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One of the key engineering strategies for improved energy optimisation and cost control in industrial applications
is to enhance cooling or heating systems. It has been suggested that using nanofluids will enable heat transfer
liquids to perform better than they do now. Metal nanopatrticles (like copper and silver) and carbon nanomaterials
(like graphene and carbon nanotubes) have been extensively explored as fillers of nanofluids for heat transfer
applications due to their high thermal conductivity and other distinctive properties. Notably, because carbon
nanomaterials and metal nanoparticles are not hydrophilic, they cannot match the demands of actual applications
and are difficult to spread steadily in the base fluid for an extended period of time. Adding surfactants to a fluid to
lower surface tension and help with particle dispersion is a common technique used to increase the nanofluids’
stability. Contrarily, carbon nanotubes containing metal nanoparticles have drawn a lot of focus because of their
distinctive nanostructures, which interact with the properties of both the host carbon nanotubes and the guest fillers
concurrently. The objective of this study is to investigate the effect of carbon nanotubes toward the flow and heat
transfer of hybrid nanofluid. The governing partial differential equations corresponding to the momentum and
energy equations are transformed into ordinary differential equations by using dimensionless variables. Keller-box
method is used to find the numerical solutions of these equations. Numerical results of obtained velocity and
temperature profiles with various values of embedded flow parameters are shown graphically and their physical
effects will be discussed in detail. Expressions for skin friction and Nusselt number will be obtained. This project is
expected to provide the strong mathematical model and its numerical solutions for the problem involved fluid flow
embedded with carbon nanotubes. The outputs of this research are very important elements in choosing the good




materials in industrial applications. This project absolutely gives a big contribution to the development of knowledge
on application of carbon nanotubes and can be serve as reference for future works.
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(@) Research background including: / Latarbelakang penyelidikan termasuk:
i) Problem Statement / Pernyataan Masalah

Heat transfer is a fundamental concept in various fields, including engineering, physics, and environmental
sciences. It plays a crucial role in designing and analysing systems such as heat exchangers, refrigeration
systems, engines, buildings, and electronics cooling. Understanding heat transfer mechanisms allows
engineers and scientists to optimize energy efficiency, control temperature gradients, and ensure the
proper functioning of devices and processes.

The distribution of nanoparticles in nanofluids has improve the fluid's effective thermal conductivity
consequently improves heat transmission, which is an issue for manufacturers and researchers. Recently,
heat transfer in carbon nanotubes become fascinating area of research due to the exceptional thermal
properties exhibited by these nanostructures. Carbon nanotubes hold great promise for technological
advancements since it holds high thermal conductivity, making them excellent candidates for thermal
management applications and nanoscale heat transfer studies. Previous researches that have been done
conducted on carbon nanotubes also shows that carbon nanotubes have the potential to revolutionize
various industries since it also has extraordinary mechanical, electrical, and optical properties.

Overall, heat transfer in carbon nanotubes is a complex and active area of research, with potential
applications in nanoscale thermal management and advanced materials for various industries. Thus, this
study was carried out to investigate heat transfer of carbon nanotube suspensions in hybrid nanofluid flow
over a vertical and inclined plate while taking physical parameters into account such as magnetic field
inclination angle, magnetic parameter, volume fraction of nanoparticles, and mixed convection parameter.

i) Hypothesis / Hipotesis
Carbon Nanotubes will affect the performance of heat and mass transfer in hybrid nanofluid.
iii) Research Questions / Persoalan Penyelidikan

This study will explore the following questions

1) How the mathematical models of Carbon Nanotubes hybrid nanofluid passing through vertical and
inclined plate can be developed?

2) How is the Keller Box Method implemented to solve the mathematical problem?

3) How does the presence of physical parameters affect the profiles of the velocity, temperature, as well
as skin friction and Nusselt number?

iv) Literature Reviews / Kajian Literatur

Thermal management systems are becoming increasingly significant in the modern world. As products
mainly electronics devices, become increasingly complicated, more effective thermal management
systems become necessary. Due to space and financial constraints, the systems must be made as simple,
functional, and small as possible (Apmann et al., 2022).

Over the past few decades, nanotechnology has made an excessive progress. Nanotechnology is
described as the study and control of matter at scales of 1 to 100 nanometres where the unique
phenomena allow for the novel applications. In the beginning of the 21st century, there is an increased
interest in the nanoscience and nanotechnology field. Nanotechnology has formed the foundation for a
remarkable application in the industry and exponential growth in less than half a century (Hulla et al.,
2015). The nanotechnology integrates into a bigger system provided a breakthrough solution to many
current environmental, industry and medicinal problems (Bhushan, 2004). For example, nanotechnology
has a significant impact on the medical devices such diagnostic biosensors, drug delivery systems and
imaging probes.




Any fluid, whether liquid or gas that is employed in a heating or cooling process is referred as heat transfer
fluids and are used in a variety of industries including food, chemicals and oil and gas sector. The ability
to generate high temperature at low system pressure is the crucial feature of the heat transfer fluids
technology. In comparison with traditional technologies such as steam heating or direct fire heating, heat
transfer fluid technology provides safety low maintenance and longer operation lifetimes. Thus, it is not
surprising that the heat transfer fluids have gotten a lot of attention for in recent years (Czaplicka et al.,
2021). In order to make an improvement on the thermal efficiency, Choi (1995) introduced nanometre
particles size to be added into the fluids thus known as nanofluid. Nanofluid become innovative concept
that has offered solutions to many problems. The main thermophysical properties of nanofluid in terms of
flows and heat transmission in thermal systems are density, specific heat capacity, thermal conductivity,
viscosity and surface tension (Ganvir et al., 2017).

Many researchers are fascinated with hybrid nanofluid. It is a new generation heat transfer fluid that has
been developed to improve the properties of nanofluid, which might exhibit a number of favourable
characteristics. Due to the synergistic impact, the primary goal of adopting hybrid nanofluid is to obtain a
promising improvement in thermophysical, hydrodynamic and heat transmission properties as compared
to mono nanofluid (Sarkar et al., 2015). Among all of the parameters, thermal conductivity is the most
important parameter that highly contributed to the improvement of heat transmission. There are many
factors, such as selection of base fluid and size of nanoparticles, which play a significant role in the heat
transfer enhancement of hybrid nanofluid (Venkata Sastry et al., 2008). The hybridization of appropriate
combination of nanoparticles can provide the desired heat transfer effect even the particles concentration
is low (Hemmat Esfe, Alirezaie, et al., 2017).

Numerous studies on carbon nanotubes have been conducted in the world of research since the discovery
of these materials in 1991 by lijima because carbon nanotubes are employed in several disciplines,
including material science, optics, engineering, chemical synthesis, and microelectronic cooling (Qureshi,
et al., 2023). Nanotubes are divided into two types by the wall structure of carbon. Single-wall carbon
nanotubes (SWCNTSs) are cylinder-shaped materials made of a single layer of graphene patrticles that
holds all of the atoms together. They have a diameter of 0.5-1.5 nm. Multi-wall carbon nanotubes
(MWCNTS) consist of tubes joined by graphene layer connections of increasing size. Despite having many
traits in common, SWCNTs and MWCNTSs also differ significantly in a few crucial aspects. According to
studies done on moving flat plate by Aman et al. (2017), Anuar, Bachok & Pop (2018), and Anuar et al.
(2019), SWCNTs nanofluid provide greater skin friction and heat transfer than MWCNTSs because they
have a higher density and thermal conductivity. Ab Raji, et al., (2023) found that MWCNTSs transferred
heat more efficiently than SWCNTs in the study that conducted on carbon nanotubes with various base
fluids flow over an inclined plate.

Recently, a wide range of attentions was given on decoration of carbon nanotubes with metals (Alexeyeva,
et al., 2010), metal oxides (Kumar, et al., 2021, Asadikia, et al., 2020and Ali, et al., 2023) and carbon
(Obalalu, et al., 2023 and Balaji, et al., 2021) nanoparticles on various curved geometry due to their
extraordinary properties in electrical, magnetic, thermal and optical. The thermal, electrical, and physical
characteristics of hybrid nanofluids made of multi-walled carbon nanotubes and Fe203 nanoparticles in
ethylene glycol (EG)/water as the base fluid were investigated by Asadikia et al. (2020). The thermos-
electrical property was enhanced by the addition of both nanoparticles to the base fluid, according to the
experimental data.

Based on the literature review, it was found that there have been less investigations on the hybrid nanofluid
flow and heat transfer of carbon nanotubes over vertical and inclined plate. Nowadays, the most essential
topic is the development of nanotechnology and how it might be used for commercial and technological
applications. Therefore, we want to numerically scrutinize the boundary layer flow and heat transfer for
hybrid nanofluid focusing on the hybridization of metal and carbon nanotubes with base fluid over vertical
and inclined plate with various effect, by using Keller-Box method to solve the problem. The mathematical
model was solved numerically and impact of some relevant parameters on the physical quantities are
plotted in a graphical representation.
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Vi) Relevance to Goverment Policy, if any / Perkaitan dengan Dasar Kerajaan, jika berkenaan

This study in line with Education National Key Economic Area (NKEA) under EPP 9: Building an Advanced
Engineering, Science an Innovation Discipline Cluster. The new developed model/algorithms in this
research are expected to be a generalization in modelling involving carbon nanotubes on boundary layer
flow and heat transfer problems at high operating temperature such as gas turbine, nuclear power plant,
thermal energy store, etc.

