done to three different concentrations of the
leaf extract incorporated in 10 grams of emulsion, which were 3%, 5% and 7%.

Quantitative Assay of Tannin Content

Total tannin compounds will be determined calorimetrically using saturated Na,COs and Folin Ciocalteu
reagent. UV-Visible spectrophotometer will be used to measure the compounds at a modified maximum
wavelength of 750 nm (Suharni P. Sinaga et al., 2023). Standard solutions of tannic acid were prepared at 2%,
4%, 6% and 8%. 10 mL of sodium carbonate was added to each concentration along with 5 mL of Folin-Ciocalteu
reagent. After that, distilled water was added until the solution reached 100 mL. The mixture was then transferred
into labelled test tubes and left for forty minutes. Finally, a blank solution was prepared by adding 10 mL of sodium
carbonate and 5 mL of Folin-Ciocalteu reagent to 85 mL of distilled water. The absorption of standard tannin
solutions was measured under identical conditions and a standard curve was constructed (Antasionasti, Datu,
Lestari, Abdullah, & Jayanto, 2021).

Antimicrobial Assay

The pathogens used for the antimicrobial assay were Staphylococcus Aureus and Escherichia Coli (Nortjie et
al., 2022). The Kirby-Bauer agar disk diffusion approach was followed in the qualitative assessment of
antibacterial activity. In summary, every bacterium was initially cultivated for 24 hours at 37 °C in Tryptone Soya
Broth. Next, a 1000 uL micropipette was used to inoculate the bacterium solution onto Mannitol Salt Agar (MSA)
and Mueller Hinton Agar plates.

The infected plates were given a little period of time to dry. The inoculated plates were then covered with
disks that contained water-based emulsion at different sample concentrations (3%,5%,7%). The plates were
incubated for 24 hours at 37 °C. Following this time, the inhibition zone's diameter was measured, and after an
additional four days of incubation, the diameter of the inhibition zone was evaluated once more (Colucci et al.,
2020). Figure 1 shows MSA agar before incubation.

Figure 1. MSA agar before incubation

Antioxidant Assay

24 mg of 2,2-diphenyl-1-picrylhydrazyl (DPPH) powder was added to 100 mL of methanol to produce a
0.6 mM solution of DPPH in methanol, resulting in a dark violet solution (Baliyan et al., 2022). The samples must
be diluted into a series of concentration, which are 2%, 4%, 6%, 8%, and 10% in 10 mL solvent. 2 mL of each
concentration were set aside for dilution to serve as blank samples. 8 mL of DPPH solution was added to the
remaining volume of each concentration for UV-Visible Spectrophotometer reading. The tested samples were then
fully covered with aluminum foil and incubated at 37°C in a dark room for 30 minutes. At 515 nm, the absorbance
of the reaction solution was determined using the UV-Visible Spectrophotometer. The percentage of the
antioxidant activity were calculated using the formula in Eq. (1): (Colucci et al., 2020).
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A (control)— A (sample)
A (control)

% Scavenging Activity = X 100% (1)

where: A symbolizes absorbance reading from the UV-Visible Spectrophotometer.

Stability Test

The base emulsion and three other emulsions incorporated with different extract concentrations (3%, 5%,
and 7%) were submitted to two stability tests, which are thermal test and colour test. The thermal test was
conducted in a water bath. The samples were heated in duplicate over three different temperatures, which were
30°C, 50°C, and 70°C. The emulsion was visually observed if there were any changes in texture or colour (Colucci
et al., 2020). A colour test was conducted to further analyse the changes quantitatively. A colorimeter was used to
measure the colour changes in the water-based emulsion after undergoing various temperature tests. The L*, a*,
and b* of the emulsions were recorded and discussed (Ly et al., 2020).

RESULTS AND DISCUSSION

The extraction of 10 grams of leaves using 300 mL of combined and ratioed polar solvents gave different
results from two different methods. The Soxhlet extraction method managed to yield about 4.98 grams of dark
green extract while cold extraction method yielded 3.62 grams of sage green extract. Further analyses are discussed
below.

Both extraction techniques used a ratio of three polar solvents to extract plant leaves, and these solvents
were combined and found to be soluble. The extraction method can affect the physical properties of the crude leaf
extract. According to Abah and Egwari (2011), the heat in the Soxhlet extraction method can influence solubility.
Therefore, choosing the right solvent is crucial. Figure 2 shows the results of crude leaf extract from the Soxhlet
and Cold Extraction Methods.

The Soxhlet Extraction Method yielded more extract (4.98 grams) compared to the Cold Extraction
Method (3.62 grams), with a yield difference of approximately 31.63%. This suggests that Soxhlet extraction is
more efficient for obtaining components from leaves and is considered the most effective method for extracting
crude oil from leaves (Nortjie et al., 2022). However, further analysis is needed to determine the phytochemical
constituents, such as tannins, in both methods.

4.98

Crude Leaf Extract
Yield (grams)
SO = N W R U

cold extraction soxhlet
extraction

Figure 2. Yield of Different Extraction Methods

Tannin Content Analysis

This study shows a positive presence of tannin in M. malabathricum leaf extract. The type of extraction
matters in deciding the best methods to extract tannins from herbal leaves (Kumar et al., 2023). As such, a standard
curve was constructed with a linear regression line (y=16.05x+0.2954) as shown in Figure 3 (a) with a value of R?
0f 0.9942, indicating a high reliability of data to be used when comparing two types of extraction methods. From
the equation, the tannin contents in the samples were calculated where y is the absorbance of sample and x is the
Tannic Acid Equivalent (TAE). Figure 3(b) shows the number of tannins present in cold extraction method and
Soxhlet extraction method.

The cold method extracts more tannins than the Soxhlet extraction method. However, the percentage
difference between these two methods is only about 3.05%. Since the percentage difference is less than 5%, the
significance might be questionable. Abah & Egwari (2011) suggested that the amount of tannins in cold extraction
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were found to be more than Soxhlet extraction method. This finding is also backed up by Sankeshwari et al. (2018)
where it was stated that cold extraction proved to be better than Soxhlet for extraction of tannins and saponins that
contributes to the antibacterial activity of the extracts.
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Figure 3. (a) Tannic Acid Standard Curve and (b)Tannin Content of Each Extraction Methods

DPPH Radical Scavenging Activity (%oRSA)

The findings of this analysis focus on the antioxidant potential of each extraction method. The results of
the analysis are tabulated in Table 1 whereas the graph is constructed in Figure 4. The highest amount of
scavenging activity in Soxhlet method was 99.01% whereas highest for cold method was 49.36%. A percentage
difference of antioxidant activity between cold and Soxhlet is 54.65%. This value holds a very high significance
in validating the obtained data as differences in scavenging activity indicates varying antioxidant capacities.

Based on Figure 4, the cold extraction method demonstrated a lower radical scavenging activity than the
Soxhlet extraction method. The trend of the graph in cold extraction method indicated that there was a significant
increase in the antioxidant activity in between 2% to 4% and 6% to 8%. While in Soxhlet extraction method, the
%RSA increases rapidly at 2% and then steadily increase from 4% to 8%. This indicated that as the concentration
of extract increases, the percentage of radical scavenging activity also increases (Fatiha & Abdelkader, 2019).

Fai-Chu Wong (2012) have studied different types of medicinal plants in Malaysia and found the highest
scavenging activity to be 99.6% in S. Barbata, a plant indigenous to Malaysia, validating that it is possible to get
a significantly high %RSA. Additionally, even though the number of tannins extracted from cold method is higher,
other phenolic contents like flavonoids and alkaloids might be contributing to the high %RSA in Soxhlet method.

Abah & Egwari (2011) found that the total amount of phenolic content in Soxhlet method is higher than
cold method due to the amount of alkaloids present in Soxhlet method is higher. This study is also backed up by
(Dalimunthe et al., 2022) where the Soxhlet extraction procedure employing DPPH method yielded the highest
amount of antioxidant activity and phenolic content.

Table 1. Soxhlet extraction and Cold extraction Radical Scavenging Activity %RSA data

Concentration (% v/v) Absorbance @ 515 nm % RSA
Soxhlet extraction
0 0.5943 0.0000
2 0.0776 0.8694
4 0.0415 0.9301
6 0.0378 0.9364
8 0.0059 0.9901
Concentration (% v/v) Absorbance @ 515 nm % RSA
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Cold extraction

0 1.1082 0.0000
2 1.0305 7.0114
4 0.7161 35.3817
6 0.6825 38.4136
8 0.5612 49.3593
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Figure 4. DPPH Radical Scavenging Activity on Different Extraction Method

Thermal and Colour Stability

This test focuses on the stability of the emulsion in terms of colour degradation due to thermal changes
and how methods of extraction affect thermal behaviour of emulsions. The thermal test was conducted on all six
different emulsions, with two distinct methods having 3 different concentrations. Figure 5 (a) shows the emulsion
of cold extract while Figure 5(b) shows the emulsion of Soxhlet extract. Table 2 shows the physical data of
emulsion before thermal test. After undergoing thermal test, the colour analysis was made and the results of L*,
a* and b* are differentiated.

Table 2. Data before thermal test

Properties Cold Method Soxhlet Method
Temperature 25°C 25°C
Colour (7%) Dark green Pale Green

3% 5% » 3 5% %
(a) (b)
Figure 5. Extract Emulsion (a) Soxhlet Method and (b) Cold Extract

Antimicrobial Analysis

This test focuses on the microbial susceptibility of cold and Soxhlet extract at different emulsion
concentrations. It is seen in that the MSA agar have turned from red to yellow (Fig. 7a — 7b), indicating the presence
of Staphylococcus Aureus (Mamay, 2022). Table 3 shows the data of results. After 24 hours, lower inhibition
zones are observed at Soxhlet extraction method (SEM) (Fig. 7a & Fig. 7c) as compared to cold extraction method
(CEM) (Fig. 7b & Fig 7d).

This is probably due to the presence of tannins being higher in cold extract than Soxhlet extract (Indriaty
et al., 2023). This finding is supported by Abah & Egwari (2011) where they found that cold extraction exhibits a
higher bacterial resistance than Soxhlet extract. This consistency across studies reinforces the idea that extraction
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methods significantly impact the antimicrobial efficacy of plant extracts. The control disc containing only water-
based emulsion did not exhibit any resistance toward both pathogens, just as expected.
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S

Figure 6. Inhibition zones of 7% Extracts

Based of Figure 6, the highest inhibition zone is obtained from pathogen S.4ureus (£50 mm) at 7% cold
extract whereas the highest inhibition zone for Soxhlet extract is £10 mm from S. Aureus. Additionally, for
pathogen E.Coli, £10 mm of inhibition region was recorded for cold extract, and £5 mm for Soxhlet extract. This
indicates that gram-negative pathogen exhibits more resistant towards the plant extract compared gram-positive
(Sulaiman et al., 2011). The Soxhlet extract shows a 43.33% less inhibitory region than cold extract. This means
that in gram-positive pathogen, the tannin activity is high (Fai-Chu Wong, 2012). This finding is crucial in
developing natural antimicrobial agents for pharmaceutical or food preservation purposes. From this finding, it
can be concluded that at higher concentrations of cold extract, a higher resistance to pathogens is built
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Table 3. Data before thermal test

Inhibition Zones (mm)

Extract Pathogens

Control 3% Extract 5% Extract 7% Extract
Cold Staphylococcus +0 +0 +20 +50
Extraction Aureus
Method Escherichia Coli 0 +0 10 +10
Soxhlet Staphylococcus 0 0 +10 +10
Extraction Aureus
Method Escherichia Coli +0 +0 +0 +5

(b)
Figure. 7(a-b). S. Aureus Inhibitory region of SEM (a) and CEM (b)

(©) (@)
Figure. 7(c-d). E.coli Inhibitory region of SEM (c) and CEM (d)

CONCLUSION

The study concludes that Soxhlet extraction is superior in yield and antioxidant activity, whereas cold
extraction is more effective for antimicrobial applications due to higher tannin content. These findings highlight
the need to select extraction methods based on specific bioactive properties desired for different applications, such
as pharmaceuticals. Further research is recommended to explore the mechanisms behind these differences and the
broader applications of Melastoma malabathricum, integrating traditional knowledge with modern scientific
methods to unlock the plant's full potential for innovative and sustainable herbal medicine solutions.
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ABSTRACT

Porous polymeric membranes are produced from polyethersulfone (PES) for water treatment due to their excellent
thermal, chemical, hydraulic and mechanical stability. However, the hydrophobicity of PES has led to fouling and
reduced the membrane lifetime as high forces are required to move the water through the pores.
Polyvinylpyrrolidone (PVP) as an additive adds to PES to relatively increase the PES membrane hydrophilicity
and enhance pore-forming. Therefore, this work aims to determine the effect of the PVP-to-polymer ratio (Owt%
to 32wt%) on the functional groups, morphologies, and hydrophilicity of the membrane. The PES membrane
modification was carried out by blending method meanwhile the membrane preparation was accomplished through
non-solvent induced phase inversion (NIPS). The successful fabrication of the PES membrane with PVP has been
unequivocally demonstrated through the FTIR results. In addition, the scanning electron microscopy (SEM)
images further confirmed as the PVP ratio increased, the porosity of enhanced as the membrane morphology (cross
section) will change from the macro-void structures to spongier structure and denser compared to neat PES
membrane. The addition of PVP enhances the membrane's hydrophilicity which the optimum hydrophilicity
obtained through 16wt% of PVP. In conclusion the addition of PVP in the PES matrix has improved the pore
formation and hydrophilicity of the membrane. For future research, the next generation of PES/PVP membranes
modification should focus on addressing the mechanical properties of modified PES membrane in which will
enhance the membrane hydrophilicity and permeability without altering the mechanical properties.

Keywords: Polyethersulfone, polyvinylpyrrolidone, membrane, water treatment, pore-forming

INTRODUCTION

The continuously rising demand of cleaned potable water is one of the current huge issues for the 21st
century due to the few aspects that reducing the accessible of cleaned water such as expanded growing of
industrialization and overpopulation (1). To resolve the increasing demand, it is vital for the contaminated water
to undergo water treatment prior to domestic consumption. Water treatment process is technically involved
separating and filtering all the biological, chemical and physical contaminants that are potentially harmful to
domestic consumption throughout water supply (2). The properties and quality of water are influenced by
contaminants such as pathogens and harmful chemicals. Water can be treated through physical, chemical,
biological, radioactive and electrical methods to eliminate contaminants. Physical conventional technologies of
water treatment, namely screening flocculation, sedimentation, flotation and filtration are utilized. In 2030, the
access water is aimed to be consumable for all according to the Nations’ Sustainable Development Goal 6 (SDG
6) (3). Therefore, concerning the clean water supply, improved and advanced technology should be implemented
worldwide to produce high water quality. Membrane filtration, specifically ultrafiltration, is a developed
technology of water treatment that has proven to be more effective than conventional ones. Membrane filtration
capable of removing fine particulates (suspended and dissolved solid) from water under pressure or vacuum in
which sedimentation is not capable, although they are similar.

Membranes are illustrated as thin layer material which is capable of particle separation according to their
physical and chemical properties when a driving force is applied across the membrane. The main advantages of
low-pressure UF membrane processes compare with conventional clarification and disinfection (post chlorination)
processes are inessential for chemicals, size-exclusion filtration as opposed to media depth filtration, provide a
good and consistent quality of treated water in terms of particle and microbial removal regardless of raw feed water
quality (4).

Polyethersulfone (PES)-based membranes have been widely implemented in the separation process as

they exhibit excellent oxidative, thermal and hydrolytic stability as well as distinguish mechanical properties (5).
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Nevertheless, PES is relatively hydrophobic. Hence, according to Kourde-Hanafi et al. (6), PES is mixed with
additives such as polyvinylpyrrolidone (PVP) to enhance the membrane hydrophilicity and to initiate the pore-
forming during membrane synthesis by phase inversion. The morphologies (pore structure) and hydrophobicity of
the membrane depending on the ratio of the additive-to-polymer utilized (7-8). Therefore, this work aims to fill
the previous research gap by determining and studying the role of PVP addition with different ratios in affecting
the membrane performance, morphologies, mechanical properties, porosity, and pore size.

LITERATURE REVIEW

Membrane Filtration

Separation through membrane filtration promises high efficiency of pollutants removal along with
economically and environmentally safe as none of chemical utilized during the filtration process. Membrane can
be either synthetic or non-synthetic (natural) based. The synthetic-based include of polyethersulfone (PES),
polysulfone (PSF), cellulose acetate (CA) etc. Meanwhile, natural-based is usually produced from cellulose, chitin,
starch, and alginate which is mostly used to fabricate fully or semi-biodegradable membranes (9). The main
concern of membrane filtration utilization is the hydrophilicity and morphology of the membranes as it highly
influences the effectiveness of pollutants removal in water treatment. The effectiveness of the membrane
performance is dependent on membrane rejection, antifouling and permeability (10). Figure 1.0 depicts the general
mechanism of membrane filtration. Membrane filtration mechanism required driving force to move the water
molecules between two sides. The driving force could be in terms of pressure, concentration and electric potential
gradient. The molecules that can permeate through membrane layer are determined by the membrane pore sizes.

retentate

permeate

Figure 1. General mechanism of membrane filtration

Membrane separation filtration has been widely applied in industrial water treatment processes as it
promotes clean technology with efficient energy consumption. In future prospects, membrane filtration can be
fully replaced by conventional processes such as filtration, distillation, ion exchange, and chemical treatment
systems. The advantages of membrane filtration utilization are the flexibility where it can be operated even in mild
conditions, enables an easy upscaling hybrid processing, and the membrane physical and chemical characteristics
can be also modified to the desired end-result. However, this particular technology has some drawbacks in which
it is easily prone to membrane fouling consequently reducing the membrane life-span and low selectivity and flux.
Fortunately, the issues can be resolved by fabricating membranes with different types of morphologies depending
on the type of application. The modification is achievable by modifying and optimizing the material and its ratio
utilized during membrane fabrication (11-14).

PVP as an Additive to PES Membrane

Despite the advantages offered by PES membrane, consistency of contaminants removal in water difficult
to accomplished due to its relatively hydrophobic characteristics that reducing the water flux permeate through it
(13). Hydrophobicity can lead to fouling as high forces are required to transfer and move the water molecules from
different regions of membrane (14). Consequently, fouling reduces membrane flux and lowers the stability and
life span of the membrane (15). One of the resolutions suggested is by adding the additive into the PES to enhance
the membrane’s hydrophilicity while maintaining good performance. Example of additives are polyethylene glycol
(PEG), lithium chloride (LiCl), polyvinylpyrrolidone (PVP), Pluronic and tetronic copolymers, surfactants- like
cetyl trimethylammonium bromide (CTAB), Triton-X 100 and sodium dodecyl sulfate (SDS) (16). Among the
hydrophilic additives mentioned, polyvinylpyrrolidone (PVP) has been a standout due to its biocompatibility, non-
toxicity, resistance to thermal degradation and cost-effectiveness (17-18).
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Polyvinylpyrrolidone (PVP), or its often addressed as polyvidone or povidone is categorized as water-
soluble polymer created from the monomer N-vinylpyrrolidone (19). Additionally, PVP provides excellent
permeability and readily forms films. Figure 2.0 illustrates the PVP formation through free-radical polymerization
of the monomer N-vinylpyrrolidone in the presence of initiator (AIBN). Figure 2. depicts the physical mechanism
of PVP added into PES membrane to increase the hydrophilicity, permeation, and rejection. The hydrophilic
component of PVP is anticipated to be dissolved away in water during the phase inversion process (NIPS), causing
PVP-containing locations to become micropores (20). Also, the pore size formed depends on the molecular weight
of PVP utilized as more PVP or larger PVP molecular size is introduced, the pores formed became larger (21).
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Figure 2. Synthesis of PVP through free-radical polymerization (Kariduraganavar et al., 2014).
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Figure 2.1. Physical mechanism of PVP addition into PES membrane (Ho & Su, 2022b).

METHODOLOGY

PES/PVP membrane fabrication was adapted from the literature with different variation of ratio (6). The
neat PES and PES/PVP membrane fabrication was done through blending modification and prepared through non-
solvent phase inversion (NIPS) procedure as shown in Figure 3.

g o T o
Hrreili mram B e
M
L o A Y ER— Chy— T fushdn
: rer =
i, 17 WPH, 17 T, w  Hymdraw Cairg
= P = Frgararg e

Figure 3. Process flowchart for the methodology proposed.
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Materials and Membrane Synthesis

Polyethersulfone (PES, Kornchen, MW=58,000 g/mol) supplied by GoodFellow Cambridge Limited
Huntingdon PE29 6WR (England) and N-Methyl-2- pyrrolidone (NMP, purity of 99.5% and MW of 99 g/mol
which was purchased from Sigma-Aldrich, Germany) were used to prepare casting solutions for membrane
preparation. Polyvinylpyrrolidone (average MW=1, 300, 000 g/mol and was purchased from Sigma-Aldrich,
Germany) was used as a hydrophilic additive and pore former agent.

The preparation of the membranes with different composition of additives are shown in Table 3.0 as the
PVP/PES range ratios utilized varied from O0wt% to 32wt%. The first membrane will not add any additive (PVP)
as this membrane will act as a control parameter and to observe membrane morphology without PVP addition.
The casting solutions are prepared by incorporating the stated number of PES (polymer), NMP (solvent) and PVP
(additive) in Table 3.0. The PES/PVP fabricated by remaining the same value of PES and NMP while varied the
PVP value (0% to 32%). The casting solutions are mixed in a sample bottle under continuous stirring (200RPM)
at room temperature of (25+2 °C) for at least 12 hours until the polymer solution is completely dissolved using
Motor Stirrer (IKA RW Digital) (22).

Subsequently, the polymer solution is degassed overnight to remove air bubbles trapped in it prior to
casting. Then, after the membrane casting procedure is done in a rigid supporting layer such as glass plate and
glass rod to flatten the casting solution evenly in a two layer of masking tape of thickness. After that, the polymer
is immersed in the water bath for phase inversion. The Non-Solvent Induced Phase Inversion (NIPS) method
implemented for phase inversion in which an equilibrium dope solution is transformed from liquid to solid phase
in a few milliseconds with the water as the drive mechanism under crucial thermodynamic and kinetic aspects
(23). Consequently, a flat membrane formed through this process as the cast polymer on a rigid supporting material
dissolved in the solvent (polymer solution). The polymer membrane is kept in ultrapure water before usage.

Table 3. Polymeric solution composition for PVP-polymer blends membrane.

SAMPLE PES (wt%) NMP (wt%) | PVP/PES Ratio
NAME (wt%)

PES 25.0 75.0 0
PES/4PVP 25.0 75.0 4
PES/8PVP 25.0 75.0 8

PES/16PVP 25.0 75.0 16
PES/32PVP 25.0 75.0 32

248



Membrane Characterizations

a) Membrane functional group: ATR-FTIR spectroscopy

According to Milescu et al. (24) the membrane has to undergo a dynamical vacuum drying for 2 days
prior to characterized using a 400 FT-IR/FT-NIR (Fourier Transform Infrared Spectrometer) brand Perkin Elmer
Spectrum IR Version 10.6.2. The FTIR-ATR is equipped with a ZnSe crystal ATR element with single reflection
and incidence angle of 45°. The spectra will be collected from 650 [cm] ~(-1) to 4000 [cm] ~(-1) at2 [cm]
~(-1)resolution and each spectrum accomplished from average 4 scans after background recording carry out at
ambient air.

b) Membrane morphology: Scanning Electron Microscope (SEM) micrographs.

For membrane morphology specifically in cross section analysis, Field Emission Scanning Electron
Microscope (Carl Zeiss EVO MA 10) will be utilized to record and analyses the images at 20 kV and magnification
ranging from 200x to 20,000% as suggested in the literature (25) in which will be done at the Centre for
Instrumentation and Science Services (PIPS) at University Malaysia Sabah to determine the morphology and
structure of the membranes after they were frozen and fractured in liquid nitrogen followed by Au/Pd coating.

c¢) Surface wetting property: Contact angle

The contact angle is determined by using Biolin Scientific contact angle instrument and a sessile drop
method following a procedure that similar to (23). A water drop (5 microliter) was slowly and carefully placed
onto membrane surface using a needle tips. The image of the droplet was generated with One Attension Version
4.1.1 (19486). The contact angle of the droplet on the membrane surface was automatically measured at room
temperature (22 Degree Celsius). The static contact angle will be determined by automated software. The contact
angle will be taken of 3 different points to generate an average data (24).

According to Bolong et al. (26) due to the evaporation effect, it is suggested to conduct measurements as
quickly as possible (within 10 seconds) to minimize the disturbance caused by evaporation. Furthermore, Mu and
Zhao (2009) also noted that the contact angle decreases over time, with the water contact angle for the original
PES membrane declining from approximately 89° at the start to 66° at 185 seconds. They attribute this
phenomenon to water drop penetration into the membrane pores. Additionally, it is important to note that due to
variations in pore sizes and porosities among different PES membranes, contact angle measurements of modified
PES membranes from various studies are not directly comparable.

RESULTS AND DISCUSSIONS

Membrane functional group: ATR-FTIR spectroscopy

Polyvinylpyrrolidone (PVP) can be detected and identified using FTIR spectroscopy. These characteristic
absorption peaks can serve as diagnostic markers for the presence of PVP in a sample during FTIR analysis. By
comparing the observed peaks in the sample's FTIR spectrum with known reference spectra or databases, the
presence and identity of PVP can be confirmed. In an FTIR analysis of a sample containing PVP, characteristic
absorption peaks corresponding to the functional groups present in PVP can be observed in the infrared spectrum.
By referring to Figure 4. 0, the PVP functional groups (C=0 stretch) can be detected as there are absorption peaks
in the FTIR spectrum which range 1660 [cm] ~(-1)to 1670 [ecm] ~(-1).

Milescu et al. reported that residual PVP indicated by a C=0 stretch at 1667 to 1662 [cm] ~(-1),
pyrrolidinyl radical at 1462 and 1423 [cm] ~(-1) (24). A medium to strong peak is observed around [1072
cm] ~(-1), representing the stretching vibration of the carbon-nitrogen bond (C-N) in the pyrrolidone ring. And
the C-H asymmetric stretch at 2950 [cm] ~(-1). During the membrane precipitation process, a portion of the
PES and the water-soluble polymer is removed from the membrane's surface, but a sufficient amount of PVP
remains, therefore, there will be C=0 stretch at [1667 cm] ~(-1). This residual PVP contributes to the
hydrophilicity of the polymer surface, making it more hydrophilic compared to the surface of PES alone.
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Figure 4. FTIR/ATR spectra of neat PES membrane and PES/PVP membranes.

Vatsha et al. studied the PES membrane modification with the addition of PVP and the FTIR spectrum
showed a new absorption peak at 1677.5 [cm] ~(-1), which highly indicate the PVP existence in the PES
membranes while the rest of the spectrum remained constant (27). The PVP carbonyl is responsible for this new
band. As a result, the polymer surface is more hydrophilic than the surface of neat PES, indicating that PVP is
trapped in the PES network and forms a crucial component of the polymeric structure. Therefore, the expected
result for ATR-FTIR, is that the peak spectrum at around 1677.5 [cm] ~(-1) which gives the indication of PVP
existence in the PES membranes.

Additionally, Kourde-Hanafi et al. stated that the spectrum region about 1673 [cm] ~(-1) that can be
attributed to the C=0 oscillation of PVP is where the two spectra highly diverge (6). Meanwhile, the spectrum at
around 1440 [cm] ~(-1) in which this band is attributed to the CH2C=0 group of PVP's C-H vibration. The study
also determines and analyze the ratio of the bands at 1673 [cm] ~(-1) and 1235 [cm] ~(-1) for each membrane
sample to mainly examine the impact of the amount of PVP in the PES membrane. These bands were chosen
because they can be attributed to the C-O bond in PES and the C-O vibration in PVP, respectively. Therefore, the
expected result for ATR-FTIR, is that the peak spectrum at around 1673 [cm] ~(-1) which indicates the O=C
bond vibration of PVP molecules.

In conclusion, the successful fabrication of the membrane with Polyvinylpyrrolidone (PVP) has been
unequivocally demonstrated through the compelling FTIR results. The FTIR analysis served as a crucial tool in
verifying the chemical composition and structural integrity of the membrane. The distinctive absorption peaks
observed in the FTIR spectra provided concrete evidence of the presence of PVP and its interaction with other
components of the membrane.

Membrane morphology: Field Emission Scanning Electron Microscope (FESEM) micrographs.

In Figure 4.1 and Figure 4.2, the imaging of the synthesized membrane’s top view and cross-section
through SEM was used to determine the structure of the membrane with the PVP concentration of 0%, 4%, 8%,
16% and 32%. By referring to Figure 4.1, the illustration of the membrane active layer is at the top of the PES
and PES/PVP membranes which display a typical characteristic structure of a microfiltration membrane, featuring
a porous surface. The pore distribution of modified PES membranes increases as the PVP concentration contained
in the PES membranes increased, therefore, indicates the porosity increment as well. Luque-Alled et al. validate
the trend observed in the SEM images, which confirmed that the addition of pore-forming agents to the casting
solutions leads to an increase in porosity (28). The highly dense pore size was associated with the PES/16PVP and
PES/32PVP membrane which indicates higher porosity compared to other synthesized membranes.

Figure 4.2 displays the cross-sectional SEM micrographs of both the PES membrane and the PES/PVP
membranes. For all the membranes, a distinct morphology was observed, characterized by a dense top layer and a
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porous sublayer with a finger-like and a network-like cross-section. However, the porous sublayer of the PES/PVP
membranes exhibited greater irregularity and prominence compared to that of the neat PES membrane.

The top-layer layer of PVP/PES membrane was observed and recorded to have several tens of
micrometers thick and fairly dense. This could be attributed to the dope solution containing high amount of PES
content (25 g for 75 g of NMP) as a result, produced a solution with a high viscosity and promotes fabrication of
membranes with fewer macrovoids (6). As the concentration of pore-forming additive (PVP) increased, the
structure of the macro-voids undergoes a transformation from a large, finger-like shape to a teardrop shape.

Additionally, Figure 4.2 (e) shows the sponge-like appearance of the membrane cross-sectional porous
structure of (membrane sublayer). This occurs due to the elevated viscosity of the dope solution, which hinders
the diffusion exchange between the solvent (NMP) and the non-solvent (water) within the membrane sublayer.
Consequently, leading to a deceleration in de-mixing kinetics and affect the diffusion exchange process.

As a result, the membrane morphology undergoes a transition towards a spongier (tear drop) structure
(29). Subsequently, rapid phase separation takes place at the skin layer, while the precipitation rate slows down in
the membrane sublayer. Therefore, the scanning electron microscopy (SEM) images further confirmed that as the
PVP ratio increased, the membrane morphology (cross section) will change from the macro-void structures to
spongier structure and denser compared to pure PES membrane.

Nonetheless, the cross-sectional image of the membrane lacks clarity due to being cut with scissors rather
than fractured using liquid nitrogen. Consequently, the resulting fracturing was uneven. To ensure the generation
of accurate data in the future, it is recommended to adhere to the characterization technique outlined in prior
research. This is particularly crucial for determining the morphology and structure of the membranes subsequent
to their freezing and fracturing in liquid nitrogen, followed by Au/Pd coating.

() PES (b] PES/4PyP ic) PLS/ 8PV

idl PES! 1&6PVP [l PESI32

Figure 4.1. SEM images of top view of neat PES membrane and PES/PVP membranes.
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Figure 4.2. SEM images of cross-section view of neat PES membrane and PES/PVP membranes, a: Dense top
layer, b: porous sublayer.

Surface wetting property: Contact Angle (Sessile Method)

The measurement of contact angle is a widely used method to assess the wettability of a surface or
material. The contact angle, which is the angle formed by the liquid in contact with the solid or liquid, is a key
parameter in determining wetting. The contact angle of a membrane surface is used to determine its hydrophilic
(contact angle < 90 degrees) or hydrophobic (contact angle > 90 degrees) nature. The traditional definition of
contact angle is the angle formed by the liquid when it is deposited on a solid or liquid substrate (30).

An unsurprising and distinct inverse relationship has been observed between the contact angle (CA)
values and the concentration of pore forming agents (PVP) of the hand-made PES membranes (as shown in Figure
4.3). The increment of PVP concentration from 0% to 16% by weight resulted in a decrease in the contact angle
(CA) of the membranes from 76.90° to 36.14° respectively. Nevertheless, a further increase in the PVP
concentration led to a slight increase in the contact angle (CA) value, reaching 47.86° for the PES/32PVP
membrane. By referring to the results obtained, the maximum hydrophilicity of PES/PVP membrane, reaching
36.14°, was associated with the PES/16PVP membrane (16% by weight) among the other synthesized membranes
in this study. The study results are aligned with previous research findings as discovered that incorporating PVP
into PES membranes significantly enhances the membrane's permeability up to a certain point (31). However, at
higher concentrations of PVP, the top layer of the membrane becomes denser, leading to a decrease in water
permeability and increase water contact angle (CA). Therefore, this study revealed that adding PVP to the casting
solution significantly enhances the membrane's permeability up to a certain point.

