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BUSINESS EVENTS

About Business Events Sarawak
(BESarawak)

Business Events Sarawak Is a non-profit organisation fully backed tg(
Sarawak Government, industry, and academia to bring domestic and global
business events (corporate meetings, corporate incentives, conventions,
exhibitions) to Sarawak in addition to developing homegrown events.

As Malaysia's first convention bureau, we have the resources and excellent
connections to help you develop, organise, and host business events that
deliver social and economic impact. Our services are impartial and free.

Our support and services include

@ Financial and in-kind support for business events such as lead
research and crafting professional bid documents

ﬁ] Delegate boosting and marketing services to help increase
reach and visibility

: Educational activities and programmes for industry partners

To Apply or Enquire

To enquire about organising conventions & exhibitions in Sarawak, contact
Donny Tan, Senlor Business Development Manager (donny@sarawakcb.com) at +6016 866 9553.

To engquire about organising corporate meetings & corporate incentives in Sarawak, contact

Crystal Phang, Business Development Manager (crystal@sarawakcb.com) at +8019 822 7795.

Visit us at www.businesseventssarawak.com.






0)
BioNanoSem

BIONANOTECHNOLOGY RESEARCH

Organizer

Centre for Sustainable Nanomaterials (CSNANO),
Ibnu Sina Institute for Scientific and Industrial Research (ISITSIR), UTM

ConOrganizer

National Nanotechnology Centre (NNC), Ministry of Science,
Technology & Innovation (MOSTI) &
Malaysian Biomaterials Society (BMS)

Collaborators

Malaysian SolidrState Science & Technology Society, UTM Chapter
(MASS)
Ceramic and Amorphous Group (CerAm), UTHM
Green Chemistry Research Group (GChem), UTM
Advanced Nano Materials Research Group (ANoMA), UMT
Advanced Optical Materials Research Group (AOMRG), UTM
BioM3D Group PPSG (BioMnUSM), USM
Advanced Medical and Dental Institute (AMDI,, USM

<3 MALAYSIAN
BlOmatenats

SeciETY

¥ T
Y VO







/

/
BioNanoSem

BIONANOTECHNOLOGY RESEARCH

CONTENT

Foreword by Program Advisor (Deputy Vice Chancellor (Research and 2

Innovation) UTM)

Foreword by Program Director (Director of Centre for Sustainable 4

Nanomaterials)

Foreword by Director of National Nanotechnology Centre (NNC), MOSTI 7
Foreword by President of Malaysian Biomaterials Society (MBS) 9
Organizing Committee 10
Program Tentative 14
List of Abstract 15
Abstracts
e Plenary Speaker 23
e Keynote Speaker 26
e Invited Speaker 30
e Oral Presentation 39
e Video Presentation 63
e Poster 88
Acknowledgement 98






e

/
BioNanoSem

BIONANOTECHNOLOGY RESEARCH

Foreword by Program Advisor

Bismillahirahmanirahim.

Alhamdulillah, we express our heartfelt gratitude to Allah SWT for granting us the
opportunity to host the 3rd Bionanotechnology Research Seminar and Conference
(BloNanoSem) in 2022. This year's event is being hosted by Centre for Sustainable
Nanomaterials (CSNano), Universiti Teknologi Malaysia (UTM) in collaboration with the
National Nanotechnology Centre (NNC), Ministry of Science, Technology, and Innovation
(MOSTI), and the Malaysian Biomaterial Society (MBS).

BioNanoSem 2022's theme, "Prospering Bionanotechnology Research, Innovation,
and Commercialization,” is consistent with the goals and scope of UTM Research and
Innovation Blueprint 2025. The Office of the Deputy Vice Chancellor Research and Innovation
published this Blueprint in 2021 (https://research.utm.my/blueprint/). The primary goal of
this Blueprint s to serve as a guide for UTM to strive for excellence in R&D, commercialization,
and innovation (R, D, C & 1). In addition, UTM is known as a Research University. There are
five strategic objectives in this Blueprint which are (i) Strengthening and Enhancing Research
Excellence, (ii) Fostering and Catalysing High Return Partnership Engagement, (iii) Advancing
from Lab to Market, (iv) Enhancing and Strengthening Research Environment, and (v)
Stewarding and Establishing of TransnDiscipline Technology and Networking Platform. The
Blueprint's impact will benefit academia, government, industry, the community, and the
environment. Bionanotechnology encompasses multidisciplinary fields aligned with nine
focus areas identified in this research Blueprint, mainly Smart Manufacturing and Materials,
Biomedical and Healthcare Engineering, Natural Product, and Biorefinery and Biotechnology.
The nine focus areas are critical at both national and international levels.

In addition, UTM’s research themes are accomplished by the existence of 5 strategic
Research Alliances, which are (i) Frontier Materials, (i) Smart Digital Community, (iii)
Innovative Engineering, (iv) Health and Wellness, and (v) Resource Sustainability. In this

Research Alliances, members from various faculties come together and engage in crossn
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disciplinary research and innovation. The Blueprint is expected to impact future research
excellence of UTM, and for the nation.

As a result, it is hoped that the 3rd BioNanoSem 2022 will achieve its primary goals of
enhancing research, innovation, and commercialization in the bionanotechnology field, as
well as successfully align with the UTM's research and innovation Blueprint. The Blueprint's
goal is to support research and innovation in multidisciplinary fields because the
bionanotechnology itself is a multidisciplinary field. This programme is expected to realise the
Bionanotechnology Innovation Initiative, which brings products from research to market.

Thank you to the Centre for Sustainable Nanomaterials (CSNano), Ibnu Sina Institute
for Scientific and Industrial Research (ISITSIR), UTM for working tirelessly to ensure the success
of the third BioNanoSem 2022. On behalf of UTM, | would like to thank the conorganizers,
particularly NNC MOSTI and MBS, as well as all research groups and institutes involved in this
programme. Thank you also to Novatiq Scientific Sdn Bhd, our Platinum sponsor, and Business
Events Sarawak (BESARAWAK), our Gold sponsor. Your assistance is greatly appreciated. The
participants in this programme, including the plenary, keynote, invited, presenter, video, and
poster presenters, as well as all committee members involved in this programme, deserve

special recognition. May we all work together to achieve success.
“.....the successful implementation of this program requires total commitment from

all levels of committee and participants...”

Yours Sincerely,

PROF DR ROSLI MD ILLIAS
Deputy VicerChancellor Research & Innovation,
Universiti Teknologi Malaysia
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Foreword by Program Director

Bismillahirahmanirahim.

Alhamdulillah, In the Name of Allah the Almighty. | am very grateful to Allah SWT for giving
us the opportunity to conduct again the Bionanotechnology Research Seminar and
Conference (BioNanoSem) in 2022. This is BioNanoSem's third event. Bionanotechnology is
the fusion of biology, or the study of living things, and nanotechnology. It can also be thought
of as a biological application of nanotechnology in areas like antibacterial nanomaterials,
nanobiomaterials, nanomedicine, nanoparticles, and nanobiology, among others. The Center
for Sustainable Nanomaterials (CSNano), Ibnu Sina Institute for Scientific and Industrial
Research (ISITSIR), Universiti Teknologi Malaysia (UTM) aim to remain focused and highlight
research on sustainable nanomaterials, which is at the core of bionanotechnology.
Sustainable means that something can be maintained over time with little longtterm impact
on the environment and that it can support or maintain a process that is closely related to
"bio," or living things.

First BioNanoSeM was organised by CSNano in 2020 as a venue for researchers to
discuss their progress on each project of the TranstDisciplinary Research Program (UTMITDR).
The TDR program's title and focus are "Antibacterial Wound Healing Application of Bior
Inspired Green Silver Nanoparticles," and it includes five projects from various disciplines. We
performed the BioNanoSem again in 2021 with a larger participant including other research
groups from UTM and other institutions due to the success of the event, successfully
achieving the event objectives, and numerous benefits that we obtained.

CSNano, UTM organised the 2nd BioNanoSem2021 last year in collaboration with the
Ceramic and Amorphous Group (CerAm), UTHM, and the Green Chemistry Research Group
(GChem), Faculty of Science, UTM. Because the field of bionanotechnology involves multin
and transndisciplinary research, the primary goal of BioNanoSem is to learn from various fields
and perspectives.