This project also supports the 4.0 Industries revolution in Malaysia under one of the nine drives/pillars
which is Simulations. The algorithm developed in this project will help the manufacturing sector to increase
the productivity, efficiency, quality and reduced time to market.

(b) Objective (s) of the Research
Objektif Penyelidikan

1) To design the mathematical models of carbon nanotubes in hybrid nanofluid passing through vertical
and inclined plate with the other pertinent factors.

2) To obtain the numerical results of the velocity, temperature as well as skin friction and Nusselt number.

3) To assess the performance of the numerical method toward the mathematical model.

(c) Methodology
Kaedah penyelidikan
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Figure 1 Research Methodology




Figure 2 Structure of (a) SWCNT and (b) MWCNT

OBJECTIVE 1: Mathematical Formulation Derivation

Phase (I) Mathematical Modelling — Problem Formulation

The governing boundary layer flow equations will be obtained for the new model based on Tiwari Das
nanofluid model as outlined in the objectives under the boundary layer and Boussinessqg approximations.
These equations are known as continuity equation, momentum equation and energy equation.
Considering some assumptions and limitations, the problem formulation will begin from the continuity
equation. The continuity equation is based on the law of conservation mass which states that “mass is
neither created nor destroyed inside a control volume system”. Another fundamental physical principle
namely as Newton’s second law produced the momentum equation by applying to a moving fluid element
model of the flow. Specifically, the moving fluid element is using because this model is particularly
convenient for the derivation of momentum equation as well as the energy equation. Following the first law
of thermodynamics, the energy equation is derived. The principle of conservation of energy (first law of
thermodynamics) states that, energy cannot be created or destroyed.

Phase (lI) Mathematical Analysis — Similar Transformation
The governing partial differential equations will be transformed into a set of coupled non dimensional
nonlinear ordinary differential equations by using an appropriate similarity transformation.

OBJECTIVE 2: Numerical Computation — Keller Box Method

The non-dimensional governing equations will be solved numerically using an implicit difference scheme
known as Keller Box method which is described in the book by Bradshawand Cebeci (1984). This method
has been found to be very suitable in dealing with nonlinear parabolic problems. This scheme also enables
computing extremely close to thepoint of separation with no special precautions, while the inclusion of
chemically reacting species should offer no difficulties. It had also been extensively tested beforehand
onlaminar boundary layer flows by Keller and Cebeci (1971). The efficiency of this scheme clearly makes
it applicable for steady two dimensional, steady three dimensional,unsteady two dimensional and even
applicable on unsteady three-dimensional boundary layer flows.

The basic idea of the Keller box method is to write the governing system of equations in the form of a first
order system. Four important steps involved in this method are asfollows:

1) Reduce the differential equations to a first-order system;

2) With the resulting of first order equations, difference equations are written by using central differences;

3) Linearize the resulting equations by using the Newtons method and employed on the coefficient of
matrix of the finite difference equations;

4) The linear system is solved using block elimination method by employing a block-tridiagonal
factorization scheme.

5) Finally, the numerical algorithms will be developed using FORTRAN 77 for the iterated computational
and then continued using MATLAB to plot the associated graph.




OBJECTIVE 3: Results, Discussion and Verification

The governing boundary layer equations are solved numerically by using Keller-box method. It is need to
be emphasize that there will be no real experiments conducted tovalidate the numerical results. The
validation will be done by comparing the present result with the previous established output in literature at
the limiting cases. In this case if theoutput obtained is approaching the reference results, therefore the
present model and its computation results can be acceptable. Numerical results presented in this research
willinclude the velocity and temperature profiles, as well as skin friction and heat transfer coefficients in
term of Nusselt number.

(d) Expected Results/Benefit
Jangkaan Hasil Penyelidikan

1. Novel theories/New findings/Knowledge

i) A new formulation for the mathematical model of carbon nanotubes in hybrid nanofluid.

i) A new vision into more developed and structured mathematical models for explaining the
behaviour of heat transfer problems in hybrid nanofluid system.

iii) A new algorithm development or generation of numerical packages for solving similar or
related boundary layer flow problem.

iv) An enhanced understanding and application of the problems in advanced technologies
involving processing industries.

v)  Theoretical and numerical solutions were made available for various values of the
embedded parameters.

2. Research Publications

i) Journal of Advanced Research in Fluid Mechanics and Thermal Sciences (SCOPUS)
i) Ain Shams Engineering Journal (Elsevier,Q1,IF: 4.416, WOS)

3. Specific or Potential Grant Applications (please specify targeted grant application)
None.

4. Number of PhD and Masters (by research) Students (if any)
None.

5. Impact on Society, Economy and Nation

Expected research deliverables on:

i) Society: The results of this project are beneficial in estimating the suitable amount of
volumetric nanoparticle concentrations and the good combination of nanoparticles. Since,
nanofluids are widely used as working fluid for solar collectors, refrigeration, cooling, and
heating appliances, hence this kind of heat transfer fluid can benefit society in energy and
cost savings.

i) Economy and nation: The research can fulfil the objectives and policy of the National
Nanotechnology Center (NNC) under the auspices of the Ministry of Science, Technology
and Innovation (MOSTI). It can help other researchers from both academia and industry
(solar energy, electronic cooling, biomedical appliances) in understanding the hybrid
nanofluids flow and heat transfer characteristics.
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Ringkasan Cadangan Eksekutif Penyelidikan (maksimum 300 patah perkataan)
(Meliputi pernyataan masalah, objektif, kaedah penyelidikan, jangkaan hasil penyelidikan/implikasi dan
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The limitations of pectin-chitosan films in plastic packaging, including poor water resistance and brittleness, which
could trap moisture, promote mold growth within the packaging can reduce the film quality. Modifications using
DES could overcome the brittleness issue, but the incompatibility between the hydrophobic DES and hydrophilic
pectin-chitosan has become a new challenge. Hence, this study aims to improve water resistance and mechanical
strength by modifying pectin-chitosan film with a hydrophobic deep eutectic solvent (DES) based on thymol and
medium-chain fatty acids (MCFA). To overcome the incompatibility, lecithin will be used as an emulsifier and
stabilizer to improve dispersion and blend stability. Molecular interaction and structural changes will be observed
through analysis using FTIR, OM, SEM, DSC, tensile testing. The water barrier properties will be assessed by
measuring water vapor transmission rates and water sorption while the antimicrobial effects of MCFAs in DES will
be compared to a control. The impact of different fatty acid chain lengths on water resistance and antibacterial
activity in film will also be explored. It is hypothesized that combining pectin-chitosan with thymol-based
hydrophobic DES will enhances the water resistance and antibacterial properties of films. A novel biodegradable,
water-resistant, and mechanically flexible film with improved antibacterial properties will be developed as an
alternative to petroleum-based plastic, potentially preserving the environment. The project is expected to advance
knowledge in the field, support the training of a Master's student, and generate potential intellectual property.

C(viii)

Detailed proposal of research project:
Cadangan maklumat penyelidikan secara terperinci:

(a) Research background including: / Latarbelakang penyelidikan termasuk:
i) Problem Statement / Pernyataan Masalah

Polysaccharide-based films have become popular as environmentally benign and biodegradable alternatives
to traditional plastic packaging materials. Despite being sustainable, pectin-chitosan-based films exhibit
inherent limitations such as poor mechanical properties (brittle and rigid) and high permeability to water, which
limit their use in moisture-sensitive applications like food packaging, where water resistance is critical. The
hydrophilic groups of the pectin-chitosan chain resulted in water affinity, which traps moisture, leading to
bacterial and mold growth inside the wrapping and destroying food quality. Existing techniques to increase
the hydrophobicity of pectin-based films frequently include harmful and costly chemicals such as fluoroalkyl
compounds, which require energy-intensive procedures and could produce highly persistent pollutants.
Additionally, these techniques encounter difficulties in obtaining consistent hydrophobicity, leading to
inconsistent performance and reduced practicality.

Hydrophobic deep eutectic solvents (DESs) have emerged as a promising, green, low-cost alternative for
modifying biopolymers and a practical approach to enhancing material properties. Previously, DES was
commonly known for its wide range of solubility and its effectiveness as a plasticizer to enhance film's




elongation. However, there has been a lack of research on using hydrophobic DESs to improve the water-
resistance of hydrophilic biopolymer films due to the formation of phase separation during processes, which
leads to poor film uniformity. Hence, this study will modify the pectin-chitosan film with thymol-based
hydrophobic DES using medium-chain fatty acids (MCFAs), common fat from animals and plants. The
medium chain of fatty acids from DES is expected to increase the water-resistant ability because of its
hydrophobicity. Additionally, lecithin as an organic emulsifier will be added as it is expected to bridge the
hydrophilic and hydrophobic components in the pectin-chitosan film.