According to Kurakula & Rao, the presence of a pyrrolidone ring with highly apolar amide components,
as well as apolar methylene and methine groups along its structure, enabled PVP to dissolve in both water and
non-aqueous solvents, contributing to the formation of pores within the membrane's structure, therefore, increasing
the hydrophilicity and reducing the contact angle (CA) (32). Additionally, the hydrophilicity of the PES membrane
was found to increase due to the inclusion of certain substances that reduced surface abrasion and density. This,
in turn, facilitated the formation of a hydration layer on the surface, effectively preventing the adsorption or
deposition of hydrophobic pollutants.

The effect of adding PVP on membrane pore size was studied by (Marchese et al., 2003). The results
revealed that addition of PVP leading to significant modifications in fouling or molecule adsorption on the
membrane's pore surface as well as increase the hydrophilicity and the permeability of the membranes as long as
the additive remained entrapped.
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Figure 4.3. Contact Angle Measurement of neat PES membrane and PES/PVP membranes.

According to the findings of Wang et al., the inclusion of PVP in PES membranes result in increased
water flux and water adsorption, as well as a decrease in water contact angle (CA) compared to pure PES
membranes which promotes high hydrophilicity of membrane (33). Specifically, when the PVP content in the dope
solution was 10 wt.%, the contact angle decreased by 16 wt.%. Additionally, Milescu et al. (2019), reported that
the water contact angle decreased of the newly produced PES films using PVP. This CA decrease indicates that
the membrane’s hydrophilicity increased as the residual PVP content increased.

In most instances, modifying PES membranes tends to increase their hydrophilicity by exhibiting lower
contact angle (CA<90°). As a result, researchers commonly rely on measuring the water contact angles on PES
membranes before and after modification (34). The preferred techniques for such measurements are typically the
statistical sessile drop method and the captive air bubble technique (35-36). Reported data are usually obtained by
averaging multiple measurements taken at different locations to ensure accuracy. All studies confirm that
incorporating hydrophilic components into PES membranes leads to a decrease in water contact angles. However,
researchers have observed that the water contact angles continue to change even after water is dropped onto the
PES membrane surface.

Luque-Alled et al. evaluate the membrane surface hydrophilicity through the static water contact angle
(CA) measurements (28). The results demonstrate that the unmodified PES membrane exhibited a CA value of
approximately 72°. When membranes are produced using casting solutions that include pore formers, the water
contact angle (CA) values decrease significantly to a range of 52° to 63°. The inclusion of pore formers in the
casting solutions appears to have a greater impact on the ultimate hydrophilic properties of the membranes. This
effect can be linked not only to the hydrophilic nature of the pore formers but also to the increased surface
roughness they introduce. Similarly, PES membrane added with PVP through modification method, will
demonstrate a decrease in contact angle (CA) values.

Rahimpour et al. have studied the contact angles (CA) of membranes, which were measured to assess
their hydrophobicity and reported that pure PES membranes CA relatively falls in range of above 60° (37). In
addition, the membrane surface characteristics dissimilarity, such as pore size, pore size distribution and roughness
parameters can potentially influence the contact angle values (38). These findings align with previous literature
that reported similar results (39). Therefore, this study revealed that adding PVP to the casting solution
significantly enhances the membrane's permeability up to a certain point.

CONCLUSION

Polyethersulfone (PES)-based membranes have been widely implemented in the separation process as
they exhibit excellent oxidative, thermal, and hydrolytic stability as well as distinguish mechanical properties.
Nevertheless, PES is relatively hydrophobic. Hence, PES is mixed with additives such as polyvinylpyrrolidone
(PVP) to enhance the membrane hydrophilicity and to initiate the pore-forming during membrane synthesis by
phase inversion. Therefore, this work helps to determine and study the role of PVP addition with different ratios
in affecting the membrane performance, morphologies, mechanical properties, porosity, and pore size.
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Based on the findings, the successful fabrication of the PES membrane with Polyvinylpyrrolidone (PVP)
has been unequivocally demonstrated through the compelling FTIR results. In addition, the scanning electron
microscopy (SEM) images further confirmed that as the PVP ratio increased, the porosity of enhanced as the
membrane morphology (cross section) will change from the macro-void structures to spongier structure and denser
compared to pure PES membrane. Further, the contact angle (CA) results discovered that incorporating PVP into
PES membranes significantly enhances the membrane's hydrophilicity up to a certain point. However, at higher
concentrations of PVP, the top layer of the membrane becomes denser, leading to a decrease in water permeability
and increase water contact angle (CA).

In this study, it can be concluded that, with the addition of PVP (additive) to the PES membrane will
membrane's hydrophilicity up to a certain point and enhance the membrane’s porosity, nevertheless, will results
in decreasing of membrane mechanical strength. Therefore, a relation between membrane morphology and
mechanical properties was proved and the objectives were achieved.
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ABSTRACT

Ocean Thermal Energy Conversion (OTEC) is a renewable energy technology that exploits temperature
differences between warm surface ocean waters and cold deep ocean water to generate energy based on the
principle of thermodynamic heat engine systems. Due to the system's direct contact with seawater, it has a high
potential for unwanted accumulation and growth of biofouling such as microorganisms, plants, algae, or turnips
on wet surfaces. Hence, it is required to conduct a study on the growth rate of the biofouling to know the severity
for different periods of time. This was conducted by designing a cage that contains plastic board that has an HDPE
pipe coupon attached to it for biofouling to growth. Through this study, the results indicated that biofouling
formation could occur after 3 weeks after the cages were immersed in the sea. This was proven through the data,
where the average weight percent of the coupon for cage 2 Plate B increased up to 14 percent of its originally
weight. As this study was conducted based on the weight and area of the coupons, another method can be done for
future continuation of the works.

Keywords: Ocean thermal energy conversion (OTEC), biofouling, environmental science

INTRODUCTION

Ocean Thermal Energy Conversion (OTEC) is a renewable energy technology that exploits the
temperature difference between warm surface ocean waters and cold deep ocean waters to generate energy based
on the principle of thermodynamic heat engine systems. Unlike other renewable energy generation sources, OTEC
offers a large and consistent source of energy, where the technology is suitable for its implementation in remote
tropical regions. The application of OTEC in Malaysian coastal area is promising, given that strategic location of
Malaysian which is within tropical climate condition and the presence of deep seawater region near to Sabah’s
east coast section. Currently, a laboratory-scale OTEC facility has been built at Teluk Kemang, Port Dickson,
Negri Sembilan where the facility houses hybrid-OTEC (H-OTEC) processing facility which is capable in
generating energy and producing desalinated water (Azam et al., 2022).

As the system uses seawater for its main fluid, it has direct contact to the surface of the equipment and
increases the chance for unwanted accumulation and growth of biofouling such as microorganisms, plants, algae,
or tunicle on wetted surface. It poses significant concern for marine industries due to its impact on material integrity
and performance. A comprehensive study for assessing biofouling is crucial since different physicochemical and
biological properties of seawater produces different potential biofouling growth and deposition mechanism. The
field sampling method is the best approach in assessing biofouling as it offers realistic and representable conditions
of biofouling sample. In this study, focus will be on potential biofouling threat in the H-OTEC facility at Port
Dickson, Negeri Sembilan, where there is an urgent need to conduct preliminary assessment of potential biofouling
growth and adhesion profile near to the facility particularly for period. The assessment allows early predictive
evaluation of biofouling and effective approaches in managing potential biofouling growth and adhesion profile
(Gu, 2005).

Therefore, the paper focuses on assessing biofouling on OTEC facility by deploying a biofouling
sampling device at Port Dickson. The objective is to measure the extent of biofouling, particularly focusing on
weight and dimensional changes of the materials used, and to evaluate the impact of time on biofouling
accumulation. Previous studies have explored various methods for assessing and mitigating biofouling, including
the use of different materials and coatings.
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MATERIALS AND METHODS

This work was conducted by designing a cage, which contains three plastic boards with a set of
polyethylene (HDPE) pipe coupons attached to the plastic board using Velcro straps. The cages were immersed in
the shallow coastal area of the site where the observation of the coupons was done every two or three weeks. A
total of six cages were placed and immersed in seawater at Port Dickson Beach, which is located at Teluk Kemang,
Negeri Sembilan. The cages were immersed in seawater, where the coordinates of the cages placed are (2.46,
101.84).

The analysis of this experiment focuses on the idea to determine time required for visible, macrofouling
sample growth and accumulated since it has greater threat to OTEC facility. In this case, the attached coupons
were collected and analysed based on accumulated weight sampling analysis and the area covered by biofouling
was analysed using J-Image software in each visit conducted. In addition, basic observation analysis was done to
identify potential biological or non-biological elements that could accumulate on the coupons.

RESULTS AND DISCUSSION

Figure. 1(a) displays the cage made of baskets that will be used to position the coupons, while Figure 1(b)
illustrates the high-density polyethylene (HDPE) pipe coupons that will serve as a medium for biofouling
adherence.

Figure 1. Cage for positioning the coupon (a) and high-density polyethylene (HDPE)
pipe coupons as the medium for the adhesion of biofouling (b)

Figure 2 indicates that the average percentage of weight differences in the coupons showed no significant
changes during the second and third visits, with values ranging from a maximum of 82% to a minimum of 11%.
However, an increase in the average percentage of weight differences was noted during the fourth visit for samples
collected from cage 2, plates B and C. This increase may be attributed to various factors, including elevated
temperatures, nutrient availability, or increased seawater salinity, all of which could enhance biofouling (Arndt et
al., 2021).
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Figure 2. Graph of average percentage of weight differences vs the number of visits

Table 1 presented above is set of data obtained from ImageJ software, which indicates the area and
percentage of biofouling coverage on different coupons during the 3rd and 4th visits. During the 3rd visit,
biofouling coverage was minimal, with the area ranging from 3.32 mm? to 8.31 mm? and coverage percentages
between 0.53% and 1.28% for plates B and C, respectively. By the 4th visit, biofouling had significantly increased,
particularly on the control plate (Plate A), where coupon A3 showed the highest coverage at 438.81 mm? (67.51%)).
Plate B and Plate C also experienced moderate biofouling, with the highest coverage being 55.52% on Coupon B6
and 20.57% on Coupon C6. This data suggests a substantial increase in biofouling over time, with the control plate
being the most affected.

The highest coverage area was found at Coupon A3, which is 438.81 mm? with 67.51% biofouling, is
significant in the context of biofouling because it is indicator of severe biofouling. The extensive coverage on
Coupon A3 suggests that the material or treatment used on this coupon is highly susceptible to biofouling. This
level of biofouling can lead to significant operational and maintenance challenges in real-world applications, such
as in marine environments or industrial systems where biofouling is a concern.

Table 1. Area of coupon covered by the biofouling for plate A cage 2

Area of Biofouling Percentage of
Cage Plate Coupon Coverage Biofouling Coverage
(mm?) (%)
Al 27.76 4.63
A2 252.87 40.46
) A A3 438.81 67.51
(Control Plate) A4 16.26 2.40
AS 13.31 2.05
A6 260.28 41.64

The findings from this study indicate a significant potential for macrofouling growth on contact surfaces
immersed in seawater, even within a relatively short period. Over the course of just three weeks, substantial
biofouling is observed, evident through both the visible accumulation of macrofouling organisms and a significant
increase in the weight of the affected surfaces. This rapid growth suggests that the marine environment is highly
conducive to the proliferation of fouling species, such as Balanus Glandula (US Department of Commerce, 2016)
and Uruchordata, (Ghiselin, 2024) which are known to colonize surfaces aggressively. The accelerated rate of
macrofouling within such a brief timeframe highlights the urgency of implementing effective preventive strategies.
Without these measures, the surfaces are likely to experience even more extensive fouling over time, leading to
potential operational challenges and increased maintenance costs. The three-week assessment period has proven
to be sufficient for observing notable fouling, underscoring the need for early intervention to minimize the extent
of biofouling (Affandy et al., 2019).
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CONCLUSION

This work has proven that macrofouling growth has a high possibility of occurring at the surface of a
system that was immersed in seawater for a minimum of 3 weeks. This was proven from the average percentage
of weight difference data that was obtained from this work, and the data that was obtained from the fourth visit
show that the average weight percentage of cage 2 Plate B has increased up to 14 percent. However, there is no
significant difference in average weight percentage for the second and third visits. This show a suitable time of
visit to obtain a macrofouling formation sample are after the 3 weeks the surface of the system been immersed.
Besides that, the challenges in obtain the result are the condition of the sea, which it may cause the system that
was immersed being brought to the shore due to the wave. Other than that, through this work it has contributing
on the identified the potential species that growth on the surface such as tunicate, barnacles and oyster shell. This
led to the finding the suitable way on controlling the growth of macrofouling formation on a surface of a system.
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ABSTRACT

Sleep duration is recognized as a significant risk factor for cardiometabolic health, influenced substantially by
daily activities and lifestyle. While numerous studies have explored the relationship between sleep and blood
pressure (BP) among adults, research on this association among school students remains limited. Therefore, this
study aimed to evaluate the impact of sleep duration on BP among Muslim gifted and talented students residing in
a boarding school. This cross-sectional study included 109 first and second-year students from Kolej PERMATA
Insan. Systolic, diastolic BP, and heart rate were measured using the home blood pressure monitoring device HEM
7142T, with sleep duration self-reported by participants. Demographic data, including gender, height, weight, and
body mass index (BMI), were analysed using independent t-tests. Linear regression was then used to assess the
relationship between sleep duration and BP based on the academic year. Results showed that 53 first-year students
slept significantly longer, with a mean (SD) of 5 hours 10 minutes (1 hour 1 minute), compared to 56 second-year
students, who slept on average 4 hours 25 minutes (57 minutes) (p=0.01). Additionally, second-year students had
a significantly higher heart rate (83.45 (11.91) bpm) compared to first-year students (77.17 (10.26) bpm). Despite
these differences, there was no significant relationship found between sleep duration and BP among either group
of students. This suggests that variations in sleep duration did not translate into measurable differences in BP,
possibly due to the early adulthood stage where blood vessels are more elastic and baroreceptors highly sensitive
in both groups. Future studies could explore the effects of sleep duration on BP among students in higher academic
years, considering potential differences in academic workload, extracurricular activities, and social factors.
Keywords: Blood Pressure, Sleep, Sleep duration, Heart rate, Muslim Gifted Education

INTRODUCTION

Insufficient sleep is widely recognized as a public health concern, leading to myriad diseases including
cardiometabolic disease. These disease which include cardiovascular disease, stroke and diabetes have seen an
increase in prevalence and are significant contributors to mortality and quality of life(Cappuccio & Miller, 2017).
According to National Health and Morbidity Survey 2023 (NHMS), the prevalence of diabetes has shown an
upward trend among adults, increasing the risk of heart disease and stroke (Institute for Public Health, 2024).

While, these cardiometabolic disease not only have serious implication for the individual health, it also a
considerable burden on public healthcare system and the global economy. In the U.S. alone, approximately 70
million suffer from sleep disorders, contributing to $16 billion in healthcare costs and $50 billion in lost
productivity annually (U.S. Department of Health and Human Services & National Institutes of Health, 2011).

Hypertension (high blood pressure) or hypotension (low blood pressure) are global risk factor for
cardiometabolic disease (Asmuje et al., 2022). Both condition are often referred to as “silent killer” as they rarely
show symptom. Hypertension may damage blood vessels and vital organs such as heart, kidneys, and brain while
hypotension may cause inadequate blood flow to these organs, leading to dysfunction(Asmuje et al., 2022, 2023).
Controlling blood pressure (BP) within 120/80 mmHg is essential in reducing the risk of these diseases.

Sleep issues including sleep deprivation, disrupted sleep, or sleep disorders such as sleep apnea, has
consistently been linked to an increased risk of blood pressure problems. Report show that 38% of adults in
Malaysia do not get enough sleep, defined as less than seven hours on average within a 24-hour period (Institute
for Public Health, 2024). However, the requirement for sleep duration varies across the lifespan and may decreases
with age (Chaput et al., 2020). Optimal sleep duration as recommended by American Academy of Sleep
Foundation, range 14 to 17 hours for newborn, 11 to 14 hours for toddlers, 9 to 11 hours for school-aged children,
8 to 10 hours for teenagers and 7 to 9 hours adults (Hirshkowitz et al., 2015).

Adequate sleep duration is an effective method to control the BP hence preventing the cardiometabolic
disease. While numerous studies on sleep and BP have been conducted among adults (Makarem et al., 2021; Ogugu
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et al., 2022; Sajjadieh et al., 2020), data among students, particularly those in boarding school students, remains
limited. Therefore, this study aims to investigate the sleep duration among Muslim gifted and talented students
residing in a boarding school and its association with BP.

MATERIALS AND METHODS

A total of 109 first and second-year students from Kolej PERMATA Insan (KPI), Universiti Sains Islam
Malysia were called to gather in a school’s hall to complete the survey in March 2024. Informed consent were
obtained before data is collected.

Kolej PERMATA Insan is a boarding school which utilized the Muslim gifted and talented (IGEd)
curriculum. The school week includes all these curriculum components, with the school day running from 6:00
am to 4:30 pm. Additionally, students attend Al-Quran classes from 7:30 pm to 9:30 pm, followed by a self-study
period. Students typically go to bed at 11:00 pm.

The self-reported sleep questionnaire used in this study was adapted from Sleep Questionnaire for Adults
by Sleep Disorders Clinic Department of Clinical Neurophysiology. The data was collected using responses to the
questions “What time do you usually go to sleep?” and What time do you usually get up?”’. The duration of sleep
was defined as the difference between the time participants went to sleep and the time woke up, calculated
separately for weekday and weekends. The average hour of sleep per week were then used in this study.
Meanwhile, systolic, diastolic BP, and heart rate were measured using the home blood pressure monitoring device
HEM 7142T.

Demographic data, including gender, height, weight, and body mass index (BMI), were analysed using
independent t-tests. Linear regression was then used to assess the relationship between sleep duration and BP based
on the academic year.

RESULTS AND DISCUSSION

Among the 109 participants, 53 (48.6%) were first-year students. As shown in Table 1, first-year students
had significantly lower weight, height and body mass index (BMI) than second-year students. According to the
(World Health Organization, (2024) BMI-for-age percentile chart, both cohort were within normal weight ranges;
from 15.4 to 20.8 for male and 15.6 to 21.8 for females.

Regarding non-invasive cardiovascular assessment, there were no significant differences is systolic and
diastolic blood pressure measurements between among both cohorts. However, second-year students had a
significantly higher heart rate (83.45 (11.91) bpm) compared to first-year students (77.17 (10.26) bpm). Both
groups also reported insufficients sleep duration as was suggested by Hirshkowitz et al., (2015) and Chaput et al.,
(2020), 8 to 10 hours for teenagers. Notably, second-year students experienced shorter sleep duration than first-
year students which possibly due to their packed schedule, late-night studying or completing assignments.
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Table 1. Participant’s Demographic based on Groups

First-Year Second-Year p-value
(n=53) (n=56)
Gender, n (%) 0.44
Male 24 (45.3%) 21 (37.5%)
Female 29 (54.7%) 35 (64.5%)
Weight (kg), 41.92 (11.78) 48.69 <0.01*
mean (SD) (10.08)
Height (cm), 151.23 155.00 (5.87) <0.01*
mean (SD) (6.76)
Body Mass Index 18.60 (3.89) 20.25 (3.97) 0.03*
mean (SD)
Sleep duration 5 hrs 10 min 4 hrs 25 min <0.01%*
mean (SD) (1 hr 1 min) (57 min)
Systolic BP, mmHg 99.64 (11.21) 101.93 (10.81) 0.28
mean (SD)
Diastolic BP, mmHg 63.70 (8.51) 65.19 (8.29) 0.36
mean (SD)
Heart Rate (bpm) 77.17 (10.27) 83.45(11.91) <0.01*
mean (SD)

hrs= hours; min = minutes; * p-value =<0.05

While several studies suggest a link between insufficient sleep and increased blood pressure (Zhao et al.,
2023), this study did not identify a significant relationship between sleep duration and BP among first-and second-
year students. Similar findings were reported in a study on Thai students (Pirojsakul et al., 2022).

This discrepancy could be attribute to the significant changes associated with adolescence, which may
mitigate the influence of sleep pattern on blood pressure. Blood pressure in adolescence is known to fluctuate due
to rapid growth and hormonal changes, but adolescents probably show resilience to BP increases. This resilience
is linked to the autonomic balance in adolescents, as their blood vessels are more elastic and baroreceptors more
sensitive (Makarem et al., 2021; Pirojsakul et al., 2022). Sun et al., (2020) also highlighted that diet may mediate
the relationship between sleep duration and blood pressure, although it was not measured in this study.

Table 2. Association between Sleep and Cardiovascular Assessment based on Cohort

First-Year Students Second-Year Students
B (95%CI) B (95%CI)
Systolic BP 0.03 (-0.02,0.08) 0.03 (-0.03,0.08)
Diastolic BP -0.01 (-0.04,0.04) -0.03 (-0.06,0.01)
Heart Rate -0.05 (-0.09,-0.01)* -0.04 (-0.09,-0.02)*

* Indicates P<0.05

Meanwhile, insufficient sleep was associated with a significant increase in heart rate in both first-and
second year students as hypothesized. As this study relied on a single measurement rather than repeated
assessment, the increased heart rate may be linked to activation of the sympathetic nervous system, which elevated
stress hormone such as adrenaline and cortisol. This response is short-term period as the body becomes alert when
fatigue due to sleep deprivation (Gomez-Garcia et al., 2021; Sajjadieh et al., 2020).

In addition, KPI is a boarding school where students have more structured daily routines, and engage in
consistent physical activities. The structured hostel environment promotes a healthy lifestyle, with proper nutrition
controlled by the school leads to prevention of cardiovascular risk factors. These factors, likely contribute to
improve autonomic balance and suggest that sleep deprivation may not affected the BP in this population.

CONCLUSION

The present study examined the sleep duration among Muslim gifted and talented students and its
relationship with blood pressure. The findings indicate that participants had insufficient sleep, averaging less than
5 hours and 30 minutes. However, this sleep deprivation did not show a significant association with systolic and
diastolic blood pressure. This may be attributed to the natural resilience of adolescents to BP changes, likely due
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to growth hormone fluctuation and improved autonomic balance. On the other hand, second-year students had a
significantly higher heart rate compared to first year students, which could be linked to the sleep deprivation. The
elevated stress hormones resulting from sleep deprivation likely activated the sympathetic nervous system,
contributing to the increase heart rate.

This study has its limitation. As a cross sectional study, cause-effect relationship between sleep duration
and blood pressure cannot be established. Moreover, variation in heart rate should be considered, as anxiety during
data collection could have influenced the results. Additionally, since the participants are adolescent residing in a
controlled school environment, longitudinal assessments would be beneficial to better understand the long-term
effect of sleep duration on BP in future study.
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ABSTRACT

The conventional production of plastics from non-renewable fossil fuels contributes to significant environmental
issues, including pollution and resource depletion. This study explores the development of sustainable bioplastics
utilizing banana peels (Musa acuminata) and chitosan, both of which are abundant and biodegradable resources.
The bioplastics were produced by integrating chitosan into banana peel-based formulations, and their properties
were compared with bioplastics without chitosan incorporation. Fourier-transform infrared spectroscopy (FTIR)
analysis confirmed the presence of functional groups indicative of successful bioplastic formation. Mechanical
properties, including tensile strength and toughness, were assessed using a Texture Analyzer, revealing no
significant differences between formulations with and without chitosan. A significantly higher water activity of
bioplastics made from banana peels with chitosan (0.6498+0.05) compared to those without chitosan incorporation
(0.4824+0.02) were also observed. Field Emission Scanning Electron Microscopy (FESEM) demonstrated good
cohesion between the fibers and chitosan, while biodegradability tests indicated that the chitosan-enhanced
bioplastic degraded more effectively than the banana peel-only formulation, with a significant difference in
degradation rates (P<0.05). The results suggest that banana peels and chitosan hold promise as viable materials for
sustainable bioplastic production, offering a potential alternative to conventional plastics.

Keywords: Bioplastics, biodegradable, banana peels, chitosan.

INTRODUCTION

The conventional production of plastic materials from non-renewable fossil fuels poses significant
environmental challenges, including pollution, waste generation, and resource depletion. Additionally, large
quantities of agricultural waste, such as banana peels, are often discarded without being utilized effectively. To
mitigate these issues, there is a need for the development of sustainable alternatives, such as bioplastics derived
from renewable sources. Bioplastics are biodegradable and do not contribute to pollution, thereby addressing
environmental concerns associated with conventional plastics (Ribadiya et al., 2021). Banana peels and chitosan
are abundant natural resources that offer considerable potential for sustainable bioplastic production due to their
biodegradable properties. Banana peels contain cellulose, hemicellulose, and amino acids, making them an
excellent renewable source for bioplastic materials (Misran et al., 2020). Chitosan, derived from crustacean
exoskeletons, is known for its biodegradability, biocompatibility, and antimicrobial properties, which can enhance
the functionality of bioplastics (Erna et al., 2022). The integration of these natural components for bioplastics
productions may improve their mechanical and thermal properties, offering a sustainable alternative to traditional
plastics (Ramadhan et al., 2020).

This study aimed to explore the feasibility of using banana peels from Musa Acuminata and chitosan to
develop an effective and environmentally friendly process for bioplastic production. The objectives of this study
are to determine the surface structure of the produced bioplastics using Field Emission Scanning Electron
Microscopy (FESEM), to evaluate their functional groups and mechanical properties through Fourier-transform
infrared spectroscopy (FTIR) and a Texture Analyzer, and to quantify the percentage of biodegradability of the
bioplastics incorporating banana peels and chitosan. The findings from this research could contribute to the
advancement of sustainable materials and the reduction of environmental impact from plastic waste.

MATERIALS AND METHODS

Raw Materials: 2 kg of Musa Acuminata Lady Finger bananas from Pasar Malam Nilai, Negeri
Sembilan, and 500g prawn shells from Haris Johan Tomyam Restaurant, Nilai, Negeri Sembilan, were used.

Materials: Chemicals included Sodium hydroxide, Sodium metabisulphite, Hydrochloric acid, Acetic
acid, Acetone, Ethanol, and Glycerol.
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Preparation of Banana Peels: 200g of banana peels were cut, treated with sodium metabisulphite (0.2M)
for 45 mins, boiled, dried, and blended into a paste (Deepika, 2020).

Preparation of Chitosan: Chitosan was extracted from prawn shells through demineralization with 4%
HCI, followed by deproteinization and deacetylation using NaOH (4% and 50% respectively). 100 ml of acetone
for decolorization (Gibson et al., 2022).

Bioplastic Production: 25g of the banana peel paste was mixed with 0.5M HCI, 2 ml glycerol, 0.5M
NaOH, and chitosan, spread on silicon paper, and dried at 60°C for 24 hours (Deepika, 2020).

Characterization: Bioplastics were analyzed using FTIR for chemical composition (Lutfi et al., 2017),
Texture Analyser for tensile strength (Sofiah, 2018), Field Emission Scanning Electron Microscopy (FESEM) for
structural analysis. Water activity was assessed with Aqua Lab and biodegradability via Soil Burial Test.

Statistical Analysis: All tests were performed in triplicate with results analyzed using ANOVA in
MINITAB 21.4.2 to ensure significance and reliability.

RESULTS AND DISCUSSION

Production of Bioplastics

Bioplastic produced from banana peels without chitosan exhibited a flexible and smooth texture (Figure
1). The inclusion of chitosan in the banana peels-derived bioplastic formulation enhances its strength and rigidity,
giving it a firmer texture and unique crystal-like appearance (Figure 2) compared to bioplastics made solely from
banana peels.

d

Figure 1. Bioplastics from banana peels =~ Figure 2. Bioplastics from banana peels and chitosan

Surface topography analysis of bioplastics by FESEM

The bioplastic surface was characterized using Field Emission Scanning Electron Microscopy (FESEM)
at 3kV with scale bars of 10pm, Sum, and 1um. FESEM images revealed distinct surface topography differences
between bioplastic from banana peels and those with added chitosan. Chitosan showed a well-dispersed structure
bonded with cellulose, although weak interfacial adhesion was noted. Glycerol improved bonding, enhancing the
overall adhesion between fibers and natural additives.

Figure 3. FESEM microphotographs of the bioplastic from banana peels at 3kV resolution. The images are
under 1 pm (A), 5 um (B) and 10 um (C).
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Figure 4. FESEM microphotographs of the bioplastic from banana peels added with chitosan at 3kV resolution.
The images are under 1 um (A), 5 um (B) and 10 pm (C).

Texture Profile Analysis of Bioplastics

Tensile strength, breaking strain and toughness of the different bioplastic formulations were analyzed
using Texture Profile Analysis. No significant differences (P>0.05) were observed between the bioplastic produced
solely from banana peels and those incorporating chitosan, which could be attributed to the shared chemical
characteristics between banana peels and chitosan. Both materials contain polysaccharides, which may contribute
to comparable mechanical properties. Nevertheless, chitosan is known for its ability to maintain structural integrity
and resist moisture, which might be beneficial in certain applications (Lutfi, 2017).

Table 1. Mechanical properties of bioplastics, including tensile strength, breaking strain, and toughness,
analyzed using Texture Profile Analyzer (mean + standard deviation)

Analysis

Bioplastics from banana peels

Bioplastics from banana peels and chitosan

Strength

(0.02+0.01) MPa

(0.03+0.01) MPa

Breaking Strain

(108.63 + 8.20) %

(11591 +1.43) %

Toughness

(0.001 % 0.001) MJ/m’

(0.002 % 0.001) MJ/m’

Water activity of Bioplastics

Water activity, which impacts bioplastic quality and shelf-life, was measured using an Aqualab 4TE
meter. The results indicated a significantly higher water activity of bioplastics made from banana peels with
chitosan (0.6498+0.05) compared to those without chitosan incorporation (0.4824+0.02). This elevated water
activity in chitosan-enriched bioplastics suggests a greater potential for microbial growth, although both bioplastic
types generally have low enough water activity to inhibit most microbial activity, thereby extending shelf life.
Most bacteria and molds require a minimum water activity level of approximately 0.91 to 0.95 for growth, while
yeasts may grow at levels as low as 0.88 (Fontana, 2020). Furthermore, the water activity of bioplastics can also
be influenced by the presence of plasticizers, fillers, and other additives (Maura et al., 2022).

Table 2. Water activity of bioplastics (mean + standard deviation)

Bioplastics from banana peels Bioplastics from banana peels and chitosan

(0.4824+0.02) aw (0.6498+0.05) aw

Analysis of Fourier-transform infrared spectroscopy (FTIR) on Bioplastic

FTIR analysis revealed distinct functional groups in bioplastics from banana peels and those with
chitosan. The banana peel bioplastic shows peaks for cellulose, hemicellulose, and lignin, while the composite
bioplastic with chitosan features additional peaks for amine groups and amide bands, indicating chitosan's
presence. These findings align with a previous research on bioplastics FTIR spectra, showing characteristic peaks
for hydroxyl, carboxylic, and amine groups (Agusman et al., 2022).
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Table 3. Functional Group in Bioplastics

Bioplastics from banana peels Bioplastics from b peels and ct
Functional Group Peaks Functional Group Peaks
C-H 2900-3000 cm”' N-H 3300 cm’”
O-H 3300 cm’' amide I 1650 cm”
Cc=0 1630 cm” amide I1 1550 cm”
c-0 1450 cm” Cc=0 1720 cm’
H-C-H 1450 cm” C-0-C 1150 cm”

Y A
A v

Figure 5. FTIR Spectra for Bioplastics

Test for Biodegradation of Synthesised Bioplastics

The biodegradability test buried in soil for both bioplastics from banana peels and those added with
chitosan provides insights into the environmental fate of these materials. The test, conducted over 21 days, revealed
that bioplastics from banana peels with chitosan (58.91%) exhibited a higher degree of biodegradation compared
to those made solely from banana peels (45.92%), as shown in Table 4. The addition of chitosan significantly
enhanced biodegradability (P<0.05), potentially by promoting microbial activity or altering the degradation rate
due to chitosan's properties (Erna et al., 2023). Moreover, chitosan may modify the chemical structure of the
bioplastic, increasing its susceptibility to microbial attack and enzymatic degradation (Marta et al., 2023).