This year, CSNano manage to organize 3" BioNanoSem 2022 together with National

Nanotechnology Centre (NNC), Ministry of Science, Technology, and Innovation Malaysia
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(MOSTI) and Malaysian Biomaterials Society (MBS). In addition, several research centres and
other research groups were also together as conorganisers of this program :
e Malaysian Solid State Science & Technology Society, UTM Chapter (MASS)
e Ceramic and Amorphous Group (CerAm), Universiti Tun Hussein Onn Malaysia (UTHM)
e Green Chemistry Research Group (GChem), UTM
e Advanced Nano Materials Research Group (ANoMA), Universiti Malaysia Terengganu
(UMT)
e Advanced Optical Materials Research Group (AOMRG), UTM
e BioM3D Group PPSG (BioMtUSM) Universiti Sains Malaysia (USM)
e Advanced Medical and Dental Institute (AMDI), USM
On behalf of the committee members of the 3rd BioNanoSem 2022, | would like to
express heartfelt gratitude to all coorganizers and collaborators. The contribution of each
committee member is critical to the success of this event. Not to mention our Platinum
sponsor, Novatiq Scientific Sdn Bhd, and our Gold sponsor, Business Events Sarawak
(BESARAWAK).
The objectives of this programme include :
e To create a platform for researchers and students involved to present and share
ideas on topics specifically in bionanotechnology research.
e To expose participants in the field of bionanotechnology focusing on innovation and
prercommercialization of research products.
e Become a platform for research collaboration with research groups within and
outside UTM.
At the end of this programme, 20 selected projects will be awarded best project awards, and
the researcher will be able to move on to the next stage of product development. It is known
as the Bionanotechnology Innovation Initiative. This initiative will begin by determining the
Technology Readiness Level (TRL) for each product development. This initiative will train
researchers in product development for commercialization and will collaborate with local
industries. The product will then achieve higher TRLs, up to TRL8 and TRL9, allowing it to enter
the commercialization stage. It is hoped that this initiative will assist our local researchers in

commercialising research products, particularly in the field of bionanotechnology. This
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initiative is also aligned with the theme of 3™ BioNanoSem 2022 which is “Prospering

Bionanotechnology Research, Innovation and Commercialization”.
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| would like to thank all participants involved as plenary speaker, keynote speaker,

invited speaker, video presenter, and poster presenter, as well as sponsors, UTM, MOSTI,
collaborators, committee members, and all agencies and companies supporting this
programme, on behalf of the committee members of the 3rd BioNanoSem 2022. May this

wonderful event achieve its main goal, particularly in the area of Bionanotechnology research.

Yours Sincerely,

ASSOC PROF Ts ChM Dr NIK AHMAD NIZAM NIK MALEK
Director,
34 Bionanotechnology Research Seminar and Conference (BioNanoSem) 2022,

Director,

Centre for Sustainable Nanomaterials (CSNano),

Ibnu Sina Institute for Scientific and Industrial Research (ISITISIR),
Universiti Teknologi Malaysia (UTM).

[ 6
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Foreword by Director of National Nanotechnology

Centre (NNC), MOSTI

Bismillahirahmanirahim.

Assalamualaikum Warahmatullahi Wabarakatuh dan Selamat Sejahtera,

We are deeply grateful to Allah SWT, the Most Merciful and Most Beneficent, for the
successful organisation of this year’s Bionanotechnology Research Seminar and Conference
(BioNanoSem) 2022. My gratitude also goes to the Centre for Sustainable Nanomaterials
(CSNano), Universiti Teknologi Malaysia (UTM), Malaysian Biomaterial Society (MBS) for cor
organising BioNanoSem 2022 with the National Nanotechnology Centre (NNC), Ministry of
Science, Technology and Innovation (MOST]I).

In August 2011, MOSTI established the National Nanotechnology Centre (NNC),
formerly known as the National Nanotechnology Directorate (NND). NNC is responsible for
and functions as the national nanotechnology reference centre. NNC coordinates national
development of public policies and Research and Development (R&D) initiatives on
nanotechnology, including from the aspects of product development and new technologies,
as well as standards and regulations development for safe applications of advanced materials
and nanotechnology in Malaysia. The culmination of these past efforts at both national and
international levels, is the official launch of the National Nanotechnology Policy and Strategy
(DSNN) 2021-2030 and the recently launched National Nanotechnology and Products
Roadmap 2021-2025 as an official supporting document to the DSNN. NNC has been
entrusted to ensure the aspirations of these two public reference documents are achieved by
the timeline prescribed but these cannot be executed solitarily without partners,
shareholders and stakeholders in nanotechnology.

Hence, the BioNanoSem 2022 is a great platform for all nanotechnologist to exchange
ideas, scientific findings, fostering collaborations and best practices in nanotechnology, in line
with Strategic Thrust 2 in DSNN: Advancing Research and Development (R&D). Furthermore,

it supports the objectives of BioNanoSem 2021 and the scope of UTM's Research and
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Innovation Blueprint in 2021, intended to serve as a guide for UTM's pursuit of excellence in
R&D, commercialisation and innovation (R, D, C & I). | trust a lot of learnings and experiences
will be shared over the course of two days and the thoughts of inspiration and motivation are
all set to move along with us outside this venue as our lifelong learnings, together as
collaborating partners. Therefore, participation in BioNanoSem 2022 and the outcome will
potentially improve our progress in nanotechnology R&D and assist us to navigate dynamic
and evernchanging global environment, which calls for experts who are knowledgeable in
sailing the challenging currents and lead society for a better future through nanotechnology.

Congratulations to everyone who contributed to making this year’s BioNanoSem a
resounding success. Once again, thank you to CSNano (UTM), MBS and the team from NNC
for all their effort and commitment. | also would like to record my thanks to the participants

of this year’s BioNanoSem and | am looking forward to meeting you again in the near future.
Terima kasih.
Sincerely,

ASSOCIATE PROF. DR. RUSLINDA A. RAHIM

Director,

National Nanotechnology Centre (NNC),

Ministry of Science, Technology and Innovation (MOSTI)
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Foreword by President Malaysian Biomaterial Society

Assalamu’alaikum Warahmatullahi Wabarakatuh and Salam Sejahtera.

First and foremost, it is a great pleasure to welcome all of you to the 3rd Bionanotechnology
Research Seminar and Conference (BioNanoSem) 2022, hosted by Centre for Sustainable
Nanomaterials (CSNano), Universiti Teknologi Malaysia (UTM), National Nanotechnology
Centre (NNC), MOSTI and Malaysian Biomaterial Society (MBS) proud to be one of the
collaborator.

MBS is a national organization that incorporates scientists, engineers, and clinicians
to promote the knowledge of biomaterial sciences towards the betterment of fundamental
and clinical sciences. In line with the MBS aims and objectives, this research seminar will
promote primary goals of enhancing research, innovation, and commercialization in the
bionanotechnology field. Beside that MBS always encourage establishment of research
linkage within organisations and exchange of information in biomaterial science and
commercialization.

We welcome all the participants to join our exciting posticonference workshops
entitled Nanotechnology in Biomaterials: Current Perspectives in 5th of August 2022.

On behalf of the MBS, | take this opportunity to thank to BioNanoSem committee
members for given us an opportunity to collaborate in this prestige conference and to bring
together researchers from around the country. Finally, my deepest appreciation goes to
every person in organizing committees for their hard works and strong commitment and
also support from MBS and BioNanoSem to make this conference a grand success.

Wishing all of you may have an informative discussion and enjoy the wonderful

moment.

Thank you.

PROFESSOR TS. DR. ISMAIL BIN ZAINOL
President,
Malaysian Biomaterial Society (MBS)
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REVOLUTIONT - Commercialising High Value
Nanotechnology Solutions to the Market

Rezal Khairi Ahmad, Daniel Bien Chia Sheng*, Devandran Krishnan, A. Mulia
Hafizayatullah Amiruddin, Nurul Aini Azam, Nurul Izyan Supiandi, Shalini
Muniandy, Priyaa Darshinie Chanthira Sakaran, Norhaizam Mustaffa, Nur
Diyana Syazwani Zambri, Farhan Haziq Azharollah, Mohamad Haziq Alias,

Muhammad Hidayat Mohtar Apandi
NanoMalaysia Berhad, Level 21102, Sunway Putra Tower 100, Jalan Putra, 50350, Kuala Lumpur, Malaysia.
*Email: daniel.bien@nanomalaysia.com.my

Abstract

Nanotechnology helps to considerably improve, even revolutionise technologies and
industrial sectors: information technology, homeland security, medicine, transportation,
energy, food safety, and environmental science, among many others. The Internet of Nano
Things (IoNT) is a network of nanosensors and nanodevices, that are connected to the
Internet and NanoMalaysia Berhad believes that IoNT will be the core driver of the 4"
Industrial Revolution, catalysing. the revolutionary changes in the industry, business, and
society. Hence, under the 12 Malaysia Plan, NanoMalaysia Berhad, a company limited by
guarantee (CLBG) under the Ministry of Science Technology and Innovation (MOSTI) has
established the REVOLUTIONT Programme with GraphneNovation and iNanovation as subn
programmes to pursue the revitalization of industries and innovation through successful
development and commercialisation of high value nanotechnology intellectual properties,
products and solutions in Malaysia.

Ensuring that a sustainable ecosystem is established for the REVOLUTIONT Programme,
NanoMalaysia have identified four critical strategic sectors which presents the most
significant growth opportunities in the medium to long term for the country, namely
Electronic Devices and Systems, Energy and Environment, Food and Agriculture, and
Wellness, Medicine and Healthcare. Supporting these key initiatives are Advanced and Nano
Materials namely Graphene driven by the GrapheneNovation Programme; Nanocellulose,
NanorsSilica, Carbon Nanotubes and NanoCoatings driven by the iNanovation Programme to
ensure a complete value chain and local supply ecosystem is established where most of these
nanometrials can be produced from agriculture biomass waste that is highly available in
Malaysia; enabling Waste to Wealth for a Circular Economy.

As a summary, since the start of NanoMalaysia’s commercialisation programmes in 2016, ton
date more than 70 technologies, products and solutions has been developed with various
industries resulting in more than 50 project Intellectual Properties developed for value
creation; with more than 30,000 potential job opportunities and over RM34 billion in
potential GNI contribution over the next 5 years.