Additionally, the antimicrobial properties of MCFAs and antioxidant properties of lecithin could benefit the film
to be used as food packaging. It is hypothesized that the film's material properties will have a synergistic
effect, ensuring that food remains fresh and nutritious while preventing decomposition and contamination.
This could pave the way for the development of more effective food packaging. The influence and interaction
of MCFAs-DES with pectin-chitosan on film mechanical properties are unclear. Understanding material
interactions could be utilized to anticipate plasticization behaviors. Addressing these issues could unlock the
potential of new water-resist pectin-chitosan films as a biodegradable and high-performance alternative to
typical plastic packaging, thereby reducing environmental pollution and promoting circular economy practices.

ii) Hypothesis / Hipotesis

e The incorporation of hydrophobic deep eutectic solvent (DES) based on thymol and medium-chain fatty
acids (MCFA) will structurally modify pectin-chitosan and change the water barrier, mechanical
properties and antimicrobial properties of pectin-chitosan films.

e The improved pectin-chitosan film making the material more suitable for applications where water
resistance is essential, such as in food packaging.

iii) Research Questions / Persoalan Penyelidikan

a) How does the thymol with different medium-chain fatty acids (MCFAs) hydrophobic DES affecting or
modify the structure of the pectin-chitosan film?

b) How does the modification (structural changes) improve the water retention of the pectin-chitosan
film?

c) How much (percent) hydrophobic DES is required to improves the pectin-chitosan film's water
retention, mechanical properties, and antimicrobial properties?

iv) Literature Reviews / Kajian Literatur

Polysaccharide-based packaging materials represent a sustainable and eco-friendly packaging
solution. There has been a growing interest in producing polysaccharide-based packaging because
polysaccharides such as cellulose, starch, chitin, chitosan, and pectin are abundant, biodegradable, and
can be derived from renewable sources, which makes them an excellent alternative to replace synthetic
petroleum-based plastic, which causes environmental pollution. Pectin, a natural and biodegradable
anionic biopolymer, is made up of alpha-(1,4) linked D-galacturonic acid (GalA) and is partly methyl
esterified. They are complex polysaccharides and frequently utilized in the food industry and
pharmaceutical industries as a thickener, agent for gelling, texturizer, and stabilizer. Nowadays, pectin is
recognized as a potential material for edible film and coating to protect and extend the shelf life of food
products to replace synthetic packaging materials to prevent environmental pollution. However, pectin
films tend to show poor mechanical properties. Pure pectin films tend to be brittle, fragile, and have high
solubility in water (Younis et al., 2022) due to their hydrophilic OH and carboxylic COOH, which limits their
usefulness for food wrapping (Machado et al., 2020). Meanwhile, chitosan is a cationic, linear
polysaccharide composed of B-linked D-glucosamine and N-acetyl-D-glucosamine attached via ((1-4)
linkages. The presence of active groups in the chitosan structure can provide an active site for many
modifications and thus alter its behavior and properties. Chitosan is a commonly used in preparing film
due to its low cost and interesting properties such as bio-adhesion, biodegradability, biocompatibility, non-
toxicity, antimicrobial, antifungal, and chelating metal properties (Dziadek et al., 2022, Florez et al. 2022).




To overcome the disadvantages of biopolymers, researchers commonly composite the polymers
together or add the additives to the polysaccharide system. In the case of pectin-chitosan, the mechanical
properties of the composites are better compared to the film made from their individual components
(Merino et al., 2023). Figure 1 shows the interaction of pectin and chitosan. The interaction of anionic
pectin and polycationic chitosan occurs through electrostatic interaction and hydrogen bonding, which
occur at low pH values (Tripathi et al., 2010). Among the additives added to overcome the poor water
barrier properties are lipids, crosslinkers (Sun et al., 2018), synthetic polymers (Abdillah and Charles,
2021), and hydrophobic materials (Wen et al., 2023). Previous research by Guzman-Puyola (2022) stated
that cellulose treated with hydrophobic tridecafluorononanoic acid (TFNA) showed excellent performance
in terms of grease-proofness and water barrier. However, these high-cost fluoroalkyl compounds are toxic,
which limits their use in the application (Krafft and Riess et al., 2015).
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Figure 1: Interaction betweeen pectin and chitosan

Deep eutectic solvents (DES) are the new generation of ionic liquids (ILs) as they are cheaper, non-
toxic, and easy to prepare. DES is typically formed by mixing two or more components that can form
hydrogen bonds, resulting in a liquid with a lower melting point than the individual components. This
property makes DES a viable and eco-friendly alternative to traditional solvents, which can harm the
environment and human health. In the past ten years, hydrophilic DES has been reported to be an effective
plasticizer and crosslinker in polysaccharide films due to its compatibility with polymers (Shafie et al.,
2019). The film modified with DES showed enhanced mechanical properties by improved morphology,
conductivity, thermal, elongation at break, chemical properties, and high elongation at break. However,
there are limit of studies reported on ability of hydrophilic DES to increase water barrier properties in food
packaging (Tomé et al.,2018). Hydrophobic DES are commonly reported as a promising solvent for
extracting metals, pesticides, and natural compounds like flavonoids from aqueous solutions. According
to Kivela et al. (2022), hydrophobic DES can be readily obtained by combining quaternary ammonium
salts or small organic molecules (menthol, thymol, ibuprofen, organic acids) with medium or long-chain
fatty acids. Figure 2 shows the most common free fatty acids with medium or long carbon chains used in
previous studies. Kongpol et al. (2022), reported on the hydrophobic deep eutectic solvents (HDESSs),
containing menthol and fatty acids (capric, caprylic, and oleic acids) can enhance the anti-inflammatory
effects of therapeutic of curcuminoids and curcumin.




Capric acid

Monocaprin
0

/\/\/\/\)LOH /\/\/\/\)LO/\(\OH
— OH —
Lauric acid Glycerol monolaurate
[0}
/\/\/\/\/\)\oH /\/\/\/\/\/ILO/Y\OH
OH
Oleic acid Elaidic acid
[o]
0 /\/\A/\/\/\/\/\)koH
OH
Linoleic acid a-Linolenic acid
— 0]
/
{ ( /—<

0 > OH
OH <\ /_/—/_/
h N

Figure 2. Free fatty acids with medium/long carbon chains

Recently, Wen et al. (2023) reported on hydrophobic deep eutectic solvent (DES), containing thymol
and octanoic acid to increase the water barrier on chitosan/gelatin film. According to them, the composite
has successfully improved water resistance and displayed good antibacterial activity against
Staphylococcus aureus and Escherichia coli due to chitosan, gelatin, and DES's properties. The
hydrophobic DES is reported to have antibacterial activities, which could benefit food packaging

applications. According to Szlek et al.

(2022), when the hydrophobic material is inserted into the

polysaccharide system, it can disrupt the hydrogen bonding between polysaccharides, thus creating a less
resistant path for the diffusion of non-polar molecules. Figure 3 illustrates hydrogen bonding disruption

with hydrophobic material within the polysaccharides system.

Disrupted hydrogen
bonding and density

within the film's

microstructure

Polysaccharide

Hydrophobe

%Wo%m

Figure 3. Disruption of hydrogen bonding between pectin and chitosan
Due to insertion of hydrophobic material

Creating a hydrophobic region in this system could increase the water barrier properties of the film and
reduce water sorption. Fatty acids have a polar end (the carboxylic acid group) that could participate in
hydrogen-bonding reactions with water and a non-polar hydrocarbon chain that does not form hydrogen
bonds and consequently “repels” water. These fatty acids are nearly insoluble in water because of their
hydrophobicity. As the chain length increases, the water solubility decreases. Emulsification is frequently
employed to enhance the dispersion of hydrophobic compounds in films. Emulsifiers such as tween 80
and lecithin can improve the characteristics of starch films (Wang et al., 2021; Yang et al., 2024).




High humidity is the main factor causing food spoilage and loss of commercial value. The high
moisture provides a conducive environment for bacterial growth, as they need water for their metabolic
processes and to absorb nutrients. The low water barrier film could trap water from the natural environment
and promote bacteria and mold on food stored in the food wrappers, which could change its taste, texture,
and appearance (Gaikwad et al., 2019). The efficiency of the film is governed by the capacity of the
chitosan, pectin, and hydrophobic fatty acid DES to inhibit bacterial growth as an antibacterial agent.
Antibacterial agents are a group of materials that selectively fight against pathogenic bacteria by killing or
reducing the metabolic activity of bacteria. According to Joana et al. (2019), hydrophobic DES that contains
the free fatty acids capric acid, lauric acid, myristic acid, and stearic acid are reported to have antibacterial
and antifungal properties. The antibacterial properties of these fatty acids are dependent on a few factors,
including chain size, hydrophobicity, and the number and position of double bonds and functional groups.
According to Wen et al. (2023), the antimicrobial activity of chitosan and hydrophobic fatty acid DES
(thymol and fatty acid) has been successfully reported to extend the shelf-life of food in food wrapping.
The research development of food packaging films combining hydrophilic and hydrophobic components,
is a new challenge as it includes phase separation, inconsistent properties, and processing difficulties.
Still, it is in line with market demands for packaging that is both safe and biodegradable.
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Vi) Relevance to Goverment Policy, if any / Perkaitan dengan Dasar Kerajaan, jika berkenaan

This study supports the Twelfth Malaysian Plan and Key Economic Growth Activities “KEGA 14" that
emphasize advanced and modern services policies that ensure progressive technology growth, especially
in the biofilm industries.