Table 4. Percentage of biodegradability for bioplastics (mean + standard deviation)

Bioplastics from banana peels Bioplastics from b peels and ct

(45.92£0.72) % (58.91 £0.16) %

CONCLUSION

This study demonstrated the potential of bioplastics made from banana peels and chitosan as sustainable
alternatives to conventional plastics. The addition of chitosan significantly enhanced the bioplastics' properties, as
evidenced by FESEM analysis showing strong fiber-chitosan cohesion, and mechanical tests indicating improved
resilience and flexibility. Significant differences (P<0.05) in biodegradability, water activity, surface topography,
and FTIR spectra were observed between bioplastics with and without chitosan. FTIR analysis confirmed effective
bonding of the components, and biodegradability tests showed that chitosan-enhanced bioplastics decompose more
efficiently. Future research should focus on optimizing formulations, conducting long-term environmental impact
assessments, and exploring cost-effective production methods to support the broader adoption of these sustainable
materials.
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ABSTRACT

There has been a lack of studies investigating depressive and anxiety symptoms in university students after the
COVID-19 pandemic. This study aimed to examine factors associated with depressive symptoms among public
and private university students in the Klang Valley, Malaysia. Participants filled out questionnaires containing a
demographic sheet and scales measuring depression, anxiety, psychological strains, purpose in life and religious
commitment. A total of 603 participants were recruited (Mean age = 21.13, SD = 2.08; Female = 66%), of which
54.6% and 66.5% screened positive for depression and anxiety symptoms respectively. Private university students
had higher scores in depressive and anxiety symptoms. Depressive symptoms were significantly associated with
psychological strain (f = 0.519, p <0.001), purpose in life (f =-0.290, p < 0.001) and religious commitment ( =
0.082, p = 0.008), whilst anxiety was significantly associated with psychological strain (f = 0.540, p < 0.001),
purpose in life (B =-0.198, p <0.001). There is a need to address depression and anxiety among university students,
especially in private universities in the Klang Valley post-COVID-19.

Keywords: Depression, Anxiety, University Students, Klang Valley

INTRODUCTION

After the COVID-19 pandemic becomes endemic, universities reopen and university students readjust to
a post-pandemic life. This readjustment is stressful for many and about one-fifths of individuals who were
asymptomatic during the pandemic developed psychological distress symptoms post-pandemic (Lin et al., 2022).
Some educators who returned to work in face-to-face classes suffered from higher burnout and psychological
distress (Estrada-Araoz et al., 2023).Other studies, however, found an overall increase in mental health after the
pandemic (Reutter et al., 2024). In Malaysia, the mental health of university students remains largely unknown.

LITERATURE REVIEW

Past studies have shown that depressive and anxiety symptoms among university students is high. A meta-
analysis of university students in Lower- and Middle-Income Countries found that an estimated 24.4% of
university students had depressive symptoms (Akhtar et al., 2020). Another meta-analysis found that the pooled
depression prevalence of China university students was 28.4% (Gao et al., 2020). In Malaysia, during the COVID-
19 pandemic, a study found that the prevalence of depression was 53.9% (Wong et al., 2023). On the other hand,
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the same study found that anxiety was detected in 66.2% of the participants (Wong et al., 2023). Globally, however,
a meta-analysis found that anxiety was present in 39.0% of the university students surveyed (Li et al., 2022).

A number of factors have been associated with depressive and anxiety symptoms among university
students. Factors predicting depressive symptoms were various, among which is psychological strains (Zhang &
Lv, 2014). Psychological strains may cause an individual to be pulled apart by two conflicting stressors (Zhang &
Lv, 2014). Among university students, higher strains have been a significant predictor for depression and anxiety
(Sun et al., 2020). On the other hand, purpose in life has been identified as a protective factor against depression
among adolescents (Barcaccia et al., 2023). Finally, religious commitment has been negatively associated with
depression and anxiety (Koenig et al., 2012). This may be due to religiosity providing a sense of meaning in life
for university students. However, another study has found that religiosity may work against mental wellbeing if
the individual perceived the religion as a threat rather than as a source of comfort (Malinakova et al., 2020).

METHODOLOGY

Study Design: This is a quantitative study involving undergraduate students in public and private universities.
Also, this study will be utilising cross-sectional survey for data collection among participants.

Study Location: Three universities in Malaysia; Taylor’s University, UCSI University, National University of
Malaysia (UKM) were selected.

Measures: The following questionnaires will be self-administered to undergraduate students:

I. Demographic information

Demographics to be collected include gender, ethnicity, date of birth, sexual orientation, perceived
academic achievement, parents’ marital harmony, belief in God’s existence, believe in karma, life after
death, and attendance at religious services.

2. Psychological strain.

Psychological Strain Scale (PSS) is a 40-item self-reporting scale developed by Zhang et al (2012) to
measure psychological strain in four dimensions: value strain, aspiration strain, deprivation strain, and
coping strain. Participants answered on a five-point Likert scale ranging from 1="Never" to
5="Always". A total higher score indicates higher levels of strain in the individual. This instrument
yielded high reliability with Cronbach’s alpha value of .96 among large sample of university students in
China (Zhang et al., 2020). However, the scale needs to be validated in Malaysia. As this is a new scale
in Malaysia, its psychometric properties will be further explored.

3. Perceived meaning and life purpose.

Purpose in life test-short form (PIL-SF) is a 4-item instrument developed by Schulenberg, Schnetzer,
and Buchanan (2011), designed to assess an individual’s meaning and life purpose. Participants answer
on a 7-point Likert scale to indicate various degrees of feelings about life purpose, from the lowest

nn nn

(1="no plan", "empty and meaningless", "no progress", and "meaningless goal") to the greatest
(7="very clear goals", "meaningful and objective", "fully completed my life goals", "satusfying goal").
The scale shown excellent psychometric properties, with Cronbach’s alpha coefficients of .92 among
university students in China (Lew et al., 2020). However, the scale needs to be validated in Malaysia.

As this is a new scale in Malaysia, its psychometric properties will be further explored.

4. Religious commitment.

Religiosity will be measured using the Centrality of Religiosity Scale Interreligious-7 (CRSi-7). The
questionnaire has 7 questions in which the participants respond to a 5-point Likert scale ranging from
1=Never/Not at all to 5=Very often/Very much so. In the calculation of the CRS score, the item sum
score is divided through the number of scored scale items. This allows for a range of the CRS score
between 1.0 and 5.0. For the categorization of the groups of the “highly religious”, “religious”, and
“non-religious” we propose the following thresholds: 1.0 to 2.0: not-religious, 2.1 to 3.9: religious, 4.0
to 5.0: highly-religious (Huber & Huber, 2012). This questionnaire will be validated separately in the

Malay language in another project.

272



5. Depression and anxiety.

Automated Readability Index (ARI)

The Automated Readability Index test is another readability test that was used in the research. The ARI,
a formidable tool in readability assessment, scrutinizes word and sentence complexity [6]. It translates these
complexities into an age-based estimate of text comprehension. A lower ARI score underscores enhanced
accessibility, while a higher score suggests elevated complexity. The factor relating to sentence structure (average
number of words per sentence) is identical to that found in most currently used indices, such as the Coleman-Liau
Index, so no verification was required.

The formula for the Automated Readability Index is [7]: 4.71 / (Character / word) + 0.5 (words / sentence) — 21.43

Table 2. Automated Readability Index grade level and age range

Score School Level Age range (years
old)
Kindergarten 5-6
1% & 24 Grade 6-7
34 Grade 7-9
4™ Grade 9-10
5t Grade 10-11
6™ Grade 11-12
7% Grade 12-13
8t Grade 13-14
9t Grade 14-15
10" Grade 15-16
11% Grade 16-17
12 Grade 17-18
College student 18-24
Professor 24+

The ARI outputs a number that approximates the age needed to understand the text. As a rough guide,
US grade level 1 corresponds to ages 6 to 8. Reading level grade 8 corresponds to the typical reading level of a
14-year-old US child. Grade 12, the highest US secondary school grade before college, corresponds to the reading
level of a 17-year-old.

The Gunning Fox Index

The Gunning Fog Index measures readability based on word and sentence characteristics [8]. It aims to
simplify text for better comprehension. We aim for a FOG index between 7 and 8, indicating moderate readability.

The index's purpose is to simplify text for seamless comprehension. In our endeavor, we target a FOG
index score that positions the RAIQ between moderate and highly readable, ensuring that it resonates with 1Os.
The formula for the FOG index is given by [9]:

Gunning Fox Index = 0.4 [ amount of words / number of sentences) + Percentage of Hard Words]

Words having three or more syllables, such as comparable, fortunate, and necessary, are considered hard
words. The FOG index should typically measure tool readability between 7 and 8. The FOG index is considered
challenging if it is greater than 12. The FOG index provides ways to make written material simpler for better
comprehension. However, the FOG index also promotes poor writing habits, which could unintentionally lead to
the creation of dry and uninspiring material.
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Cronbach Alpha reliability test

Cronbach’s alpha test is an important and more useful test for internal reliability of questionnaire [10].
The researcher decided that Cronbach's alpha would be used as an indicator of internal consistency and would
serve as the dependent variable in this research work. Cronbach’s alpha test is an important and more useful test
for internal reliability of a questionnaire. Normally the researcher uses Cronbach’s alpha when designing and
testing a new survey or assessment instrument. This statistic helps them evaluate the quality of the tool during the
design phase before deploying it fully [11]. It is a measure of reliability. The mathematical formulae to calculate
Cronbach Alpha as follows: - [12]:

RESULTS

Readability test

Using various readability test methodologies, we designed the questionnaire and analyzed the test
findings. The questionnaire consists of 20 questions, totaling 754 words and 4993 characters. It includes 57
sentences with an average of 6.6 characters per word and an average of 13.2 words per sentence. We received
responses from 25 Investigation Officers (I0s) who participated in the study, with 16 of them being men and the
remaining 14 women, with an average age of 34.6. The overall response rate was an impressive 89.7%.

Table 4 provides an overview of readability tests. The New Dale Chall Readability Test, assessing the
reading grade level for this questionnaire, yielded a score of 8.6, equivalent to an 11th and 12th-grade reading
level. This suggests that individuals around 17 or 18 years old should comfortably comprehend the questionnaire.
The Automated Readability Index (ARI) scored the questionnaire at 17.2, corresponding to a standard 12th-grade
reading level and indicating individuals above 19 should easily understand it. The higher ARI score suggests a
relatively higher level of complexity, better suited for those with advanced education. The Gunning Fog Index,
with a score of 11.6, places the questionnaire in the range of moderate readability, making it accessible and
understandable to a broad audience, including those without advanced education.

In summary, the results of the readability tests provide a nuanced understanding of the questionnaire's
readability. The New Dale Chall score and the Gunning Fog Index suggest that the questionnaire is likely to be
comprehensible to individuals with varying education levels. However, the higher ARI score indicates that the
questionnaire may be more suitable for individuals above the age of 19 or those with a higher level of education
and literacy. These results underscore the questionnaire's versatility in catering to a diverse audience while also
indicating its potential suitability for individuals with more advanced educational backgrounds.

Reliability test

There were 25 Investigation Officers from the Criminal Investigation Department that consented to being
part of this study, of which 15 of the officers are on probation while the rest have more than 3 years of working
experience. The reliability of the questionnaire was calculated through Cronbach’s alpha which generated an alpha
level of 0.96 (o = .96). When the score is more than 0.7, it means it has high internal reliability, hence rendering
the findings consistent.

In summary, the results of the readability tests indicate that the questionnaire is highly readable and
comprehensible for the target sample of 10s. Additionally, the Cronbach's alpha reliability test shows that the
questionnaire has a high level of internal reliability, making it a dependable tool for assessing crime risk
perceptions among Investigation Officers in the Royal Malaysian Police. These findings validate the efforts made
to enhance the validity, reliability, and user-friendliness of the Risk Appetite Index Questionnaire (RAIQ) and
confirm its suitability as a robust and accessible tool for gathering actionable insights.

DISCUSSION

In this research, the authors have undertaken a comprehensive analysis of the Risk Appetite Index
Questionnaire (RAIQ) designed for Investigation Officers (IOs) in the Royal Malaysian Police (RMP). The study
aimed to enhance the questionnaire's usability and effectiveness, addressing two critical dimensions: readability
and reliability. Their approach involved a series of readability tests to evaluate how well the RAIQ could be
understood by the target audience. The New Dale Chall Score, Automated Readability Index (ARI), and Gunning
Fog Index collectively provide valuable insights into the questionnaire's accessibility. While these tests suggested
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varying degrees of readability, they collectively positioned the RAIQ as an instrument that could cater to a broad
range of educational backgrounds while potentially requiring a higher level of education for comprehensive
understanding, as indicated by the ARI.

Furthermore, the assessment of reliability through Cronbach's alpha yielded a substantial result of 0.96,
indicating a high level of internal consistency in the responses generated by the questionnaire. This strong
reliability underscores the questionnaire's dependability, making it a trustworthy tool for assessing crime risk
perceptions among IOs in the RMP. This validation is particularly crucial in the context of law enforcement, where
the accuracy and consistency of data are paramount for decision-making and policy formulation.

Additionally, it is important to acknowledge certain limitations of this study, notably the relatively small
sample size of 25 IOs. Future research endeavors could consider expanding the sample size to enhance the
generalizability of the findings. Moreover, the study primarily focused on the questionnaire's readability and
reliability in a controlled research setting. To further establish its practical utility, future investigations could
explore how the RAIQ performs in real law enforcement scenarios. By doing so, it would be possible to ascertain
whether the questionnaire effectively translates into actionable insights and contributes to more informed decision-
making within the dynamic and challenging realm of crime risk management. In conclusion, this research makes
a valuable contribution by emphasizing the significance of both readability and reliability in questionnaire
development and validation, offering a robust approach to strengthening the RAIQ as a powerful tool for 10s in
the RMP.

CONCLUSION

The research work is to identify the knowledge of crime risk management towards the Investigation
Officer in Royal Malaysian Police. In order to measure it, the questionnaire was developed. In this work, various
aspects of tool development have been thoroughly explored. There have been significant attempts made to gather
all the data. The research instrument has demonstrated its reliability through validity, reliability, and readability
test. Additionally, the research tool has proved its credibility. Thus, Cronbach's alpha shows that an alpha score of
0.9 indicates that the questionnaire set has a good level of internal reliability and provides consistent results (refer
table 3). Since the investigation officers had at least a diploma and all of the questions can be answered by a student
who is 19 years old (refer Table 4), it has been proven that they were able to complete the questionnaires.

This paper also demonstrates the importance of developing questionnaires that are both reliable and
readable to gather accurate and valuable data for informed decision-making in law enforcement and organizational
research. The authors have used a combination of readability tests and reliability measures to ensure the
effectiveness of their questionnaire.
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ABSTRACT

Musa Paradisiaca is a variety of bananas used mainly for cooking instead of being consumed fresh. The skin,
frequently seen as a by-product, holds valuable nutritional and industrial potential. This research aimed to
determine the nutritional content of the banana peel of Musa Paradisiaca and produce paper from it. The banana
peel was analyzed for its nutritional content across different ripening stages. The results showed that the nutritional
content in the banana peel varies depending on the maturity stages with unripe peels having the highest dry matter
and fat content, ripe peels having the highest moisture, crude fiber, and protein content, and overripe peels having
the highest ash content. Moreover, the total phenolic content of the ripe peel is at 7.93 mg GAE/g, indicating strong
antioxidant properties in the peel. Ripe banana peels were identified as the best for paper production due to their
higher moisture content, which is essential for the pulping process, and their abundant fiber content that provides
structural integrity for paper formation. The paper made from the peel is pale yellow with a rough texture and
moderate flexibility compared to regular paper. Furthermore, the Attenuated Total Reflectance-Fourier Transform
Infrared Spectroscopy (ATR-FTIR) analysis of the paper indicates that the presence of functional groups
contributes to the paper’s structural integrity. Additionally, the paper exhibited moderate tensile strength and
rigidity, and a soil burial experiment showed a 36.43% decrease in weight over 10 days, indicating rapid
biodegradation.

Keywords: Musa Paradisiaca; phenolic content; ripening stages; Gallic Acid

INTRODUCTION

Banana is a tropical fruit crop that is widely farmed and consumed. The average consumption of bananas
per person is 12 kg, thus making it the world's fourth most important food crop after rice, wheat, and maize. Over
the past 20 years, the production of bananas has continuously grown. In 2019, the production of bananas was about
117 million tonnes, a 50% increase compared to 1999 which was only 70 million tonnes. Recently, in 2021, almost
125 million tons of the bananas produced globally (Zaini et al., 2022). The banana fruit's flesh is the part that is
used the most while the outer skin or peels is solely used as organic fertilizer and animal feed. It shows that the
banana peel waste is still not fully optimized (Agustina & Susanti, 2018a). Musa paradisiaca is one of the species
of banana that is hybrid from Musa acuminata and Musa balbisiana. It is an edible banana and tasty yellow banana
with ripe fruit that is sweet, juicy, and full of seeds (Issara et al., 2024). The banana peel makes up about a third
of the weight of a banana. The chemical compounds in banana peel are rich with antioxidant and antimicrobial
activities such as phenolic compounds, alkaloids, flavonoids, tannins, saponins, glycosides, and carotenoids (Hikal
etal., 2022). Banana peel waste includes more fine fibers compared to wood. It contains with high cellulose content
(60-65%), hemicellulose (6-8%), and lignin (5-10%). Currently, paper is typically made from softwood, which
comprises just cellulose (41%), hemicellulose (24%), and lignin (27.8%). The cellulose content in banana peel is
significantly higher than in softwood. Banana peel contains just 5-10% lignin, making cellulose separation easier.
Banana peels can be used to make paper, reducing the need for wood (decreased deforestation) as a raw material
for packaging application such as wrapping paper (Agustina & Susanti, 2018b). This research aims to analyze the
proximate composition and its nutritional value (total fat content, protein content, moisture content, ash content,
crude fiber content, cellulose content, dry matter, total sugar analysis, color analysis) and total phenolic compound
such as Gallic Acid that acts as important role in ripening stages for banana peel waste of Musa paradisiaca.
Besides, papers derived from ripe banana peel of Musa paradisiaca have been fabricated. Finally, physical and
mechanical properties of the derived papers have been analyzed using FTIR analysis, sensory evaluation test,
biodegradability test, pH test and tensile test.
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MATERIALS AND METHODS

Unripe, ripe, and overripe banana peels of Musa paradisiaca were collected from local vendor in Arau,
Perlis. Determination of nutritional content (total fat content, protein content, moisture content, ash content, crude
fiber content, cellulose content, dry matter, total sugar analysis, color analysis) have been analyzed using various
method with slight modification (Agustina & Susanti, 2018b; Arul Marcel Moshi et al., 2019; Ruwali et al., 2022;
Sojinu et al., 2021a; Turker et al., 2022). The total phenolic content was determined based on the Folin-Ciocalteu
method. The amount of total phenolic content (TPC) (mg GAE/g DM) was calculated based on the Gallic acid (0—
200 uM) calibration curve (R2 = 0.9976) (Islam et al., 2023). Paper from ripe banana peel of Musa paradisiaca
has been fabricated based on method by Alasalvar et al., 2023 with few modifications. Finally, the derived paper
was then characterized via FTIR and tensile instruments in order to determine the functional groups existed and
the mechanical properties including Young’s Modulus, tensile strength and elongation at break (Alasalvar et al.,
2023; Chandrasekar et al., 2023). The physical properties such as pH and biodegradability of the derived papers
have been analyzed via other few analysis and tests (Sojinu et al., 2021b; Verma et al., 2024).

RESULTS AND DISCUSSION

The proximate compositions and nutritional content of the banana peel of Musa paradisiaca across
different ripening stages are presented in Table 1. From the table, the dry matter of the ripe peel is 13.64 % which
is less compared to the unripe and overripe peel with 26.48 % and 23.45 % respectively. The ripe peel has 89.19
% moisture content compared to unripe and overripe peel with 89.41 % and 85.1 %, respectively. The ash content
in banana peel for unripe, ripe and overripe are 4.37 %, 2.16 % and 5.22 %. Ripe peel has the least ash content as
the moisture in the peel has been converted into sugar (Koni et al., 2023). The ripe peel has the highest crude fiber
content, 24.57 % compared to unripe and overripe peel with 20.37 % and 22.13 %, respectively. The cellulose
content in the ripe peel (1.07 %) was lower than the unripe peel (1.75 %) and slightly higher than the overripe peel
(1.06 %). The fat content in the peel was found to be higher for unripe peel (7.55 %) compared to the ripe (4.79
%) and overripe peel (4.88 %). The ripe peel has the highest protein content which is 4.07 % while the overripe
peel has the lowest, 0.82 % and the unripe peel is 1.74 %.

Table 1. Proximate composition of banana peel of Musa paradisiaca at different ripening stages

Ripening  Dry matter Moisture Ash Crude fiber Cellulose Fat Protein
Stage (%) Content Content Content Content Content Content
(%) (%) (%) (%) (%) (%)
Unripe 26.48 89.19 4.37 20.37 1.75 7.55 1.74
Ripe 13.64 89.41 2.16 24.57 1.07 4.79 4.07
Overripe 23.45 85.1 5.22 22.13 1.06 4.88 0.82

Table 2 below illustrates the results of the banana peel of Musa paradisiaca color test, showcasing the
changes in day, color, and physical characteristics at each ripening stage. The color of banana peel is significantly
related to banana maturity. The results show that the color change of banana peel from green to brown speckles as
the banana matured.
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Table 2. Color analysis of banana peel of Musa paradisiaca

Duration of Ripening Stages (Day)
1 3 7 10
(Unripe) (Unripe) (Ripe) (Overripe)

Physical

Appearance of raw . :

Musa paradisiaca \

peel (based on | .

different ripening B\

stages) 4 i
Hard green More green than Fully yellow Fully yellow with
yellow brown speckles
Color Index 1 3 6 7

The total phenolic content compound was determined in the banana peel of Musa paradisiaca by the
Folin-Ciocalteu method. Based on the linear equation obtained i.e. y = 0.0051x + 0.0018, R?= 0.9993 approaching
linearity where R2= 1 as shown in Figure 1. The total phenol of the peel can be calculated with the resulting sample
absorbance value of 0.305. This indicates that the banana peel of Musa paradisiaca contains a total phenol content
of 7.93 mg GAE/g of powder. According to Vu et al., 2018, the total phenolic content in banana peel ranges from
4.95 to 47 mg gallic acid equivalent/g dry matter (mg GAE/g DM). Thus, the banana peel of Musa paradisiaca is
rich in dietary fiber and phenolic compounds with high antioxidant and antimicrobial activities. Figure 2 shows
the FTIR results for both raw ripe Musa paradisiaca peel and its derived paper. The FTIR spectra of paper
derived from banana peel and raw banana peel overlap significantly, demonstrating that essential functional groups

are retained during the papermaking process.
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Figure 1. Calibration Curve of Gallic Acid Standard

Figure 2. FTIR spectra comparison between the derived
paper from the banana peel and the raw peel
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Table 3. Sensory evaluation characteristics and observation, FTIR analysis of several functional groups
and mechanical properties of paper made from the ripe peel of Musa paradisiaca

Characteristics & Observation Tensile Test

o Tensile stress at Maximum
Load (0.33MPa)
e Elongation at break (1.03 %)
¢ Young’s Modulus (41.68
MPa)
e Maximum Load (4.05 MPa)

Exhibits pale yellow color with slightly flexible paper strength, has neutral
smell and a slightly rough surface texture. pH of the paper is 7.08.

Table 3 shows the result of the paper made from the banana peel of Musa paradisiaca. From the figure
in Table 3, it can be seen that the color of derived paper is in pale yellow. The colors indicates that the banana
peel's natural pigmentation has been retained to some extent during the papermaking process. Besides that, the
paper shows flexibility and can be torn off. The smell of the paper is neutral, not have a strong odor or scent. The
neutral smell of the paper is a favorable characteristic, indicating that there are no strong or unpleasant odors
associated with the banana peel fibers. Due to its odorless nature, the paper can be used in a greater variety of
applications, including those where smell sensitivity might be a concern, such as food packaging or stationary
goods. Thus, it shows that banana peel has potential industrial applications in sanitary pads, textiles, pulp and
paper, food, and reinforced composite materials. Lastly, the texture of the paper is a little bit rough compared to
regular paper. The rough texture of the paper suggests that the fibers from banana peels are rougher than those
found in regular paper. This roughness is due to the natural structure of banana peel fibers and the processing
method used (Balda et al., 2021). The pH of the paper obtained is 7.08, which is close to neutral. This neutral pH
indicates that the paper is either too acidic nor too alkaline, making it suitable for a variety of uses without the risk
of damaging sensitive materials or reacting with other substances. The tensile stress at the maximum load of the
paper was found to be at 0.33018 MPa. It shows that the paper able to bear moderate stress at maximum load
before failure. Additionally, the paper has an average elongation at break which is 1.03007 %, with the Young’s
Modulus of the paper is 41.67678 MPa. This indicates that the paper shows moderate stiffness. Meanwhile,
biodegradability test results revealed that the average weight loss of the derived paper after 10 days is 36.43 %.
This results highlights its ability to degrade into organic matter in a short period of time, which indicates well for
long-term waste management strategies.