Keywords: nanotechnology; commercialisation; industrial revolution 4IR
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Biography

Dr. Daniel Bien Chia Sheng is a Senior Vice President at NanoMalaysia
Berhad leading the Nanotechnology Programme Delivery Office. In his role,
he is responsible to drive diffusion of nanotechnologytbased materials,
processes, products and solutions to the market in Malaysia through
collaborative projects between industries, government agencies,
professional services companies, research institutions and universities. He
also leads NanoMalaysia’s technology and product development activities
enabling Malaysian industrial migration to these innovative processes,
intermediaries and products to move up the global value chain through
strategic technology roadmaps, IPR licensing, and market positioning. In
his previous experience, he has chaired the National Mirror Committee for
the International Electrotechnical Committee, IEC TCrl1l3 on
Nanotechnology Standardisation for Electrical and Electronic Product and
Systems for Malaysia from 2010 to 2015 and has more than 50
international patent filings and technical publications respectively.
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Nanotechnology in Malaysia 2030: The Journey Begins

Ruslinda A. Rahim

National Nanotechnology Centre (NNC), Ministry of Science, Technology and Innovation (MOSTI),
Level 4, Block C7, Complex C, Federal Government Administrative Centre, 62662 Putrajaya, Malaysia
*Email: ruslinda@mosti.gov.my

Abstract

The National Nanotechnology Centre (NNC), Ministry of Science, Technology and Innovation
(MOSTI) is responsible on national policy formulation and execution, as well as the
development of nanotechnology R&D in Malaysia. The ability to manipulate and engineer
materials at nano scale, brings with numerous opportunities for socioreconomic wellbeing.
For Malaysia, our National Nanotechnology Policy and Strategy 202112030 (DSNN) was
launched last year in November 2021 to create a dynamic and progressive nanotechnology
ecosystem, highlighting the potential of nanotechnology as a new economic driver and in
solving various challenges faced by the country. This national policy comprised four strategic
thrusts, supported by 15 strategies and 32 initiatives across the various economic sectors that
would provide a sustainable nanotechnology ecosystem development in Malaysia. The
aspirations of the DSNN are further enhanced by an official supporting document, the
National Nanotechnology and Products Roadmap 202112025. These two important
documents set out Malaysia’s plans and aspirations to be a high technology nation with
robust nanotechnology industry and innovation ecosystem by 2030. The possibilities leading
to 2030 are endless as nanotechnology can exist in almost all levels of and verticals of
applications, be it the medical and healthcare, industrial sector, and even in food security.

Keywords: nanotechnology; policy; development.

Biography

Ruslinda binti A. Rahim obtained her Ph.D in Nanoscience and
Nanoengineering from Waseda University, Japan. She graduated with M. Eng
and B. Eng in Electrical and Electronic Engineering from Muroran Institute of
Technology, Japan. Currently, she is the Director of National Nanotechnology
Centre (NNC), Ministry of Science, Technology and Innovation (MOSTI). She is
a Research Fellow in Institute of Nano Electronic Engineering (INEE), Universiti
Malaysia Perlis (UniMAP), Associate Research Fellow in Institute of
Microengineering and Nanoelectronics (IMEN), the National University of
Malaysia (UKM) and Visiting Professor in Czech Technical University in Prague.
Her research interests include nanoelectronics, nanostructure device,
nanosafety, biosensors, bioelectronics, DNA and protein detection, Aptamer
and surface chemistry on carbonnbased materials. She is actively involves in
Board of Engineers Malaysia, Professional Technologist Malaysia (MBOT)
(Nanotechnology), serves as Exco of Asia Nano Forum (ANF), Committee
member of Malaysia Nanotechnology Association, Board of Member Malaysia
Sensor Society and Editor of the International Journal of Nanoelectronics and
Materials.
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Green Silver Nanoparticles as Antibacterial Agent in
BiogenictHydroxyapatite/Collagen Composite for Bone
Filler Applications

Ismail Zainol®*, Mira Azah Najihah Zainurin?, Mustafa Mudhafar®, C.N. Aiza

Jaafar®

aDepartment of Chemistry, Faculty of Science and Mathematics, Universiti Pendidikan Sultan Idris, Perak.
bDepartment of Anesthesia and Intensive Care Techniques, Faculty of AL, Tuff Collage, Karbala, 56001, Iraq.
®Department of Mechanical and Manufacturing Engineering, Faculty of Engineering, Universiti Putra Malaysia.
*Email: ismail.zainol@fsmt.upsi.edu.com

Abstract

The major component of human bone are collagen and hydroxyapatite. The biomimetic
collagen—apatite composites material provides excellent mechanical and biological properties
suitable for bone fillers applications. Incorporation of silver nanoparticles (AgNPs) in the
collagenthydroxyapatite composite is expected to enhance the antibacterial properties of the
materials. The aim of the present study was to prepare antibacterial fish scales
hydroxyapatite/fish collagen/silver nanoparticles (FsHA/FsCol/AgNPs) in the form of beads
for bone fillers applications. The FsHA and FsCol were extracted from fish scales whereas
AgNPs was synthesised using green chemistry method. The synthesized FsHA, FsCol and
FsHA/FsCol/AgNPs composite materials were characterized using Fourierntransform infrared
spectroscopy (FTIR), scanning electron microscopy (SEM), energy dispersive xtray analysis
(EDX) and x ray diffraction analysis (XRD) to identify the chemical structure and surface
morphology. The cytotoxicity of the FsHAp/FsCol/AgNPs composites was evaluated using
Alamar blue assay. Antibacterial property of the composite was conducted against Escherichia
coli (E. coli) and Staphylococcus aureus (S. aureus). The results had proved the presence of
hydroxyapatite and collagen functional groups in the samples from FTIR, EDX and XRD
analysis. FESEMEDX analysis had shown the morphology of porous composites beads with
AgNPs well dispersed in the FsHA matrix. The FsHA/FsCol/AgNPs composite produced has
shown good antibacterial properties and was found to be biocompatible material. The
composite produced has high potential to be used as bone filler materials.

Keywords: fish scale hydroxyapatite, silver nanoparticles, antibacterial, bone filler

Biography

Prof. Ts. Dr Ismail Zainol received his PhD from UMIST, Manchester, United
Kingdom in 2001 and he was a senior researcher at SIRIM Berhad for 15 years
before joining Chemistry Department, Universiti Pendidikan Sultan Idris
(UPSI) in 2008. He is elected President of Malaysian Biomaterials Society
(MBS) since 2020. His main research interests are biomaterials and polymer
composite. Currently, he explores the usage of fish scales in biomaterials
application with collagen as wound dressing and hydroxyapatite as fillers in
biopolymer for biomedical applications.
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Advancing Biorefinery by Nanobiocatalysts

Rosli Md Illias?*

aSchool of Chemical and Energy Engineering, Faculty of Engineering, Universiti Teknologi Malaysia, Johor,
Skudai, 81310, Malaysia

bDepartment Deputy Vice Chancellor (Research and Innovation), Level 3, Sultan Ibrahim Chancellery Building,
Universiti Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia

*Email: rmrosli@utm.my

Abstract

Bioeconomy has been seen as one of the ways to solve issues and challenges face by the world
today. Biorefinery is among the strategy that contributed to sustainable circular bioeconomy
where biomass resources are converted into valuable bioproducts and energy. Enzymes are
nature’s catalyst that are designed to accelerate specific reactions with high selectivity. Their
role in converting biomass into products is crucial in biorefinery. However, limitations
involving enzyme as biocatalysts include its performance in terms of stability and reusability
that affecting cost and timeline of the reaction process. Immobilization of enzyme is one of
the preferred methods to solve these issues. The advancement of nanomaterial and enzyme
technology has led to the development of nanobiocatalysts. Nanobiocatalysts with its
enhanced properties is expected to improve and advance enzyme technology usage in
biorefinery.

Keywords: enzyme technology; biorefinery; nanobiocatalyst

Biography

Professor Dr. Rosli Md lllias is the Deputy Vice Chancellor (Research &
Innovation) and a lecturer at Department of Bioprocess and
Biopolymer, School of Chemical and Energy Engineering, Faculty of
Engineering, Universiti Teknologi Malaysia (UTM). His expertise is in
molecular enzymology and enzyme expression. He has been working
for more than 25 years in enzyme reaction, protein engineering and
immobilization of enzyme especially for the conversion of biomass.
Currently working in the development of nanobiocatalysts and also
looking at the molecular level of nanomaterial as well as enzyme
molecule interactions.
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Way from Lab to Market: Experience Sharing

Srimala Sreekantan®®

aSchool of Materials and Mineral Resources Engineering, Engineering Campus, Universiti Sains Malaysia
bCentre of Innovation and Consultation, Universiti Sains Malaysia, 11800, Universiti Sains Malaysia
*Email: srimala@usm.my

Abstract

Commercialization is the process of bringing new products or services to market. The growing
need to commercialise university research has forced every academic institution to rearrange
its research efforts in order to create marketable products. It begins with concept
development and progresses through proof of concept, field validation, certifications, and
finally commercial deployment. It may appear simple, yet achieving the ultimate aim often
involves several obstacles. My journey from the lab to the market is shared in this talk. Every
customer's pain point is a business opportunity. Determine the existing offering’s limitations
and begin working on it differently. Make competition irrelevant to your invention. Also,
stakeholder engagement such as policymakers, industry, and customers at the research and
developmental stage will perfectly align you to build a market fit product rather than just a
minimum viable product. Apart from that, research and development (R & D) efforts must
telegraph the feasibility, cost, scalability, intellectual property, etc. to ensure the product is
commercially viable and has a degree of public value that could potentially result in increased
profitability for the company. In short, design smartly your journey from lab to market to
achieve the ultimate goal.