(b) Objective (s) of the Research
Objektif Penyelidikan

1) To investigate the effect of hydrophobic DES consist of thymol with different lengths of medium-chain
fatty acids (MCFAs) toward molecular interaction and mechanical properties of modified pectin-
chitosan.

2) To measure the water retention and antimicrobial characteristics of the modified pectin-chitosan with
varied concentrations of thymol with medium-chain fatty acids (MCFAs)

(c) Methodology
Kaedah penyelidikan

The methodology Flowchart was attached on the last page of proposal.

PHASE 1: STRUCTURAL CHARACTERIZATION OF MODIFIED PECTIN-CHITOSAN WITH HYDROPHOBIC
DES OF THYMOL WITH DIFFERENT MCFAs

i. Preparation of hydrophobic DES of Thymol with medium-chain fatty acids (MCFAs)
Location: Makmal Penyelidikan Kimia UiTM Perlis
Duration: 01/01/2025 - 31/03/2025
Researcher-in-charge: Dr. Rizana Yusof and PM Dr Ahmad Anas

The hydrophobic DES will be made by mixing hydrogen bond acceptors with various hydrogen bond donors at
different chain lengths. Thymol will be mixed with octanoic acid (8 carbon chains) at a mole ratio of 1:1. The mixture
will be stirred and heated at 80 °C for 30 minutes until a clear solution is produced. The same procedures will be
repeated for other DESs of thymol-nonaoic acid and thymol-decanoic acid.

i. Modification of pectin-chitosan film with different hydrophobic DES of Thymol with medium-chain
fatty acids (MCFAs) via casting technique
Location: Makmal Penyelidikan Kimia UiTM Perlis
Duration: 01/04/2025 — 30/09/2025




Researcher-in-charge: Dr Rizana Yusof and PM Dr Ahmad Anas

The pectin-chitosan blends then will be prepared using the casting technique based on Shafie et al. (2018). The
commercialized pectin and chitosan solution (1% wt/v) will be prepared separately in aqueous HCI solution
(0.1M) at 60 for 10 min. The pectin and chitosan solutions will be mixed at a 66/34 weight ratio by stirring at 60 +
1 °C for 5.0 minutes with a magnetic stirrer. The blend solution (30 mL) will be stirred with different percents of
hydrophobic DES at 60 + 1 °C for 5 minutes. Then the viscous solution will be taken in a 10 mL syringe,
transferred onto a petri dish, and placed in a vacuum desiccator for 24 hours at 35-C. The films will be peeled off
from the petri dish and stored at room temperature before analysis. Pectin-chitosan without DES will be prepared
as a control.
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Figure 2. Preparation of pectin-chitosan blend film with different
hydrophobic DES via casting technique

Table 1: Type of Films will be prepared

Films Abbreviation Percentage HDES (%)
Pectin-chitosan (control) | PC 0
Pectin-chitosan- PCTOA10 10
Thymol: Octanoicacid | PCTOA20 20
(PCTOA) PCTOA30 30
PCTOA40 40
Pectin-chitosan- PCTNA10 10
Thymolnonangie  acid | PCTNA20 20
(PCTNA) PCTNA30 30
PCTNA40 40
Pectin-chitosan- PCTDA10 10
: ic. acid | PCTDA20 20
(PCTPA) PCTDA30 30
PCTDA40 40

iii. Characterizations of molecular interaction, structural changes and mechanical properties on
modified pectin-chitosan fims (FTIR, OM, SEM, DSC, tensile and thickness)
Location: Instrumentation Lab 1, UiTM Perlis (FTIR), Biology Lab, UiTM Perlis (OM), Instrumentation Lab,
UNIMAP (SEM), UiTM Perlis (DSC), Polymer Lab, UiTM Perlis (Tensile properties)
Duration: 01/10/2025 - 31/01/2026
Researcher-in-charge: Dr Rizana and PM Dr Ahmad Anas




The functionality, structure, and thermal stability of the pectin-chitosan-hydrophobic DES will be determined
using the following instrumental analyses:

o Fourier Transform Infrared (FTIR) spectral analysis will be conducted to identify the functional groups of the
samples. Each sample will be scanned for 16 times in the range of 4000 to 600 cm™.

e  Optical Microscopy (OM) will be conducted to observe the morphology of the samples.

e Scanning electron microscope (SEM) will be conducted to examine the surface morphology and chemical
elemental composition of the samples. The sample will be imaged using the scanning electron microscope
(SEM) with an accelerating voltage of 10 kV and working distances of 12.5 mm at a magnification of 250x and
2500x for surface and cross-section, respectively.

¢ Differential scanning calorimetry (DSC) will be conducted to determine the thermal stability of the samples. All
the bioplastics will be sealed firmly in aluminium pans and the analysis will be performed at temperatures
ranging from 30 to 280 °C at a heating rate of 5 °C /min.

¢ Mechanical properties (tensile properties) will be conducted measure the tensile strength, stress and
elongation at break of samples. The mechanical properties of samples will be measured according to the
method described by Du et al. (2019). The bioplastics will be cut into rectangular shapes of 75- and 10-mm
length and width, respectively. The first grid separation will be 50 mm, with a crosshead speed of 5 mm/min.
The mechanical properties of the bioplastics will be measured by a tensile testing machine (Instron 5865,
USA) equipped with a 500 N load cell. The elongation ratio, fracture energy (defined as the area below the
tensile strength (stress)—strain curve), and tensile strength of the eutectogel will be obtained from tensile
curves. Each sample will be tested three times. A digital thickness gauge will be used to measure the
thickness of samples (Model 547-301, Mitutoyo, Japan).

Phase 1 will be used to achieve Objective 1
(To investigate the effect of hydrophobic DES consist of thymol with different lengths of medium-chain fatty acids
(MCFAs) toward molecular interaction and mechanical properties of modified pectin-chitosan)

PHASE 2: EVALUATION ON HYDROPHOBICITY/ WATER BARRIER OF MODIFIED PECTIN-CHITOSAN
FILMS

The increase the water barrier of pectin-chitosan-HDES, a formulation of hydrophobic DES will be varied at
different percentages (0, 10, 20, 30, and 40%) to obtain the highest water-resistant film. The samples will be
prepared as shown in Table 1. The ability of each film to repel water will be observed via testing of:

i. Water Vapor Transmission Rate (WVTR) determination

Location: Makmal Penyelidikan Kimia UiTM Perlis

Duration: 01/02/2026 - 31/08/2026

Researcher-in-charge: Dr Rizana Yusof and Puan Farhana Othman

WVTR of films will be determined according to a modified ASTM standard Method E96- 80 (ASTM, 1981). The
films will be dried at 50 °C for 24 hours using drying oven before WVTR analysis. The dried films will be cut and
glued on the mouth of the test tube containing silica gels. The test tube with dried films will be preweighed and left
in a desiccator with saturated salt solutions at room temperature. The salt solutions included MgCl2, Mg(NO3)2,
NaCl and KNOs with known relative humidity of 32.4, 51.4, 75.7 and 92.5% respectively. The test tube will be
reweighed every 24 hours for 5 days and the WVTR will be calculated according to the equation :

WVTR = AW /At x A

Where;
AW/At was the amount of water gain per unit time transfer,
A was the area exposed to water transfer.

ii. Water Sorption (Humidity, Swelling and Solubility in Water
Location: Makmal Penyelidikan Kimia UiTM Perlis

Duration: 01/02/2026 - 31/08/2026

Researcher-in-charge: Puan Farhana Othman and Puan Sarina




Water sorption will be conducted via humidity, swelling rate and Solubility. Humidity tests will be carried out by
drying the sample (2 cm x 2 cm) at 105 -C for 24 h with samples being weighed on an analytical scale as M1. The
samples will be conditioned in a natural convection oven at 70 -C for 24 h and then re-weighed (M2). For the
determination of swelling and solubility in water, the dried films with mass will be placed in a Petri dish containing
30 mL of Milli-Q water and stored at room temperature. After 24 hours, water was removed and the samples were
gently dried using tissue paper and weighed on an analytical scale (M3). These films were then re-dried in a natural
convection oven at 70 C for 24 h before being re-weighed (M4).