CONCLUSION

The study aimed to analyze the nutritional content and composition of banana peels at different ripeness
stages. The paper derived from ripe banana peels showed potential for biodegradability and strength. Ripe peels
were chosen for paper production due to their high moisture, crude fiber, and protein content. The paper exhibited
moderate tensile strength and rapid biodegradation. The findings suggest that banana peels, especially at different
ripeness stages, have potential for various applications, including dietary uses and eco-friendly packaging
materials. To enhance the research, it is suggested to increase the sample size, explore different banana types,
refine fiber extraction methods, and evaluate the environmental impact of using banana peels for various
applications.
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	TRACK A: APPLIED BIOLOGY
	EXPLORING THE GENETIC DIVERSITY AND POPULATION STRUCTURE IN A SUBSET OF PTEROPTYX TENER (COLEOPTERA: LAMPYRIDAE) POPULATIONS ALONG THE SELANGOR RIVER USING MICROSATELLITE MARKERS
	Keywords: Genetic diversity, Pteroptyx tener, inbreeding, conservation
	INTRODUCTION
	In Peninsular Malaysia, Pteroptyx fireflies stand out among other genera found owing to the synchronous flashings produced and the two most prevalent species found are Pteroptyx tener and Pteroptyx bearni (Coleoptera: Lampyridae) (Nada & Kirton, 2004;...
	MATERIALS AND METHODS
	A total of 71 adult Pteroptyx tener samples were collected from four sectors along the river at night. They were then preserved at −20 C.  A partially sequenced P. tener genome using de novo assembly was used to identify microsatellite regions in the ...
	RESULTS AND DISCUSSION
	Out of the 20 microsatellite loci, only 11 of them showed amplification and are informative. Descriptive statistics based on four populations of P. tener are presented in Table 1. The number of alleles per locus (Na) ranged from 2.727 (Pop4) to 3.727 ...
	Generally, it is shown that there is moderate genetic differentiation and high gene flow in P. tener individuals among all populations (Table 2). Moderate levels of differentiation may be maintained even if individuals frequently move between populati...
	Figure 1. A  UPGMA tree of four P. tener populations was constructed based on Nei's unbiased genetic distance (Nei, 1973).
	CONCLUSION AND RECOMMENDATIONS
	To summarize, this study provided insights into the current population structure and diversity of P. tener in a specific region of the Selangor River. The newly developed microsatellite markers revealed relatively low genetic diversity across the four...
	REFERENCES
	SURVEILLANCE STUDY OF BACTERIAL CONTAMINATION ON VEGETABLES AND ‘ULAM’ SOLD IN JELI MARKET, KELANTAN
	Introduction
	Vegetables and ‘ulam’ refer to any type of plant where various parts, from rhizomes to roots, can be eaten raw as salad or cooked in dishes. ‘Ulam,’ also known as traditional vegetables, has been important in the multicultural Malaysian community for ...
	The well-known wet market in Jeli, Kelantan, is Pasar Besar Jeli. Sellers at this market typically offer produce from village farmers, making it a central place for residents of Jeli to buy vegetables and traditional foods of the Kelantan community. A...
	Methodology
	25 g of each of vegetables and ‘ulam’ samples were placed in a sterile stomacher bags separately and added with 225 mL phosphate buffer solution. The samples were homogenized using BagMixer for 2 minutes. Samples were then serially diluted to 10-5 bef...
	ResultS
	The number of colonies that grew on nutrient agar varied between the vegetable and 'ulam' samples. Some samples produced more than 250 colonies, which are reported as too numerous to count (TNTC). Among the vegetable samples, the highest colony count ...
	The selective media was used to distinguish different types of bacteria isolated from vegetables and ‘ulam’ samples. Cassava samples formed many colonies on Baird Parker medium indicating presence of S. aureus, whereas no colonies were formed from tom...
	In the catalase test, all isolated strains produced bubbles, indicating that the isolates produce catalase enzymes (Figure 1b). However, different results were observed when the isolates were grown on TSI agar. Four agar samples turned yellow, one tur...
	DIscussIon
	The CFU/mL values for cassava and Chinese okra exceeded the FDA’s acceptable limit of 106 CFU/mL, indicating high contamination. Cassava, often planted with animal manure and sold uncleaned, had soil on it, which harbors bacteria. In contrast, carrots...
	Three types of selective agar; Baird Parker, MacConkey, and XLD were used to detect S. aureus, E. coli, and Salmonella spp. in samples. These media can also grow other bacteria, so Gram staining was used to confirm bacterial types. S. aureus on Baird ...
	Catalase tests identify the presence of the catalase enzyme in bacteria, which breaks down hydrogen peroxide (H2O2) into oxygen and water, forming bubbles. This test reveals that all colonies from the isolated media are catalase-positive, meaning they...
	Bacterial pathogens can contaminate fresh produce at any stage of the production and supply chain. This contamination can happen through direct contact with fecal matter during agricultural practices, such as using wastewater for irrigation or applyin...
	CONCLUSION This study revealed that some fresh produce sold in Jeli market, such as cassava, Chinese okra, 'pucuk ubi kayu,' and 'pucuk kaduk,' had bacterial levels exceeding safe limits, making them unsafe for consumption. In contrast, other produce ...
	Figure 1. The representative of bacterial isolates (Isolate 1, Isolate 2 and Isolate 3) that were isolated from vegetables and ‘ulam’ samples. These isolates were compared to controls, which include E.coli (A), S. aureus (B), S. typhi (C) and un-inocu...
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	MICROBIAL LEVELS ON COLD-FLAVORED DRINKS SOLD IN KUALA PILAH, NEGERI SEMBILAN
	INTRODUCTION
	Disease caused by foodborne pathogens such as gastrointestinal tract infection is a common thing to happen nowadays. As reported by World Health Organization (WHO) in 2019 that 0.4% of U.S. deaths which about 9955 attributed in diarrheal diseases (Ste...
	MATERIALS AND METHODS
	The materials required in this study were nutrient broth, nutrient agar, MacConkey agar, Gram stain reagent set, Metyl red indicator, sterilized MR-VP both, Tryptophan broth, Kovac’s reagent, 5% Alpha-Naphthol, 40% Potassium Hydroxide, E. coli positiv...
	RESULTS AND DISCUSSION
	The results in Table 1 below shows the Most Probable Number (MPN) of bacteria in four samples of cold-flavored drinks of Air Jagung (AJ01), Lemon Asam Boi (LAB02), Cendol (C03) and Mangga Susu (MS04) that have been randomly bought from local street ve...
	The analysis of four iced-cold drinks samples showed that the density of bacterial contamination ranging from 43 MPN/g to >1100 MPN/g. However, majority of the samples had MPN value distribution of >1100 MPN/g which showed that half of four cold-flavo...
	Five tubes from each sample that showed positive result were streaked on MacConkey agar to observe the grow of Gram-negative bacteria species that presence in the cold-flavored drinks samples collected at the hawker stalls in Kuala Pilah, Negeri Sembi...
	Figure 1. Gram staining result under 100x magnification
	Based on Table 2, all bacteria isolated from AJ01 and LAB02 were presumptively identified as Shigella spp., followed by two bacteria isolated from C03. Since the biochemical test (IMViC) has shown negative (-) result for Indole test, positive (+) resu...
	Based on the result, there was the presence of Enterobacter spp. detected in the cold-flavored drinks sold at hawker stalls in Kuala Pilah, Negeri Sembilan. It is similar as reported by Feglo.P & Sakyi.K (2012) that there was the presence of Enterobac...
	CONCLUSION
	As a conclusion, cold-flavored drinks sold in Kuala Pilah, Negeri Sembilan were grossly contaminated with foodborne pathogens as the bacterial contamination density in MPN test has shown the range of 43 MPN/g to >1100 MPN/g in the samples collected fr...
	REFERENCES
	OPTIMISATION OF FTA CARD PREPARATION FOR DIRECT AMPLIFICATION OF THE SSR-MEGCIR3607 MARKER IN OIL PALM
	INTRODUCTION
	Oil palm (Elaeis guineensis) have been cultivated and domesticated in Malaysia since its first introduction in the 1870s and began as an ornamental plant in Malaysia. It has the fastest-growing global demand as a raw material for food, personal care p...
	Molecular marker methods and techniques for DNA have greatly expanded and become the most valuable tools currently accessible and are a complementary study from the traditional approach for plant identification (Nadeem et al., 2018). Molecular approac...
	In response to these challenges, this research endeavors to initiate a paradigm shift in the way we approach PCR analysis of oil palms. Central to this effort is the integration of Flinders Technology Associates (FTA) card technology, a compact and ve...
	The main objective of this research is to explore and demonstrate the potential of FTA card technology as a transformative solution for PCR analysis of oil palm. By optimizing the PCR protocol tailored to oil palm DNA using FTA cards, we aim to provid...
	MATERIALS AND METHODS
	The reagents and chemicals for that were used in this study are phenol, 99% ethanol, distilled water, boric acid, molecular biology grade water, Tris-base, and EDTA (Ethylenediaminetetraacetic acid), 5x Hot FIREPol blend master mix, QIAGEN QIAcard FTA...
	The genetic materials utilised in this study were oil palm leaves sourced from an independent smallholder plantation located in Teluk Panglima Garang, Selangor, Malaysia. A total of 50 samples were collected from two distinct blocks within these plant...
	The collected samples considering having characteristics such healthy and  productive condition. The easily reachable mature frond: frond 32-40 were chosen, harvested, cut, placed, and labelled in the zip lock bag individually. The samples were placed...
	Each leaf tissue was carefully cleaned to eliminate any dust or dirt that could interfere with the DNA extraction process. Precisely 0.4g of the leaf tissue was weighed using an analytical balance. A few drops of water were added to moisten the tissue...
	Based on optimised the washing step, the modified procedure begins with placing clean, sterile PCR tubes on a rack and labelling them according to the PCR gradient temperature. For example, samples from plantation 1 are labelled P1S1_I1, P1S2_I2, P1S3...
	PCR was performed in a 25 µL reaction volume containing 4 µL of FTA elute, 1 µL of reverse primer (5’- GAGGGGGTTGGGACATTAC-3’), 1 µL of forward primer (5’- TAGCTCACAACCCAGAACTAT-3’), 4 µL of 5x Hot FIREPol Blend master mix, and 15 µL of sterile distil...
	RESULTS AND DISCUSSION
	According to the manufacturer’s protocol (QIAGEN, 2023), FTA discs can be directly used as a DNA source after undergoing the recommended washing steps. However, to ensure that the DNA within the FTA discs is fully unbound during the washing process, s...
	Figure 1. Comparison of outcome for oil palm PCR amplification using DNA source from different FTA card preparation steps
	CONCLUSION
	The mEgCIR3607 marker-based direct amplification of the SSR in oil palm through the optimisation of FTA card production has proven to be a dependable and reliable for genotyping technique. The results imply that in modified FTA card preparation proced...
	REFERENCES
	POLYHYDROXYALKANOATE GRANULE FORMATION AND THE EFFECTS OF CARBON SOURCES ON THERMOPHILIC GLOEOCAPSA SP.
	INTRODUCTION
	The first study identifying polyhydroxyalkanoates (PHA) in Gloeocapsa was conducted by Hai et al. (2001) who investigated the presence of type-III PHA synthases in various cyanobacteria, including Gloeocapsa sp. strain PCC 74281. Besides that, western...
	Despite that cyanobacteria can accumulate PHAs naturally, their PHA production based on volumetric productivity and cell biomass is critically lesser than that in heterotrophic bacteria. According to Singh & Mallick (2017), the main reason that lower ...
	MATERIALS AND METHODS
	Three thermophilic Gloeocapsa sp. strains isolated from different location of Malaysia hot springs were used for this study (Sample 2DL from Kg. Lada, Negeri Sembilan; Sample C and Ci from Ulu Kuang, Perak). All strains were cultivated photoautotrophi...
	For biomass analysis, three different modified BG11 media (carbon-rich BG11 and flue gas water with BG11, and pineapple skin extract with BG11) were prepared meanwhile basic BG11 media was used as a control. For basic BG11 and carbon rich BG11, the ca...
	For cultivation, 10% inoculum of the Gloeocapsa sp. were prepared in sterilized 1x basic BG11 medium, carbon rich BG11 media, FGW with BG11 media, and PSE with BG11 media. All cultures were cultivated at 47 C under continuous illumination with white f...
	RESULTS AND DISCUSSION
	Gleocapsa sp. strains 2DL, Ci and C were characterized by a spherical coccus morphology, consisting of individual cells tightly packed together within spherical colonies (Figure 1 A-C). The cells are typically small, rounded, and proximity to each oth...
	According to Mohammed & Ray (2022), SBB is a non-specific dye for PHA-producing producers. Thus, in this study, Nile Blue A was used to further confirm the presence and accumulation of PHA granules. Sudan Black B-stained culture smear showed cells fil...
	Figure 1. Morphology and PHA detection of thermophilic Gloeocapsa sp. strains; A, B, C: 2DL, Ci, and C samples, respectively at 1000× magnification using light microscopy; D, E, F: SBB stained 2DL, Ci, and C samples at 100x magnification, respectively...
	All Gloeocapsa sp. strains recorded the highest DCW when they were cultivated in basic BG11 media (Figure 2). Noteworthy, the least growth were recorded for all  Gloeocapsa sp. strains (2DL, Ci, and C) when they were cultured in BG11  added with flue ...
	Figure 2. Dry cell weight (mg/mL DCW) of Gloeocapsa sp. samples (2DL, Ci, and C) cultivated in four different carbon sources. Reference: Abraham et al. (29 August 2024)
	CONCLUSION
	The thermophilic Gloeocapsa sp. strains used in this study were able to accumulate intracellular PHA granules as the SBB and NBA stained smeared cells have demonstated PHA granules upon imaging. Besides that, all thermophilic Gloeocapsa sp. strains ha...
	REFERENCES
	EXPLORING THE SYNERGISTIC EFFECTS OF ASTAXANTHIN AND TOCOTRIENOLS ON LPS-INDUCED INFLAMMATION IN HUMAN LUNG CELLS (CALU-3)
	Introduction
	Inflammation is involved in numerous respiratory diseases and thus, the continued hunt for effective anti-inflammatory agents. Carotenoid, astaxanthin and tocotrienols, a form of vitamin E have been reported to exert anti- inflammatory effects [1], [2...
	Astaxanthin has been described as a powerful antioxidant that exhibits a strong ability to scavenge singlet oxygen and superoxide radicals [1]. It has been reported to have synergistic effects with tocotrienols, another potent antioxidant in several s...
	Tocotrienols, a form of vitamin E, are known to be better antioxidants and anti-inflammatory compounds compared to tocopherols. Research has established that tocotrienols effective in decreasing oxidative stress and inflammatory biomarkers [2], [3]. A...
	Isobologram analysis is used in various research to assess the synergistic effects of drugs when they are mixed. The Chou-Talalay method is the most impact approach for the accurate arithmetic in calculating combination indices, which algebraically de...
	However, there is still a deficiency of experimental studies using LPS to cause inflammation in CALU-3 cells exclusively. Furthermore, there is a lack of evidence regarding the ability of astaxanthin and tocotrienols to synergistically decrease inflam...
	Methodology
	CALU-3 cells were grown under regular media conditions using Gibco™ RPMI 1640 Medium with GlutaMAX™ Supplement, supplemented with 10% Gibco™ FBS, and 1.0 mM Gibco™ Sodium Pyruvate. The cells were maintained in T-75 flasks and passaged every 3-4 days u...
	Lipopolysaccharides (LPS) were added at various concentrations (10 ng/mL, 100 ng/mL, 200 ng/mL, 500 ng/mL, and 1000 ng/mL) to induce inflammation, with the optimal conditions determined through experimental optimization described in section 3.2.
	Before running the actual tests, several preliminary experiments were conducted to establish the optimal cell density and LPS concentration needed to trigger a strong inflammatory response in CALU-3 cells. The cells were seeded at densities of 5,000, ...
	Cells were first counted using a cell counter with trypan blue exclusion to ensure accurate cell densities. These conditions were monitored over 72 hours using the iCELLigence system to characterize the maximum cell index.
	The cells that were inflamed with LPS after the optimization experiment (3.2), treated with different concentrations of astaxanthin and tocotrienols, separately as well as in different combination ratios. First, the cells were incubated with astaxanth...
	The interaction between astaxanthin and tocotrienols was assessed by the Chou-Talalay method for isobologram analysis on synergistic effects. In this method, combination index (CI) values are determined such that the value of CI < 1 is synergistic, CI...
	𝐶1=,(𝐷,)-1.-,(𝐷𝑥)-1.. + ,(𝐷,)-2.-,(𝐷𝑥)-2..
	(D)1​ and (D)2 are the doses of drug 1 and drug 2 in combination that achieve a given effect, and (Dx)1 and (Dx)2 are the doses of drug 1 and drug 2 alone that achieve the same effect.
	In this study, the two bioactive compounds, astaxanthin and tocotrienols were mixed in different ratios. CI values were estimated from the NO reduction data obtained in the experiments presented in Table 1-3 for 24, 48, and 72 hours, respectively. A C...
	ResultS
	Optimal conditions for inducing inflammation in CALU-3 cells were determined to be at a density of 10,000 cells per well and 10 ng/mL of LPS. Figure1 and 2 illustrate the optimization results.
	Figure 1 illustrates the growth of CALU-3 cells over 72 hours at different initial seeding densities (5,000, 10,000, 15,000, 20,000, and 40,000 cells per well). The graph shows that higher initial cell densities lead to a faster increase in cell index...
	Figure 2 illustrates the response of CALU-3 cells to different concentrations of Lipopolysaccharides (LPS) over 72 hours. The y-axis represents the Cell Index, which measures cell proliferation and response, while the x-axis represents time in hours. ...
	Figure 1. Optimal Cell Counts for CALU-3
	Isobologram analysis revealed a significant synergistic effect between astaxanthin and tocotrienols at specific concentrations, which indicated by a combination index of less than 1 (see Figure 3-5).
	The concentration and observed NO reduction percentage with combination index (CI) values are shown in Tables 1 to 3 for 24, 48, and 72 hours, respectively.
	Table 1. Concentrations and Observed NO Reduction at 24 hours
	DIscussIon
	The findings of this research show that there were a strong synergistic interaction between astaxanthin and tocotrienols in the suppression of inflammation in CALU-3 cells. The most effective concentrations for activating inflammation were identified ...
	Moreover, a combination of astaxanthin (1 µg/mL) with tocotrienols at 2 µg/mL has also shown synergistic effect in all time points, which suggested this compound pair as a promising inflammation suppressor. These results indicated that the synergistic...
	ConclusIon
	Acknowledgement
	The authors would like to thank the Ministry of Higher Education Malaysia (MOHE), Universiti Teknologi MARA (UiTM) and Malaysian Palm Oil Board (MPOB) for the support of the research. This work was supported under Fundamental Grant Scheme (FRGS), MOHE...
	ReferenceS
	OPTIMIZING HYDROGEN PEROXIDE CONCENTRATIONS DURING PRE-STERILIZATION OF C. frutescens AND S. lycopersicum LEAF SAMPLES FOR MICROPROPAGATION
	IntroductIon
	Capsicum frutescens and Solanum lycopersicum are important crops within the Solanaceae family, known for their versatility in medicinal, cosmetic, and culinary applications [1;2]. These plants boast over 3,000 species and nearly 100,000 varieties, inc...
	Thus, this study investigates the application of hydrogen peroxide (H2O2) for leaf surface pre-sterilization, due to its broad-spectrum antimicrobial activity, low phytotoxicity, and affordability [12;13]. However, determining the optimal concentratio...
	LIterature RevIew
	This comparison highlights hydrogen peroxide's distinct roles and considerations in natural and artificial contexts, emphasizing its importance and versatility as both a natural signaling molecule and a powerful sterilizing agent for this research stu...
	Methodology
	In this experiment, healthy leaf explants were selected: C. frutescens leaves exhibited a shiny, waxy layer and smooth surface, while S. lycopersicum leaves had abundant trichomes and a serrated shape. The shape, coloration, spots, lesions, and senesc...
	ResultS and discussIon
	The results showed that at a high concentration of 30% H2O2, necrosis began to emerge along the veins within 24 hours, even though the leaf cells remained fresh and exhibited high durability, as evidenced by the opening stomata (Figure 1a, 1b,1c and 1...
	In these micropropagation experiments, two contaminants were identified for C. frutescens and S. lycopersicum: bacteria and fungi (Figure 1e, 1f, 1g, and 1h). The condition of contaminant emergence varied. Although bacterial-fungal co-infections can e...
	Figure 1. Necrosis and contaminant emergences a) 40x stereomicroscope within 6 hours, b) 40x stereomicroscope within 24 hours; c) 400x stereomicroscope within 6 hours of d) 400 x stereomicroscope within 24 hours, e) bacteria, f) fungi g) bacteria (pio...
	ConclusIon
	This study explored the optimal concentration of hydrogen peroxide (H2O2) for pre-sterilizing leaf explants from Capsicum frutescens and Solanum lycopersicum to improve micropropagation success. The optimal pre-sterilization was a 15% H2O2 treatment f...
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	SCREENING AND ANTIMICROBIAL SUSCEPTIBILITY OF COMMON PATHOGENIC BACTERIA IN COMMERCIALLY PREPARED BURGER PATTIES
	INTRODUCTION
	Burger patties have been linked to several foodborne disease outbreaks. These patties, which are frequently made from ground meat, can act as a bacterial reservoir. This study aimed to quantify the presence of common pathogenic bacteria and determine ...
	MATERIALS AND METHODS
	This study utilised nutrient broth, nutrient agar, MacConkey agar, Gram stain reagents, Methyl red indicator, MR-VP broth, Tryptophan broth, Kovac’s reagent, Alpha-naphthol, Potassium hydroxide, Mueller Hinton agar, Simmons Citrate agar, distilled wat...
	RESULTS AND DISCUSSION
	As illustrated in Figure 1, there are two types of colonies which are pink colonies and colourless colonies present on the MacConkey agar. The pink colonies indicate that the colonies are lactose-fermenting bacteria meanwhile the colourless colonies i...
	Figure 1. Characteristics of the growth on MacConkey agar
	Brand A showed the highest bacterial load with the values of 1.27 x 108 CFU/g for pink colonies and 9.10 x 107 CFU/g for colourless colonies. On the other hand, Brand B showed the lowest bacterial load with the values of 1.02 x 106 CFU/g for pink colo...
	From three brands of beef burger patties, fifteen isolates were obtained. All of the isolates were Gram-negative. Brand A had three isolates and all of them identified as Escherichia coli. The presence of E. coli can be linked to contamination from fa...
	In this study, 4 isolates of Escherichia coli, 6 isolates of Shigella sp. and 5 isolates of Pseudomonas aeruginosa from three different brands of burger patties were tested with 14 types of antibiotics namely Kanamycin (K30), Gentamicin (CN10), Neomyc...
	E. coli isolates were highly resistance to 10 different antibiotics namely Neomycin, Streptomycin, Ampicillin, Chloramphenicol, Cephalothin, Ceftazidime, Erythromycin, Clindamycin, Doxycycline and Sulphamethoxazole, with the percentage of resistance b...
	On the other hand, Shigella sp. isolates were highly resistant to 6 different antibiotics namely Neomycin, Streptomycin, Ceftazidime, Erythromycin, Clindamycin, and Sulphamethoxazole with the percentage of resistance of 100%. This aligned with the pre...
	Apart from that, P. aeruginosa isolates were highly resistant to 7 different antibiotics namely Neomycin, Cephalothin, Ceftazidime, Erythromycin, Clindamycin, Furazolidone and Sulphamethoxazole with the percentage of resistance between 80% to 100%. In...
	Table 1 shows the antibiotics resistance patterns and multiple antibiotic resistance pattern (MAR) index of Escherichia coli, Shigella sp. and P. aeruginosa isolates. The number of resistance patterns for 4 of the E. coli isolates were in between 9 to...
	CONCLUSION
	To conclude, from three different brands, Brand A has the highest plate count value in CFU/g in both pink and colourless colonies. Furthermore, there are three bacteria that can be found in beef burger patties which are Escherichia coli, Shigella sp. ...
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	FATTY ACID PROFILES OF URINARY EXTRACELLULAR VESICLES USING GAS CHROMATOGRAPHY
	Introduction
	Methodology
	Isolated EV sample was then characterized by BCA Protein Assay to determine the protein concentration in both cycles and urine control. The protocol on purchased BCA Protein Assay was followed and the absorbance was determined with microplate reader B...
	Results
	Standard working solution with known protein concentration was prepared according to the instructed protocol. From the absorbance, a standard curve of concentration against absorbance was plotted. The correlation coefficient, R2 was calculated, giving...
	(a)                                                                                        (b)
	Figure 2. (a) Standard curve of protein concentration of EV against UV absorbance (b) protein concentration of the EV between centrifugation cycles and control
	Average size (d.nm) for both cycles were determined by Malvern Mastersizer 3000. From the analysis, it is found that one cycle has smaller average size compared to two cycle sample with 93.7767 d.nm and 177.3333 d.nm respectively. There is also a diff...
	Figure 3. (a) average size (d.nm) against type of sample (b) average size (d.nm) and Pdi value of samples
	DIscussIon
	The isolated EV was analyzed by using the BCA protein assay in order to look at the protein concentration between the control, one cycle and two cycle sample. From the analysis, it can be seen that the concentration of the two-cycle sample was the low...
	PSA was used in these studies to look at the size distribution of samples. From the result, it seems that the one cycle sample the smaller size average compared to the two cycle sample with 93.1167 d.nm and 177.3333 d.nm repectively. The one cycle sam...
	ConclusIon
	In summary, the PSA results indicate that the one-cycle sample yields favorable outcomes, as the average sample size aligned with the reported EV size. The one-cycle sample also retains the majority of important proteins that are necessary for EV iden...
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	EVALUATION OF ANTICANCER EFFECTS OF BIOSYNTHESIZED CUO NPS AGAINST BREAST CARCINOMA CELLS
	Keywords: Biosynthesized, Copper oxide NPs, Camellia sinensis, Apoptosis, Breast cancer
	INTRODUCTION
	Cancer has become one of the most devastating diseases with more than 14 million new cases each year and is expected to continue rising. According to the statistics released by the World Health Organization (WHO), there were an estimated 20 million ne...
	Copper oxide nanoparticles (CuO NPs) have garnered attention for their potent anticancer properties. Traditionally synthesized through chemical methods, CuO NPs have shown efficacy in inducing apoptosis and inhibiting the proliferation of various canc...
	Therefore, this study aims to evaluate the anticancer potential and their mechanisms of action of biosynthesized CuO NPs against against breast cancer cells. Through comprehensive in vitro analyses, including cytotoxicity assays, apoptosis evaluation,...
	METHODOLOGY
	The stock for copper nitrate solution was prepared using distilled water. Various concentrations of the tea extract solutions were used to measure the size of CuO NPs. The copper nitrate solution was stirred vigorously for 15 minutes at 350 rpm to get...
	MCF- 7 breast cancer cells and RWPE-1 human prostate epithelial were used in this study. Both cell lines were cultured in growth medium supplemented with 10% FBS. Cells were allowed to grow as monolayer in a CO2 incubator at 37  C with 5% CO2.
	The cytotoxic activity of the CuO NPs compounds on the cells were assessed using the MTT cell viability assay. Briefly, the cell lines were seeded at approximately 104 cells/well in 96-well plate and were incubated overnight before treated with biosyn...
	Fluorescence viability stains were enabled the visualization of cell appearance based on membrane integrity and differentially label live and dead cells. Qualitative assessment of cell viability upon treatment with CuO NPs was conducted using the LIVE...
	A total of 1.0×106 cells was grown as a monolayer and treated with CuO NPs incubated for 24h. Following treatment, the treated and untreated cells were collected through trypsinization, centrifuged and washed twice with ice-cold 1×PBS solution (cell h...
	A total of 5.0×105 cells was cultured before treated with CuO NPs incubated for 24 h. Cells were then harvested from both floating and attached cells and were washed twice using 1× PBS solution and further was incubated for 15 min in the dark with 100...
	A total of 0.3×106 cells of cancer cell lines was cultured and treated with CuO NPs and were incubated for 24h. Adherent cells were collected and centrifuged at 500xg for 5 min at 4℃. The cells were rinsed two times with PBS to remove the impurities o...
	ROS activity in the cancer cell lines treated with CuO NPs was studied using ROS assay kit purchased from Canvax, Spain. This assay kit uses the cell permeant reagent Dichlorodihydrofluorescein-diacetate (H2DCFDA), a fluorogenic dye that measures hydr...
	A total of 1× 104 cells were cultured on 6-well plates and treated with CuO NPs. After 24 h, the treated cells were placed in 1 mL of phosphate-buffered saline (PBS) containing 20 mM EDTA and 10% DMSO and then disintegrate by serial pipetting. Treatme...
	RESULTS AND DISCUSSION
	The anticancer potential of biosynthesized CuO NPs against human breast carcinoma cells was evaluated through a series of in vitro experiments. X-ray diffraction analysis was performed to determine the crystal structure and phase of copper oxide nanop...
	In this study, the cytotoxicity activity of CuO NPs were tested against MCF-7 breast cancer cells.  The results showed CuO NPs treatment were able to suppress the growth of those cancer cells in dose-dependent manner. The percentage of viable cells we...
	Caspase cascades can be triggered through two major branches, either through cell surface TNF-superfamily death receptor and the pivotal adaptor protein Fas activated death domain (FADD) leading to activate of caspase- 8 and ultimately caspase- 3, or ...
	Oxidative stress refers to the imbalance due to excess ROS or oxidants over the capability of the cell to overcome and response. Hence, oxidative stress leads to macromolecular damages and involves in various disease effects especially cancer. Generat...
	CONCLUSION
	Overall, our findings demonstrate that CuO NPs biosynthesized using Camellia sinensis extract exhibit significant anticancer activity against human breast carcinoma cells. The dose-dependent cytotoxicity, induction of apoptosis, and involvement of oxi...
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	INFAUNAL COMPOSITION IN THREE Nepenthes sp. AT BRIS AREA IN MERANG, TERENGGANU
	Keywords: Carnivorous plants, Inquilines, Ecological interactions, Forest disturbance.
	INTRODUCTION
	Nepenthes, commonly referred to as tropical pitcher plants, belong to the Nepenthaceae family, which is exclusively composed of the Nepenthes genus. Tropical pitcher plants' unusual pitchers simplify their feeding processes and make them clearly ident...
	The infaunal communities found in the phytotelmata of Nepenthes play a significant ecological role, contributing to the production of nutrients, particularly nitrogen (Miller & Kneitel, 2005). In return, the pitcher plants provide a safe haven for inq...
	MATERIALS AND METHODS
	The sampling of infaunal communities was carried out in the BRIS ecosystem at Kampung Rhu Tapai, Merang Terengganu (5 31'02"N, 102 58'16"E). Three Nepenthes species, N. ampullaria, N. gracilis, and N. rafflesiana, were selected for this study. A total...
	Infaunal communities and pitcher fluid were extracted using a syringe-based inhalation/exhalation technique. Larger insects were manually removed using a dissecting spatula. Samples were preserved in 75% ethanol and sealed with parafilm. The phylum, c...
	Pitcher volume was calculated based on measurements of peristome width and length using a vernier caliper. Peristome length was measured from the opening of the pitcher to the base of the tendrils, while width was measured at the widest point of the p...
	RESULTS AND DISCUSSION
	A total of 3,187 infaunal individuals, representing ten orders of arthropods (Insecta and Arachnida), were captured in pitchers of three Nepenthes species: N. ampullaria, N. gracilis, and N. rafflesiana (Table 1). The order richness found in this stud...
	The abundance of infauna varied significantly among species, with N. rafflesiana hosting the highest number of individuals (1,152), followed by N. gracilis (1,407) and N. ampullaria (278). The diversity of prey captured by these Nepenthes species also...
	Figure 1. The infaunal assemblages in three Nepenthes species sampled from BRIS area in Merang, Terengganu.
	Our analysis of pitcher size (length and width) revealed that N. rafflesiana had the largest pitchers, followed by N. gracilis and N. ampullaria. Consistent with previous research (Cresswell, 1993; Gaume et al., 2019), we found a positive correlation ...
	CONCLUSION
	The pitchers of the three Nepenthes species contain ten orders of arthropods. The trapped infaunas consist of ten insect orders (Hymenoptera, Blattodea, Diptera, Coleoptera, Orthoptera, Mantodea, and Odonata) and two noninsect orders (Araneae and Acar...
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	Effective eDNA PROTOCOL for Biodiversity Monitoring
	INTRODUCTION
	Environmental DNA (eDNA) analysis has emerged as a highly promising tool for the monitoring of aquatic biodiversity (Andres et al., 2023). However, due to sample degradation during sampling and processing, the standardized eDNA extraction protocol sti...
	MATERIALS AND METHODS
	In this present study we reported two filtration techniques: a single filter protocol and a multiple filter protocol. We used cellulose nitrate (CN) membranes with pore size of 0.22 µm and 0.45 µm, polyvinylidene difluoride (PVDF) membrane with pore s...
	RESULTS AND DISCUSSION
	Using multiple filter protocol high eDNA yield was obtained. Comparison of all filter membranes showed that CN membrane with pore size of 0.45 µm can capture more eDNA than other filter membranes (Figure 1). Between the extraction methods, PCI with mu...
	Figure 1. Comparison between single filter and multiple filter method. A) Average concentration of eDNA extracted using PCI method with single filter (red columns) and from multiple filters (blue columns). B) Average absorbance ratio of A260/A280 of D...
	Figure 2. Comparison of eDNA extraction method. A) Efficiency of PCI method with single and multiple filters and kit method. B) A260/A280 ratios of eDNA extraction methods. Value represents average of at least three technical replicates, ns denotes no...
	Figure 3. Fish families and species obtained by eDNA metabarcod
	CONCLUSION
	For water filtration, CN 0.45 µm pore size membrane has advantages over others. PCI is recommended as the best method for eDNA extraction with multiple filter protocol from aquatic samples with the least cost and appropriate purity. The commercial eDN...
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	EFFECTS OF FEED SUPPLEMENTED WITH FUCOIDAN AND CURCUMIN ON THE GROWTH AND FEED UTILIZATION IN RED NILE TILAPIA (Oreochromis niloticus) JUVENILES
	INTRODUCTION
	Nowadays, with a continuously expanding global population, the food sector is growing rapidly, particularly, aquaculture which continues to supply protein sources for human consumption. Aquaculture fish, especially tilapias, have been seen to be a pot...
	Fucoidans and curcumin have recently been highlighted in several aquaculture research as multifunctional feed additives. Fucoidan which originates from brown seaweed can enhance growth performances, maintain a healthy intestinal lining, and boost immu...
	Thus, the present study was conducted to evaluate the effects of the combination of fucoidan and curcumin supplemented diets on the growth performance and feed utilization in red Nile tilapia (Oreochromis niloticus) juveniles.
	MATERIALS AND METHODS
	The feeding trials were conducted at the SATREPS-COSMOS Demo Site, Faculty of Agriculture, Universiti Putra Malaysia, UPM, and were performed following the rule of the Institutional Animal Care and Use Committee of Universiti Putra Malaysia (UPM) (IAC...
	A total of 200 red Nile tilapia juveniles were purchased (1.98 ( 0.46 g) and distributed randomly into four experimental groups. Each group had 5 replicates of 10 fish (n=50/group). The fish were acclimatized in 20 tanks (30 cm x 19 cm x 18 cm) a week...
	Average daily weight gain (ADWG) = total weight gain (g) / experimental days
	Specific growth rate (SGR) = 100 x (ln final weight – ln initial weight) / total period of experiment (days)
	Protein efficiency ratio (PER) = total weight gain (g) / protein intake (g) x 100
	Feed conversion ratio (FCR) = total feed intake (g) / total weight gain (g)
	Collected data were statistically analyzed using ANOVA (SPSS Version 29 for MacOS SPSS Inc., Chicago, IL, USA). Post hoc Duncan test was used to assess differences among means; the variation in the data was expressed as pooled SEM, and the significanc...
	RESULTS AND DISCUSSIONS
	The study showed no significant difference in the SGR (p>0.05) between fish in different experiment groups. However, PER showed a significant increase for fish in CR (p<0.05), while FCR and ADWG in CR were enhanced by 21% and 1.83%, respectively (Tabl...
	At present, curcumin showed a positive increase in the PER, FCR, and ADWG compared to the control groups. This is consistent with the information that stated that curcumin could boost nutrient utilization remarkably (Jiang et al., 2016). The increased...
	CONCLUSION
	The inclusion of 1.5 g/kg of fucoidan has not improved the growth performance and feed utilization of the red Nile tilapia while the inclusion of 0.05 g/kg of curcumin leads to significant improvement in growth performance and lower FCR.  The present ...
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	ANALYSIS OF LEAVES TRICHOME DENSITY IN RESPONSE TO WOUNDING ON CHILI PLANT, Capsicum annuum L.
	Introduction
	Chili is an economically important crop and grown worldwide due to their marketable value that have been used in culinary, medicinal, and ornamental purposes [1,2]. Capsicum species belong to the Solanaceae family and the most well-known and actively ...
	Trichome is a small protrusion on the surface of the plant originating from the epidermis. Morphology of trichome study is often associated with plant defense. The occurrence of trichomes increase plant resistance against pest infestations [8]. Non-gl...
	Previous studies carried out on chili pepper were mainly focused on describing trichomes morphology of Capsicum sp. and discussed on the induction of leaves trichome density upon aphids infestation on Capsicum frutescens [12,13,14]. However, there is ...
	LIterature RevIew
	Trichomes are one of key defence mechanisms known to have constitutive and induced sites to produce chemical metabolites [15,16]. Trichomes are hair-like structures that can be found on the surface of various tissues on plants. Most of the leaves, her...
	The trichomes can increase resistance by mechanically preventing herbivores from moving on the surface of the plant [25,26]. Trapping does have a direct impact on the individual adaptability and population of affected insects [27]. For instance, hooke...
	Trichome thickens the epidermis and contains slightly more long-chain fatty acids than other epidermal cells, which then aids in reducing evaporation and temperature regulation [33]. A higher trichome density will result in more visible wax coverage o...
	Wounding is a common damage to plants that is caused by abiotic stress such as strong wind, hail, or heavy rain, as well as biotic stress including feeding from herbivores [20]. Herbivores wound plant tissues via mouthpart and stylet by penetrating pl...
	Methodology