Keywords: commercialization; invention; lab to market; experience.

Biography

Prof Ir Dr Srimala Sreekantan is a Professor in the School of Materials & Mineral
Resources Engineering, USM. She is an enthusiastic academician and researcher
with extensive involvement in teaching and material engineering research. She has
been spent almost 16 years to develop, optimize and simplify the technology

involved in the synthesis of nanomaterials which has great significance for green

energy, biomedical and environment applications. Her unique and innovative
" inventions have also received many gold and special awards in the national and
international exhibition. She has been published more than 150 ISI research
articles, and her research works have been presented in 130 over conferences.
Unlike many in the community who regard entrepreneurship and academia as
incompatible, she views entrepreneurship as an opportunity for academic
professionals to contribute to nation development. She also has been awarded as
Top Research Scientist Malaysia 2015 and Great Women of Our Time 2016 Award
of Science & Technology for her distinguishable contribution in Science and
Technology. She has been awarded 10th National Academic Awards for innovation
commercialization category; for her outstanding contribution in innovation and
commercialization achievements. In 2021, she formed a spin off to commercialize
her inventions. The international awards, recognition and being a business lady
shows the strength to drive the research from lab to the market.




e

/
BioNanoSem

BIONANOTECHNOLOGY RESEARCH
Keynote Speaker 4

DERMAGS® Skin Solution — Intensive Brightening
Series & AntinAging with AlphatMAGs®

Mariani Abdul Hamid*, Park Chang Seo, Ramlan Aziz and Mohamad Roji

Sarmidi

School of Chemical & Energy Engineering, Faculty of Engineering, Universiti Teknologi Malaysia, 81310 Skudai,
Johor

*Email: mariani@utm.my

Abstract

DERMAGS® Skin Solution is antaward winning skincare range that focusing on correcting
hyperpigmentation, skin brightening and antinaging with AlphatMAGs®.  Research
collaboration between Universiti Teknologi Malaysia and Dongguk University, South Korea,
the distinctive characteristic of these products is its unique delivery system, which involve
niosome technology as nano carrier to enhance the penetration and distribution of Alphan
MAGs® to the stratum corneum and skin epidermis. Study shows that AlphatMAGs®, a
xanthone extracted and purified from mangosteen pericarp, directly inhibits the production
of melanin formation and intracellular tyrosinase activity, promoting skin brightening as well
as inducing collagen synthesis from within. The upward trend of cosmetics industry towards
employing natural/herbaltbased contents (44%) justifies the huge market potential of
DERMAGS®. Technology using mangosteen pericarp fits well with sustainable ecosystem
engineering for the betterment of mankind.

Keywords: niosome technology; AlphatMAGs®; DERMAGS®; antinaging; hyperpigmentation

Biography

Dr Mariani Abdul Hamid is currently a Senior Lecturer at School of Chemical
and Energy Engineering, Faculty of Engineering at Universiti Teknologi
ﬁ Malaysia. She served as a principal investigator (PI) and cornPl on several
, : grants funded by the Ministry of Higher Education of Malaysia. She has
\ \ ’ published widely in the field, with over 20 publications in peer reviewed
// international journals and book chapters. She is also currently the Managing
Director for Biopro Cosmeceutical Sdn. Bhd. (UTM’s spinnoff company).
Determined to find a natural solution for Malaysian women’s skin problem,
her efforts eventually bore fruit when made a huge discovery. Dr Mariani
had discovered a natural compound namely Alpha mangostin or Alphan
MAGs®, a compound that can whiten human skin cells and alleviate skin
problems such as oily and dull skin as well as stimulates collagen
production. Three years of comprehensive investigation with Professor Park
Chang Seo from Korean International Cosmetic Research Institute, had
given Dr Mariani enough confidence to convert her research into a premium
skincare product. DERMAGSs® is her firstnever skincare product.
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Gellan Gum Biopolymer Incorporated Fillers in the
Development of Wound Dressing Materials

Khairul Anuar Mat Amin (Amin, K. A. M)

Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, 21030 Kuala Nerus, Terengganu,
Malaysia,

Email: kerol@umt.edu.my

Abstract

Gellan gum (GG) has gained considerable attention in the food, chemical, and pharmaceutical
industries due to its functional characteristics. It has versatile properties, such as water
solubility, easy bionfabrication, good hydrogel formation, biodegradability, and
biocompatibility. These properties render GG a promising material in biomedical applications,
specifically in the development of wound dressing materials. Various fillers, such as titanium
dioxides, clay, drug, and honey, have been incorporated in GG to produce film, hydrogel, or
scaffold materials. The effects of filler on the mechanical performance, physical properties,
antibacterial activities, and healing activities of GG biocomposites through intvitro and innvivo
studies were explained. In conclusion, it shows that GG incorporated with various fillers has
shown a promising result to be used as wound dressing products.

Keywords: gellan gum; wound dressing; honey; collagen
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Development of Green Silver Nanoparticles and
Application: A Transdisciplinary Approach

Nik Ahmad Nizam Nik MalekaP

3aCentre for Sustainable Nanomaterials (CSNano), Ibnu Sina Institute for Industrial and Scientific Research (ISIn
SIR), Universiti Teknologi Malaysia, 81310 UTM, Johor Bahru, Johor

bDepartment of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 UTM, Johor Bahru, Johor
Email: niknizam@utm.my

Abstract

Silver nanoparticles (AgNP) are an advanced nanomaterial with strong market demand for
antimicrobial applications and applications in the electronics sector. AGNP can be synthesized
using a variety of processes, including physical and chemical ones. Because of the issues with
traditional methods, such as high energy consumption and the use of harmful chemicals,
AgNP can be synthesised utilising a biological approach, which is considered a green and
sustainable process. It begins with the selection of a bioresource as a bioreducing agent,
followed by biosynthesis optimization, AgNP characterisation, AgNP modification for a
specific use, and then the specific application. Plant extracts (spices, herbs, fruits, and so on),
microalgae, bacteria, fungi, and honey are among the bioresources. The biosynthesized AgNP
is a hybrid organicrinorganic substance that is difficult to comprehend. As a result, the
development of biosynthesized AgNP and its multiple applications is a multidisciplinary
endeavour that necessitates a fundamental understanding of a wide range of fields, including
biology, chemistry, physics, mathematics, biomedical science, and others. Understanding
these fundamental principles may assist researchers in optimising AgNP production and use
it effectively and sustainably.

Keywords: Silver nanoparticles; transdisciplinary; biosynthesis
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Abstract

Being an entrepreneur from an academician is not an easy transformation. As innovation is
crucially needed to transform knowledge into applications, academicians are facing a
challenging journey to ensure research is successfully transformed into commercialization. A
NanoTechnopreneur — a term used quite often nowadays for the growth mindset to
transform ideas into commercialization in nanotechnology especially in mitigating the climate
change. The talk presents the challenging route in nanotechnology research and innovation
such as: 1. Why ResearchiDevelopmentrinnovationtCommercializationtEconomy (RDICE) is
important in translating researchntorrevenue? 2. The CEO Thinking in nanotechnology 3. What
are needed to set up and accelerate a research starttup? 4. What are the elements in Business
Model Canvas (BMC) for low carbon research? 5. Startnup nation and its dynamic execution,
and other experience sharing in materializing the nanotechnopreneurship. The business plan
and the impact of the technopreneur covers multiplier impact on socioeconomic drivers of
quintuple helix which consists of society, academia, government, industry, and environment.

Keywords: Nanotechnopreneur; starttup nation; low carbon emission; accelerator; climate
change
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Hanis Mohd YusoffaP

3Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, 21030 Kuala Nerus, Terengganu,
Malaysia

bAdvanced Nano Materials (AnoMa) Research Group, Faculty of Science and Marine Environment, Universiti
Malaysia Terengganu, 21030 Kuala Nerus, Terengganu, Malaysia

Email: hanismy@umt.edu.my, hanismy7@gmail.com

Abstract

Green synthesis of zinc oxide nanoparticles (ZnO1NPs) has gained more interest among
researchers because of its simplicity, low cost and wide range of applications. Green synthesis
approach of ZnO1NPs can be carried out by using plant extracts, microorganisms, algae or
even industrial or agricultural wastes. During synthesis process, the synthesis conditions can
be modified to produce specific desired morphologies, however that are mostly favourable in
chemical synthesis of ZnOTNPs. It is very important to optimize synthesis in green synthesis
route of ZnOnNPs to produce comparable NPs with chemical synthesis route. The synthesis
conditions include species of plants, reaction time, and several calcination temperatures.
ZnOnNPs display excellent applications ranging from physical to biological applications such
as antibacterial properties.