%Humidity = (M1 = M2)/(M1)) x 100
%Swelling degree (SD) = (M3 - M2)/(M2)) x 100
%Solubility = (M4 - M2)/(M2)) x 100

PHASE 3: MEASUREMENT OF ANTIMICROBIAL PROPERTIES OF MODIFIED PECTIN-CHITOSAN FILMS

i. Antimicrobial activity Location: UiTM Perlis
Duration: 01/09/2026 - 31/12/2026
Researcher-in-charge: Dr Roziana Mohamed Hanaphi and Puan Sarina Muhammad

The biofilm antimicrobial index will be determined on the highest water resistant of each hydrophobic DES selected
from phase 2. The nutrient agar solution will be prepared by boiling 10.2 g of nutrient agar into 300 mL of distilled
water. The nutrient agar solution will be autoclaved at 121 °C for 15 minutes, follow by cooling down to 50 °C using
a water bath. The 15 mL of nutrient agar will be poured into a petri dish for solidification. The stock cultures from
different bacteria (Escherichia coli and Staphylococcus aureus) will be grown in nutrient broth at 37 °C for 24 hours
before analysis. To measure the antimicrobial activity, about 100 pL of the culture will be spread in a petri dish
containing nutrient agar, with the sample will be aseptically placed in the center of the petri dish. The plates will be
incubated at 37 °C for 24 hours before the inhibition zones are analysed. A calliper will be used to measure the
diameter of the inhibition. The antimicrobial index will be calculated according to the equation:

Antimicrobial index = 2- 1/ 1

where 1 is an area of the disc
and 2 is the area of the inhibition zone

Phase 2 and 3 will be used to achieve Objective 2
(To measure the water retention and antimicrobial characteristics of the modified pectin-chitosan with varied
concentrations of thymol with medium-chain fatty acids (MCFAs)

PHASE 4: DATA ANALYSIS AND INTERPRETATION

An average of three replicates values of the analyses will be taken for each sample and used in a one-way analysis
of variance (ANOVA) in each experimental phase. The statistical analysis of the data will be performed using SPSS
statistical 24.0 software. A significant difference among the treatment at a 95% confidence interval will be analyzed
using Duncan’s multiple range test.

(d) Expected Results/Benefit
Jangkaan Hasil Penyelidikan

1. Novel theories/New findings/Knowledge

a. The findings obtained will provide knowledge on the effect of modifying pectin-chitosan
films using different chain lengths of hydrophobic DES on the water resistance and
antibacterial activity of the pectin-chitosan film system.

b. The study broadens the capabilities of hydrophobic deep eutectic solvents (DES) as
water repellents in bioplastics, surpassing the conventional confines associated with
solvent extraction.




c. The findings from this study are expected to provide valuable insights into the formulation
of hydrophilic-hydrophobic films, contributing to advancements in sustainable food
packaging technologies.

2. Research Publications
1 Scopus : Malaysian Journal of Chemistry
Water retention behavior of modified pectin-chitosan film with free fatty acid hydrophobic deep
eutectic solvents

3. Specific or Potential Grant Applications (please specify targeted grant application)
FRGS Grant

4. Number of PhD and Masters (by research) Students (if any)
1 Master student

5. Impact on Society, Economy and Nation
Society: Replacing non-biodegradable packaging with sustainable alternatives to reduce plastic
pollution and debris will promoting cleaner ecosystems and enhancing public health and

biodiversity.

Economy: The green packaging industry is increasing due to customer demand for environmentally
friendly products. Municipal waste management and recycling costs decrease over time.

Nation: The national targets for lowering carbon footprints and addressing climate change would
be accomplished.

(e) Research activity & Milestone
Aktiviti penyelidikan & Carta perbatuan

Research activity

Activity Start Date End Date
Preparation of hydrophobic DES of Thymol with medium-chain fatty 01/01/2025 31/03/2025
acids (MCFAs)
Modification of pectin-chitosan film with different hydrophobic DES of | 01/04/2025 31/09/2025
Thymol with medium-chain fatty acids (MCFAs)
Characterizations of molecular interaction, structural changes and 01/10/2025 31/01/2026
mechanical properties on modified pectin-chitosan fims (FTIR, OM,
SEM, DSC, tensile and thickness)

Evaluation hydrophobicity of modified pectin-chitosan films (WVTR, 01/02/2026 31/08/2026
water sorption)

Measurement antimicrobial properties of modified pectin-chitosan 01/09/2026 31/12/2026
films
Milestone

Activity Date Cumulative
completion

Completion of preparation of hydrophobic DES 1/04/2025 3 months

Completion of pectin-chitosan modification with DES 31/09/2025 6 months

Completion of characterizations of molecular interaction, structural 31/01/2026 4 months

changes and mechanical on modified pectin-chitosan

Completion of hydrophobicity evaluation 31/08/2026 7 months

Completion of antimicrobial activity measurement 31/12/2026 4 months




BUDGET /BELANJAWAN

Please indicate your estimated budget for this research and details of expenditure according to the

guidelines attached.

Sila nyatakan anggaran bajet bagi cadangan penyelidikan ini dan berikan butir — butir perbelanjaan lengkap

dengan berpandukan kepada garis panduan yang dilampirkan.

Budget details
Butiran belanjawan

Amount requested by applicant
Jumlah yang dipohon
oleh pemohon

Year 1 Year 2
(Tahun 1) (Tahun 2)
(RM) (RM)
D(i) | Vote 21000 -
Travellingand Transportation/
Perjalanan dan Pengangkutan
Perjalanan ke Shah Alam untuk analisis sampel RM 200 i
UiTM Perlis — UiTM Shah Alam - UiTM Perlis : RM 100 x 2 kali = RM 200
D(ii) | Vote 24000 - Rental
Vot 24000 - Sewaan
D(iii) | Vote 27000 - Research Materials & Supplies
Vot 27000 - Bekalan dan Bahan Penyelidikan
Raw material Uni | Price/unit
chitosan RM1300/100g RM 3000 RM800
pectin RM404 x 2 /400g = RM808

Thymol
octanoic acid
nonanoic acid

RM 870/500 g
RM 205/ 500 mL
RM327/ 500 mL
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decanoic acid RM278 /100g
Glassware Unit | Price/unit
Magnetic stir bar 5 mm 10 RM 100/10 unit

D(iv)

Vote 28000 - Maintenance and Minor Repair Services
Bvot 28000 - Baik pulih kecil dan ubahsuai




D(v)

Vote 29000 - Professional Services
Vot 29000 - Perkhidmatan lkhtisas

SEM Measurement (10 samples x RM100 = RM1000)

RM1000

D(vi) | Vote 35000 - Accessories and Equipment
Vot 35000 - Aksesori dan Peralatan
TOTAL AMOUNT
JUMLAH BESAR RM5000
E Declaration by applicant / Akuan Pemohon

(Please tick (v )): | (Sila tanda ( V' )):




| hereby declare that:
Saya dengan ini mengaku bahawa:

1. All information stated here are accurate, and PJI has right to reject or to cancel the offer without
prior notice if there is any inaccurate information given.

Semua maklumat yang diisi adalah benar, PJIM&A berhak menolak permohonan atau membatalkan
tawaran pada bila-bila masa sekiranya keterangan yang dikemukakan adalah tidak benar.

2. Application of this research is presented for the Geran Semarak Penyelidikan
Permohonan penyelidikan ini dikemukakan untuk Geran Semarak Penyelidikan.

3. Application of this research is subject to Ethical Committee approval (if applicable).

Permohonan penyelidikan ini dimajukan ke Jawatankuasa Etika (jika berkenaan).

24 November 2024

Date : Applicant’s Signature : m
Tarikh : Tandatangan Pemohon : 4/

Note: APPLICATIONS SUBMITTED WILL BE TREATED IN FULL CONFIDENCE. THE DECISION OF THE
INTERNAL RESEARCH ACCULTURATION MAIN COMMITTEE UiTM CAWANGAN PERLIS IS FINAL.
Semua permohonan dianggap sulit. Keputusan Jawatankuasa Induk Geran Penyelidikan Pembudayaan
Dalaman UiTM Cawangan Perlis adalah MUKTAMAD.