	Two months old chili plants of C. annuum were used for the experiment. The experiments were conducted following treatments: i) control plants, ii) non-wounded plants, and iii) wounded plants. The leaves from nodes between the 7th and 9th of chili leav...
	ResultS
	The mean density of leaf trichomes on both adaxial and abaxial surfaces showed a significant difference, F (2,9) = 53.49, p < 0.001 and F(2,9) = 25.84, p < 0.001, respectively. One-way ANOVA was also conducted to compare the density of glandular and n...
	Figure 1. Mean density of trichomes on adaxial surfaces on chili leaves.
	The comparison of mean density of glandular and non-glandular trichomes between plant treatments on abaxial is shown in Figure 2. The mean density of glandular trichomes were differed among treatments, F(2.9) = 24.71, p < 0.001, of which control, non-...
	Figure 2. Mean density of trichomes on adaxial surfaces on chili leaves.
	DIscussIon
	In this study revealed both glandular and non-glandular trichomes were present on the leaf surface of C. annuum. The density of leaf trichomes were increased on adaxial and abaxial surface of C. annuum upon mechanical wounding. The induction of tricho...
	As highlighted in the introduction, glandular and non-glandular trichomes play different roles in plant defence. Non-glandular are associated to mechanical defence, whereas glandular trichomes emitted chemical toxins and metabolites that regulate seco...
	ConclusIon
	In summary, our results demonstrated that density of trichomes were higher on wounded plants than non-treated leaves on both abaxial and adaxial surfaces of Capsicum annuum. Only glandular trichomes were significantly increased after wounding, suggest...
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	THE DIVERSITY OF AIRBORNE BACTERIA AND ANTIBIOTIC RESISTANCE PROFILES AT URBAN KINDERGARTEN
	IntroductIon
	Indoor air quality (IAQ) resulting from high levels of bacterial concentration is a critical global issue because individuals spend approximately 90 percent of their time at home, in the office, or at other workplaces, exposing them to various types o...
	LIterature RevIew
	Bioaerosols are defined as airborne particles originating from biological sources such as bacteria, viruses, protozoa, plants and animals or non-living organisms such as dust. Because of its small size and mass, it is easily moved from one place to an...
	Methodology
	Sampling of indoor air and airborne bacteria using the active sampling method at an urban kindergarten in Bangi, Malaysia (2 55' 31.8'' N 101 46' 32.7'' E). Air sampling was taken from 12 rooms where six rooms from pre-school (children aged 4-6 years)...
	ResultS
	Physicochemical parameters of indoor air were recorded and compared. Readings were taken in triplicate for each parameter in all sampling rooms conducted using a Q-Trak 7575 Indoor Air Quality Monitor connected to a 964 Straight Probe Thermoanemometer...
	All bacterial isolates are resistant to Ampicillin (96.55%) except bacterial isolate 15 which has an inhibition zone diameter of 14 mm while all bacterial isolates are susceptible to the antibiotics Amikacin and Kanamycin (0%). The percentage of Tobra...
	DIscussIon
	The increase in average bacterial CFU of air isolates for the eight sampling rooms can be related to physicochemical parameters such as the number of individuals, relative humidity and temperature which play an important role. The high number of occup...
	ConclusIon
	The reading of physiochemical parameters and the formation of indoor air quality bacteria in the kindergarten is below the accepted standard limits, indicating that it is at a safe level to be occupied but the maintenance of indoor air quality needs t...
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	DIVERSITY AND SPECIES COMPOSITION OF SMALL MAMMALS IN CHEMERONG RECREATIONAL FOREST AND KENYIR, TERENGGANU
	IntroductIon
	Malaysia indeed stands out as a biodiversity hotspot (Von Rintelen et al., 2017), renowned for its rich variety of flora and fauna. a This record includes diverse array of small mammal species, many of which weigh below 5 kilograms when they reach mat...
	Some species of small mammals can also be found in built-up areas such as agricultural land, housing, and urban areas. Certain species have become very adaptable in thriving in man-made areas and becoming dominant species. Species that are known to be...
	Methodology
	The study was conducted at two recreational areas, the Chemerong Recreational Forest, and Kenyir (Figure 1). The Chemerong Recreational Forest is located in the Pasir Raja forest reserve in Dungun. The area of this recreational area is about 292 hecta...
	Figure 1. Map showing the location of the study areas in Peninsular Malaysia and within Terengganu state. (A) View of Tasik Kenyir, (B) View of Chemerong Recreational Forest.
	This study was conducted with ethical approval from the UMT Animal Ethics committee (UMT/JKEPHMK/2021/60)), permits for entering the study site from the Forestry Department (JH/100Jld.29(76) and PHNT.100/58/2/33Bhg.3(6)), Development Authority of Tere...
	The animal trapping sessions were conducted between May and November 2022. Four days and three nights were allocated for each trapping session. Ten trapping sessions were conducted in the Chemerong Recreational Forest and Kenyir respectively. A hundre...
	Figure 2. (A) Wire-mesh live traps with dimensions of 25 cm X 15 cm X 12 cm were used in each trapping session (B) Traps were randomly deployed along forest trails and river edges with a distance of 10m between each trap and (C) All captured individua...
	The morphometric measurements that were taken (Figure 3) such as  the head-body length (from nose tip to the anus), tail length (from anus to the tail tip), ear length (from external opening to the tip), hindfoot length (from the tip of the longest to...
	Figure 3. The morphometric measurement (Olayemi et al. 2008): Head-body (HB), 2) Tail (T), 3) Ear (E), 4) Hindfoot (HF)
	Data AnalysIs
	Analysis was conducted on the diversity and abundance of small mammal species, using diversity indices, species rank-abundance, species richness estimator, and rarefaction. The analysis of diversity was carried out using PAST software version 4.11 (Ha...
	Results and dIscussIon
	A total number of 112 individuals were caught from both study sites, comprising 12 species from three families, namely Tupaiidae, Sciuridae, and Muridae (Table 1). Kenyir recorded 62 individuals from 9 species and Chemerong Recreational Forest with 50...
	Figure 4. Abundance of small mammals according to family.
	Figure 5. Rank abundance curve of small mammals captured from Chemerong Recreational Forest, and Kenyir.
	This study showed that Family Muridae with more than 83% capture rate resulting in being the most abundant in both study sites. The high abundance of this family group was expected as Family Muridae are known to be the most abundant rodent with more t...
	Besides, trapping methods by deploying cage traps on the forest floor have been shown to capture more Family Muridae compared to other families of rodents. The theory revolves around the feeding behavior of each family. Members of the Family Muridae, ...
	The dominant species in this study contrasts with a previous study that has been conducted in the Sekayu Recreational Forest (Shafie et al., 2021). The data from the previous study shows that the Sekayu recreational forest was dominated by Rattus tiom...
	The diversity indices that were used for the estimation of diversity are Dominance (D’), Simpson (1-D), Shannon (H’), and Evenness (E’). Out of these four indices, three indices showed that Chemerong Recreational Forest has higher values, while Kenyir...
	Figure 6. The extrapolated graph of individual-based rarefaction for both study sites.
	The individual-based rarefaction and extrapolation curves showed that both study areas nearly achieve asymptote (Chao et al., 2014). The asymptote line on the graph gives general indication on the data collected were enough to represent the study sit...
	ConclusIon
	In conclusion, this study provided useful information about the diversity and species composition of small mammals in Chemerong Recreational Forest and Kenyir, Terengganu. Our results illustrate that Chemerong Recreational Forest has higher diversity,...
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	COMPARATIVE STUDY OF LEAVES MICROMORPHOLOGY IN THE GENUS ZINGIBERACEAE
	IntroductIon
	Zingiberaceae also known as ginger family, classified under the order of Zingiberales [1,2] comprise of 53 genera and 1,500 species globally [3]. Zingiberaceae is a perennial, aromatic herb, and has sympodial branched of rhizome [4]. Although ginger i...
	Leaf micromorphology provides a window into plant phylogeny taxonomy research activity. The characteristics and variation of leaf epidermal which include of stomatal types, surface ornamentation and trichome type can be useful as additional data for p...
	LIterature RevIew
	The Zingiberaceae family, also known as the ginger family of flowering plants, is the largest family within the Zingiberales order, with roughly 1,500 species distributed across 56 genera, six tribes, and four subfamilies [8]. According to [9], Zingib...
	More than 1,500 species of this family are distributed throughout tropical and subtropical regions, including Asia, Africa, and the Americas. Southeast Asia is home to the greatest diversity of species, nevertheless. The majority of its species are fo...
	The morphology of Zingiberaceae species and their ability to adapt to a variety of environments have been the subject of numerous studies. According to [5], the Zingiberaceae family has a single, symmetrical leaf blade, leaves arranged alternately in ...
	Study by [7] stated that, for phylogenetic and taxonomic analyses of many plants, leaf epidermal is crucial. The epidermal cells shape, the anticlinal walls outline, type of stomata, surface ornamentation and trichome type that the researcher observed...
	Methodology
	Fresh and mature leaves samples were obtained from Mount Liang, Kuala Behrang, Perak and Sekayu Recreational Forest, Kuala Berang, Terengganu. The leaves samples were cut and preserved in an AA solution (70% ethanol; 30% acetic acid) in ratio 3:1.
	Epidermal peels were prepared by gently scraping on both leaf surfaces until a thin transparent layer was achieved [16,17].  The epidermal layers were washed with distilled water stained in 1% safranin before mounting on clean slide. Images were then ...
	The morphology of stomata and trichome for both adaxial and abaxial were identified based on their shape and type according to [18,19].
	The stomatal index and stomatal density were obtained using the following formulae from [7]: stomata index = number of stomata/ (number of stomata + number of epidermal cells) x 100%.; stomata density = number of stomata/ area of view (mm2).
	ResultS
	Based on the results obtained in this study there were 10 species comprised of five genera observed for epidermis cell shapes, stomata type and the presence of trichomes. From all species observed, the stomata can be found in both the abaxial and adax...
	All the species examined; the stomata are amphistomatic but are always more abundant on the abaxial than the adaxial leaf surface (Figure 1). The stomata are randomly distributed in all species. The sizes of the stomata are different in all species bu...
	Simple, unicellular and non-glandular trichomes were found in the four species studied (Table 1). The trichomes were more abundance on the abaxial epidermis. Figure 1 (h) and (i) present the type of trichomes in species examined.
	Figure 1. Leaf epidermis of studied specimens shown by light microscope. A-C Tetracytic stomata on adaxial surface of (A) Alpinia conchigera, (B) Boesenbergia sp. 1, (C) Globba patens (stomata absent). D-F Abaxial epidermis showing tetracytic stomata ...
	DIscussIon
	Our results show that the epidermal cells of all examined species are very similar in shape, i.e. elongated or hexagonal, while the anticlinal walls were straight or slightly curved at the edge. The findings were consistent with the reported character...
	All the species examined in this study exhibit an amphistomatic leaf arrangement, where stomata are present on both surface (abaxial and adaxial) of the leaf except for Globba patens which stomata found on the abaxial surface only. Most of the stomata...
	From this study, it was noted that the trichomes were simple, unicellular and non-glandular. This finding is consistent with the previous description publish by [17,20,24,28] yet for this study, trichomes were absent in Alpinia conchigera.
	ConclusIon
	As a conclusion, the Zingiberaceae family displays a range in epidermal cell shape and arrangement. However, there are similarities in morphologies of stomata and trichomes. Tetracytic stomata are distributed on both surfaces. The results from this re...
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	TRACK B : APPLIED CHEMISTRy
	CAFFEINE CONTENT VARIATION IN COFFEE BREWS BASED ON BEAN TYPES AND BREWING TECHNIQUES
	Keywords: Coffee, caffeine content, Arabica bean, Liberica bean, UV-visible spectrophotometer.
	INTRODUCTION
	Coffee consumption has become a significant part of daily life globally and is especially popular in Malaysia, where both international and local coffee cultures thrive (Gaascht et al., 2015; Rahim et al., 2019). Coffee, the second-most consumed bever...
	In Malaysia, coffee culture has evolved, with local coffee shops (Kopitiam) and international franchises such as Starbucks and Coffee Bean catering to an increasing demand for quality coffee products. Despite this, there is limited transparency regard...
	This study aims to determine the caffeine content of various local coffee drinks sold in the local cafes and to examine how different bean types and origins, as well as brewing techniques affect the caffeine concentration. Six coffee samples were purc...
	MATERIALS AND METHODS
	Caffeine standard, Chloroform. All chemicals were analytical-reagent grade. All solutions were prepared using deionized water.
	Hot Americano coffee samples were obtained from different coffee shops located in Kuching, Sarawak. The brewing technique used as well as the type and the origin of the coffee beans were recorded.
	Caffeine was extracted from the coffee samples according to the method by Miłek et al., (2021) with some modifications. Approximately 5.0 ml freshly brewed coffee sample was inserted in a separating funnel, followed by the addition of 0.50 mL of sodiu...
	Quantitative analysis of caffeine was performed using a UV/Vis Spectrometer. The λ max was determined by scanning the standard caffeine solution from 190 - 400 nm and the obtained results gave an absorption spectrum, which was characterized by a singl...
	RESULTS AND DISCUSSION
	The caffeine content in six coffee samples brewed from different coffee bean types and different origins is presented in Table 1. Based on the results, the highest caffeine concentration (948.506 ± 7.836 ppm) was found in a sample labeled as A2, which...
	For samples brewed from Arabica beans, a variation in the caffeine content can be observed based on the bean’s geographical origin. A study conducted by Olechno et al. (2021) shows that Arabica beans grown in Kenya and Ethiopia have been discovered to...
	Research has demonstrated that the brewing technique of coffee bean has an impact on its characteristics, in which the parameters involved significantly influence the extraction kinetics of the various chemical compounds found in the roasted bean (Cor...
	Figure 1. Comparison of caffeine concentration by different brewing techniques.
	After examining the caffeine content of four particular coffee drinks prepared using two separate techniques, it is evident that the outcomes vary. A higher quantity of caffeine was found in both coffee beans when brewed using the pour-over method. Th...
	CONCLUSION
	The findings of this study show that the bean types and origins, as well as brewing techniques, have a significant impact on the caffeine concentration of coffee brews. Generally, samples brewed from Arabica beans have greater caffeine content than th...
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	CHARACTERIZATION OF PINEAPPLE CROWN LEAVES FOR EFFICIENT SORPTION OF POLLUTANTS
	INTRODUCTION
	The primary component found in the majority of agricultural waste or agrowaste is lignocellulose. It contains cellulose (40-50%), hemicellulose (20-30%), and lignin (10-25%), as well as trace levels of pectin, protein, and extractives (Deepa et al., 2...
	Alkaline treatment is one example of chemical modification. The reaction is often carried out by using NaOH or KOH. The treatment decreases the concentration of amorphous elements like lignin and hemicellulose, increasing surface area and exposing mor...
	Malaysia's rapid growth in agricultural industries, including palm oil, paddy, and pineapple, has led to high agrowaste production, with 1.6 million metric tons of agricultural waste dumped at landfills annually. Pineapple Crown Leaf (PCL) from pineap...
	MATERIALS AND METHODS
	PCL is derived from Sarawak pineapple species obtained from local pineapple farm in Samarahan. The sample was prepared according to the method reported by Etanuro et al. (2023). The first step is to split the crowns into a single set of leaves. The le...
	RESULTS AND DISCUSSION
	Cellulose, hemicellulose, and lignin usually decompose at different temperatures. The removal of the majority of hemicellulose, cellulose, and, lignin from PCL after chemical and thermal treatment was attributed to the difference in TGA results (Figur...
	The third stage is the loss of the most significant mass of samples which is loss of cellulose. In this stage, the degradation of cellulose would likely start at 300 ̊ C to 450 ̊ C  (Reichert et al., 2021; Akubo et al., 2019). The degradation of cellu...
	In IR spectrum, the broad intense signal in the high energy region between 3600 and 3000 was attributed to the stretching vibration of hydroxyl groups. These were due to the free OH groups present in carbohydrates and phenolic groups present in PCL. T...
	Figure 1. Comparison of TGA for raw, chemically, and thermally treated PCL samples
	Figure 2. Comparison of FTIR spectrum for raw, chemically, and thermally treated PCL samples
	CONCLUSION
	The utilization of agricultural waste as sorbent in the removal of pollutants from water bodies offers a potential solution due to eco-friendly and cost effective as it only uses unwanted parts of plants which usually discarded. The high cellulose con...
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	OPTIMISING ACTIVATED CARBON DERIVED FROM COUROUPITA GUIANENSIS KERNEL SHELLS FOR ENHANCED SUPERCAPACITOR PERFORMANCE: INSIGHTS FROM BET, SEM, AND FTIR ANALYSIS
	INTRODUCTION
	Activated carbon is a flexible, porous substance used for water, air, and industrial adsorption as well as energy storage. Traditionally, activated carbon was made from coal, coconut shells, and wood. However, biomass, particularly agricultural and fo...
	MATERIALS AND METHODS
	The CG fruit seed shells were broken into smaller pieces, submerged in water, dried, and carbonized in a fire at 350 C for an hour. The carbonized biomass was activated with a 1:3 mass KOH solution, filtered, rinsed, and heated in an oven.
	Figure 1. Preparation of AC from CGKS
	The electrode was created by mixing AC with casein and Polyethylene Glycol, using solvents like distilled water and acetone. Asymmetrical EDLC was created using an AC electrode for both the cathode and anode, separated by filter paper and 4.45 M KOH a...
	RESULTS AND DISCUSSION
	Table 1 shows the information regarding the activated carbon content of CGKS. BET theory calculates the specific surface area of solid materials of CGKS using gas adsorption data, providing crucial information on activated carbon material structure. T...
	Figure 2 shows an SEM image of micropores and mesopores in activated carbon. Smaller pores within macropore walls contribute to high surface area and adsorption capacity. The surface has a rough texture, suggesting activation. Small particles and debr...
	Figure 2. Surface morphology of AC of CGKS
	The Fourier Transform Infrared (FTIR) spectra reveal the functionality and chemical composition of activated carbon, which can impact properties like adsorption capacity and affinity for different substances. The spectrum identifies several key peaks,...
	Figure 3. FTIR spectrum of AC of CGKS
	The initial of ideal EDLC charge discharge graphs for the first tenth cycle have symmetric triangles (Figure 4). This typical AC electrode graph displays good capacitive behavior. This suggests CG electrode material conducts well. Over time, charge-di...
	Figure 4: Voltage vs. time graph for 10 cycles of charge and discharge
	CONCLUSION
	Activated carbon, with its mechanical stability and macropores, is ideal for electrolyte and electrode applications due to its fluid flow and adsorption capacity. However, cracks and fissures can reduce stability. CGKS's large surface area and mix of ...
	RECOMMENDATIONS
	Investigating the enhancement of CGKS-based biomass predecessors with mixed media of other composite materials and their application at higher heating temperatures is being explored for various uses such as biocatalysts, electrodes, and energy storage.
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	BIOLOGICAL AND PHYSIOCHEMICAL STUDIES OF OLEYL PALMITATE TO BE APPLIED AS AN ACTIVE AGENT IN COSMETIC FORMULATION
	IntroductIon
	Wax esters are esters with a chain length of 12 carbons or more, produced through the synthesis of fatty acids and alcohols. These compounds, derived from various plants, animals, fungi, and bacteria, serve diverse biological functions. In nature, wax...
	Beeswax, sperm whale, and jojoba oil are instances of botanical and zoological sources from which wax esters can be obtained. Wax esters, also known as fat esters, are widely used in a variety of industries as lubricants, plasticizers, antifoaming age...
	The need for synthetic production of oleyl palmitate has risen due to the high cost and difficulty in obtaining naturally occurring wax esters. Both chemical and enzymatic processes have been successfully employed to synthesize wax esters [2]. These a...
	Therefore, this study aims to assess the biological properties by evaluating the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of the sample on the targeted bacteria. Additionally, the physicochemical properties o...
	The objectives of this study were to produce oleyl palmitate, a wax ester derived from the reaction of palmitic acid and oleyl alcohol in hexane via esterification reaction. The synthesized products underwent evaluation for both biological and physico...
	Methodology
	The methodology was divided into three main components: the production of oleyl palmitate, the examination of antimicrobial properties, and the analysis of physicochemical characteristics, which illustrated in the experimental design depicted below (F...
	Figure 1. Experimental Design.
	Oleyl palmitate was synthesized by reacting palmitic acid with oleyl alcohol. In the initial stage, palmitic acid and oleyl alcohol were combined in a 250 mL universal bottle with n-hexane as the solvent, maintaining a molar ratio of 1:2. The mixture ...
	During the procedure, a sample (oleyl palmitate) from the reaction outcome underwent testing through thin-layer chromatography (TLC). Furthermore, the sample was analyzed using spectroscopic instruments such as Fourier Transform Infrared (FTIR) and Nu...
	For NMR, the structure of the produced compound was subsequently established through NMR analysis of the ester sample using DMSO as the solvent. The chemical shift of the compound was gauged by employing H-NMR and C-NMR spectra for compound identifica...
	The effectiveness of the sample against microorganisms was assessed through an antimicrobial assay utilizing the agar diffusion method [6]. The MIC of the sample was established through the dilution method [7], and its MBC was also determined [7]. Mic...
	Four parameters were selected for the physicochemical study of oleyl palmitate, including SPF value, peroxide value, saponification value and iodine value.
	The acronym "SPF" (Sun Protection Factor) refers to a product's efficacy in safeguarding the skin against the harmful effects of UV radiation. The SPF rating provides protection against UVB (ultraviolet B) rays, known for causing sunburn and skin dama...
	Mansur eq = CF × ∑ 320 290 × EE × I × Abs
	Where,  CF = correction factor
	EE = an erythemal effect spectrum
	I = the solar intensity spectrum
	Abs = absorbance of the sample
	The quantification of reactive oxygen levels, expressed in milliequivalents (mEq) of free iodine per kilogram of fat, is known as the peroxide value (POV). This value can be assessed by titrating iodine released from potassium iodide with a sodium thi...
	Peroxide value = [(B − S) x N x 1000]/W
	Where,  S = volume of titrant (mL) for the sample
	B = volume of titrant (mL) for blank
	N = normality of sodium thiosulphate solution (mmol/mL)
	1000 = conversion of the unit (g/kg)
	W = mass (g) of the sample (oleyl palmitate)
	Saponification is the process of hydrolyzing an ester in an alkaline solution. The saponification value is a measure of the chain length of all fatty acids. It is determined by the quantity of potassium hydroxide required to neutralize the fatty acids...
	Saponification value = [(B − S) x N x 56.1]/W
	Where,  B = volume of titrant (mL) for the blank
	S = volume of titrant (mL) for the sample
	N = normality of hydrochloric acid HCl (mmol/mL)
	56.1 = the molecular weight of potassium hydroxide KOH (g/mol)
	W = mass (g) of sample (oleyl palmitate)
	The iodine value is a measure of the amount of unsaturation or double bonds present in fats and oils. It is also employed as one of the factors to evaluate the quality of olein. This value indicates the weight proportion of absorbed halogen, specifica...
	Iodine Value = [(B − S) × N × 126.9]/W
	Where,  B = volume of titrant (mL) for the blank
	S = volume of titrant (mL) for the sample
	N = normality of sodium thiosulphate (mmol/mL)
	126.9 = the molecular weight of iodine (g/mol)
	W = mass of sample
	ResultS
	The esterification reaction mixtures of oleyl alcohol and palmitic acid were incubated in a water bath shaker (150 rpm) at 50 C reaction temperature and with 5 hours of reaction time in the presence of n-hexane that acts as solvent to help shift the r...
	To analyze the samples produced, oleyl palmitate was first isolated and purified before using FTIR and NMR. Thin layer chromatography (TLC) was used for this purpose.
	For TLC results, the separation of mixtures was observed by exposing them to UV light at 254 nm. The chromatogram was characterized by the retention factor (Rf) of each analyte, which is the fractional distance where the analyte spot to solvent by mov...
	In this study, the FTIR spectrum of oleyl palmitate was analyzed, and the results are presented in Figure 2. Other than that, Figure 3 illustrates the 1H-NMR spectrum and 12C-NMR spectrum of oleyl palmitate.
	Figure 2. FTIR Absorption Spectra of Oleyl Palmitate.
	The key peaks in the FTIR spectrum of oleyl palmitate are present in the range of peaks 2850-2950 cm-1 for the C-H stretching, 1700-1750 cm-1 for the C=O stretching, 1000-1300 cm-1 for the C-O stretching and 600-1500 cm-1 for fingerprint region. From ...
	Figure 3. NMR Spectrum for 1H-NMR and 12C-NMR of Oleyl Palmitate.
	The chemical shifts of the carbon atoms in the ester group of oleyl palmitate in the range of 160-185 ppm for the C=O and 20-30 ppm for the methyl group on the end of the ester. Based on the NMR results in figure 3 above, it shown that chemical shifts...
	The antimicrobial evaluation involved the utilization of agar-well diffusion and dilution methods. Within the dilution method, two distinct analyses were performed: MIC (Minimum Inhibitory Concentration) and MBC (Minimum Bactericidal Concentration).
	According to the results of agar-well diffusion method, when assessed against Gram-positive bacteria Bacillus subtilis and Staphylococcus aureus, oleyl palmitate generated distinct clear zones on the agar plate. In contrast, there were no observable c...
	In the dilution method, the MIC is defined as the lowest concentration (maximum dilution) of the antimicrobial agent that prevents turbidity growth, indicating that the agent is bacteriostatic, allowing some bacteria to remain alive [16]. The result f...
	Whereas, the Gram-positive and Gram-negative bacterial strains were evaluated for their Minimum Bactericidal Concentration (MBC) values. MBC is defined as the lowest concentration of an antimicrobial agent that eliminates more than 99.90% of the initi...
	Following the determination of the antimicrobial properties of the created wax esters, their physicochemical properties, including SPF value, peroxide value, saponification value and iodine value were also assessed. Thus, table 6 provides a summary of...
	DIscussIon
	In the current study, oleyl palmitate was produced through an esterification reaction involving palmitic acid and oleyl alcohol. It is expected that the products derived from the synthesis of wax esters would yield a high percentage, typically ranging...
	In this study, FTIR and NMR instruments were used to verify the product. Thus, the function of FTIR is to detect the main functional group presence in the molecular structure and in FTIR, the ester bond (C=O) was detected present at 1711.24 cm-1.
	The antimicrobial activity of oleyl palmitate was assessed using agar diffusion tests against both Gram-positive and Gram-negative bacteria. The Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) values were determined...
	The physicochemical properties of the synthesized oleyl palmitate were evaluated by determining the SPF value, peroxide value, saponification value and iodine value. The SPF value was found to be 15.0, the peroxide value was 18.0 mEq O2/kg, the saponi...
	ConclusIon
	The study successfully synthesized oleyl palmitate from palmitic acid and oleyl alcohol through an esterification reaction. The biological properties of the synthesized oleyl palmitate were evaluated using MIC and MBC methods, while its physicochemica...
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	DECOMPOSITION OF LIGNOCELLULOSE MATERIAL FROM OIL PALM EMPTY FRUIT BUNCH (OPEFB) USING SULFATE-BASED IONIC LIQUID
	IntroductIon
	Oil palm production is crucial in tropical regions for global vegetable oil supply but generates significant agricultural waste, like empty fruit bunches (EFBs). Biomass, including oil palm empty fruit bunches (OPEFB), is a key renewable energy source...
	In order to create new products from OPEFB, its lignocellulose material must be broken down its substituents by utilizing decomposition process from its native plant. Various pretreatment methods, like alkaline treatment and organosolv pulping [1], ha...
	Ionic liquids (ILs) have become promising green solvents for breaking down OPEFB lignocellulose, offering an eco-friendly alternative to conventional methods. ILs can disrupt the strong bonds in lignocellulose, enhancing the extraction of cellulose, l...
	Therefore, using ionic liquids (ILs) is suggested as an effective and cost-efficient green alternative for breaking down lignocellulose. This research focuses on synthesizing and characterizing ILs for decomposing lignocellulosic material from OPEFB. ...
	The significant amount of waste produced from oil palm processing, particularly oil palm empty fruit bunches (OPEFB), holds potential for creating valuable new products. As a byproduct of palm oil milling, OPEFB is a fibrous material that could serve ...
	OPEFB is primarily composed of cellulose (C6H10O5)n (20-60% wt), hemicellulose (C5H10O5)n (17-31% wt), and lignin (C10H11O3.5)  (18-50% wt) [1], with smaller amounts of organic compounds such as pectin and pigments [4]. This composition allows OPEFB t...
	Using ILs to break down lignocellulosic biomass offers benefits over conventional methods by altering macromolecular structures, such as reducing cellulose crystallinity and extracting specific components like hemicellulose and lignin [7]. ILs also su...
	ILs' effectiveness in pretreating lignocellulosic biomass is linked to the basicity of the IL anion, which can weaken hydrogen bonds cross-link between hemicellulose, lignin, and cellulose [7]. The cationic and anionic parts of ionic liquids (ILs) hel...
	Decomposing OPEFB lignocellulose with ILs requires only a small amount of solvent, which is low in viscosity, recyclable, and reusable, while also shortening the processing time [9]. Compared to conventional methods, IL pretreatment is simpler, consum...
	While ionic liquids (ILs) are eco-friendly alternatives to traditional volatile solvents and can help reduce pollution, they can become more viscous during use [6]. This increased viscosity can lower their effectiveness by limiting their ability to pe...
	However, rather than to dissolve and pre-treat biomass, some ILs were found to be able to directly catalyze biomass conversion, mainly by hydrolyzing and processing the polysaccharides without any other catalyst [7]. Acidic ILs such as [HSO4]- based I...
	Methodology
	The synthesis of [TEA][HSO4] began by mixing 35 ml of triethylamine [TEA] with 25 ml of methanol in a round-bottom flask. Then, 125 ml of 2M sulfuric acid (98%) was slowly added to the flask while stirring it in an ice bath. Afterward, the flask was a...
	In this study, the lignocellulosic biomass analyzed was oil palm empty fruit bunch (OPEFB) collected from Kg Banggol, Setiu, Terengganu. The raw material weighed between 3 and 5 kg. The OPEFB was first rinsed with tap water to remove dirt and sand, th...
	The sulfate-based OPEFB pretreatment process was conducted by examining two factors: temperature and mixing time. The ionic liquid (IL) used was triethylammonium sulfate [TEA][HSO4]. The temperatures tested were 30 C, 80 C, and 130 C, with mixing time...
	Results
	The synthesis of triethylammonium sulfate [TEAS] was resulting ILs in yellowish color liquid. The yield of TEAS was approximately 71.2 % and the melting point is lower than 100 C.
	The FTIR spectra for TEAS synthesis obtained with % transmittance plotted against wavenumbers (cm-1) shows the peaks between 2660-2900 cm-1 are due to N-H stretching vibrations in TEAS, while CH bond stretching vibrations appear in the 3100-2900 cm-1 ...
	1H-NMR and 13C-NMR analyses were conducted to confirm the CH3CH2- structure of the IL [TEA][HSO4], indicating successful synthesis. In the 1H-NMR spectrums, three distinctive peaks were observed. A small peak at 3.310 ppm was attributed to the referen...
	The 13C-NMR spectrum also showed three distinct peaks. A small peak at 49.15 ppm was attributed to the reference solvent CD3OD. A strong peak at 8.66 ppm was linked to the three methyl (CH3) carbons in [TEA]+. A prominent peak at 47.17 ppm corresponde...
	The TGA analysis of IL [TEA][HSO4] showed its thermal stability in relation to temperature and weight loss. The analysis started at 37  C, and as the temperature increased to 150  C, there was a significant drop in the weight, likely due to the evapor...
	The decomposition of lignocellulosic OPEFB was carried out on purpose to break down the recalcitrant structure for more accessible of cellulose. The IL [TEA][HSO4] was chosen in this study for ionic liquid pretreatment. The structure of the cation and...
	FTIR spectroscopy was used to study changes in the biomass surface during pretreatment to detect lignin deposition. Spectra of untreated OPEFB were compared with those of treated samples with IL[TEA][HSO4] at different temperatures and mixing times.
	The peak around 3300-3500 cm-1, which indicates OH stretching, was reduced after treatment, suggesting that hydrogen bonds in cellulose were disrupted, making it more accessible to the reagent [2]. Peaks associated with aromatic C=C stretching (1500-1...
	The FESEM images obtained depicting the morphology of treated and untreated lignocellulosic biomass. The images illustrate the changes resulting from the pretreatment process. Initially, the untreated pulps exhibit particles with a relatively high in ...
	XRD profiles of biomass showed that untreated cellulose had peaks at around 16.6  and 22.2 , indicating its crystalline structure. Using these patterns, the Crystallinity Index (CrI) was calculated for untreated and pretreated OPEFB. For untreated OPE...
	DIscussIon
	In this research, the study aimed to synthesize green solvent Triethylammonium sulfate, [TEA][HSO4] and  explore the optimum condition of lignocellulosic decomposition evaluating two critical parameters: temperature and mixing time. This approach invo...
	According to FTIR analysis shows that as the temperature increases from 30 C to 130 C, there are noticeable changes in the OH stretching patterns. Higher temperatures seem to make lignin and hemicellulose more soluble in ionic liquids, which helps bre...
	FESEM analysis showed how the shape of the biomass changed before and after treatment. Pretreatment with IL made the biomass appear irregular, with a distorted surface and swollen structure, revealing more cellulose fibers [17]. As the temperature ros...
	XRD results showed that the Crystallinity Index (CrI) of the pretreated biomass changed slightly with different temperatures and mixing times, particularly after 5 hours. The CrI decreased in the treated OPEFB compared to the untreated sample, likely ...
	ConclusIon
	In this study, we successfully synthesized and characterized the ionic liquid [TEA][HSO4]. This liquid has triethylammonium as the cation and sulfate as the anion. We tested different temperatures and mixing times to find the best conditions for decom...
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	LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY (LC-MS) PROFILING OF Physalis angulata ETHANOLIC EXTRACT
	INTRODUCTION
	Plant extract profiling involves analytical techniques to characterise the complex composition of extracts. Liquid chromatography-mass spectrometry (LC-MS) has become a crucial method in phytochemical profiling due to its ability to identify and quant...
	Physalis angulata belongs to the Physalis genus within the Solanaceae family, which includes over 120 species predominantly found in South and North America, with some species also occurring in Europe, Southeastern, and Central Asia (Tuan et al., 2020...
	MATERIALS AND METHODS
	The leaves of Physalis angulata were collected from Etalase Herbal in Bogor Regency, West Java, Indonesia. The leaves were thoroughly cleaned to remove any impurities. They were then dried in a drying cabinet set at 40 C for 5 days to ensure complete ...
	The sample was reconstituted in ethanol and filtered using nonsterile hydrophobic PTFE Syringe Filters (0.22µm pore size). A total of 2 µg of sample was injected into the LC-MS Q-TOF (Agilent Technologies 6520, Santa Clara, CA, USA). Chromatographic s...
	The raw mass spectrometry (MS) data were processed and analyzed using Agilent Mass Hunter Qualitative Analysis (software version B.05.00) to convert .d files into .CEF files. The compounds were then identified by in-house database library (Personal Co...
	RESULTS AND DISCUSSION
	The total ion chromatogram of the Physalis angulata leaves extract is presented in Figure 1. It represents the sum of all ion intensities detected at each time point throughout the 30-minute LC-MS run. The list of compounds detected between 9- to 18-m...
	In this analysis, a molecular ion [M+H]+ of 611.1608 was detected and tentatively identified as robinetin 3-rutinoside according to the in-house database library. This finding was in accordance with fragment ion reported Rahim et al. (2022). Physalin ...
	Robinetin 3-rutinoside is a flavonoid that is known for its antioxidant properties that help to protect cells from oxidative stress and damage caused by free radicals (Sunday & Adeyemi, 2023). In addition, this LC/MS profiling of Physalis angulata lea...
	Figure 1. Total ion chromatogram of Physalis angulata ethanolic leaves extract.
	CONCLUSION AND RECOMMENDATION
	In conclusion, this LC-MS analysis of Physalis angulata leave extract has revealed four compounds from the group of flavonoids and withanolides. Further research is needed to properly confirm the identification of these compounds.
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	STUDIES OF MORPHOLOGY AND VIABILITY OF CANCER CELLS SPHEROID WITH ESSENTIAL OIL FROM Piper sarmentosum
	Keywords: spheroids, melanoma, non melanoma, essential oil and Piper sarmentosum
	INTRODUCTION
	Cancer is a disease where some of the body cells undergo mutation at a cellular level and grow uncontrollably. A normal cell will stop dividing at a certain point of growth and then die. However, a gene mutation causes the normal cell to stray away fr...
	Anti-cancer drugs that only affect the cancerous cells need to be studied and developed such as using herbs. In this study, Piper sarmentosum is used in the form of essential oil to treat normal and cancer skin cells specifically fibroblast (HFF1), me...
	MATERIALS AND METHODS
	Media Preparation (10% FBS)