Keywords: ZnOnNPs; green synthesis; plant extracts
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Nanocellulose — Our Research Experience
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Abstract

Bacterial nanocellulose (BNC) is a multifunctional nanomaterial that is classified as highly
versatile biorenewable biopolymers that is nonntoxic. The unique properties of BNC such as
high crystallinity, water holding capacity, tensile strength and flexibility offers good potential
applications in industrial applications such as biomedical, health care and the environment.
In our search for nanocellulose producing bacteria, shake flasks experiments were carried out
using the modified Hestrin and Schramm (HS) medium under static condition. In general, BNC
was observed at the interface of the liquid and air of the culture medium in the form of white
gelatinous layer. However, in some cases, pellicles were formed at the bottom of the flasks.
Diverse types of samples ranging from rotten mixed fruits, wastewater samples and
commercial organic vinegar were used. |dentification of the bacteria via 16S rRNA analyses
showed the presence of Glucanoacetobacter spp, Asaia sp, Burkholderia sp., Kozakia baliensis
and Bacillus velezensis. The purified BNC samples were either oven dried and/ or freezendried
to a constant weight. The physiochemical characteristics of BNC were determined using the
Scanning Electron microscopy (SEM), XtRay diffraction (XRD), Fourier Transform infrared
spectrum (FTIR) and Thermogravimetric analysis (TGA). Initial studies had shown good
potential application of BNC for the biomedical field and environment. Work is currently in
progress to chemically modify BNC for environmental applications

Keywords: bacterial nanocellulose; Hestrin and Schramm medium; Fourier Transform
infrared spectroscopy; Xmray diffraction; thermogravimetric analysis; biodegradable



e

/
BioNanoSem

BIONANOTECHNOLOGY RESEARCH

ISTPhytMyn006

NanotechnologynBased Studies on Herbal Extract
Delivery for Cosmeceutical Application

Rosnani Hasham®* Farzaneh Sabbagh?, Norhayati Mohamed Noor®, Zaitul Iffa
Abd Rasid® and Siti Hasyimah Suhaimi@

aSchool of Chemical and Energy Engineering, Faculty of Engineering, Universiti Teknologi Malaysia, 81310 Johor
Bahru, Johor, Malaysia

bInstitute of Bioproduct Development, Universiti Teknologi Malaysia, 81310 Johor Bahru, Johor, Malaysia
*Email: rrosnani@utm.my

Abstract

The cosmetic industry is monitored by the pharmaceutical regulatory body in most countries,
where its rapid growth is associated with the increasing demand from consumers. In view of
this, advanced technologies were developed to provide cosmetic functions with optimum
effects for skin and hair, such as skin lightening, antinageing, antiracne, and haircare
treatment. Transdermal and topical delivery of bioactive compounds or drugs have been
established extensively and are promising methods to improve the bioavailability of the
actives to the targeted site. Previously, the frequent systems used were topically applied
creams and ointments for dermatological problems. Transdermal and topical drug delivery
approaches such as nanoemulsions, liposomes, niosomes, ethosomes, solid lipid
nanoparticles, nanostructured lipid carriers, micelles, and polymeric nanoparticles have
significant advantages over other means of drug administration. The distinctive physical and
chemical properties of nanoparticles enable the transport of substances such as drugs and
cosmetic active ingredients directly to the skin (local or systemic) without going through the
firstrpass metabolism and improve patient compliance.

Keywords: transdermal; topical; cosmetic; nanotechnology; nanocarrier
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Discovering A New World of UltrartHigh Resolution
Imaging With Atomic Force Microscope (AFM)
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Abstract

Since its invention over 30 years ago, the atomic force microscope (AFM) has become firmly
established as a high-performance tool for applications throughout biology, materials science,
chemistry, and physics. The AFM’s core capability, namely nanoscale structural
characterization by imaging topography (height), has only improved with time. Tapping mode
is by far the most used AFM imaging mode. That is because it provides the highest resolution,
the fastest results, it is gentle on samples, and it can measure not just topography, but also
mechanical, electrical, and magnetic properties of samples. But not all implementations of
tapping mode are created equal. Asylum’s blueDrive excitation technique uses a laser to
directly excite the cantilever resonance, making tapping mode simpler, more stable, and more
quantitative. Furthermore, miniaturization of cantilevers for AFM has increased their resonant
frequencies and decreased their thermal noise, allowing faster, lower noise measurements.
When used in our extremely low-noise Cypher AFM, these levers have enabled significant
improvements in imaging resolution in air and especially in liquids. On crystals, individual
atomic point defects can now be routinely resolved and this higher resolution also extends to
biological samples. In this technical talk, we will journey into a new world of ultra-high
resolution AFM imaging using our Asylum Research’s blueDrive™ tapping. This talk is ideal for
all current AFM users, both novice and advanced, and those wanting to explore new
possibilities of the nano world.

Melamine and Cyanuric
Wax Molecules Acid Molecules

Gypsum Crystal Lattice

150 nm image 30 nm image 15 nm image 5 nm image

Keywords: AFM; blueDrive; ultranhigh resolution; tapping mode; atomic point defect
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Abstract

Nanotechnology is a science and the ability to engineer, manipulate and operate materials at
nano scale. This nanoscale, potentially promising and novel abilities or phenomena can be
observed and ultimately engineered, leading to numerous innovation and new applications.
These novel applications and innovation may be assumed to qualify for protection under the
patent law, subject to the fulfilment of required patentability conditions. However, the
unique phenomena and new properties that can be achieved at this extremely small scale can
present a different set of challenges to secure sufficient protection as patents for new
nanotechnology. In any innovationtdriven economies, intellectual property protection
framework plays a crucial role to achieve competitive advantage and continuously promoting
innovation. Companies should adopt relevant intellectual property strategies to remain
competitive. The risk of inability to protect and enforce patents for new nanotechnology
inventions, applications and products can negate further investment in this technology
domain, hinder commercialisation and industry growth. This talk will explore the challenges
in patenting for nanotechnology.

Keywords: nanotechnology; patents; intellectual property.
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Animal Studies
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Abstract

Biomaterial innovation is facilitated by accelerating a revolution that meets the needs of the
21%icentury healthcare system. Technology development for medical treatment, prevention,
and diagnostic applications requires preclinical research. Performance optimization of
biomaterial product with targeted biological system covers in vitro, in vivo, ex vivo, and in
silico models before the clinical trial stage. Preclinical evaluation of nanorbased biomaterial
products has become more stringent recently, especially involving animal studies. The
principle of animal research is to determine the efficacy, compatibility, and potential toxicity
risk typically for shortrterm and longnterm applications. The ideal animal model selection and
experimental design in biomaterial research provide dual importance for pren
commercialization strategies, especially in the biomaterials third wave revolution.

Keywords: Biomaterial product, nanonbased biomaterial, preclinical animal model
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Abstract

Research has shown the significance of nanotechnology in modern medicine over the past
three decades. Nanotechnology have been developed to improve health, which is referred to
as nanomedicine. The application of nanomedicine has been extensively applied in drug
delivery, cancer treatment, diagnostic process and the latest one is for nucleic-acid based
vaccine delivery which is rapidly undergoing development in current COVID-19 pandemic era.
Due to the importance of nanomedicine for current and future health, this field has been
introduced to the secondary level of chemistry education. However, there is still lack of
exposure and knowledge level of the teachers and students about nanotechnology. The aim
of this study was to provide a platform for an easy access of nanotechnology information,
focusing on nanomedicine to students and teachers via mobile application. Other than that,
students’ achievement and interest towards nanotechnology field should be enhanced.

Keywords: nanotechnology; mobile application; chemistry education; nanomedicine
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Abstract

In this research, the novel properties and potential applications of magnesium oxide
nanoparticles (MgO-NPs) and zinc doped magnesium oxide nanoparticles (Mgi-xZnxO-NPSs)
were studied. MgO-NPs and its doped materials were synthesized using a self-propagating
combustion method. The study on doped compounds is to investigate band gap changes in
the new materials. The calcined samples of MgO-NPs and its doped materials were
characterized using XRD, SEM, EDX and UV-Vis spectroscopy. In this research, it was found
that the synthesis route using triethanolamine for the combustion synthesis is suitable for
obtaining pure and single phase substitutionally doped Mgi.xZnxO-NPs up to 27 wt% of Zn?*
at a calcination temperature of 800 °C. The presence of substitutional element in the MgO
lattice has caused changes in the morphologies and crystallite sizes of the materials. The band
gaps were studied and found to be quite intimately connected with their functionalities. The
band gap energies of MgO-NPs and Mg1.xZnxO-NPs obtained from the synthesis (6.05 eV-3.53
eV) exhibit lower band gap energies than the standard value of the bulk MgO (7.8 eV). It was
also found that the presence of substitutional elements Zn in MgO lattice, modifies the band
spectra causing band gap narrowing in the materials. Therefore, it can be observed that for
band gap tuning, other than adjusting the crystallite size, it can also be done, by doping of
foreign metals into the host structure.