OBJECTIVE 1
—_—

METHODOLGY FLOWCHART

PHASE 1: STRUCTURAL CHARACTERIZATION OF MODIFIED PECTIN-CHITOSAN WITH DIFFERENT CHAIN
THYMOL-BASED HYDROPHOBIC DES

To investigate the effect of
different chain lengths of
thymol with medium-chain
fatty acids (MCFAs)

Pectin - Chitosan solution Thymol: octanoic acid (DES1) FTIR

Hydrophobic DES

Thymol: nonanoic acid (DES2)
Thymol: decanoic acid (DES3)

y

Pectin-chitosan (control)

Pectin-chitosan-Thymol: octanoic acid (10, 20, 30, 40%)
Pectin-chitosan-Thymol: nonanoic acid (10, 20, 30, 40%)
Pectin-chitosan-Thymol: decanoic acid (10, 20, 30, 40%)

Pectin-chitosan Modified hydrophobic DES

Structural characterization
FTIR, OM, SEM, TGA-DSC, Tensile

OBJECYIVE 2

To measure the Water retention and antimicrobial
charactenstics of the mlodified pectin-chitosan with vaned
concentrations of thyrhol with medium-chain fatty acids

(MCFAs hydrophobic DES

y

PHASE 3: MEASUREMENT OF ANTIMICROBIAL PROPERTIES OF MODIFIED
PECTIN-CHITOSAN FILMS

PHASE 2: EVALUATION HYDROPHOBICITY OF
MODIFIED PECTIN-CHITOSAN FILMS

v

The Highest water-resistant film

v

Water Barrier investigation:

Water Vapor Transmission Rate
(WVTR) determination
Humidity

Swelling

Solubility in water

Antimicrobial activity
i Escherichia coli

ii. Staphylococcus aureus

PHASE 4: DATA ANALYSIS AND INTERPRETATION
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As digital technology reshapes dining, QR code menus have become a staple in many restaurants, providing a
contactless and efficient ordering solution. However, for many older diners, using these digital menus can be
challenging due to varying comfort levels with technology and occasional usability issues. This study seeks to
uncover the factors that impact QR code menu acceptance among senior diners, addressing the obstacles they
face and exploring ways to improve their experience. The main goals are to identify key factors influencing seniors'
acceptance of QR menus and to offer actionable recommendations for restaurant operators to make QR menus
more senior-friendly. Using a quantitative approach, the study will gather diverse perspectives from senior diners
(aged 60+) at different restaurants that utilize QR menus. Structured surveys will assess variables such as
perceived ease of use (PEOU), perceived usefulness (PU), perceive trust (PT), and perceived risk (PR). By
analysing responses from approximately 384 participants, the research aims to capture a well-rounded view of
factors affecting QR menu acceptance. Statistical methods, including regression and factor analysis, will be applied
to pinpoint the most influential variables. The findings from this study will offer valuable insights for fostering the
adoption of QR menus in an age-inclusive manner, helping to create a more accessible dining experience for
senior customers while supporting digital progress in the hospitality industry.
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i) Problem Statement / Pernyataan Masalah
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iv) Literature Reviews / Kajian Literatur

V) Related References / Rujukan berkaitan
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i) Problem Statement
As digital menus, particularly QR code menus, become increasingly popular in the dining industry, senior
diners often encounter distinct challenges with adapting to this technology. Many restaurants are turning to
QR codes to streamline service and minimize contact, yet older patrons may face hurdles related to ease of
use, perceived usefulness, perceive trust, and even perceived risk. This study explores the essential factors
shaping seniors' acceptance of QR code menus and seeks strategies to enhance their experience, aiming to
balance digital innovation with inclusivity for older adults.

ii) Hypothesis

1. H1: There is a significant relationship between perceived ease of use and senior patrons’ acceptance of
QR code ordering system

2. H2: There is a significant relationship between perceived usefulness and senior patrons’ acceptance of
QR code ordering system.

3. H3: There is a significant relationship between perceived trust and senior patrons’ acceptance of QR code
ordering system.

4. H4: There is a significant relationship between perceived risk and senior patrons’ acceptance of QR code
ordering system.

iii) Research Questions

1. Isthere arelationship between perceived ease of use and senior patrons’ acceptance of QR code ordering
system?

2. Isthere arelationship between perceived usefulness and senior patrons’ acceptance of QR code ordering
system?

3. Is there a relationship between perceived trust and senior patrons’ acceptance of QR code ordering
system?

4. |s there a relationship between perceived risk and senior patrons’ acceptance of QR code ordering
system?

iv) Literature Review

Consumer Acceptance of QR Code Ordering System

The adoption of QR code ordering systems has gained attention in recent years, with research highlighting
factors influencing consumer acceptance. The Unified Theory of Acceptance and Use of Technology (UTAUT)
and its extensions provide a strong foundation for understanding adoption. Key determinants include
performance expectancy (efficiency and convenience), effort expectancy (ease of use), social influence (peer
or societal encouragement), and facilitating conditions (availability of resources) (Suo et al., 2022; Rashid et
al., 2023). Trust, particularly in data security and payment processes, plays a critical role in shaping consumer
behavior (Ru & Anshul, 2023). Additionally, hedonic motivation, or the enjoyment derived from using QR-based
systems, influences adoption in casual dining contexts, where self-service technologies enhance customer
experience and operational efficiency (Phillips, 2023). However, challenges such as user preference for
traditional menus, especially in high-end dining, and the perceived complexity of digital interfaces for less tech-
savvy customers, remain barriers (Technomic, 2023). Further exploration into integrating user-friendly designs
and hybrid approaches could improve acceptance and satisfaction.

Perceived Ease of Use

The rise of modern technologies has dramatically reshaped how today’s businesses function (Koiri et al., 2019).
For instance, consumer purchasing choices are now swayed by the perceived ease of use, making marketing
outcomes both convenient and impactful (Loketkrawee & Bhatiasevi, 2018). This shift is especially notable in
the hospitality industry, where innovations like the E-Menu offer restaurant owners the flexibility to update
menus remotely, anytime, and without assistance, from anywhere in the world (Sahin, 2020). Many consumers
now prefer using mobile apps for ordering at restaurants due to the speed, simplicity, and convenience they
offer (Alawan, 2020). Tablet menus, with their interactive digital displays, also bring uniqgue advantages over




traditional menus, allowing customers to quickly browse food options with ease (Yim & Yoo, 2020). Recent
studies explore how Perceived Ease of Use (PEoU) impacts senior citizens' adoption of QR code menu
ordering systems. One study highlights that simple and user-friendly designs enhance seniors' confidence and
willingness to use digital systems, reducing cognitive strain (Kili¢ et al., 2023). Additionally, incorporating the
Technology Acceptance Model (TAM), researchers found PEoU directly boosts perceived usefulness and
intention to use QR menus, reinforcing adoption rates (Davis et al., 2023). When users perceive these digital
tools as easy to navigate, their attitudes toward adopting such technologies become overwhelmingly positive
(Kang & Namkung, 2019). Effort expectancy, linked to minimal learning time and ease of interaction, further
influences satisfaction, especially for seniors unfamiliar with technology (Purohit et al., 2022). Facilitating
conditions like technical support and smartphone accessibility significantly impact older adults' usage behavior
(Liaw et al., 2022). Moreover, social endorsement from family or peers promotes confidence in navigating QR
menus (Iskender et al., 2022).

Perceived Usefulness

Perceived usefulness reflects how effectively an information system can boost user performance. Davis (1989)
introduced a model for technology adoption that includes this concept, while Tee (2018) further defined
perceived usefulness as a user's belief that a particular system will enhance job performance. Five indicators
are commonly used to measure this perception: access to needed information, expanded details, improved
efficiency, ease of work, and overall benefit (Ellitan et al., 2022). Tamilvizhi et al. (2021) support this by showing
how perceived usefulness saves time, enabling consumers to make, modify, and submit orders, as well as
process payments without waiting in line. E-Menus, for instance, allow restaurants to transition from expensive
printed menus to customizable digital formats for various occasions (Al Amin et al., 2021). They streamline
operations, reduce service costs, and are especially popular in fast-food establishments (Altan, 2018). Recent
literature emphasizes the role of perceived usefulness (PU) in influencing senior citizens' adoption of QR code
menu systems. Studies grounded in the Technology Acceptance Model (TAM) highlight that PU significantly
affects behavioral intentions to adopt these systems, as users value efficiency and utility (Davis, 1989;
Kalyoncuoglu, 2018). Perceived ease of use (PEoU) also impacts PU, as simpler interfaces encourage
adoption among older demographics by reducing technological anxiety (Kilig et al., 2023). Facilitating
conditions, such as user support and access to resources, further enhance senior diners' confidence and
willingness to engage with QR codes, aligning with findings from broader studies on digital tools (Tandon et
al., 2022). Additionally, the hedonic motivation tied to QR menus, where enjoyment in use boosts adoption, is
gaining attention (Rauschnabel et al., 2015). Social influences, including peer recommendations, also positively
impact older users' acceptance, bridging generational gaps in technology use (Iskender et al., 2022). These
insights reveal that a multifaceted approach is key to enhancing PU among senior diners.

Perceived Trust

Perceived trust refers to a consumer's confidence in automated tools—Ilike an E-Menu—believing these
systems can fulfill responsibilities reliably and honestly, often as well as or better than a human (Tussyadiah et
al., 2020). This trust grows when consumers see the E-Menu as consistently dependable in managing issues
during transactions, free from fraud, and assuring smooth, satisfactory interactions (Suleman et al., 2019).
Thus, perceived trust plays a crucial role in shaping consumers' intention to make purchases (Suleman et al.,
2019). Supporting this, Ray & Bala (2019) found that trust significantly boosts consumers' willingness to engage
with such systems. Elements of human trust are essential in fostering confidence in modern technologies like
the E-Menu, especially given the perceived risks and uncertainties consumers may face (Chun, 2019). Recent
studies have explored the perceived trust of QR code menu systems among senior citizens. Trust often hinges
on ease of use, perceived usefulness, and technology familiarity. Research has shown that senior users are
more likely to trust systems with straightforward interfaces, promoting confidence and reducing technological
anxiety. Studies also emphasize the role of security and privacy assurances in fostering trust. Age-related
factors like cognitive decline or limited tech exposure influence trust levels, necessitating adaptive designs
tailored to seniors' needs. Furthermore, perceived performance, a core factor in the Technology Acceptance
Model (TAM), highlights the importance of convenience and task efficiency in boosting trust.