	45 ml of Dulbecco’s Modified Eagles’s Medium (DMEM) mixed with 5 ml Fetal Bovine Serum (FBS) (10% w/v) to make a total volume of 50 ml. The medium was stored in a refrigerator at 4 C. The needed amount for each subculture was transferred to a new bott...
	Subculturing Monolayer Cells In T-Flask

	Spent media was discarded from the 70 % confluent 75 cm2 T-flask into the waste beaker. T-flask was washed with 5 ml of Phosphate Buffer Saline (PBS) and discarded into a waste beaker. 1.5 ml of 0.025% trypsin was pipetted onto the monolayer cells and...
	Spheroid Formation

	Spheroid cells with a concentration of 505,000 cell/ml, 815,000 cell/ml and 1,000,000 cell/ml for A375, A431 and HFF1 respectively was produced using the hanging drop method. The lids of each petri dish were removed and placed in a way the opening fac...
	Transfer Spheroid Cells

	The spheroids were formed on petri dish lids using the optimal initial cell concentration, volume of cell and suitable media as determined in previous experiments. After 7 days, the spheroids were transferred from petri dish lids into 96 well plate.
	Essential Oil Addition

	The media in each well plate were removed carefully without disrupting the spheroids. The essential oil from Piper sarmentosum was added into each well with increasing volume vertically from row B to F where no essential oil was added into the wells. ...
	Morphology Observation & MTT Assay

	After 24 hours, the well plate was observed under the microscope to record changes in morphology. Then MTT assay was done to analyse cell viability. The media was removed and 150 µl 5 µg/ml MTT reagent was added. The well plate was incubated for 4 hou...
	RESULTS AND DISCUSSION
	Results and discussion of the experiment to study the effect of essential oil from Piper sarmentosum on spheroid cells viability and morphology are shown below. This experiment also was done using three different types of cells such as melanoma skin c...
	Figure 1. The effects of EO from Piper sarmentosum at varying concentrations onto the viability of a. melanoma b. non melanoma and c. human dermal fibroblast spheroids me  asured by MTT assay
	Figure 2. Microphotographs of melanoma cells (A431) a. before and b. after the treatment with 50 µL essential oil from Piper sarmentosum
	Figure 1 shows the effects of EO from Piper sarmentosum at varying concentrations onto the viability of melanoma, non melanoma and human dermal fibroblast spheroids measured by MTT assay. From the result, the spheroids which were not treated with EOs ...
	Spheroids are formed when cells attach using protein-based cell adhesion molecules such as integrins, cadherins, selectins and immunoglobulins. These cell adhesion molecules on the cell surface enabled the cells to gather in one place to attach and fo...
	Hence, it can be concluded that EO from Piper sarmentosum affects the A375 and A431 spheroid cell morphology by breaking down the spherical shape of a spheroid through damaging cell adhesion molecule functions.
	CONCLUSION
	In conclusion, by carrying out the methodology, the objectives of this project were successfully achieved. There are morphology changes in A375 and A431 spheroids that were treated with essential oil from Piper sarmentosum where the spheroid cells’ sp...
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	MONITORING THE API CONTENT OF AVONAC®, VOLTAREN®, DICLOTROY® AND DYFENAC® AVAILABLE IN LOCAL MARKET
	Keywords: diclofenac sodium, UV-VIS, API content, quality
	INTRODUCTION
	Consuming counterfeit medications may pose unknown risks to consumers as the contents are not regulated. In Malaysia, about 5 % of medicine are counterfeit (Ng, 2014) and the percent is expected to increase in future (Nur Wahida et al., 2016). Even in...
	MATERIALS AND METHODS
	Preparation of sample solution followed Moreno et al. (2019). For each brand, 10 tablets were used. The tablets were taken out of their blister packs and weighed to determine the average weight per tablet. The tablets were then ground into a fine powd...
	1000 mg/L diclofenac sodium standard stock solution was prepared from diclofenac sodium powder (95% purity) in two different solvents: methanol and 0.1 M sodium hydroxide. Then, the stock solution was filtered prior prepared working standard solution.
	All the blank, standard and sample solutions were measured by UV-VIS spectrophotometer at range 200 – 400 nm. The sequence for the measurement was as followed: blank, standard and sample solutions.
	The method used for quantification of diclofenac sodium in this study was validated based on linearity range of external standard calibration curve, accuracy and precision.
	RESULTS AND DISCUSSION
	The UV-VIS spectra of diclofenac sodium in standard solutions (Figure 1 (a)) displayed two prominent peaks with λmax ≈ 220 and 282 nm. The first prominent peak is not included in the study due to the shifting of the λmax as the concentration increases...
	The absorbance at the (max was used as the y-axis to construct an external standard calibration curve. The calibration curve was used to find the relationship between the measured absorbance and its respective concentration. The curve showed a strong ...
	Figure 1. UV spectra of diclofenac sodium in (a) standards and (b) sample solutions.
	Figure 2. An external standard calibration curve for diclofenac sodium
	CONCLUSION
	The UV-VIS method used in this study are reliable for determination of API content in Avonac®, Voltaren®, Diclotroy® and Dyfenac®. This is supported by the validation study conducted that proven the UV-VIS method can accurately and precisely determine...
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	SYNTHESIS OF DIETHYLENETRIAMINE-MODIFIED POLY(ACRYLONITRILE-CO-ACRYLAMIDE) FOR THE ADSORPTION OF DOXYCYCLINE FROM AQUEOUS SOLUTION
	Keywords: adsorption, polymeric adsorbent, redox synthesis, pharmaceutical residues, chemical modification
	INTRODUCTION
	One type of emerging pollutants in aquatic environment is antibiotics residues that was excreted in urine and faeces by human and animals. DOX was not fully metabolized by the body and still has strong activity even though has been released to water e...
	MATERIALS AND METHODS
	Poly(AN/AM) was prepared by using similar method that was reported before (Md Jamil et al., 2015). Chemical modification with diethylenetriamine (DETA) was carried out by adding 3 g of poly(AN/AM) to the mixture of 50 mL of methanol and 4.8 mL of diet...
	Fourier transforms infrared (FTIR) spectra was recorded on Spectrum 100 Perkin Elmer (U.S.A.) with Universal Attenuated Total Reflectance (UTAR) by using potassium bromide (KBr) pellets in a resolution range of 4000–500 cm−1 at room temperature (25  C...
	0.01 g of DOX was dissolved in 100 mL of distilled water as a stock solution. It was then diluted serially to 20 mL of 100 ppm and added into a centrifuge tube mixed with each sorbent to carry out the adsorption capacity determination. The solution wa...
	where Co is expressed as the initial concentration (mg/L) and Ce is expressed as the equilibrium adsorbate concentration (mg/L). Then, the steps were repeated using variation of the following parameters: pH, adsorbent dosage, concentration of DOX and ...
	RESULTS AND DISCUSSION
	As shown by the spectrum of poly(AN/AM) (Figure 1), there is appearance of absorption band at 2260 cm-1 that is assigned to the C≡N group absorption band. there is also appearance of an intense band that is assigned to C=O of secondary amide at the re...
	Figure 2 show the surface morphologies of poly(AN/AM) and DETA-modified poly(AN/AM). The particles appear as agglomation of spherical beads. The images were analyzed by using ImageJ software and it was found that the particle size of poly(AN/AM) and D...
	The surface are analysis revealed that the specific surface area of poly(AN/AM) and DETA-modified poly(AN/AM) are 51.54 m2/g and 25.17 m2/g, respectively. The average pore size of poly(AN/AM) and DETA-modified poly(AN/AM) are 19.30 nm and 29.95 nm, re...
	Figure 1. FT-IR spectra of poly(AN/AM) and DETA-modified poly(AN/AM)
	(a)                                                            (b)
	Fıgure 2. SEM images of (a) poly(AN/AM) and (b) DETA-modified poly(AN/AM)
	pHPZC of poly(AN/AM) and DETA-modified poly(AN/AM) was found to be 3.1 and 8.4, respectively. It is expected that at pH less than 3.1, poly(AN/AM) is positively charged which made it highly selective towards certain targeted drugs. In contrary, the pH...
	The percentage removal of DOX exhibited the highest with 81.2% (8.07 mg/g) at pH 5. DOX has three positions of ionizable functional groups (alcohol, phenol and amino) at different pKa values which are 3.02, 7.97 and 9.15 respectively. As a result, DOX...
	As shown in Table 1, adsorption of DOX is fitted well with the Langmuir adsorption isotherm model with R2 value of 0.9988 with 39.53 mg/g of maximum adsorption capacity. The separation factor; RL value is 0.1179 (smaller than 1) which indicates that t...
	CONCLUSION
	This study demonstrated that DETA-modified poly(AN/AM) is a promising polymeric adsorbent for the removal of DOX from aqueous solutions. The material showed high adsorption capacity and selectivity for DOX, and its surface properties can be tailored t...
	REFERENCES
	REVEALING MICROPLASTIC CONTAMINATION IN MANGROVE SEDIMENTS OF RHIZOPHORA SPECIES FROM SETIU WETLAND, MALAYSIA
	INTRODUCTION
	Microplastics (MPs) are synthetic polymer particles smaller than 5 mm, classified as primary (originally manufactured) and secondary (broken down from larger plastics) (Dung et al., 2021). Mangrove ecosystems, situated at the land-sea interface, can a...
	Globally, mangroves are critical for filtering sediments and providing habitats for diverse species, yet they face significant challenges from plastic pollution, with plastics making up 70% of marine waste in these areas (van Bijsterveldt et al., 2021...
	Setiu Wetland is the largest natural wetland on Peninsular Malaysia’s East Coast, spans three river basins to form a 14 km continuous lagoon. This distinctive landscape includes nine interconnected ecosystems including mangroves forest that support a ...
	MATERIAL AND METHODS
	A total of 18 surface sediment samples were collected from three stations (ST01-ST03; Figure 1), each consisting of two Rhizophora apiculata plants spaced approximately 1 meter apart (coded as A and B). At each station, three replicate sediment sample...
	RESULTS AND DISCUSSIONS
	Microplastics were observed at all sampling stations, with a total abundance of 2292 items/kg dry wt and a mean of 382±161 items/kg dry wt. Station 1 (ST01A and ST01B) had the highest abundance of MPs, followed by Station 2 and Station 3 (Table 1). Th...
	Figure 2. Map of sampling areas in Setiu Wetland, Terengganu
	Surface analysis of representative microplastics (MPs) using SEM-EDS revealed grooves, fractures, pit holes, and biofouling on their surfaces, indicating exposure to mechanical and oxidative weathering processes as well as microbial colonization. This...
	A negative correlation was observed between pH sediment and MPs abundance (r = -0.94, p <0.05). Lower pH levels may alter the surface charge of both microplastics and sediment particles, enhancing microplastic adsorption. Additionally, acidic conditio...
	CONCLUSION
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	DUAL-FUNCTIONAL METAL-DOPED ZIF-8 FOR PHOTODEGRADATION OF METHYLENE BLUE AND WATER SPLITTING IN A PHOTOELECTROCATALYTIC SYSTEM
	INTRODUCTION
	Industrialization and population growth have led to severe environmental pollution and an energy crisis, largely due to inefficient wastewater treatment from industries like textiles that release harmful dyes. With the UN forecasting a 51% increase in...
	In this study, ZIF-8 and metal-doped variants (Ag/ZIF-8 and Ti/ZIF-8) were synthesized and evaluated for their photocatalytic and photoelectrochemical properties. Structural characterization was performed using X-ray diffraction (XRD), Fourier-transfo...
	MATERIALS AND METHODS
	Zinc nitrate hexahydrate (Zn(NO3)2 6H2O, 98%), 2-methylimidazole (2-MeIM, 99%), Triethylamine (TEA, 99.55%), Titanium isopropoxide (TTIP, 95%), silver nitrate (AgNO3, 99%) and Methylene blue (MB) were purchased from Sigma-Aldrich (USA). All chemicals ...
	This synthesis procedure was adapted from the methodology developed by Naim et al. (2020) with some modifications. ZIF-8 was synthesized using a solventless method, employing Zn(NO3)2 6H2O and 2-MeIM in a molar ratio of 1:6:500 with water as the solve...
	RESULTS AND DISCUSSION
	XRD analysis was conducted to understand the crystalline structures of ZIF-8, AgZIF-8 and Ti/ZIF-8. The obtained XRD patterns (Figure 1(i)) for ZIF-8 (a), AgZIF-8 (b) and Ti/ZIF-8 (c) displayed distinct and narrow peaks, indicating an ordered arrangem...
	Table 1 displays the EDX spectra of ZIF-8 featuring peaks corresponding to Carbon (C), Zinc (Zn), Oxygen (O), and Nitrogen (N) with weight ratios of 55.8%, 17.3%, 6.0% and 21.0%, respectively. These findings serve as confirmation of the formation of Z...
	The FTIR spectrum was analyzed to verify the structural integrity of ZIF-8, Ag/ZIF-8, and Ti/ZIF-8 (Figure 1(ii)). In the spectrum of ZIF-8, an absorption peak was observed at 424 cm−1, which corresponds to the stretching vibrations of Zn-N bonds (Nar...
	Furthermore, when doped with metal, an additional increase in the area under the curve is observed, likely due to enhanced interaction between the doped metal ions and the imidazolate framework, which increases the density of vibrational states in the...
	The photocatalytic activity and degradation efficiency of MB are depicted in Figure 2(i). All the materials exhibit photocatalytic activity at varying levels, which may be influenced by the presence of the 2-methylimidazole ring. This ring, characteri...
	To further explore the dual-functionality of ZIF-8-based photocatalysts, water splitting was analyzed using a PEC system. The efficiency of hydrogen generation was assessed through LSV, measured at 0.610 V versus Ag/AgCl, equivalent to 1.23 V for the ...
	CONCLUSION
	The study validates the successful synthesis of ZIF-8, Ag/ZIF-8, and Ti/ZIF-8, as confirmed by XRD, EDX, and FTIR analyses, which reveal their crystalline structures and elemental compositions. The strategic metal doping of ZIF-8 significantly enhance...
	REFERENCES
	NANOPARTICLE REINFORCED BIOSURFACTANT AND STUDY OF ADSORPTION BEHAVIOR, INTERFACIAL TENSION REDUCTION AND WETTABILITY ALTERATION
	IntroductIon
	Crude oil is a dominant primary source of energy and one of the developed marketplaces with the potential to address the global energy crisis [1-2]. The need for energy necessitates the application of diverse hydrocarbon recovery techniques including ...
	Surfactants play unprecedented roles in many EOR systems, including surfactant flooding, polymer-surfactant flooding, and foam flooding [5]. They have been considered as revolutionary agents with excellent EOR properties due to their surface acting ca...
	Methodology
	For the synthesis, exactly 20 ml of PKO was separately heated around 80-90o C for 30 minutes to simmer the oils. 10 g NaOH was added by stiring, and the  mixture was heated at 80o C for about 3 hours. The solid product was analyzed using Fourier trans...
	The IFT analysis  was carried out using a SVT20 spinning drop at 80oC and 4000 rpm. The IFT tube was firstly filled with brine and placed in the chamber. After that, the tube was set under spinning at about 500 rpm, the rotation was able to keep the o...
	Results
	The physical and chemical properties of the oil and surfactant have are provided in Table 1. From the table there is an indication of successful synthesis of surfactant due to significant identified functional groups with shifts observation.
	From the results in Figure 2a, the calibrations plot of absorbance against concentration have produced the R-squared value of 0.995. This data has demonstrate good correlation thatcan be used for subsequent adsorption studies.
	In Figure 2b, the maximum adsorption capacity of PS was found to be 49.09% at 3%wt which indicates good efficiency of the PS in facilitating the adsorption onto NPs. This adsorption capacity demonstrates strong affinity of interaction with the SiO2 NP...
	The results of SiO2 NPs dosage on adsorption capacity can also be observed in Figure 2c, and has showed significant influence of the NPs dosage on adsorption capacity and depicting interesting trend. It was observed that the maximum adsorption of 86 %...
	From the result presented on Figure 2d, the PS exhibited a higher percentage of adsorption (61.1%) at 120 minutes. Economically, this suggests that the choice of surfactant and its interaction time significantly impact the adsorption process, and opti...
	Based on the data plot presented in Figure 2e the effects of temperature on adsorption capacity of the PS onto SiO2 NPs have been demonstrated, it is observed that it exhibits a higher adsorption capacity at 40 C (54.7%). This result highlights the im...
	Figure 2. Results of (a) calibration curve to study the Effects of (b) PS concentration (c) dosage of SiO2 NPs (d) Contact time of PSNP and (e) effect of temperature (f) pH of PSNP on the percent of adsorption capacity.
	The average IFT value for oil/brine system was found to be 6.22mN/m as presented in Table 2, this represented the original interfacial force between the oil and brine which serves as a baseline for comparison. The average IFT values of PS and PSNP sig...
	Figure 3. Contact Angle profile
	ConclusIon
	From this study, there is a significant adsorption of PS onto the SNPs due to the van Waal and electrostatic attractions between the surface charges. The optimum adsorption conditions of the nanofluid were 3%wt of PS and 0.2 %wt SNPs at 40 oC and pH 9...
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	HIGH-SPEED STIRRING OPTIMIZATION IN CRAFTING UNIFORM SMMA NANOSPHERES
	Introduction
	Styrene methyl methacrylate (SMMA) copolymer combines the uniqueness of styrene, known for its high refractive index and optical properties along with methyl methacrylate, valued for its transparency and rigidity [1]. This copolymer exhibits low moist...
	Methodology
	SMMA copolymer nanospheres were synthesized via high-speed emulsion polymerization using styrene and methyl methacrylate monomers, potassium persulphate as the initiator, and deionized water as the solvent. The reaction was conducted in a 250 ml tri-n...
	ResultS and DIscussIon
	The study revealed that increasing the stirring speed significantly reduces the particle size of the SMMA nanospheres. At 1500 rpm, the particles reached an average size of 154.6 nm with a polydispersity index of 0.189, indicating a high level of unif...
	ConclusIon
	This research demonstrates the successful synthesis of monodisperse SMMA copolymer nanospheres using a green approach with high-speed stirring. The optimized parameters and resulting nanosphere characteristics underscore the method's potential for var...
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	SYNTHESIS AND CHARACTERIZATION OF L-TRYPTOPHAN IMPRINTED POLYMERS VIA BULK POLYMERIZATION FOR IMPROVED ADSORPTION EFFICIENCY
	IntroductIon
	Cancer remains a global health concern, with mortality rates expected to rise due to demographic changes. Immune activation is crucial for cancer prevention, but advanced tumors often evade immune surveillance, creating an immunosuppressive environmen...
	Molecularly imprinted polymers (MIPs) offer a promising alternative for L-Tryp analysis due to their high specificity and selectivity [8]. Studies on L-Tryptophan-imprinted polymers (L-Tryp-IP) have used various techniques, including bulk polymerizati...
	Bulk polymerization for L-Tryp-IP synthesis faces challenges due to L-Tryp's insolubility in non-polar solvents. Researchers have improved adsorption by substrate coating or using novel monomers and solvents. This study explores L-Tryp-IP development ...
	Methodology
	L-Tryp-IP and NIP were synthesized using a bulk free-radical polymerization method. Polymerization occurred in an oil bath at 60℃ for 48 hours. NIP was prepared similarly, without L-Tryp. Post-polymerization, the polymers were ground into fine powder ...
	ResultS and Discussion
	The ATR-FTIR analysis of synthesized polymers, including MAA and EGDMA, revealed key insights into their functional groups. The IR spectra showed shifts in absorption peaks after the interaction with L-Tryptophan (L-Tryp) and its subsequent removal.
	SEM images of L-Tryp-IP and NIP have cauliflower-shaped particles with irregular sizes. The use of a porogen solvent creates a porous structure. The cauliflower shape is due to phase separation in low-solvency media, which causes co-polymerization and...
	The BET analysis shows that L-Tryp-IP has a higher surface area (6.4127 m²/g) and larger pore volume (0.0264 cm³/g) compared to NIP (3.3041 m²/g surface area, 0.0037 cm³/g pore volume). L-Tryp-IP also has larger pores (22.99 nm) compared to NIP (8.41 ...
	The adsorption studies showed that L-Tryp-IP has a greater removal percentage, selectivity, and stability than the NIP.
	Conclusion
	In conclusion, the synthesized L-Tryp-IP) demonstrated excellent adsorption properties, with high selectivity and efficiency in removing L-Tryp from analyte solutions. Various analyses, including IR spectra, SEM morphology, BET surface area measuremen...
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	BIOMASS WASTE INTEGRATION IN La0.6Sr0.4Co0.2Fe0.8O3-α ˗ Ba(Ce0.6Zr0.4)0.9Y0.1O3-δ COMPOSITE CATHODE: EFFECTS ON MICROSTRUCTURAL AND PHYSICAL PROPERTIES
	INTRODUCTION
	Protonic ceramic fuel cells (PCFCs) represent a significant advancement in electrochemical technology, converting hydrogen and low hydrocarbons into electrical energy with high efficiency and minimal environmental impact. PCFCs, utilizing proton-condu...
	The performance of PCFCs is heavily dependent on the efficiency of the cathode, which plays a critical role in the electrochemical reduction of oxygen. An effective cathode must exhibit high electronic conductivity, compatibility with the electrolyte ...
	Optimizing the microstructure of the cathode, particularly its porosity, is crucial for maximizing PCFCs performance. Porosity influences the accessibility of active sites and the diffusion of reactants, which are essential for efficient electrochemic...
	This study investigates the use of rice straw, a biomass waste, as a pore-forming agent in the fabrication of LSCF-BCZY composite cathodes. Rice straw was incorporated into the LSCF-BCZY cathode matrix at various weight percentages, and the composites...
	MATERIALS AND METHODS
	The LSCF (La₀.₆Sr₀.₄Co₀.₂Fe₀.₈O₃-α) and BCZY (Ba(Ce₀.₆Zr₀.₄)₀.₉Y₀.₁O₃-δ) powders were prepared following the method outlined by Ismail et al. (2022). The powders were mixed in a 50:50 weight ratio and ground using an agate mortar to ensure a homogeneo...
	Rice straw was collected from paddy fields in Perlis, cut into small pieces, and dried to remove moisture. The dried rice straw was then ground into a fine powder using a grinder and sieved through a 63 μm mesh. The sieved rice straw powder was stored...
	The prepared LSCF-BCZY composite cathode powders were mixed with the rice straw powder at varying weight percentages (0%, 10%, 20%, 30%, and 40%). The mixture was then ground using an agate mortar to ensure uniform distribution of the pore former in t...
	The resulting powder mixtures were pressed into pellets with a diameter of 13 mm using a hydraulic press under a pressure of 300 MPa for 5 minutes. This procedure was repeated for each concentration of rice straw powder to prepare composite cathodes w...
	RESULTS AND DISCUSSION
	Figure 1 presents the X-ray diffraction (XRD) patterns of composite cathodes containing varying concentrations of rice straw (0%, 10%, 20%, 30%, and 40%). The analysis confirms that the characteristic diffraction peaks of LSCF and BCZY remain unchange...
	Figure 1. XRD patterns of the composite cathode with varying amounts of rice straw powder  (a) 0wt.%, (b) 10wt.%, (c) 20wt.%, (d) 30wt.%, and (e) 40wt.%.
	Figure 2 presents scanning electron microscopy (SEM) images of the composite cathodes with 0% and 40% rice straw concentrations. The images reveal a notable increase in porosity with the addition of 40% rice straw, compared to the unmodified cathode. ...
	Figure 2. SEM Micrograph of the unmodified composite cathode (a) and the composite cathode modified with (b) 40 wt. %
	Table 1 summarizes the density measurements of the composite cathodes after heat treatment at 1000 C. The density decreases from 1.33 g/cm³ at 0% rice straw to 0.93 g/cm³ at 40% rice straw, reflecting the increased porosity. While higher porosity enha...
	CONCLUSION
	In conclusion, this study has demonstrated that rice straw is an effective pore-forming agent for fabricating LSCF-BCZY composite cathodes, significantly enhancing porosity while maintaining the original crystalline structure. The optimal porosity and...
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	POLYPHENOLIC COMPOUND OF ORGANIC AND NON-ORGANIC SOLANUM LYCOPERSICUM IN MALAYSIA
	INTRODUCTION
	In Malaysia, market price of organic Solanum Lycopersicum or tomatoes is more expensive compared to non-organic tomatoes. Organic tomatoes are believed to have high antioxidant content and good for improving health. Since the 90’s, an increasing numbe...
	Several studies have pointed out a better quality of organic foods compared to those from conventional production. For example, Vinha et al. (2014) reported the fruits grown using organic methods contain significantly more chemicals with estimation of...
	The present study conducted to compare the antioxidant potential of organic and non-organic tomatoes by analyzing phenolic and flavonoid compounds content in tomatoes and antioxidant activity. The outcomes of the research will assist the Malaysian con...
	MATERIALS AND METHODS
	Organic tomato brand of Suan Mokkh Gardens, harvested in Port Dickson, Negeri Sembilan and non-organic tomatoes brand of Segar2go, harvested in Kinta Highlands, Malaysia were purchased from Aeon Big Ampang. Folin-Ciocalteu reagent, sodium carbonate, g...
	Convenience sampling was employed to get the sample for this study. Freshly harvested tomato organic brand of Suan Mokkh Gardens (Rm 7.99) and non-organic brand of Segar2go (RM 3.99) were purchased from local stall in Aeon Big Ampang. Samples were pla...
	Tomatoes were chopped into pieces and stored at -18  C for a week. Then, the samples were freeze dried to remove the moisture content. After freeze-drying, the samples were powdered using a dry grinder.
	5 g of powdered tomatoes were extracted with 50 mL ethanol for 24 h at room temperature. The extracts were then evaporated in vacuum concentrator at 60  C and stored in a 4  C refrigerator (Robles-Ramírez et al., 2016).
	Total phenolic content (TPC) was determined according to the method of the FolinCiocalteu method (Singleton & Rossi, 1965). 1 ml of extract was mixed with 5 ml of distilled water and 1.5 ml of Folin Ciocalteau reagent. After the mixture was incubated ...
	The total flavonoids concentrations (TFC) were determined according to the method described by Koolen et al. (2013). 1 ml of extract (20,40,60,80,100 µg/ml) was mixed with 4 ml deionized water and 0.3 ml NaNO2 (5%). After the mixture was incubated for...
	The DPPH free radical scavenging assay described by Bouaziz et al. (2008).  was used to evaluate the antioxidant capacity of organic and non-organic tomatoes. The mixture consisted of 2 ml of each sample methanol extract (25,50,75,100 µg/ml) was mixed...
	RESULTS AND DISCUSSION
	Table 1 summarizes the results of total phenoliccontent in tomato, There are differences in the amounts of phenolic compounds in different tomato types. When compared to commercially cultivated tomato varieties, organic tomatoes typically have greater...
	Table 1 summarizes the results of total flavonoid content in tomato . The result shows organic  tomato possesses higher TFC with 1.693 μg QUE/5 g rather than non-organic tomato with only 1.578 μg QUE/5 g. Mitchell et al. (2007) have reported that orga...
	Calculation of IC80 based on the equation curve for organic tomato which is y =1.506x + 78.24 with R² = 0.9417 while for non-organic tomato is y = 1.635x + 77.21 with R² = 0.9639. According to Fitriansyah et al. (2017) the lowest IC80 means had the hi...
	CONCLUSION
	A comparative study on the antioxidant potential of organic and non-organic tomatoes were conducted by analyzing phenolic and flavonoid compounds content in tomatoes and antioxidant activity. The organic tomatoes showed a relatively higher content of ...
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	CHARACTERIZATION OF PdNiCo CATALYST ON UIO-66-NH2BDC VS. PdNiCo-MOF-NH2BDC
	INTRODUCTION
	Metal organic frameworks (MOFs), known as porous coordination polymers (PCPs), are materials. It is a novel permeable substance featuring a crystalline framework composed of three-dimensional structures formed through coordination bonds connecting met...
	Figure 1. Structure of MOF
	MATERIALS AND METHODS
	The study focuses on the synthesis of PdNiCo-NH2BDC utilizing a modified technique from [1]. The synthesis used dissolved Ni (NO3)2 6H2O, Cobalt (NO3)2 6H2O, Palladium (NO3)2 6H2O, 99% 2-aminoterephthalic acid (C8H7NO4), and Zirconyl chloride octahydr...
	Nitrogen adsorption desorption analysis (Brunauer-Emmet-Teller, BET) was used to investigate the surface area, pore volume and pore size of catalysts by using a Micromeritics ASAP 2020 instrument. Before the analysis is carried out, gaseous molecules ...
	RESULTS AND DISCUSSION
	The nitrogen adsorption-desorption isotherms and physical structural properties of PdNiCo-NH2BDC and PdNiCo-UiO-66-NH2BDC are presented in Table 1 and Figure 2, respectively. The adsorption isotherms refer to type IV according to IUPAC adsorption isot...
	Figure 2. Nitrogen adsorption-desorption isotherm at 77K for (a) PdNiCo-UiO-66-NH2BDC, (b) PdNiCo-UiO-66-NH2BDC
	FTIR analyses of PdNiCo-NH2BDC and PdNiCo-UiO-66-NH2BDC are presented in Figure 3 in the range of 650- 4000 cm-1. The peaks appearing for PdNiCo-NH2BDC and PdNiCo-UiO-66-NH2BDC at 3284 to 3271 cm⁻¹ and 3245 to 3267 cm⁻¹ are related to the asymmetric a...
	Figure 3. FTIR analysis of (a)PdNiCo-NH2BDC (b)PdNiCo-UiO-66-NH2BDC
	CONCLUSION
	PdNiCo-NH2BDC and PdNiCo-UiO-66-NH2BDC were synthesized using solvothermal synthesis. These materials were characterized by N2 adsorption-desorption isotherm analysis at 77K and FTIR-ATR analysis. The results indicate that PdNiCo was embedded into UiO...
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	DECOMPOSITION OF LIGNOCELLULOSE MATERIAL FROM COCONUT HUSK FIBER USING SULFATE-BASED IONIC LIQUID
	IntroductIon
	Lignocellulose materials, also known as lignocellulose biomass, are abundant and cost-effective sources of biomass feedstock for the production of fuels and platform chemicals. These materials encompass a wide range of resources, including forestry wa...
	Coconut husk fiber, also known as coir, forms the outermost coating of the coconut fruit and consists of lignocellulose components such as cellulose, hemicellulose, and lignin. Specifically, it contains 26.60% of cellulose (C6H10O5)n, 17.74% of hemice...
	Traditionally, various physical, chemical, and biological methods have been employed for lignocellulose decomposition. These methods include mechanical milling, pyrolysis, acid hydrolysis, alkaline treatment, enzymatic hydrolysis, and microbial fermen...
	Recently, the utilization of ionic liquids (ILs) as solvents for lignocellulose decomposition has emerged as a promising alternative. ILs are salts composed of organic cations and organic or inorganic anions that remain in a liquid state at room tempe...
	Among the various IL types, sulfate-based ionic liquids have demonstrated significant potential in lignocellulose decomposition. These ILs typically consist of organic cations and sulfate anions, offering enhanced efficiency and selectivity compared t...
	Methodology
	Coconut husk sample as lignocellulose materials was obtained from hometown, Kg Banggol, Setiu, Terengganu. Coconut husk was washed, dried in the oven at 105 oC for 2 to 3 days, and then ground into desired fine particles. Then, it was kept for further...
	The synthesis of TEAS was conducted in a 250 ml round-bottomed flask immersed in an ice bath and fitted with a reflux condenser, following the method reported by [11]. 125 mL of 2M sulfuric acid (1 mol) and 25 mL methanol were added dropwise into 35 m...
	The dissolution of the coconut husk biomass in ILs was conducted following the procedure described in [12]. The dissolution process was performed in a 200 mL beaker, where 1g of coconut husk was introduced to 27 mL TEAS in a ratio of 1:20. This proces...
	Upon completion of the dissolution process, the samples were removed from the heaters and allowed to cool down until they reached a room temperature of approximately 28-30  C. The precipitated sample was rinsed three times with ethanol and filtered th...
	Results
	The synthesized triethylammonium sulfate ionic liquid is yellowish in colour, exists in a liquid state, and exhibits an oily texture, with a percentage yield of 76 %.
	Fourier Transform Infrared Spectroscopy (FTIR)