Keywords: MgO-NPs; Mg1xZnxO-NPs; combustion; triethanolamine; band gap
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Abstract

Microbial fouling (biofilms) can lead to undesirable microfoulers formation on the marine
man-made structures. Regular maintenance is required, which could result in severe financial
lost. Therefore, a deeper knowledge on the relationship between single marine bacteria
species and coated paint embedded with modified kaolinite is highly relevant for the
development of antibiofilm paint coating. The objective of this study was to determine the
lateral detachment forces of Bacillus niabensis and Alteromonas litorea against modified
kaolinite paint layer using atomic force microscopy (AFM). A reduction of approximately 25
nN  lateral detachment forces was observed for B. niabensis on
Hexadecyltrimethylammonium-Silver-Kaolinite  (HDTMA-Ag-Kao) paint coating layer
compared to non-modified commercial paint layer (control). Whilst 19 kN reduction was
recorded for A. litorea tested on the same material. These findings were supported by a
reduction in both bacteria's contact surface area on the HDTMA-Ag-Kao paint coating layer
when compared to the control, demonstrating that coating’s success reduced bacteria
adhesion to coated surfaces. A decrease in lateral detachment forces and contact surface area
of both marine species on the modified paint layer demonstrates the antibiofilm of HDTMA-
Ag-Kao's paint efficiency, suggesting that it might be a potential approach for preventing
biofilm formation on marine structures.

Keywords: lateral force; biofilm; atomic force microscopy; Bacillus niabensis; Alteromonas
litorea
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Abstract

Graphene nanoplatelets (GNPs) are just one of the attractive graphene-based nanomaterials
that are rapidly emerging and have sparked the interest of many industries. These small stacks
of platelet-shaped graphene sheets have a unique size and morphology that quickly disperse
into other materials such as polymers, resulting in higher-value composite materials with
improved thermal and mechanical capabilities. A detailed analysis of reinforced High-Density
Polyethylene (HDPE) using different sizes (2, 15, 25 um) and compositions (8, 10, 15 wt.%) of
Graphene Nanoplatelets (GNPs) has been conducted. The microstructure of the HDPE/GNPs
nanocomposites was extensively examined during the melt blending and injection moulding
processes. Based on the results, the nanocomposites with different sizes of GNPs exhibited
dissimilar behaviour with different compositions. Furthermore, scanning electron microscope
(SEM) results indicated a homogeneous dispersion for GNP in melt mixing. Moreover,
thermogravimetric (TG) data demonstrate that increasing filler showed a slight increase in the
material's thermal stability. The use of GNPs improved mechanical properties, as evidenced
by the increases in Young's modulus of yield strength from around 100 Pa to over 400 Pa. This
study provides a practical reference for the industrial preparation of polymer-based graphene
nanocomposites.

Keywords: graphene nano-platelets; high-density polyethylene; thermal properties;
mechanical properties; morphology

53



BioNanoSem

BIONANOTECHNOLOGY RESEARCH

P-Phy-My-017

Thymoquinone Nanoparticles and Its Implication in
Cancer Therapy

Nurul Shahfiza Noor®*and Shahrul Bariyah Sahul Hamid®

aDepartment of Toxicology, Advanced Medical and Dental Institute, Universiti Sains Malaysia, Bertam, Kepala
Batas 13200, Penang, Malaysia; nurulshahfiza@usm.my

bDepartment of Biomedical Sciences, Advanced Medical and Dental Institute, Universiti Sains Malaysia,
Bertam, Kepala Batas 13200, Penang, Malaysia; shahrulbariyah@usm.my

*Email: nurulshahfiza@usm.my

Abstract

The use of nanotechnology to increase bioavailability and drug delivery is becoming more
important for the treatment of various human diseases. Therefore, numerous
nanoformulations of various medications have been developed. This review introduces
applications of thymoquinone (TQ) nanoparticles that produced greater therapeutic effect as
an anti-cancer. Here, we provide an overview of the various TQ-nanoformulations and
highlight their efficacy in the prevention of cancer. Therefore, from this review, it can
conclude that TQ nanoformulations may be considered as a potential anti-tumour agent for
clinical translation.

Keywords: thymoquinone; TQ-nanoparticles; anti-cancer
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Abstract

The alarming rise of antibiotic resistance among pathogenic bacteria poses a significant risk
to human health. Antibiotic-resistant organisms infections are becoming more common as a
cause of mortality and morbidity globally. Silver nanoparticles (AgNPs) have emerged as novel
tools that can be utilized to combat fatal bacterial infections, namely antibiotic resistance.
Although the development of bacterial resistance to antibiotics has been extensively covered
in scientific literature, the possibility of resistance to the synergistic activity of AGNPs has not
been thoroughly investigated. Therefore, the present study aimed to address the
antibacterial activity of AgNPs synthesized by employing two medicinal plants, Z. officinale
and C. amboinicus. The synergistic aqueous extract of Z. officinale and C. amboinicus was used
for the green synthesis of AgNPs. The biosynthesized extracts were characterized using UV—
visible spectroscopy. The results revealed the potential of the extracts as reducing and
capping agents, with the surface plasmon resonance (SPR) peak at 433 nm wavelength,
corresponding to the stabilization and reduction of Ag to Ag nanoparticles. Disc diffusion
method was used to evaluate the synergistic antibacterial activity of the biosynthesized
AgNPs against two antibiotic resistance strains, Staphylococcus aureus and Pseudomonas
aeruginosa. The synergistic AgNPs demonstrated potent antibacterial activity against S.
aureus and P. aeruginosa as indicated by the zones of inhibitions. The aforementioned results
indicate that the synergistic effects of biosynthesized medicinal plants can be an alternative
solution in replacing commercial antibiotics, which cause side effects and are less effective
with a combination of local herb extract that possesses antibacterial properties.

Keywords: Zingiber officinale; Coleus amboinicus; synergistic; silver nanoparticles;
antibacterial
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Abstract

Gold nanoparticles (AuNPs) have unigue and outstanding optical properties that can be
applied in various applications. The current productions of AUNPs are cumbersome owing to
the use of reducing agents which are highly reactive and toxic in nature. Hence, a biogenic
synthesis of AUNPs by exploiting local marine tube worm (Polychaeta), Diopatra claparedii as
potential reducing agents was conducted. AuNPs were biosynthesised by using different
masses of polychaete extracts (5, 10, 15, and 20 g) and observed up to 3 months. The
formation of AuUNPs was confirmed by the appearance of red-ruby colour and the presence
of surface Plasmon resonance (SPR) absorption peaks (540-560 nm) from UV-Vis
spectroscopy. The AuNPs were in spherical-like shapes with large aggregations based on
scanning electron microscope (SEM). The average particle size and morphology of AuNPs
were confirmed using transmission electron microscopy (TEM) (25-60 nm) and dynamic light
scattering (DLS) (50-100 nm). Fourier transformed infrared (FTIR) analysis was carried out on
polychaete extracts to explore the functional groups existing and also to prove the absence
of AuNPs in them. Lastly, the antibacterial assessment of AUNPs was examined using Kirby-
Bauer disc diffusion method and revealed the exhibition of antibacterial activity on both
Gram-positive and Gram-negative bacteria.

Keywords: antibacterial; biosynthesis; Diopatra claparedii; gold nanoparticles; polychaetes
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Abstract

Functional sorbent with high oil sorption and excellent oil retention is pivotal to remediating
offshore oil spills. This work demonstrated one-step, facile and energy-efficient carbonization
of superoleophilic-hydrophobic nanopores kapok fibers as effective oil sorbent. The surface
roughness and intrinsic graphite phase of kapok fibers were tunable by varying the
carbonization temperature, enhancing their oil sorption and retention. The carbonaceous
kapok fibers demonstrated tunable oil sorption capacities of 34.0 g/g — 95.5 g/g for 12 oils
with different densities and viscosity. Owing to lumen preservation and nanopore formation,
the carbonaceous kapok fibers selectively absorbed oil slick and repelled water even under
vigorous water vortex, indicating distinctly 100% oil retention of under gravitation force. The
adsorption-desorption isotherms deduced that these nanoporous kapok fibers fell into H3
IUPAC classification, showing the presence of non-rigid lamellar pores appearing on each
fibers. Multiple oil sorption-desorption cycles hold a considerable promise of the
carbonaceous kapok fibers for high reusability with low environmental impact for oil spill
recovery.

Keywords: oil sorption; oil retention; superoleophilic; hydrophobic
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Abstract

The general public are all too familiar with having the label ‘nano’ on their products. A general
definition says nanomaterials must have at least one dimension that is less 100 nanometres.
However, other terms associated with nano are being re-revisited by experts and regulators.
This matter is further complicated when conventional test methods may not be suitable or
reliable for nanomaterial testing. This paper will discuss these nano-products with regards to
their quality, efficacy and safety.