Perceived Risk

Consumers’ concerns about sharing personal data with E-menu systems are heightened due to potential
security risks, including the threat of data breaches (Susmitha, 2021). The E-menu operates autonomously,
handling food orders without any human oversight, so users should be mindful of the risks associated with an
entirely automated decision-making system (Tzavlopoulos et al., 2019). Given that data privacy is now a widely
recognized public issue, a stronger policy framework is essential to minimize risks associated with disclosing
personal data on E-commerce platforms like the E-menu (Muneer, 2018). Recent studies shed light on
perceived risks associated with QR code menu systems among senior diners. Research highlights that older




adults often face challenges such as technological unfamiliarity and concerns about data privacy, which can
deter their acceptance of QR code menus. For instance, the Technology Acceptance Model (TAM) underscores
that perceived ease of use and usefulness significantly influence seniors' willingness to adopt such systems,
yet these perceptions are often dampened by fears of complexity or misuse of personal data (Koay,
K.Y. and Ang, K. (2024). Additionally, while QR menus enhance efficiency and hygiene—key benefits post-
pandemic—seniors may still find the lack of human interaction a drawback. This perceived loss of personalized
service further complicates their willingness to embrace digital ordering (Koay, K.Y. and Ang, K. (2024).
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vi) Relevance to Government Policy
Government policies are increasingly focused on digital inclusion and accessibility for seniors, as older
populations are often left behind in the push for digital transformation. This study aligns with policies focused

on:
1.

Digital Accessibility Standards: Governments, particularly in countries with aging populations, have set
standards for digital accessibility to ensure that seniors are not excluded from using new technologies.
Findings from this study could support guidelines for designing QR code menus to comply with accessibility
standards for older users.

Senior Empowerment and Inclusion Initiatives: Many countries have policies aimed at increasing digital
literacy among seniors. Insights from this research could guide government-backed digital literacy
programs by highlighting specific areas where seniors need support when interacting with QR code
systems.

(b) Objective (s) of the Research
Objektif Penyelidikan

1.
2.

To identify factors that promote or impede the acceptance of QR menu systems among senior patrons.
To suggest strategies for restaurants to enhance the QR menu experience for senior customers.

(c) Methodology
Kaedah penyelidikan

Please state in the form / Sila nyatakan di borang ini

This study utilized a quantitative approach to explore hypotheses related to the Perceived Ease of Use,
Perceived Usefulness, Perceived Trust and Perceived Risk of senior patrons’ acceptance towards QR code
ordering system. Participants will be selected from senior citizens in Northern Malaysia, a region with a
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(d)

notably high concentration of older adults. According to 2023 data from the Department of Statistics
Malaysia (DOSM), five Malaysian states with the highest proportions of individuals aged 60-64 are Perak
(14.6%), Kedah (13.08%), Sarawak (12.7%), Penang (12.3%), and Perlis (12.1%). For those aged 65 and
above, Perak (9.7%), Kedah (8.8%), Sarawak (8.3%), Perlis (8.1%), and Penang (7.7%) lead in population
percentages. This demographic concentration makes Northern Malaysia a particularly pertinent area for
studying older adults’ responses to QR code menu ordering.

Expected Results/Benefit
Jangkaan Hasil Penyelidikan

1.

Novel theories/New findings/Knowledge

Technology Acceptance Model (TAM) for Seniors: Developing an adaptation of the
Technology Acceptance Model (TAM) specific to senior diners could provide new theoretical
insights. This “Senior Technology Acceptance Model (S-TAM)” could incorporate factors like
cognitive load, physical accessibility, and social influence, which play unique roles in senior
acceptance towards technology.

Research Publications
One SCOPUS atau Web of Science (WoS)

Specific or Potential Grant Applications (please specify targeted grant application)
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Impact on Society, Economy and Nation

Setting Standards for Inclusive Technology: This research could encourage policymakers to set
industry standards on digital inclusivity, benefiting seniors across other sectors, like healthcare
and retail.
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Prepare research proposal
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Prepare draft literature review
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Develop data collection instrument
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Carry out data collection
Write up data collection

Data analysis Prepare data for analysis

Analyze data 1.6.2026 31.8.2026
Draw conclusions/ recommendations

Writing up

Final draft of application
Review draft

Final editing

Submit to extramural funder
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Research design and Finalize research problem/questions

planning Develop research design 20%
Prepare research proposal

Literature review Search, capture and synthesize relevant literature

- - 35%

Prepare draft literature review

Data collection Finalize sampling plan
Develop data collection instrument
Pre-test/pilot data collection instrument 50%
Carry out data collection
Write up data collection

Data analysis Prepare data for analysis
Analyze data 70%
Draw conclusions/ recommendations

Writing up Final draft of application
Review draft
Final editing 100%
Submit to extramural funder
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3. Application of this research is subject to Ethical Committee approval (if applicable).
v Permohonan penyelidikan ini dimajukan ke Jawatankuasa Etika (jika berkenaan).
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Semua permohonan dianggap sulit. Keputusan Jawatankuasa Induk Geran Penyelidikan Pembudayaan
Dalaman UiTM Cawangan Perlis adalah MUKTAMAD.
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1 The Effegt of Dn‘f(_arent Animal . In Charting the Sustainable Future of ASEAN in
Dung in Vermicompost . ] :
) . ; Science and Technology: Proceedings from the
Production Using Eudrilus d ional h
eugeniae Worm and Spent 3rd International Conference on the Future of 2020
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Springer Singapore
C(vii) | Executive Summary of Research Proposal (maximum 300 words)

(Please include the problem statement, objectives, research methodology, expected
output/outcomes/implication, and significance of output from the research project)

Ringkasan Cadangan Eksekutif Penyelidikan (maksimum 300 patah perkataan)
(Meliputi pernyataan masalah, objektif, kaedah penyelidikan, jangkaan hasil penyelidikan/implikasi dan
kepentingan output projek penyelidikan)

The quality of microbial fertilizer is one of the most important factors resulting in acceptance or rejection by the
end-user, the farmers and specifications vary from country to country and depend on the number of selected
microorganisms in the active form per gramme or millilitre of biofertilizer. Therefore, this study will be carried out
to formulate chicken feather vermicompost substance containing microorganisms and fulfil specifications and
quality requirements as a microbial fertilizer product. Hence, parameters such as microbial density at the time of
manufacture and the time of expiration, permissible contamination, presence of microbial strain, and the organic
acid will be determined. The physical and chemical composition of the microbial fertilizer will be determined to
indicate the quality and maturity of the chicken feathers vermicompost. Meanwhile, the effects of vermicompost on
the crops growth also require measuring the activities of the biofertilizer. In this study, the results of this research
will be compared with Malaysian Standard specifications for organic fertilizers. This research is significant in
transforming chicken feather waste into a useful biofertilizer product based on the purpose or objective of the
specification output biofertilizer data.




C(viii)

Detailed proposal of research project:
Cadangan maklumat penyelidikan secara terperinci:

(@) Research background including: / Latarbelakang penyelidikan termasuk:

i) Problem Statement / Pernyataan Masalah

i) Hypothesis / Hipotesis

iii) Research Questions / Persoalan Penyelidikan

iv) Literature Reviews / Kajian Literatur

V) Related References / Rujukan berkaitan

Vi) Relevance to Goverment Policy, if any / Perkaitan dengan Dasar Kerajaan, jika berkenaan

Problem statement
Fertilizer producers have demonstrated that microbial products can promote plant growth, reduce pest
incidence, encourage decomposition, and improve soil quality. The primary effect of the microbial present in
biofertilizer could affect the target crop. Nevertheless, there are instances in which approximately 40% of the
declared microbes' presence either naturally occurs or is installed and has multiple effects. Therefore,
understanding the representatives of microbial products must be considered or controlled in the use of microbial
products, especially for a growers to choose the best for their crop requirement and soil condition.

Hypothesis
Formulation of chicken feather vermicompost substance containing microorganisms could be used as microbial

biofertilizer products.