	The FTIR spectrum of TEAS shows peaks beyond 2700 cm−1 appearing in the ranges of 3250-3450 cm−1 and 3100-2900 cm−1. The CH stretching vibration in IL cation is described in the 3100-2900 cm−1 range but it has low intensity due to strong NH stretching...
	Nuclear Magnetic Resonance Spectroscopy (NMR)

	In the 1H NMR spectrum, a peak at 8.702 ppm indicates the NH bond, while peaks between 5.2-5.4 ppm and 1.3-1.45 ppm correspond to hydrogen bonding in CH2 and CH3 groups, respectively. The solvent peak is at 3.31 ppm. In the 13C NMR spectrum, three pea...
	Thermogravimetric Analysis (TGA)

	At ambient temperature (30  C), TEAS experiences slight weight loss, likely due to solvent evaporation. This weight loss continues until 130  C as volatile components are removed. From 100  C to 290  C, TEAS remains stable with a constant weight perce...
	At 30 C, the ionic liquid turned from yellow to reddish-yellow. At 80 C, it became a slightly darker red. At 130 C, the color changed significantly to dark brown or black, indicating intense reactions and breakdown of organic compounds. The husk becam...
	Fourier Transform Infrared Spectroscopy (FTIR)

	The untreated husk exhibits characteristic peaks indicating the presence of hydroxyl groups, aliphatic C-H bonds, carbonyl groups, aromatic skeletal vibrations, and C-H bending vibrations, associated with cellulose, hemicellulose, and lignin. Upon tre...
	However, at 130 C for a 2-hour treatment, an unexpected increase in the lignin peak at 3200-3500 cm-1 suggests incomplete lignin removal. While the 5-hour treatment at this temperature reduces the hydroxyl groups, it is not as effective as at 80 C. Th...
	X-ray Diffraction (XRD)

	The XRD peaks decrease in intensity with increasing temperature and treatment duration, indicating a disruption in the crystalline arrangement. At 30  C, a noticeable decrease in crystal intensity occurs, while at 80  C, a significant reduction is obs...
	The decrease in crystallinity correlates with the reduction in lignin content in the treated samples. Ionic liquids effectively break down lignocellulose by targeting lignin, disrupting the ordered arrangement of cellulose and hemicellulose. According...
	Field Emissions Scanning Electron Microscopy (FESEM)