Keywords: nano-product; nanosafety
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Abstract

Increasing industrial activities increases the occurrences of water pollution activities. The
demand for efficient pollutants removal from industrial wastewater are on an alarming need.
Malaysia is one of the world’s largest producers of palm oil. Palm oil plantation produces a
high levels of palm oil biomass waste including oil palm frond (OPF). The abundance of this
biomass creates research interest to utilize the waste materials for waste to wealth purposes.
The Nano-Palm Frond Titania Fiber or Nano-PFTF membrane was prepared with cellulose
acetate (CA) obtained from waste OPF using electrospinning method. This nanofiber
membrane has the capability of adsorption and photocatalytic degradation of the water
pollutants through combination with nitrogen-doped titanium dioxide (N-TiO2). The
synthesized CA, N-TiO2, and Nano-PFTF membrane were characterized using Field Emission
Scanning Electron Microscope (FESEM) and Raman Spectroscopy. The efficiency of the Nano-
PFTF membrane was tested with methylene blue (MB) dye and hexavalent chromium (Cr(VI))
under UV-C and visible light irradiation. Within 120 minutes, the results showed 97.82%
rejection percentage of 10 ppm MB by Nano-PFTF membrane (CA/N-TiO2) while 99% rejection
percentage of 10 ppm Cr (VI) was achieved by Nano-PFTF membrane under visible and UV
light irradiation respectively. Based on these findings, the Nano-PFTF membrane showed
remarkable potential in industrial wastewater treatment application and increase the
potential usefulness of waste OPF.

Keywords: oil palm frond; cellulose acetate; titanium dioxide; nanofiber; photocatalytic
degradation
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Abstract

Antibacterial materials are now used in a variety of applications, including disinfecting
surfaces and maintaining a healthy, clean environment. This reduces the risk of bacterial
infection and eliminates potentially harmful microbes that can cause morbidity and mortality.
Poly-(-caprolactone) (PCL) and nanoparticles combine to form a biodegradable, antibacterial
biomaterial that is essential for preventing and combating dangerous bacterial infections. This
study explores the incorporation of multi-walled carbon nanotubes (MWCNTSs) and selenium
nanoparticles (SeNPs) into poly-(-caprolactone) (PCL) nanofibers to create PCL-MWCNTSs-
SeNP nanofibres. FESEM images revealed the formation of aligned fibres less than 530 nm in
size, which were produced before degrading after four months. The presence of nanoparticles
accelerated the biodegradation process by agglomerating nanofibres containing MWCNTs
and SeNPs, creating holes that aid in the degradation of the PCL-MWCNTs-SeNP nanofibre.
The inhibition zones on Staphylococcus aureus and Escherichia coli were around 16 and 13
mm, respectively, based on the disc diffusion technique for PCL-MWCNTs-SeNPs nanofibre.
In the fourth month, the synergistic effects of MWCNTs and SeNPs in the nanofibre were more
effective in inhibiting both bacteria and began degradation. In the PCL-MWCNTs-SeNP
nanofibre, the characteristics of PCL nanofibre were retained and capable of reducing
hydrophobicity and increasing biodegradation rate, as well as antibacterial properties.
According to the findings of this study, PCL-MWCNTs-SeNPs nanofibre can be used in a wide
range of applications, from consumer items to specific applications, particularly in healthcare
and medical applications.

Keywords: poly(e-caprolactone) nanofiber; multi-walled carbon nanotubes; selenium
nanoparticles; antibacterial; degradation
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Abstract

Nanotechnology have received high increase in publicity globally. The potential of intellectual
property and patent portfolios have driven most of the countries, governments, stakeholders,
industries, and individuals towards this nanotechnology revolution. Moving forward, the
global nanotechnology market will swell to approximately $173.95 billion by 2025.
Nanotechnology in Malaysia started way back in the year 2001 as part of the several research
groups in institutions of higher learning and research institutes that embarked on
nanotechnology research. Throughout the year 2011 to year 2019, Ministry of Science,
Technology and Innovation (MOSTI) have funded nanotechnology projects through various of
funds in order to support the nanotechnology development in the country. Thus, the data
was collected from Fund Unit of Ministry of Science, Technology and Innovation and all of
these funds are compiled and data analysis was carried out. As a conclusion, 187 project have
been funded by MOSTI under 5 funds. According to key strategic jumpstart sectors, Electronic
Devices and Systems and Wellness, Medical and Healthcare have the most nano related
project funded with 57 projects respectively, followed by Energy and Environment with 30
projects, Food and Agricultural with 18 projects and last but not least other sectors with 25
projects. Most of this project recipients are from universities with 137 projects, Government
Research Institutes with 46 projects and small medium enterprise with 4 projects. Moving
forward, all of this research projects have to go through commercialisation with new funds
introduce in MOSTI as this will ensure the sustainability of nanotechnology in our country.

Keywords: nanotechnology; projects; funds.
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Abstract

Amongst the issues and challenges in managing and operating Science, Technology and
Innovation (STI) activities are low optimization usage of technical and research
infrastructures, difficult access to state-of-the-art scientific instruments and technical
expertise, and high financial expenditure outside Malaysia to obtain nanotechnology testing
and fabrication services. In order to overcome these issues and challenges, the National
Nanotechnology Laboratory Network's (NNLN) portal and system directory were developed
and launched by the Minister of Science, Technology, and Innovation (MOSTI) Malaysia on 3™
February 2021. The NNLN initiative aims to establish a network of research infrastructure
institutions that can be used collaboratively to develop technologically advanced scientific
innovations supported by expert scientists and nanotechnologists. Furthermore, The NNLN
was created to develop a National Nanotechnology Inter-Laboratory platform that would
offer more access to equipment for quick prototype creation and upgrading newly generated
technology to a higher degree of technology readiness level. Data was collected through
physical and online surveys conducted in 2019 and 2020 involving 29 institutions. The data
collected were categorized into three (3) types of laboratories: Testing Laboratory, Synthesis
Laboratory and Fabrication Laboratory. The information available on the portal and system
directory are the number of laboratories, researchers, technical equipment, publications,
intellectual properties and commercialisation. Overall, the NNLN initiative was introduced to
create a reliable research infrastructure network for scientific innovation and a coalition of
institutions with cutting-edge technology and research expertise.

Keywords: NNLN; portal; system directory; laboratories; nanotechnology
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Abstract

This study aims to elucidate the role of hydrogen bonding interaction between polymeric
starch and water via computational analysis. Density functional theory (DFT) and molecular
dynamic (MD) simulation methods were employed to study the respective interaction of
starch and water. From the simulation obtained by DFT, the bond length of 1.85 A measured
between O11 and H111 was obtained using a basis set of DFT/6131 (d.p) model for the
possibility of hydrogen bonding between natural starch and water. In addition, the decreasing
value of Mulliken charge for atom O11 in both structures of amylose with or without water
suggests the possible formation of a hydrogen bond with H111. Furthermore, simulation
studies using MD calculated that the average number of hydrogen bonds present was 13, thus
suggesting the possibility of the successful formation of hydrogen bonds. Analysis of density
maps showed that the water molecules tend to interact strongly with amylose chains, thus
reducing the hydrogen bonding among amylose structures and increasing the interaction with
water. This increment in interaction indicates the ability of starch to absorb water efficiently
for the application as a superabsorbent.

Keywords: density functional theory; hydrogen bonds; molecular dynamic; natural starch
superabsorbent.
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Abstract

The number of haemodialysis patients increasing year by year. Until 2015, there were 37,183
(1220 per million population) patients are dialysis at centre of haemodialysis in Malaysia. In
Malaysia, kidney transplantation is very limited and mostly of endnstage renal disease patients
require dialysis. In addition, there also high cost to do kidney transplantation. So, these
patients will undergo alternative treatment which is haemodialysis treatment. This treatment
will ongoing for their lifetime. It will affect their psychosocial in their life. In this study, we
explore psychosocial impact and coping activities by Islamic perspective among lownincome
haemodialysis patients. We recruited a cross sectional study from 20 respondents of
haemodialysis patient. The survey collected data on sociodemographic and selfradministrated
structured questionnaire on psychosocial impact with close questions. Descriptive statistical
analysis was analysed using SPSS version 26. A total of 20 respondents were involved, all
respondents have negative impact on psychosocial. Our result shown that all respondents
express their feelings by praying and worship to get closer to God for releasing the stress.
These findings also shows that they got help from family for emotional support. In conclusion,
this study found that this lifetime treatment has severe impact on psychological and
emotional towards lowrincome haemodialysis patients and need to provide urgent
intervention strategies to avoid uncertainty problems in this ongoing treatment.

Keywords: psychosocial; haemodialysis; lownincome; Islamic
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Abstract

Due to nonnspecificity, conventional chemotherapy regimens not only kill fastrgrowing tumor
cells, but also fastrdividing healthy cells and lead to numerous side effects after chemon
treatment. Thus, it is pivotal to timely design the right drug carrier system with improved
selectivity, effectiveness and controlled release of the drug into systemic circulation. In this
study, we synthesized gold nanoparticles (AuNPs) according to the Turkevich method by
chemical reduction and fabricated the surface by thiolated polyethylene glycol (PEG) for
carboxyl terminated. 1nEthyln3n[3ndimethylaminopropyl] carbodiimide, EDC and Nnhydroxyn
succinimide, NHS were used as a mediator linker for conjugating CD133 monoclonal antibody
to AuNPs via covalent bonds. The synthesized products were characterized by Xray
diffraction (XRD), UVnvis spectroscopy, transmission electron microscopy and dynamic light
scattering. Conjugation of antinCD133 mAb onto PEGylated AuNPs was confirmed with the
use of UVnvis, BCA protein assay and fluorescence microscopy. Comparison of the peaks in
the XRD pattern with the standard database confirmed that the synthesised product
comprised the facencentred cubic lattice of Au. The surface plasmon resonance peaks of
AuNPs and PEGylated AuNPs were detected at 522 nm and 525.5 nm, with polydisperse index
values were 0.408 and 0.521, respectively. The size of AuNPs increased from 13.0 nm to 19.0
nm after the modification with PEG. Based on the BSA standard curve, the efficiency of the
uptake of antitCD133 mAb was 82.35%. Whereas PEGylated AuNPs not conjugated with antin
CD133 mAb accumulated mainly at the cellular membrane, nanoparticles conjugated with
antinCD133 mAb were contained within the nuclear region of the cells. The results of this work
demonstrated that simultaneous functionalisation of PEGylated AuNPs with antibodies and
chemotherapeutic drugs is a viable strategy to combat cancer through targeted drug delivery.