Research Question

1. What are the strains of bacteria present in chicken feather vermicompost to become biofertilizer microbial
products?

2. What is the number of microbes (density) and specifications to become biofertilizer microbial products?

3. What is the effect of microbial fertilizer on the growth and quality of the targeted crops?

Literature review

Microbial fertilizers, also known as biofertilizers, are substances containing living microorganisms. These
fertilizers were found to encourage plant growth by increasing the supply or availability of primary nutrients
(N, P, and K) to the host plant (Daniel et al.,2022). Nitrogen-fixing bacteria such as Rhizobium and
Azotobacter, phosphorus-solubilising such as Pseudomonas and Bacillus, and potassium-solubilising such
as Pseudomonas, Azzobcter, Paenibacillus, and Acietobacter, and plant growth-promoting rhizobacteria
(PGPR) such as Agrobacterium, Pseudomonas fluorescens, Arthrobacter, Erwinia, Bacillus, and Rhizobium
are among the examples of biofertilizers that enhance plant growth and yield (Nawaz et al., 2023). In
agriculture, the application of biofertilizers is necessary to provide nutrition, promote plant growth and
productivity, and improve soil health. Biofertilizers offer a long-term solution for soil health. Once introduced,
they create a self-perpetuating cycle of nutrient enrichment, reducing the need for continuous applications
(Bumandalaiet al., 2019). Biofertilizers are a sustainable and eco-friendly alternative to chemical fertilisers,
offering a multitude of benefits, from nutrient enrichment and enhancement of organic matter to growth
promotion and environmental protection (Gaur, 2010).

Vermicomposting is a sustainable waste management technique that involves the use of earthworms
such as African nightcrawlers, red wigglers, blue worms, and European nightcrawlers to decompose organic
waste materials (Emamjomeh et al., 2018). It is an efficient and eco-friendly process that transforms organic




waste from plants and animals into a nutrient-rich fertiliser called vermicompost. The quality of vermicompost
is significantly influenced by the type of organic materials used as feedstock. Different materials contribute
varying levels of nutrients, carbon-to-nitrogen ratios, and other properties, which affect the final product (Dey
Chowdhury et al., 2023). Through careful selection and combination of organic feedstocks with balanced
nutrient ratios, it is possible to produce superior vermicompost enriched with essential nutrients and a diverse
microbial community (Sharma et al., 2024).

Chicken feather is an organic waste from the poultry industry, mainly consisting of feathers that are
removed during the processing of chickens for meat consumption. These feathers are a significant waste
product, often discarded or incinerated. It contains 80-90% keratin, a fibrous structural protein that is insoluble
and resistant to chemical and enzymatic degradation (Maurya and Singh, 2024). However, when it is
processed and composted properly, chicken feathers can be used as an organic fertilizer (Hadas et al., 1994;
Nayaka and Vidyasagar, 2013; Bhari et al., 2021). Keratin in chicken feathers represents a promising
resource of carbon, sulfur, and nitrogen, enabling its transformation into diverse products such as biofertilizers
(Bhari et al., 2021).

The lack of standardized specifications and quality control measures for chicken feather vermicompost
poses several challenges and limitations to its widespread adoption and utilization as a sustainable
biofertilizer. The nutrient content of chicken feather vermicompost can vary significantly depending on factors
such as the quality of the feathers, the composting process, and the type of microorganisms used. While there
is growing interest in the use of chicken feather vermicompost, research on its production and application is
still limited. More research is needed to develop standardized protocols and guidelines for its production and
use. Therefore, conducting further research to optimise the production process is hoped able to improve the
quality of chicken feather vermicompost as biofertilizers.
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Relevance to government policy

This research is a current scenario on the methods management of chicken poultry waste, and transformation of
this waste into biofertilizer product could enhance our government focuses on utilizing agricultural waste, and




also an alternative tools to promote and improve organic farming, agro-ecosystem, environment, human
health, and soil biological activities.

(b) Objective (s) of the Research
Objektif Penyelidikan

1. To formulate chicken feather vermicompost as microbial fertilizer product.
2. To determine the specification and quality chicken feather vermicompost as microbial fertilizer product.

(c) Methodology
Kaedah penyelidikan

Please state in the form / Sila nyatakan di borang ini

A. Procedures for Quality Control of Microbial Biofertilizer

1. Determination of Rhizobium in chicken feather vermicompost using broth test and gram staining/(Gram stain
or Fuchsin stain)

2. Determination of Non-symbiotic N2-fixer- use cell count method directly by microscopy-Count of Colony
Forming Units

3. Determination of, phosphate solubilizers (PS) bacteria and P mobilization bacteria

4. Plant Growth promoting microbes

B. Test Of Physical And Chemical Quality Certificated
1. Assessment of physiochemical parameter of biofertilizer-Water content (%), Size (I mm),Organic matter
(%C), pH

. Analysis of Organic Acid
Cultivation of isolate on solution medium contained unsoluble phosphate
Check the solubility on medium
Dissolving of calcium phosphate
Analysis of the organic acids in solution by the HPLC

PONDEO

D. Test of plant growth rate and nutrient absorption of crops
1. Control test with sterilized biofertilizer

Identification of strains guaranteed
(Genus, species)

Regular inspection

for quality control Density of Strains guaranteed
by authority (Colony forming unit)
under acts

A
‘ y

Assessment of main activity as
effect indicators of biofertilizers

Evaluation of effect for target crops
(Growth rate, nutrient absorption etc.)

y
Registration under the regulation




Fig. 1: General procedure for quality control of biofertilizers.

(d) Expected Results/Benefit
Jangkaan Hasil Penyelidikan

1. Novel theories/New findings/Knowledge

Application of new combinations of several microbes, such as rhizobium, non-symbiotic fixer,
phosphate solubilizing bacteria etc could contribute to the optimum quality of microbial biofertilizer for
plant growth.

2. Research Publications

Journal index Scopus

3. Specific or Potential Grant Applications (please specify targeted grant application)

4. Number of PhD and Masters (by research) Students (if any)

5. Impact on Society, Economy and Nation

The utilization of chicken feathers as vermicompost biofertilizer offers numerous benefits for
Malaysian society, economy, and nation. It promotes environmental sustainability through
sustainable waste management practices. In terms of economic growth, vermicompost
biofertilizers can create new market opportunities for entrepreneurs and businesses.

(e) Research activity & Milestone
Aktiviti penyelidikan & Carta perbatuan

RESEARCH ACTIVITIES

ACTIVITIES | YEAR 202%
[ MARTTOAPR T MAY | JUNE | JUL | AUG | sEPT | OCT | NOV | DEC

+ - + 4
+




No Project activity description Date Completion project
progress

1 Determination of Rhizobium in chicken feather 1/1/2025 20%
vermicompost

2 Assessment of physiochemical parameters 1/5/2025 40%

3 Analysis of organic acid 1/7/2025 60%

4 Field test on evaluation of the biofertilizer and 1/8/2025 80%
nutrient absorption on various crops

5 Statistical analysis, report writing and 1/12/2025 100%
submission

D BUDGET /BELANJAWAN
Please indicate your estimated budget for this research and details of expenditure according to the
guidelines attached.
Sila nyatakan anggaran bajet bagi cadangan penyelidikan ini dan berikan butir — butir perbelanjaan lengkap
dengan berpandukan kepada garis panduan yang dilampirkan.
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Sila nyatakan secara lengkap dengan pecahannya sekali.




D(ii)
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Vot 24000 - Sewaan

Please specify

Sila nyatakan secara lengkap dengan pecahannya sekali.

D(iii)

Vote 27000 - Research Materials & Supplies
Vot 27000 - Bekalan dan Bahan Penyelidikan

Please specify

Sila nyatakan secara lengkap dengan pecahannya sekali.

RM 4000

D(iv)

Vote 28000 - Maintenance and Minor Repair Services
Bvot 28000 - Baik pulih kecil dan ubahsuai
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Sila nyatakan secara lengkap dengan pecahannya sekali.

D(v)

Vote 29000 - Professional Services
Vot 29000 - Perkhidmatan lkhtisas

Please specify

Sila nyatakan secara lengkap dengan pecahannya sekali.

RM500

D(vi)

Vote 35000 - Accessories and Equipment
Vot 35000 - Aksesori dan Peralatan




Please specify

Sila nyatakan secara lengkap dengan pecahannya sekali.

TOTAL AMOUNT
JUMLAH BESAR

RM5000

Declaration by applicant / Akuan Pemohon
(Please tick (v )): | (Sila tanda (V' )):




| hereby declare that:
Saya dengan ini mengaku bahawa:

. All information stated here are accurate, and PJI has right to reject or to cancel the offer without
</ prior notice if there is any inaccurate information given.

Semua maklumat yang diisi adalah benar, PJIM&A berhak menolak permohonan atau membatalkan
tawaran pada bila-bila masa sekiranya keterangan yang dikemukakan adalah tidak benar.

Application of this research is presented for the Geran Semarak Penyelidikan

v Permohonan penyelidikan ini dikemukakan untuk Geran Semarak Penyelidikan.
W Application of this research is subject to Ethical Committee approval (if applicable).
Permohonan penyelidikan ini dimajukan ke Jawatankuasa Etika (jika berkenaan).

Date: 27/11/2024 Applicant’s Signature :
Tarikh : Tandatangan Pemohon :

Note: APPLICATIONS SUBMITTED WILL BE TREATED IN FULL CONFIDENCE. THE DECISION OF THE
INTERNAL RESEARCH ACCULTURATION MAIN COMMITTEE UiTM CAWANGAN PERLIS IS FINAL.
Semua permohonan dianggap sulit. Keputusan Jawatankuasa Induk Geran Penyelidikan Pembudayaan
Dalaman UiTM Cawangan Perlis adalah MUKTAMAD.
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