	The FESEM micrographs comparing untreated and TEAS-treated coconut husk for 2 and 5 hours at different temperatures. The untreated husk has a smooth, fibrillary surface due to intact lignin and hemicellulose. After 2 hours of treatment, minimal change...
	Discussions
	FTIR spectroscopy reveals specific absorption bands related to molecular vibrations, which help to identify functional groups and confirm the presence of triethylammonium and sulfate ions. The characteristic peaks corresponding to NH and CH stretching...
	FTIR analysis of untreated and treated biomass provides insights into the chemical changes occurring during treatment with TEAS. Changes in the intensity of specific peaks related to cellulose, hemicellulose, and lignin reveal the impact of ionic liqu...
	ConclusIon
	In summary, the synthesis of triethylammonium sulfate (TEAS) was successful, with its structure confirmed by FTIR and NMR analyses and thermal stability up to 320 C shown by TGA. TEAS effectively decomposed coconut husks, with the most efficient resul...
	Acknowledgement
	This study is supported by Universiti Sains Islam Malaysia grant (PPPI/USIM/FST/USIM/111623).
	References
	INVESTIGATION OF TWO NOVEL SYMMETRICAL AMIDE COMPOUNDS AS POTENTIAL MOLECULAR RECEPTORS FOR CHROMATE AND PHOSPHATE ANIONS
	IntroductIon
	Amide is a flexible functional group that is employed in a wide range of industrial processes and chemical reactions. However, amides' reactivity and limited reaction conditions make their synthesis and manipulation difficult. The harsh reaction condi...
	Unlike amines, which are basic, amides are neutral chemicals. Despite the fact that the C-N bond is generally coupled by a single bond that allows for unrestricted rotation, the amide linkage is planar. Amide was chosen for this study because it can r...
	By taking the advantages of amide NH functional group, several anion receptor molecules were created with a particular scaffold, such as a U-shaped structure, to facilitate anion binding via amide NH moieties. Through hydrogen bonding, an in situ anio...
	Figure 1. The structure of 1,2-bis[N,N’-6-(3-pyridylmethylamido) pyridyl-2-carboxyamido]hexane
	Bis-pyridyl-amide ligands are excellent multi-N donor molecules and multi-O molecules, and they are a strong option for producing polyoxometalates-based metal-organic complexes (POM-based MOCs) because they can operate as both hydrogen bonding donors ...
	Several ligands have structural and functional group similarities with bis-pyridyl-amide ligands and are frequently categorised accordingly. Bis-pyridyl ligands, or ligands having two pyridyl groups instead of an amide linker, can also bind to metal i...
	Due to their capacity to establish strong and specialised interactions with anions, amide ligands are extensively researched as anion receptors.  They have a wide range of uses, including the detection of hazardous anions in aqueous solutions, biomedi...
	Methodology
	Toluene (40 mL) were mixed with N-6-[(3-pyridylmethyl amino)carbonyl]-pyridine-2-carboxylic acid methyl ester (0.4 g) and 1,5-pentadiamine/hexanediamine (1 M, 0.12 mL). They were refluxed in inert environment while being monitored using thin layer chr...
	The diamide compound and anions salt were dissolved in the solvent acetonitrile for anion recognition investigations. The product stock solution of 3 mL was placed into five volumetric flasks of 10 mL. In each volumetric flask (10µ L, 20 µL, 30 µL, 40...
	ResultS
	UV-Vis titration studies were performed for L1.From the spectrum chromate anion, it shows that the C=O group of ligand undergoes n → π＊ at λmax 240 nm and the pyridine group undergoes  π →  π＊at λmax 270 nm. From the spectrum phosphate anion, it shows...
	ConclusIon
	In conclusion, the proposed molecular receptors displayed absorption bands with chromate anion at λmax = 224, 368, and 370 nm, and absorbance with phosphate at λmax = 222, 226, and 354 nm in UV spectra, that shown high potential to act as anion recept...
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	POTENTIAL ANTI-OBESITY AND ANTIDIABETIC EFFECTS OF TURMERIC (Curcuma longa) LEAF EXTRACTS
	INTRODUCTION
	Obesity is defined by abnormal or excessive fat build-up that can impair health. Reports from World Health Organization (WHO) has disclosed that the prevalence of obesity is an emerging problem globally, even in middle- and lower-income countries like...
	In recent years, preventive medicine has been integrated as one of the vital health strategies, and several reports have expressed that the ingestion of natural products with high polyphenol content can play a beneficial role in the prevention and ame...
	Despite the reported biological properties and high nutritional values of turmeric leaf, the scientific research on its potential therapeutic effects in the management of obesity, diabetes, and related metabolic disorders is still limited. In this con...
	MATERIALS AND METHODS
	Fresh turmeric leaf was obtained from local market in Arau, Perlis. The plant sample was washed three times with distilled water to remove any impurities before being hot-air dried for 24 h at 60  C in the oven. The dried leaf was then grounded into p...
	The pancreatic lipase inhibitory effect of turmeric leaf was determined according to the method of Ngoh et al. (2017) using olive oil as a substrate. An aliquot of 500 µl of phosphate buffer, 100 µl of the plant extracts and 100 µl of olive oil were i...
	The inhibitory capacity of α-amylase was performed by reacting different concentrations of each of the plant extracts with (-amylase and starch solution, as described by Veena & Keshamma (2019) with slight modifications. The assay was carried out in a...
	% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛=,,,𝐴-𝑐𝑜𝑛𝑡𝑟𝑜𝑙.−,𝐴-𝑠𝑎𝑚𝑝𝑙𝑒..-,𝐴-𝑐𝑜𝑛𝑡𝑟𝑜𝑙..×100
	The 3,5-dinitrosalicylic acid (DNSA) method by Lam et al. (2021) was employed to determine the reducing sugar content (RSC), with minor modifications. The DNSA reagent was prepared by dissolving 1 g of DNSA and 30 g of sodium potassium tartrate in 80 ...
	All experiments were conducted in triplicates and data obtained were analyzed by using standard deviation and mean wherever applicable.
	RESULTS AND DISCUSSION
	The capacity of extracts of turmeric leaf to mitigate complications implicated in obesity was assessed in the present study. It has been reported that inhibition of key digestive enzymes for lipids and carbohydrates can help in the management of obesi...
	Thus, suppression of these enzymes' activity may prevent fat accumulation and hyperglycemia by impeding the digestion and absorption of lipids and carbohydrates, which produce absorbable fatty acids, triglycerides and glucose. In this study, turmeric ...
	Figure 1. (a) Inhibitory effects of ethanolic turmeric leaf extracts against porcine pancreatic lipase (PPL); (b) Inhibitory effects of turmeric leaf extracts against α-amylase
	Figure 2. Calibration curve of standard D-glucose vs absorbance for reducing sugar content (RSC) analysis
	The present work concludes that the ethanolic extracts of turmeric leaf possess significant anti-obesity and antidiabetic properties. This was demonstrated by the ability to inhibit major digestive enzymes, which indicates its potential to suppress ap...
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	TRACK C : APPLIED PHYSICS
	CONVERGENCE CRITERIA FOR ITERATIVE VQE CALCULATIONS ON A QUANTUM COMPUTER
	THEORETICAL BACKGROUND
	The hybrid quantum-classical VQE algorithm uses a quantum computer to compute the expectation value of a Hamiltonian, ,𝐻., with respect to a parameterised trial wavefunction |𝜓⟩; this expectation value is then to be minimsed by a classical computer....
	,𝐸-𝑉𝑄𝐸 .=,⟨𝜓⟩ -⟨𝜓⟩.≥,𝐸-0..
	where the minimised ,𝐸-𝑉𝑄𝐸 . is an upper bound value of the actual ground-state energy ,𝐸-0 .. In this study, we limit ourselves to solve a nuclear pairing problem in a 6He nucleus, considering constant pairing matrix elements. The trial wavefunc...
	The Hamiltonian to be solved is given by
	,𝐻.=,𝑖--.,𝑒-𝑖.,,𝑎.-𝑖-†.,,𝑎.-𝑖.+,1-2.,𝑖𝑗--.,,𝑉-𝑖,𝑖.𝑗,𝑗..,𝑎.-𝑖-†.,,𝑎.-,𝑖.-†.,,𝑎.-,𝑗..,,𝑎.-𝑗.,
	where ,𝑒-𝑖. is the one-body matrix representing single-particle energy and  ,𝑉-𝑖,𝑖.𝑗,𝑗.. is the two-body matrix elements that represents antisymmetrised pairing matrix elements. The single-particle energies were generated with a mean field desc...
	,𝑉-𝑖,𝑖.𝑗,𝑗..=,,𝐺-𝑞.-11+,𝑁-𝑞..
	where ,𝐺-𝑞. represents a pairing strength and ,𝑁-𝑞. represents the nucleon number associated with the charge state 𝑞∈,𝑛,𝑝. representing neutron and proton. We determine the correlation energy ,𝐸-𝑐𝑜𝑟𝑟., defined by
	,𝐸-𝑐𝑜𝑟𝑟.=𝐸−,𝑖-𝐴-.,𝑒-𝑖.〈,,𝑎.-𝑖-†.,,𝑎.-𝑖.〉
	where 𝐸 is the energy expectation value of the Hamiltonian, while the summation of the single-particle energy, ,𝑒-𝑖., involves the lowest occupied levels.
	METHODS
	The expectation value of the Hamiltonian operator was evaluated with respect to a unitary-paired-coupled-cluster-doubles (Lee et al., 2018) ansatz starting from a Hartree-Fock meanfield solution |,𝛹-0.⟩. The ansatz is
	|,𝜓-0.⟩=,𝑒-,,,𝑇.-2.−,,𝑇.-2-†...|,𝛹-0.⟩=,𝑒-,𝑖𝑗--.,,𝜃-𝑖,𝑖.-𝑗,𝑗..,𝜏-𝑖,𝑖.-𝑗,𝑗....|,𝛹-0.⟩.
	where ,,𝑇.-2. (and its conjugate ,,𝑇.-2-†.) is a cluster operator that includes double excitation operators that promotes the nucleons in pairs. Assume real cluster amplitudes ,𝜃-𝑖,𝑖.-𝑗,𝑗..=,𝜃-𝑖,𝑖.-𝑗,𝑗.∗., the excitations operators and its...
	Next, optimisation of the set of parameters ,𝜃-𝑖,𝑖.-𝑗,𝑗.. is done by configuring the classical optimiser SPSA with a learning rate given by a schedule as a function of iteration step 𝑘 given by (Spall, 1992)
	,𝑎-𝑘.=,𝑎-,,𝐴+𝑘+1.-𝛼..
	and the perturbation for each step was given by the function
	,𝑐-𝑘.=,𝑐-,,𝑘+1.-𝛾..
	where 𝛼=0.602, 𝛾=0.101, 𝐴=0, 𝑐=0.1 and 𝑎 is calibrated to reduce the expectation value of the first iteration 𝑘=1 by 1MeV.
	All the calculations were started from the same excited state by setting all the initial parameters ,𝜃-𝑖,𝑖.-𝑗,𝑗.. to zero except for ,𝜃-1,1.-3,3..=1 chosen arbitrarily, to mitigate barren plateaus as practised in (Kiss et al., 2022).
	The set of termination criteria implemented were based on a fit of measured value using a logarithmic equation
	𝑦=,𝑚-𝑘.𝑙𝑛,𝑥.+,𝑐-𝑘.
	at specific optimisation step chosen such that 𝑘=10,20,30, ⋯,200. The logarithmic fit takes into account all the preceding data up to the specific 𝑘-th step. The calculation were terminated whenever any of the following criteria is triggered:
	Criterion 1: ,𝑚-𝑘.>0,
	Criterion 2: ‖,𝑚-10.‖<0.1,
	Criterion 3: ‖,,𝑚-𝑘.−,𝑚-,𝑘−10..-,𝑚-,𝑘−10...‖≤𝛥𝑚%.
	The first criterion ensures that success iterations lead to a lower energy, ruling out cases with no obvious minimisation trend. In cases where the decrement in energy from 𝑘=1 to  𝑘=10 is rather small (defined as absolute value of  ,𝑚-10. smaller ...
	Finally, the third criterion defines a proper way to terminate the calculation by comparing the change 𝛥𝑚, in the slope ,𝑚-𝑘. between successive logarithmic fits (e.g. between ,𝑚-20. and ,𝑚-10. or between ,𝑚-60. and ,𝑚-50.). For Criterion 3, s...
	Finally, the calculations described above were carried out on quantum computer simulators, hereforth called FakeJohors with various specifications, a state-vector simulator, and IBM 16-qubit FakeGuadalupe. FakeJohors utilised in calculations herein we...
	RESULTS AND DISCUSSION
	For the SPSA optimiser application, the convergence curve is characterised by a rapid decrease in the early iterations followed by a slower descent as it approaches convergence. The fitting function of 𝑦=,𝑚-𝑘.𝑙𝑛,𝑥.+,𝑐-𝑘. was chosen to capture ...
	In Figure 1, the blue lines illustrate the extracted ,𝐸-𝑐𝑜𝑟𝑟. as a function of iterations for calculations simulated using FakeJohor A, FakeJohor B, a state-vector simulator and the IBM FakeGuadalupe. In Figure 1(a), a red solid line was fitted a...
	Figure 1. Convergence curve for VQE simulations using FakeJohorA with coherence times of ,5×10-−3.ms and quantum errors of ,10-−3., FakeJohorB with ,5×10-1.ms and ,10-−7., a state-vector simulator, and an IBM FakeGuadalupe. Termination Criterion 1 tri...
	Meanwhile, the Criterion 2 was initially defined with the intention to terminate calculations with slow early descent, i.e. to consider only calculations with large decreases in the first 10 iterations. In many calculations where this set of terminati...
	In Figure 1(b) showing the convergence curve of simulation using FakeJohor B, two additional lines in green and red represent the fitted lines at iteration 𝑘=80 and 𝑘=90 respectively. The coefficients for the slopes at these two lines were fitted at...
	In Table 1, the values of ,,𝐸.-𝑐𝑜𝑟𝑟-𝑘. terminated with Criterion 3 with different 𝛥𝑚 are listed for the FakeJohor B and the state-vector simulation. The table also compares ,,𝐸.-𝑐𝑜𝑟𝑟-𝑘. with the ,,𝐸.-𝑐𝑜𝑟𝑟-200., listing the absolute ...
	CONCLUSION
	In calculations involving NISQ quantum computer with inherent noise, typical methods of comparing neighbouring values or simple moving averages no longer work. The termination criteria introduced mitigate this via a fit function, and terminates the ca...
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	IMPACT OF NANOWIRE RADIUS ON BIOSENSOR PERFORMANCE: A SIMULATION STUDY USING nanoHUB’S BIOSENSOR LAB
	INTRODUCTION
	Nanowire biosensors, known for their high surface area-to-volume ratio and exceptional electrical properties, have garnered significant attention in biosensing. These sensors are crucial in applications such as medical diagnostics (He, et al., 2019)(K...
	This study focuses on the reliability of NanoHub’s BioLabSensor in simulating the performance of nanowire sensors with varying radius. Sensor performance is evaluated by its settling time (duration for the sensor to stabilize and provide a reliable ou...
	Simulation results suggest that smaller radius results in faster settling times across all analyte concentrations, indicating higher sensitivity and responsiveness. However, simulations show limitations for large radius sizes, where interval endpoint ...
	MATERIALS AND METHODS
	This study involves a comprehensive simulation approach using NanoHub’s BioLabSensor to evaluate the performance of nanowire sensors with varying radius sizes. NanoHub’s BioLabSensor was selected for its precise modeling capabilities.
	Figure 1. Structure of Nanowire Sensor
	Each nanowire with mentioned radius was tested under the same environmental conditions. The simulator was configured to record the settling time of the sensor in response to analyte concentrations ranging from 1×10-15 M to 1×10-6 M. Settling time data...
	RESULTS AND DISCUSSION
	An anomaly was noted during the simulation for My Study 3 with the radius of 1.0×10-4 cm, the largest radius, where the simulator failed to produce a finite and real function values, highlighting practical constraints in terms of the simulation capabi...
	Figure 2. Output of nanowire simulation for My Study (3)
	Thus, My Study (4) with the radius of 1.0×10-5 cm was conducted, where now the sensor performance can be observed at range of 5.0×10-7 cm to 1.0×10-5 cm, as shown in Figure 3.
	Figure 3. Graph of Settling time vs. Analyte Concentration for BioSensorLab, My Study (1), My Study (2), My Study (4), and My Study (5)
	From Figure 3, a decreasing trend can be observed when the analyte concentration increases. It is suggested that the behavior indicates that the settling time of the nanowire biosensor decreases at higher concentrations of the analyte. From the result...
	The detail from the plot can be seen from Table 2 below;
	Based on Table 2, settling time for My Study (5) is the shortest among all the nanowires structure. The difference of settling time between BioSensorLab and My Study (5) at analyte concentration at1×10-6 M is 2.87086×10-6 seconds. Meanwhile at analyte...
	CONCLUSION
	In conclusion, this study has shown the capability and the limitation of the NanoHub BioLabSensor  to simulate the performance of nanowire with various radius of sizes. The primary finding is that a decrease in nanowire radius correlates with a reduct...
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	FIRST-PRINCIPLES INSIGHTS INTO THE STRUCTURAL, ELECTRONIC AND Li-ION DIFFUSION PROPERTIES OF Mn-DOPED LiFePO₄ (LiFe₁₋ₓMnₓPO₄) FOR x = 0.125, 0.25, and 0.375
	INTRODUCTION
	The olivine-type LiFePO4 (LFP) was first introduced by Padhi et al. [1] in 1997 as a potential cathode material for lithium-ion batteries. This material has garnered significant interest due to its high theoretical capacity, excellent stability and sa...
	Recently, an increasing number of reports have emerged, documenting experimental studies focused on improving the electrochemical properties of LFP through the strategic doping of various elements. Moreover, the inherently poor electronic conductivity...
	By using density functional theory (DFT) as implemented in computer code, the first-principles calculations on the physical and chemical properties of the solid materials can be performed. These include the properties such as structural, electronic as...
	COMPUTATIONAL METHOD
	The first-principles calculations in this work are based on density functional theory (DFT) using exchange-correlation (XC) functional from generalized gradient approximation by Perdew-Burke-Ernzerhof [13]. The calculations were performed using Cambri...
	Figure 1. The crystal structures of (a) bulk LiFePO4 (b) Mn doped LiFePO4 with 0.125% concentration (c) Mn doped LiFePO4 with 0.25% concentration and (d) Mn doped LiFePO4 with 0.325% concentration
	RESULTS AND DISCUSSION
	The calculated structural parameters of LiFe₀.₈₇₅Mn₀.₁₂₅PO₄, LiFe₀.₇₅Mn₀.₂₅PO₄, and LiFe₀.₆₂₅Mn₀.₃₇₅PO₄ are listed in Table 1. The obtained lattice parameters (a, b and c) and volume (V) from GGA-PBE functional are agreed with experimental reports and...
	From Table 1, it can be seen that the Mn doping with different concentration does not destroy the original crystal structure of LFP, the lattice constant increases significantly and the cell volume increases. When Mn atoms are doped into the LFP with ...
	In summary, while Mn doping leads to structural changes such as increased lattice constants and cell volume, these modifications have positive effects on lithium-ion diffusion and battery performance. The reduced migration energy barrier and enhanced ...
	The electronic properties of Mn-doped LiFePO₄ were investigated by examining the band structures of LiFe₀.₈₇₅Mn₀.₁₂₅PO₄, LiFe₀.₇₅Mn₀.₂₅PO₄, and LiFe₀.₆₂₅Mn₀.₃₇₅PO₄, as shown in Figure 2 (a), (b), and (c), respectively. A common issue with density func...
	All three Mn-doped compositions exhibit a direct band gap with the valence band maximum and conduction band minimum occurring at the Q point, positioning the Fermi level at 0 eV on the energy axis. The introduction of Mn into the LFP lattice leads to ...
	Figure 2. Calculated electronic band structures of (a) LiFe₀.₈₇₅Mn₀.₁₂₅PO₄ (b) LiFe₀.₇₅Mn₀.₂₅PO₄ and (c) LiFe₀.₆₂₅Mn₀.₃₇₅PO₄
	The partial density of states (PDOS) analysis, as illustrated in Figure 3, provides a detailed understanding of how Mn doping affects the electronic structure of LFP. The PDOS for Mn 3d s, P 2s, P 2p, O 2s and O 2p states highlights the significant ch...
	The PDOS analysis also provides insights into the contributions of the oxygen and phosphorus orbitals. The O 2p states, which are involved in bonding with Fe and P, interact significantly with Mn 3d states. These interactions are crucial in modifying ...
	Overall, the PDOS analysis underscores the impact of Mn doping on LFP electronic structure. The introduction of Mn 3d states results in a significant reduction in the band gap, enhancing the electronic conductivity. The interaction among Mn 3d, O 2p, ...
	Figure 3. The calculated PDOS of (a) LiFe₀.₈₇₅Mn₀.₁₂₅PO₄ (b) LiFe₀.₇₅Mn₀.₂₅PO₄ and (c) LiFe₀.₆₂₅Mn₀.₃₇₅PO₄ obtained from DFT+U calculations
	Li-İon Diffusion Properties
	The multiplicity performance of lithium-ion batteries measures the performance of the battery when it is charged and discharged at high multiplicity over a short period of time, and this performance metric is influenced by the diffusion rate of lithiu...
	Zaki et al. states that the migration energy of pure LFP was 0.838 eV. Based on the data in Figure 4(a and b), the migration energy of lithium ions in the intrinsic of LiFe₀.₈₇₅Mn₀.₁₂₅PO₄ and LiFe₀.₇₅Mn₀.₂₅PO₄ are 0.68 eV and 0.69 eV which are lower t...
	Where a represents the distance between the LiFe₀.₈₇₅Mn₀.₁₂₅PO₄, LiFe₀.₇₅Mn₀.₂₅PO₄ and LiFe₀.₆₂₅Mn₀.₃₇₅PO₄ system bouncing along the b direction, ν is estimated to be 1013 Hz, KB is the Boltzmann constant, T is the temperature of the system (300 K), a...
	Figure 4. Energy profiles of the ion migration and its migration energy for (a)LiFe₀.₈₇₅Mn₀.₁₂₅PO₄, (b) LiFe₀.₇₅Mn₀.₂₅PO₄ and(c) LiFe₀.₆₂₅Mn₀.₃₇₅PO₄
	CONCLUSION
	In conclusion, this study provides a thorough evaluation of Mn-doped LiFePO₄ cathode materials, focusing on their structural, electronic, and Li-ion diffusion properties. The results reveal that Mn doping significantly influences these aspects, with L...
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	REINFORCEMENT EFFECT OF GRAPHENE NANOPLATELETS ON POLYLACTIC ACID/KENAF BIOCOMPOSITE FOAMS
	INTRODUCTION
	Researchers are increasingly directing their efforts toward combating pressing environmental concerns by developing a new category of eco-friendly composites known as bio-composites. These materials, fully biodegradable, incorporate natural fibers alo...
	In 2019, global plastic production reached 370 million tons, with a mere 9% undergoing recycled, 12% incineration, and the remainder persisting in the environment or landfills. Plastics poses significant challenges to aquatic ecosystems, where organis...
	Reducing weight not only lessens resource use during manufacturing but also decreases energy needed for transportation, thereby conserving resources and lowering CO2 emissions. The is particularly in mobility applications. However, achieving weight re...
	In this work, the objective was to investigate the effect of GNP at small loading on the mechanical tensile, thermal stability and water resistance of PLA/kenaf fibre composite foams.
	MATERIALS AND METHODS
	Poly(lactic acid) (PLA), with a melting temperature of 165 C and graded as 3251D Natureworks Ingeo™ Biopolymer, was sourced from Unic Technology Ltd, China. This PLA has a density of 1.24 g/cm³ and a melt flow index of 80 g/10 min (190 C/2.6 kg). Kena...
	The preparation process for the PLA/kenaf fiber/GNP bio-composite foam samples was divided into two stages: extrusion and compression molding. Before starting the melt-blending process, kenaf fibers and PLA were dried in an oven at 65 C for 24 hours. ...
	For the characterization tests, dumbbell-shaped samples were used for tensile testing. This test was conducted at room temperature using a Universal Testing Machine Model Testometric M350-10CT with a load of 1000 N and a speed of 5 mm/min. Thermogravi...
	RESULTS AND DISCUSSION
	Table 1 describes the tensile properties of PLA/kenaf fiber bio-composite with various small loadings of GNP. When GNP was incorporated at 0.05 phr, the tensile strength, Youngs modulus and elongation of nanocomposite increased to maximum values of 8....
	Figure 1 shows the effect of GNP loading on the TGA curves of PLA/kenaf fiber foamed bio-composites. Generally, the weight loss curves of the composites exhibited insignificant shifts, suggesting that the GNP loading used in this study is too small to...
	Figure 1. TGA thermogram of PLA/kenaf fiber/GNP foamed bio-composite samples
	Table 2 lists the water absorption and thickness swelling of PLA/kenaf fiber foamed samples containing different GNP loading after short-term (24 h) water immersion. The neat PLA/kenaf fiber foamed sample exhibited the water absorption and thickness s...
	Figure 2 shows the SEM micrograph of PLA/kenaf fiber foamed bio-composites (a) without and (b) with 0.05 phr GNP. As observed in Figure 2 (a), some holes are present, and the foam cells are bigger in size. In contrast, Figure 2 (b) illustrates a more ...
	Figure 2. SEM micrograph of PLA/kenaf fiber foamed bio-composites
	(a) without and (b) with 0.05 phr GNP
	CONCLUSION
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	EXPLORING THE STRUCTURAL CHARACTERISTICS OF La2CuTiO6 DOUBLE PEROVSKITE
	INTRODUCTION
	This research focuses on the structural and microstructural characteristics of undoped La2CuTiO6 (LCTO), aiming to explore its potential for dielectric applications, an area with limited existing research. The study addresses the lack of comprehensive...
	MATERIALS AND METHODS
	La2CuTiO6 (LCTO) was synthesized using high-purity starting materials, including Lanthanum (III) oxide (La2O3) from Sigma Aldrich (99.99% purity), and Titanium dioxide (TiO2) and Copper (II) oxide (CuO) from Alfa Aesar (each 99.99% purity). The powder...
	RESULTS AND DISCUSSIONS
	The study of LCTO identifies it as having a single-phase orthorhombic structure with Pnma symmetry, supported by X-ray diffraction (XRD) results that display clearly defined peaks, indicating excellent crystalline quality (Li et al., 2023). The lattic...
	Figure 1. X-ray diffraction (XRD) pattern of LCTO
	In the FTIR spectrum of LCTO, a significant absorption peak is observed around 590.14 cm-1. This peak is linked to the symmetric stretching vibrations of the CuO6 and TiO6 octahedra. The peak's position is affected by the higher oxidation states of Cu...
	Figure 2. Fourier-transform infrared (FTIR) pattern of LCTO
	The FESEM examination of LCTO indicates that the particles are irregular and vary in size, often clustering together, which is likely due to the high preparation temperature. The grain size of LCTO is relatively small, possibly related to reduced stru...
	Figure 3. FESEM image of LCTO
	CONCLUSION
	The examination of LCTO confirms that it maintains a perovskite structure with lattice parameters of a = 5.616 Å, b = 7.860 Å, and c = 5.575 Å, and identifies CuO6 and TiO6 octahedra through an FTIR peak at 590.14 cm-1. However, FESEM analysis reveals...
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	ORGANIC FIBERS ALTER THE MECHANICAL PROPERTIES OF COMPOSITE GYPSUM
	INTRODUCTION
	Nowadays, composite materials utilize raw materials to extract lignocellulosic fibers from various sources such as fruits, seeds, stems, leaves, lianas, pseudo-trunks, and roots [1]. A banana plant is categorized as a colossal herb that arises from an...
	The development of industrial sectors expanding the application of various fiber-reinforced composites. The possible applications of fibers become wide due to the generation of new fibers that possess high performance, low-cost production, and benefi...
	MATERIALS AND METHODS
	Banana trunks were obtained from Kota Kinabalu, Sabah, Malaysia. At the initial stage, the banana trunks were cut into a specific dimension of 30 cm  15 cm (length x width). Then, the outer cortical region of the banana trunks was removed manually. T...
	The sample without banana trunk fibers was prepared using 25 g gypsum powder (Sigma Aldrich) and 15 ml distilled water. Meanwhile, the sample with banana trunk fibers was prepared using 24.25 g gypsum powder, 0.75 g banana trunk fibers, and 15 ml dist...
	RESULTS AND DISCUSSION
	Figure 1 shows EDX spectra of gypsum containing banana trunk fibers with a size of 125 μm reflecting the emergence of C (carbon), O (oxygen), S (sulfur), Ca (calcium), Mg (magnesium), Si (silicon), P (phosphorus), K (potassium), and Na (sodium). All e...
	Figure 1. EDX spectra of gypsum plaster containing banana trunk fibers. Inset shows the SEM image of gypsum plaster containing banana trunk fibers
	Table 2 shows variations in the compressive strength of gypsum containing different sizes of banana trunk fibers. It can be observed that the incorporation of a smaller size of banana trunk fibers with a size of 38 μm and 63 μm (PPBT38 and PPBT63 samp...
	Meanwhile, the incorporation of a bigger size of banana trunk fibers with a size of 125 μm and 250 μm (PPBT125 and PPBT250 samples) into the gypsum matrix elevates the compressive strength to 11.278 MPa and 10.762 MPa with a significant enhancement fa...
	CONCLUSION
	The incorporation of banana trunk fibers with distinct sizes into the gypsum matrix significantly alters the compressive strength of composite gypsum. The current findings show that the tiny banana trunk fibers of sizes 38 μm and 63 μm weakened the gy...
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	SQUEEZED LIGHT GENERATION ACROSS DUAL OCTAVE MULTICHANNEL WAVEGUIDES WITH CAVITY MIRROR
	IntroductIon
	The application of squeezed light is immensely significant in quantum optics, with various applications such as quantum imaging [1], gravitational wave detector [2, 3], optical communication [4], and quantum teleportation [5]. One of the simplest yet ...
	MathematIcal aspect
	The Hamiltonian describing our proposed model can be written as,
	where ħ denoted the reduced Planck constant.  describe the free Hamiltonian with coefficient  being the bosonic operator for the input fields in the channels a, b, c, and d, where n = 1, 2, 3 represent the field at the first Ω1, second Ω2, and fourth ...
	ResultS
	Figure 1 shows the generation of the squeezed light in the system. The squeezing effects are observed in both the X and Y quadrature, labelled as SX and SY in Figure 1, respectively. The generation scheme involves coherent initialization in channel a ...
	Figure 1. Squeezed light in channel a. (a) First Harmonic, (b) Second Harmonic, and (c) Fourth Harmonic frequencies.
	ConclusIon
	The possibility of amplifying and extending intracavity-squeezed light generation across the fourth harmonic frequency using a dual-octave system of multichannel nonlinear waveguides has been studied. The system can generate strong squeezed light in t...
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	INVESTIGATION OF NEMS CARBON NANOTUBE BASED FIXED-FIXED BEAM STRUCTURE BY USING NanoHUB SIMULATION
	INTRODUCTION
	Nanoelectromechanical systems (NEMS) include nanometer-sized switches, actuators, and sensors. This paper focuses only on carbon nanotubes-based NEMS switches, which are essential for designing random access memory and communication networks with high...
	The carbon nanotubes-based NEMS switches structure consists of a beam and ground plane. The beam will be deflected once a voltage is applied between the beam and ground plane. When the beam has been deflected, there would be a reaction on the existing...
	In this study, we focus on the simulation via NanoHUB software. Here, we investigate the pull-in behavior of a fixed-fixed beam as a carbon nanotubes-based NEMS switches. The results obtained from varying the beam length by comparing it with other res...
	MATERIALS AND METHODS
	The study involved a simulation performed by using a freeware known as NanoHUB. The selection of the carbon nanotube-based NEMS switches for fixed-fixed beam can be found under “Carbon nanotube based fixed-fixed NEMS". The structure of carbon nanotube...
	Figure 1. Carbon nanotube-based NEMS switch structure
	Here, the simulations were repeated four times with various beam lengths as shown in Table 1.
	RESULTS AND DISCUSSION
	The fixed-fixed beam of the carbon nanotubes-based NEMS switches was investigated with applied voltage range between 0-20V. Table 2 shows the simulation results based on the parameters mentioned previously in the methodology section.
	*Results obtained from (Dequesnes et al., 2002)
	For the simulation of 50 nm beam length, our observation shows that the pull-in voltage with van der Waals forces is 6.75 V in comparison with (Dequesnes et al., 2002) where the pull-in voltage obtained was 6.20 V. It is suggested that the discrepancy...
	The simulation for 80 nm length shows that the pull-in voltage with van der Waals forces obtained was 2.20V, in agreement with the results performed by (Dequesnes et al., 2002) study. However, the pull-in voltage without van der Waals forces from prev...
	The simulation of 1 nm length was conducted since to further investigate the pull-in voltage for the smallest length of the structure. Here, the pull-in voltage with and without van der Waals were not obtained. The simulation was also conducted for th...
	CONCLUSION
	In this paper the pull-in behavior of the carbon nanotubes based fixed-fixed NEMS switches is presented. The result is successful when compare with other research work. Here, when the length is increased to an optimum value, the pull-in voltage will d...
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	ERBIUM-DOPED BOROTELLURITE GLASS-CERAMIC DIELECTRIC RESONATOR FOR ELECTRON SPIN RESONANCE AT X BAND
	IntroductIon
	Electron Spin Resonance (ESR) or Electron Paramagnetic Resonance (EPR) involves the excitation of unpaired electrons, with an energy splitting caused by the Zeeman effect. ESR spectroscopy uses resonators to detect and excite such paramagnetic substan...
	ESR spectrometers are typically used in X band and higher frequencies, such as Q band (34 GHz) [3] and W band (95 GHz) [4]. Researches show resonant frequencies of DR are determined by their dimensions and dielectric properties [5-7], e.g. for a speci...
	In this work, we investigate erbium-doped borotellurite glass-ceramics as the dielectric material for an ESR resonator at X band frequency, housed in a cylindrical aluminium conducting cavity and coupled with iris holes to facilitate microwave signal ...
	DIelectrIc PropertIes Measurement of ErbIum-doped BorotellurIte Glass-CeramIcs
	There are several techniques to measure the dielectric properties. Reference [10] proposed transmission-reflection technique that requires full S-parameter measurement for waveguides or coaxial lines. The free-space technique involved the use of wide-...
	To determine the dielectric properties, ϵ* = ϵ′ − iϵ′′ [16], we employed the resonant cavity perturbation technique using Q-factor extraction method by taking in account the shifts in resonant frequencies, 𝛥f ,and inverse of quality factors, 𝛥,,1-𝑄...
	where fc, fs, Qc, Qs, Vc, and Vs are resonant frequencies, quality factors, and volumes for unloaded and loaded cavities, respectively.
	For our TE101 mode cavity resonator, we designed WR-90 waveguide with 8 mm iris holes placed at both ends to create standing waves at resonant frequency, fo = 8.12 GHz for the unloaded cavity (see Fig. 1). The Fig. 2 cavity resonator shows the dimensi...
	Figure. 1. Simulation design for rectangular cavity resonator, with a = 22.86 mm, b = 10.16 mm and d = 30 mm.
	Figure. 2. Rectangular cavity resonator (left) and borotellurite sample (right).
	To verify the perturbation technique is accurate, simulation was done and the results was used with Eqn. (1) and (2). The result shows a 6.22 % error for dielectric constant of an alumina sample compared to the reference values in the simulation. The ...
	For erbium-doped borotellurite glass-ceramics, the resonant frequency for unloaded cavity, fo = 8.12 GHz shifted to fo = 7.039 GHz after the insertion of the sample. Thus, the dielectric constant was determined using Eqn. 1 where ϵ* = 17.73  ± 6 %. Fi...
	Figure. 3. Unloaded and loaded cavities between SNA experimental results with simulated results.
	DesIgn and SImulatIon of DIelectrIc Resonator usIng ErbIum-doped BorotellurIte Glass-CeramIcs
	A cylindrical DR made of borotellurite (ϵ* = 17.73 ± 6 %, tan δ = 2.289 × 10−4  ± 17 %) with dimensions: 6 mm (radius) × 7.2 mm (height), operating at fo = 8.395 GHz, being placed inside an aluminium cavity (25 mm radius × 30 mm height). TEM mode was ...
	Figure. 4. Proposed simulation design for cylindrical DR (left) and simulated results for loaded and unloaded cavities (right).
	ConclusIon
	This project aims to design a DR using erbium-doped borotellurite glass ceramics, with higher dielectric constant than alumina, in order to enhance the concentration of the induced magnetic field for ESR signal detection at X band frequencies while al...
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	THE PERFORMANCE OF LITHIUM-ION CAPACITOR BY USING ASYMMETRIC AND SYMMETRIC ELECTRODE.
	INTRODUCTION
	Lithium-ion capacitors (LICs) are hybrid energy storage devices that combine the high energy density of lithium-ion batteries with the high-power density and long cycle life of supercapacitors (Naoi & Simon, 2008). This unique combination makes LICs s...
	MATERIALS AND METHODS
	This research aims to examine how changes in cathode and anode materials affect the electrochemical properties of lithium-ion capacitors. Typically, commercial lithium-ion capacitors use MCMB for the negative electrode and activated carbon for the pos...
	This column lists the identifiers for each sample, labeled as I, II, III and IV. All samples use activated carbon (AC) or pristine graphene nanoflakes (PGNF) as positive electrodes. Meanwhile, negative electrode materials vary between Mesocarbon Micro...
	Each electrode was assembled into Teflon cells inside a glove box, utilizing a 1M LiPF₆ electrolyte (Ethylene Carbonate-Dimethyl Carbonate EC-DMC) and a polypropylene (PP) separator. This setup was then replicated by incorporating 20% LiFePO₄ into the...
	RESULTS AND DISCUSSION
	Figure 1 below shows a combination of cyclic voltammetry curves for four samples of Lithium-ion capacitors by using a different combination of positive and negative material. LiFePO₄ is added to the positive electrode in each sample to assess their el...
	Figure 1. Cyclic Voltammetry curve for (Sample I) SIB, (Sample III) SIIIB and (Sample IV) SIVB. The scan rate for each sample is 5mV/s with cut of potential 2-3.5V
	Table 2 shows that sample III obtains the higher result of energy density which is 15.7147 Wh/kg compared to other samples. This result may be considered as a higher energy density because the value is more than 10Wh/kg. This is because of the unique ...
	CONCLUSION
	The experimental results demonstrated that asymmetric LICs, particularly the combination of Nano Fiber Graphene (PGNF) as the anode and Activated Carbon (AC) as the cathode, outperform other configurations in terms of energy density, achieving 15.72 W...
	On the other hand, symmetric LICs, which utilized the same materials for both electrodes, showed better power density and cycle stability. This makes symmetric configurations more suitable for applications demanding rapid charge/discharge cycles and l...
	In summary, the research findings underscore the importance of selecting appropriate electrode materials based on the specific energy and power requirements of LIC applications. Future work should explore the integration of these materials in practica...
	REFERENCES
	TRACK D: OTHER APPLIED SCIENCES
	EVALUATION OF STABILITY, TANNIN CONTENT, ANTIOXIDANT ACTIVITY, AND ANTIMICROBIAL PROPERTIES OF MELASTOMA MALABATHRICUM L. LEAF EXTRACT IN A WATER-BASED EMULSION
	INTRODUCTION
	Traditional herbal medicine, derived from plants, is widely embraced in various nations, including Malaysia, owing to the rich pharmacological properties of medicinal plants. Over 80% of the global population turns to plants for fundamental healthcare...
	Multidrug resistance manifests when bacteria, fungi, or other microorganisms undergo evolutionary changes, developing mechanisms to resist the impact of antibiotics – e.g., Staphylococcus aureus. This development poses a substantial global health risk...
	A shrub native to Southeast Asia, Melastoma malabathricum is also known by the names Senduduk, Singapore Rhododendron, Indian Rhododendron, and Malabar Gooseberry. This small tree is native to the China, Australia, Singapore, Indonesia, Malaysia, and ...
	In addition, (Joffry et al., 2012) discussed that in folks’ medicine, the leaves of Melastoma malabathricum was used to be applied as paste onto wounds to prevent them from scarring. Despite the long history of traditional use of M. malabathricum L. f...
	Furthermore, M. malabathricum L. leaves were proven to contain phytochemical constituents like tannins, flavonoids, and alkaloids (Isnaini, Permatasari, Mintaroem, & Widodo, 2018)(Thatoi, Panda, Rath, & Dutta, 2008). According to (Nortjie, Basitere, M...
	The possibility to extract tannins alone from the leaf allows for a more focused exploration of their specific properties, unmasking their full therapeutic potential. To the best of our knowledge, there were no studies focusing on optimizing the leaf’...
	In this work, the antimicrobial properties and stability of M. malabathricum L. leaves extract from the developed water-based emulsion will be investigated. It will also measure the tannin content and antioxidant activity of the leaves extract. The co...
	MATERIALS AND METHODS
	The apparatus needed in this study is a laboratory grinder, glass beaker, aluminium foil, filter paper (Whatman No.1), UV-Visible Spectrophotometer, Soxhlet Apparatus, analytical balance, petri dish, mini centrifuge, rotary evaporator, sterile swab, a...
	The leaves were collected from Selangor, Malaysia. It was then washed thoroughly in running water and distilled water to remove any dirt and unwanted contaminants. Next, the leaves will be dried in a confined air-conditioned space of 18  C for cold ex...
	Two methods of extraction were implied in this study – Soxhlet extraction and Cold Extraction methods. Both methods imply the same amount of ethanol, methanol, and water solvents in ratio of 70:20:10 (Abah & Egwari, 2011).
	The powder was placed in a thimble-holder and filled with fresh solvent from a distillation flask. When the vapor rises, the solvent was condensed and filled up the thimble (Nortjie et al., 2022). The soxhlation of M. malabathricum leaves were perform...
	The powdered leaves were soaked with solvent and kept in an enclosed jar for 72 hours for cold extraction method. The contents were shaken before filtering using filter paper (Whatman No. 1). The part of filtered content was concentrated using a rotar...
	The extracted leaves were infused with the water-based emulsion and were tested against two categories, which were antimicrobial assay and stability tests. These tests were done to three different concentrations of the leaf extract incorporated in 10 ...
	Total tannin compounds will be determined calorimetrically using saturated Na2CO3 and Folin Ciocalteu reagent. UV-Visible spectrophotometer will be used to measure the compounds at a modified maximum wavelength of 750 nm (Suharni P. Sinaga et al., 202...
	Figure 1. MSA agar before incubation
	24 mg of 2,2-diphenyl-1-picrylhydrazyl (DPPH) powder was added to 100 mL of methanol to produce a 0.6 mM solution of DPPH in methanol, resulting in a dark violet solution (Baliyan et al., 2022). The samples must be diluted into a series of concentrati...
	The base emulsion and three other emulsions incorporated with different extract concentrations (3%, 5%, and 7%) were submitted to two stability tests, which are thermal test and colour test. The thermal test was conducted in a water bath. The samples ...
	RESULTS AND DISCUSSION
	The extraction of 10 grams of leaves using 300 mL of combined and ratioed polar solvents gave different results from two different methods. The Soxhlet extraction method managed to yield about 4.98 grams of dark green extract while cold extraction met...
	Both extraction techniques used a ratio of three polar solvents to extract plant leaves, and these solvents were combined and found to be soluble. The extraction method can affect the physical properties of the crude leaf extract. According to Abah an...
	The Soxhlet Extraction Method yielded more extract (4.98 grams) compared to the Cold Extraction Method (3.62 grams), with a yield difference of approximately 31.63%. This suggests that Soxhlet extraction is more efficient for obtaining components from...
	Figure 2. Yield of Different Extraction Methods
	This study shows a positive presence of tannin in M. malabathricum leaf extract. The type of extraction matters in deciding the best methods to extract tannins from herbal leaves (Kumar et al., 2023). As such, a standard curve was constructed with a l...
	The cold method extracts more tannins than the Soxhlet extraction method. However, the percentage difference between these two methods is only about 3.05%. Since the percentage difference is less than 5%, the significance might be questionable. Abah &...
	Figure 3. (a) Tannic Acid Standard Curve and (b)Tannin Content of Each Extraction Methods
	The findings of this analysis focus on the antioxidant potential of each extraction method. The results of the analysis are tabulated in Table 1 whereas the graph is constructed in Figure 4. The highest amount of scavenging activity in Soxhlet method ...
	Based on Figure 4, the cold extraction method demonstrated a lower radical scavenging activity than the Soxhlet extraction method. The trend of the graph in cold extraction method indicated that there was a significant increase in the antioxidant acti...
	Fai-Chu Wong (2012) have studied different types of medicinal plants in Malaysia and found the highest scavenging activity to be 99.6% in S. Barbata, a plant indigenous to Malaysia, validating that it is possible to get a significantly high %RSA. Addi...
	Abah & Egwari (2011) found that the total amount of phenolic content in Soxhlet method is higher than cold method due to the amount of alkaloids present in Soxhlet method is higher. This study is also backed up by (Dalimunthe et al., 2022) where the S...
	Figure 4. DPPH Radical Scavenging Activity on Different Extraction Method
	This test focuses on the stability of the emulsion in terms of colour degradation due to thermal changes and how methods of extraction affect thermal behaviour of emulsions. The thermal test was conducted on all six different emulsions, with two disti...
	Figure 5. Extract Emulsion (a) Soxhlet Method and (b) Cold Extract
	This test focuses on the microbial susceptibility of cold and Soxhlet extract at different emulsion concentrations. It is seen in that the MSA agar have turned from red to yellow (Fig. 7a – 7b), indicating the presence of Staphylococcus Aureus (Mamay,...
	This is probably due to the presence of tannins being higher in cold extract than Soxhlet extract (Indriaty et al., 2023). This finding is supported by Abah & Egwari (2011) where they found that cold extraction exhibits a higher bacterial resistance t...
	Figure 6. Inhibition zones of 7% Extracts
	Based of Figure 6, the highest inhibition zone is obtained from pathogen S.Aureus ((50 mm) at 7% cold extract whereas the highest inhibition zone for Soxhlet extract is (10 mm from S. Aureus. Additionally, for pathogen E.Coli, (10 mm of inhibition reg...
	CONCLUSION
	The study concludes that Soxhlet extraction is superior in yield and antioxidant activity, whereas cold extraction is more effective for antimicrobial applications due to higher tannin content. These findings highlight the need to select extraction me...
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	POLYETHERSULFONE (PES) ULTRAFILTRATION MEMBRANE FOR WATER TREATMENT APPLICATIONS BY USING POLYVINYLPYRROLIDONE (PVP) AS PORE FORMING AGENT
	IntroductIon
	The continuously rising demand of cleaned potable water is one of the current huge issues for the 21st century due to the few aspects that reducing the accessible of cleaned water such as expanded growing of industrialization and overpopulation (1). T...
	Membranes are illustrated as thin layer material which is capable of particle separation according to their physical and chemical properties when a driving force is applied across the membrane. The main advantages of low-pressure UF membrane processes...
	Polyethersulfone (PES)-based membranes have been widely implemented in the separation process as they exhibit excellent oxidative, thermal and hydrolytic stability as well as distinguish mechanical properties (5). Nevertheless, PES is relatively hydro...
	LIterature RevIew
	Separation through membrane filtration promises high efficiency of pollutants removal along with economically and environmentally safe as none of chemical utilized during the filtration process. Membrane can be either synthetic or non-synthetic (natur...
	Figure 1. General mechanism of membrane filtration
	Membrane separation filtration has been widely applied in industrial water treatment processes as it promotes clean technology with efficient energy consumption. In future prospects, membrane filtration can be fully replaced by conventional processes ...
	Despite the advantages offered by PES membrane, consistency of contaminants removal in water difficult to accomplished due to its relatively hydrophobic characteristics that reducing the water flux permeate through it (13). Hydrophobicity can lead to ...
	Polyvinylpyrrolidone (PVP), or its often addressed as polyvidone or povidone is categorized as water-soluble polymer created from the monomer N-vinylpyrrolidone (19). Additionally, PVP provides excellent permeability and readily forms films. Figure 2....
	Figure 2. Synthesis of PVP through free-radical polymerization (Kariduraganavar et al., 2014).
	Methodology
	Figure 3. Process flowchart for the methodology proposed.
	Polyethersulfone (PES, Kornchen, MW=58,000 g/mol) supplied by GoodFellow Cambridge Limited Huntingdon PE29 6WR (England) and N-Methyl-2- pyrrolidone (NMP, purity of 99.5% and MW of 99 g/mol which was purchased from Sigma-Aldrich, Germany) were used to...
	The preparation of the membranes with different composition of additives are shown in Table 3.0 as the PVP/PES range ratios utilized varied from 0wt% to 32wt%. The first membrane will not add any additive (PVP) as this membrane will act as a control p...
	Subsequently, the polymer solution is degassed overnight to remove air bubbles trapped in it prior to casting. Then, after the membrane casting procedure is done in a rigid supporting layer such as glass plate and glass rod to flatten the casting solu...
	According to Milescu et al. (24)  the membrane has to undergo a dynamical vacuum drying for 2 days prior to characterized using a 400 FT-IR/FT-NIR (Fourier Transform Infrared Spectrometer) brand Perkin Elmer Spectrum IR Version 10.6.2. The FTIR-ATR is...
	For membrane morphology specifically in cross section analysis, Field Emission Scanning Electron Microscope (Carl Zeiss EVO MA 10) will be utilized to record and analyses the images  at 20 kV and magnification ranging from 200× to 20,000× as suggested...
	The contact angle is determined by using Biolin Scientific contact angle instrument and a sessile drop method following a procedure that similar to (23). A water drop (5 microliter) was slowly and carefully placed onto membrane surface using a needle ...
	According to Bolong et al. (26) due to the evaporation effect, it is suggested to conduct measurements as quickly as possible (within 10 seconds) to minimize the disturbance caused by evaporation. Furthermore, Mu and Zhao (2009) also noted that the co...
	Results and Discussions
	Polyvinylpyrrolidone (PVP) can be detected and identified using FTIR spectroscopy. These characteristic absorption peaks can serve as diagnostic markers for the presence of PVP in a sample during FTIR analysis. By comparing the observed peaks in the s...
	Milescu et al. reported that residual PVP indicated by a C=O stretch at 1667 to 1662  〖cm〗^(-1), pyrrolidinyl radical at 1462 and 1423   〖cm〗^(-1) (24). A medium to strong peak is observed around 〖1072 cm〗^(-1), representing the stretching vibration o...
	Figure 4. FTIR/ATR spectra of neat PES membrane and PES/PVP membranes.
	Vatsha et al. studied the PES membrane modification with the addition of PVP and the FTIR spectrum showed a new absorption peak at 1677.5〖cm〗^(-1), which highly indicate the PVP existence in the PES membranes while the rest of the spectrum remained co...
	Additionally, Kourde-Hanafi et al. stated that the spectrum region about 1673〖cm〗^(-1) that can be attributed to the C=O oscillation of PVP is where the two spectra highly diverge (6). Meanwhile, the spectrum at around 1440〖cm〗^(-1) in which this band...
	In conclusion, the successful fabrication of the membrane with Polyvinylpyrrolidone (PVP) has been unequivocally demonstrated through the compelling FTIR results. The FTIR analysis served as a crucial tool in verifying the chemical composition and str...
	In Figure 4.1 and Figure 4.2, the imaging of the synthesized membrane’s top view and cross-section through SEM was used to determine the structure of the membrane with the PVP concentration of 0%, 4%, 8%, 16% and 32%.  By referring to Figure 4.1, the ...
	Figure 4.2 displays the cross-sectional SEM micrographs of both the PES membrane and the PES/PVP membranes. For all the membranes, a distinct morphology was observed, characterized by a dense top layer and a porous sublayer with a finger-like and a ne...
	The top-layer layer of PVP/PES membrane was observed and recorded to have several tens of micrometers thick and fairly dense. This could be attributed to the dope solution containing high amount of PES content (25 g for 75 g of NMP) as a result, produ...
	Additionally, Figure 4.2 (e) shows the sponge-like appearance of the membrane cross-sectional porous structure of (membrane sublayer). This occurs due to the elevated viscosity of the dope solution, which hinders the diffusion exchange between the sol...
	As a result, the membrane morphology undergoes a transition towards a spongier (tear drop) structure (29). Subsequently, rapid phase separation takes place at the skin layer, while the precipitation rate slows down in the membrane sublayer. Therefore,...
	Nonetheless, the cross-sectional image of the membrane lacks clarity due to being cut with scissors rather than fractured using liquid nitrogen. Consequently, the resulting fracturing was uneven. To ensure the generation of accurate data in the future...
	Figure 4.1. SEM images of top view of neat PES membrane and PES/PVP membranes.
	Figure 4.2. SEM images of cross-section view of neat PES membrane and PES/PVP membranes, a: Dense top layer, b: porous sublayer.
	The measurement of contact angle is a widely used method to assess the wettability of a surface or material. The contact angle, which is the angle formed by the liquid in contact with the solid or liquid, is a key parameter in determining wetting. The...
	An unsurprising and distinct inverse relationship has been observed between the contact angle (CA) values and the concentration of pore forming agents (PVP) of the hand-made PES membranes (as shown in Figure 4.3). The increment of PVP concentration fr...
	According to Kurakula & Rao, the presence of a pyrrolidone ring with highly apolar amide components, as well as apolar methylene and methine groups along its structure, enabled PVP to dissolve in both water and non-aqueous solvents, contributing to th...
	The effect of adding PVP on membrane pore size was studied by (Marchese et al., 2003). The results revealed that addition of PVP leading to significant modifications in fouling or molecule adsorption on the membrane's pore surface as well as increase ...
	Figure 4.3. Contact Angle Measurement of neat PES membrane and PES/PVP membranes.
	According to the findings of Wang et al., the inclusion of PVP in PES membranes result in increased water flux and water adsorption, as well as a decrease in water contact angle (CA) compared to pure PES membranes which promotes high hydrophilicity of...
	In most instances, modifying PES membranes tends to increase their hydrophilicity by exhibiting lower contact angle (CA<90 ). As a result, researchers commonly rely on measuring the water contact angles on PES membranes before and after modification (...
	Luque-Alled et al. evaluate the membrane surface hydrophilicity through the static water contact angle (CA) measurements (28). The results demonstrate that the unmodified PES membrane exhibited a CA value of approximately 72 . When membranes are produ...
	Rahimpour et al. have studied the contact angles (CA) of membranes, which were measured to assess their hydrophobicity and reported that pure PES membranes CA relatively falls in range of above 60  (37). In addition, the membrane surface characteristi...
	ConclusIon
	Polyethersulfone (PES)-based membranes have been widely implemented in the separation process as they exhibit excellent oxidative, thermal, and hydrolytic stability as well as distinguish mechanical properties. Nevertheless, PES is relatively hydropho...
	Based on the findings, the successful fabrication of the PES membrane with Polyvinylpyrrolidone (PVP) has been unequivocally demonstrated through the compelling FTIR results. In addition, the scanning electron microscopy (SEM) images further confirmed...
	In this study, it can be concluded that, with the addition of PVP (additive) to the PES membrane will membrane's hydrophilicity up to a certain point and enhance the membrane’s porosity, nevertheless, will results in decreasing of membrane mechanical ...
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	PRELIMINARY ANALYSIS OF BIOFOULING GROWTH AND ADHESION - A FIELD STUDY OF OCEAN THERMAL ENERGY CONVERSION FACILITY
	INTRODUCTION
	Ocean Thermal Energy Conversion (OTEC) is a renewable energy technology that exploits the temperature difference between warm surface ocean waters and cold deep ocean waters to generate energy based on the principle of thermodynamic heat engine system...
	As the system uses seawater for its main fluid, it has direct contact to the surface of the equipment and increases the chance for unwanted accumulation and growth of biofouling such as microorganisms, plants, algae, or tunicle on wetted surface. It p...
	Therefore, the paper focuses on assessing biofouling on OTEC facility by deploying a biofouling sampling device at Port Dickson. The objective is to measure the extent of biofouling, particularly focusing on weight and dimensional changes of the mater...
	MATERIALS AND METHODS
	This work was conducted by designing a cage, which contains three plastic boards with a set of polyethylene (HDPE) pipe coupons attached to the plastic board using Velcro straps. The cages were immersed in the shallow coastal area of the site where th...
	The analysis of this experiment focuses on the idea to determine time required for visible, macrofouling sample growth and accumulated since it has greater threat to OTEC facility. In this case, the attached coupons were collected and analysed based o...
	RESULTS AND DISCUSSION
	Figure. 1(a) displays the cage made of baskets that will be used to position the coupons, while Figure 1(b) illustrates the high-density polyethylene (HDPE) pipe coupons that will serve as a medium for biofouling adherence.
	Figure 2 indicates that the average percentage of weight differences in the coupons showed no significant changes during the second and third visits, with values ranging from a maximum of 82% to a minimum of 11%. However, an increase in the average pe...
	Figure 2. Graph of average percentage of weight differences vs the number of visits
	Table 1 presented above is set of data obtained from ImageJ software, which indicates the area and percentage of biofouling coverage on different coupons during the 3rd and 4th visits. During the 3rd visit, biofouling coverage was minimal, with the ar...
	The highest coverage area was found at Coupon A3, which is 438.81 mm² with 67.51% biofouling, is significant in the context of biofouling because it is indicator of severe biofouling. The extensive coverage on Coupon A3 suggests that the material or t...
	The findings from this study indicate a significant potential for macrofouling growth on contact surfaces immersed in seawater, even within a relatively short period. Over the course of just three weeks, substantial biofouling is observed, evident thr...
	CONCLUSION
	This work has proven that macrofouling growth has a high possibility of occurring at the surface of a system that was immersed in seawater for a minimum of 3 weeks. This was proven from the average percentage of weight difference data that was obtaine...
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	SLEEP DURATION AND BLOOD PRESSURE : A CROSS-SECTIONAL PRELIMINARY STUDY OF BOARDING SCHOOL STUDENTS
	Keywords: Blood Pressure, Sleep, Sleep duration, Heart rate, Muslim Gifted Education
	INTRODUCTION
	Insufficient sleep is widely recognized as a public health concern, leading to myriad diseases including cardiometabolic disease. These disease which include cardiovascular disease, stroke and diabetes have seen an increase in prevalence and are signi...
	While, these cardiometabolic disease not only have serious implication for the individual health, it also a considerable burden on public healthcare system and the global economy. In the U.S. alone, approximately 70 million suffer from sleep disorders...
	Hypertension (high blood pressure) or hypotension (low blood pressure) are global risk factor for cardiometabolic disease (Asmuje et al., 2022). Both condition are often referred to as “silent killer” as they rarely show symptom. Hypertension may dama...
	Sleep issues including sleep deprivation, disrupted sleep, or sleep disorders such as sleep apnea, has consistently been linked to an increased risk of blood pressure problems. Report show that 38% of adults in Malaysia do not get enough sleep, define...
	Adequate sleep duration is an effective method to control the BP hence preventing the cardiometabolic disease. While numerous studies on sleep and BP have been conducted among adults (Makarem et al., 2021; Ogugu et al., 2022; Sajjadieh et al., 2020), ...
	MATERIALS AND METHODS
	A total of 109 first and second-year students from Kolej PERMATA Insan (KPI), Universiti Sains Islam Malysia were called to gather in a school’s hall to complete the survey in March 2024. Informed consent were obtained before data is collected.
	Kolej PERMATA Insan is a boarding school which utilized the Muslim gifted and talented (IGEd) curriculum. The school week includes all these curriculum components, with the school day running from 6:00 am to 4:30 pm. Additionally, students attend Al-Q...
	The self-reported sleep questionnaire used in this study was adapted from Sleep Questionnaire for Adults by Sleep Disorders Clinic Department of Clinical Neurophysiology. The data was collected using responses to the questions “What time do you usuall...
	Demographic data, including gender, height, weight, and body mass index (BMI), were analysed using independent t-tests. Linear regression was then used to assess the relationship between sleep duration and BP based on the academic year.
	RESULTS AND DISCUSSION
	Among the 109 participants, 53 (48.6%) were first-year students. As shown in Table 1, first-year students had  significantly lower weight, height and body mass index (BMI) than second-year students. According to the (World Health Organization, (2024) ...
	Regarding non-invasive cardiovascular assessment, there were no significant differences is systolic and diastolic blood pressure measurements between among both cohorts. However, second-year students had a significantly higher heart rate (83.45 (11.91...
	While several studies suggest a link between insufficient sleep and increased blood pressure (Zhao et al., 2023), this study did not identify a significant relationship between sleep duration and BP among first-and second-year students. Similar findin...
	This discrepancy could be attribute to the significant changes associated with adolescence, which may mitigate the influence of sleep pattern on blood pressure.  Blood pressure in adolescence is known to fluctuate due to rapid growth and hormonal chan...
	Meanwhile, insufficient sleep was associated with a significant increase in heart rate in both first-and second year students as hypothesized. As this study relied on a single measurement rather than repeated assessment, the increased heart rate may b...
	In addition, KPI is a boarding school where students have more structured daily routines, and engage in consistent physical activities. The structured hostel environment promotes a healthy lifestyle, with proper nutrition controlled by the school lead...
	CONCLUSION
	The present study examined the sleep duration among Muslim gifted and talented students and its relationship with blood pressure. The findings indicate that participants had insufficient sleep, averaging less than 5 hours and 30 minutes. However, this...
	This study has its limitation. As a cross sectional study, cause-effect relationship between sleep duration and blood pressure cannot be established. Moreover, variation in heart rate should be considered, as anxiety during data collection could have ...
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	EVALUATION OF BIOPLASTICS PRODUCED FROM BANANA PEELS AND CHITOSAN
	INTRODUCTION
	The conventional production of plastic materials from non-renewable fossil fuels poses significant environmental challenges, including pollution, waste generation, and resource depletion. Additionally, large quantities of agricultural waste, such as b...
	This study aimed to explore the feasibility of using banana peels from Musa Acuminata and chitosan to develop an effective and environmentally friendly process for bioplastic production. The objectives of this study are to determine the surface struct...
	MATERIALS AND METHODS
	Raw Materials: 2 kg of Musa Acuminata Lady Finger bananas from Pasar Malam Nilai, Negeri Sembilan, and 500g prawn shells from Haris Johan Tomyam Restaurant, Nilai, Negeri Sembilan, were used.
	Materials: Chemicals included Sodium hydroxide, Sodium metabisulphite, Hydrochloric acid, Acetic acid, Acetone, Ethanol, and Glycerol.
	Preparation of Banana Peels: 200g of banana peels were cut, treated with sodium metabisulphite (0.2M) for 45 mins, boiled, dried, and blended into a paste (Deepika, 2020).
	Preparation of Chitosan: Chitosan was extracted from prawn shells through demineralization with 4% HCl, followed by deproteinization and deacetylation using NaOH (4% and 50% respectively). 100 ml of acetone for decolorization (Gibson et al., 2022).
	Bioplastic Production: 25g of the banana peel paste was mixed with 0.5M HCl, 2 ml glycerol, 0.5M NaOH, and chitosan, spread on silicon paper, and dried at 60 C for 24 hours (Deepika, 2020).
	Characterization: Bioplastics were analyzed using FTIR for chemical composition (Lutfi et al., 2017), Texture Analyser for tensile strength (Sofiah, 2018), Field Emission Scanning Electron Microscopy (FESEM) for structural analysis. Water activity was...
	Statistical Analysis: All tests were performed in triplicate with results analyzed using ANOVA in MINITAB 21.4.2 to ensure significance and reliability.
	RESULTS AND DISCUSSION
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