Keywords: gold nanoparticles; Turkevich method; characterization
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Abstract

In recent years, green synthesis of nanoparticles using planttmediated process has been an
emerging research and development in the field of medicinal biotechnology. Tualang honey,
a potential natural antioxidant medicinal agent, has been shown to protect against
neurodegenerative disorders. Present study explored the ameliorative effects of silver
nanoparticles (AgNPs) synthesized using Tualang honey on glutathione level following kainic
acid (KA)tinduced seizure in the rats’ hippocampus. Sprague Dawley male rats (n=42) were
randomly divided into seven groups such as control, AgNPs 10 mg, AgNPs 50 mg, KA alone,
AgNPs 10 mg+KA, AgNPs 50 mg+KA and Topiramate+KA, and each group were pretreated
orally with either distilled water, AgNPs (10 mg/kg or 50 mg/kg) or Topiramate (40 mg/kg),
respectively, five times at 12 h intervals. Saline or KA (15 mg/kg body weight) were injected
subcutaneously 30 min after last oral treatment. All animals were sacrificed 24 h after KA
injection and their hippocampus were harvested for determination the level of reduced
glutathione (GSH), oxidized glutathione (GSSG) and GSH:GSSG ratio by using commercially
available ELISA kits. The significant (p<0.05) decrease in the level of GSH in KA alone group
was ameliorated by both doses of AgNPs pretreatments. Meanwhile, the elevation of GSSG
level in KA alone group was significantly (p<0.05) reduced by the pretreatments of AgNPs 10
mg and Topiramate of KAminduced groups. Remarkably, only AgNPs 10+KA group was
significantly (p<0.05) increases the GSH:GSSG ratio after KA induced. In conclusion, AgNPs
showed potential protective effects by modulating the glutathione system in the rats’
hippocampus after KAninduced.

Keywords: silver nanoparticles; Tualang honey; glutathione; kainic acid; hippocampus
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Abstract

Nanocomposite hydrogels also called hybrid hydrogels like alginate (Al) and agarose (Ag)
embedded with silver nanoparticles (AgNPs) can be described as a hydrated polymer
network. Effectively blending alginateragarose (Al/Ag) with AgNPs, can contribute to
enhanced structural stability and physical properties. Nanobiocomposite hydrogels are
prepared by effectively combining alginate and agarose into a hydrogel beads form and
embedding the AgNPs within the Al/Ag hydrogel matrix thru random distribution. Hence,
this study aims to synthesize and characterize the antimicrobial silver nanoparticles
integrated with Al/Agrbased hydrogel as nanobiocomposites that can result in quick healing
at an affordable rate, with limited discomfort to the patients. Different concentrations of
Al/Ag hydrogels were prepared which are Alis/Ag23, Alig/Ag2e and Alz1/Ag29. The
embedment of silver was done first, by immersing the Al/Ag beads in 1% silver nitrate
solution for 24 hours and 1% trisodium citrate for 24hours. Upon the successful formation
of Al/AgnAgNPs beads, characterization tests such as structure elucidation using FTIR
spectroscopy and surface morphology by SEMIEDX were done to confirm the binding
affinities of silver. Degree of swelling ratio analysis and tensile strength mechanical testing
was performed on Al/Ag hydrogel with and without AgNPs. The significance of antimicrobial
activity exhibited by Al/AgnAgNPs will be tested by two pathogens, P. aeruginosa and
MethicillintResistant Staphylococcus aureus (MRSA). The result of this work demonstrated
that the silver nanoparticles randomly distributed in the Al/Ag hydrogel matrix successfully
forming Al/AgrAgNPs exhibited superior structural stability and the antimicrobial properties
are yet to test.

Keywords: alginateragarose hydrogel; nanobiocomposites; antimicrobial agent; silver
nanoparticles.



e

/
BioNanoSem

BIONANOTECHNOLOGY RESEARCH

PorPhyrtMyn006

Occult Hepatitis B Virus Infection (OBI) Detection using
an Optimized Nested Polymerase Chain Reaction (PCR)
and Sequence Analysis of the Srgene of the Hepatitis B
Virus

Sharmilah Nehru, Chan Yean Yean, Athirah Mohammad, Nik Haszroel
Hysham Nik Hashim*

Department of Medical Microbiology and Parasitology, School of Medical Sciences, Universiti Sains Malaysia,
Health Campus, 16150 Kubang Kerian, Kelantan
*Email: haszroel@usm.my

Abstract
Occult Hepatitis B virus infection (OBI) is a risk factor for chronic liver disease and

hepatocellular carcinoma (HCC). OBl is defined as HBV DNA detection in the serum or liver of
HBsAgmnegative patients with or without serologic markers of previous viral exposure.
Naturally occurring mutations happens quite frequently in hepatitis B virus (HBV) due to its
replicative strategy, that leads to the production of many nonnidentical variants during each
replicative cycle. These mutants are responsible for falsetnegative Hepatitis B surface antigen
tests which result in the patient being undiagnosed. The objective of this research proposal is
to sequence and identify mutations in the Stgene of the hepatitis B virus surface antigen gene
in patients with OBI. This study will be conducted in Hospital Universiti Sains Malaysia,
Malaysia. Residual blood samples from new and lapsed blood donors will be screened using
antinHepatitis B core total serology. Samples found to be positive will be further tested with
optimized nestednPCR to confirm the presence of HBV DNA. Primers targeting the HBsAg gene
will be used. Sera from patients with chronic HBV infection will be used as control. The PCR
products found positive will be sent for sequencing. The sequencing results will be compared
to wild type sequence obtained from Genbank and analysed using BLAST software. This study
will identify the possible genetic cause of OBI.

Keywords: Occult Hepatitis B; mutations; surface antigen; nested PCR; HBsAg
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Abstract

The measurement consistency of an assessment tool in biomedical research is important for
validation of data. This study aims to determine the reliability of SketchAndCalc™ Area
Calculator software in evaluating the obturated surface area of mandibular premolars and
molars between two examiners and compare to the previous studies. 30 scanning electron
microscopy (SEM) images of extracted single rooted mandibular premolars and 30 SEM
images of mandibular molars were obtained from previous studies. The extracted teeth were
previously obturated with GuttaFlow Bioseal. Calibration between two examiners was done
prior to start of the study. SketchAndCalc™ Area Calculator software was used to evaluate
the volumetric percentage of obturated surface area. Interrexaminer reliability was
determined between two examiners and compared to the previous studies using Intraclass
Correlation Coefficient (ICC) with the following categories; ICC <0.50: poor reliability, ICC 0.501
0.75: moderate reliability, ICC 0.7510.90: good reliability, ICC >0.9: excellent reliability. The
ICC values between two examiners were 0.979 in mandibular premolars and 0.918 in
mandibular molars. Meanwhile, the ICC values between two examiners and to the previous
studies were 0.844 in mandibular premolars and 0.962 in mandibular molars. Excellent intern
examiner reliability was observed in premolars and molars, however when compared to the
previous studies, good and excellent interrexaminer reliability were observed in premolars
and molars respectively.

Keywords: SketchAndCalc™ Area Calculator software; mandibular premolars; mandibular
molars; GuttaFlow Bioseal; Interrexaminer reliability
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Abstract

Chronic wound infections are a common and hardntonresolve problem that associated with
morbidity and mortality. These wounds occur as the result of delayed and prolonged healing
of the acute wounds, and it is often associated with bacterial infections, which hinder the
formation of new blood vessels and tissue healing process. Further patientrrelated factors
such as diabetes and poor initial treatment would worsen the chronic wound management.
Present chronic wounds treatment faced with limitations and challenges especially in tackling
enduring wide range microbial infections. Hydrogel technology become attention for treating
wounds particularly for intense and extended absorption capacity. Hydrogel is a threen
dimensional network consisting of hydrophilic polymers, through which the hydrogel is able
to absorb water and swell, in addition to its ability to encapsulate bioactive molecules and
provide a moist environment that promotes the wound healing process. Newngeneration
wound dressings hydrogel with nano based antimicrobial agents are preferred over
conventional antibiotics that known for bacterial resistance propensity. Therefore,
combination of precise antimicrobial agent with hydrogel technology could provide promising
treatment modalities for chronic wounds.

Keywords: antimicrobial; hydrogel; chronic wounds; microbial Infection; nanotechnology
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Abstract

Hemocompatibility and apatite biofouling are the most decisive factors for medical implant
surface technologies. In the market surface coating technologies especially for bloodrn
contacting implants, application faced limitations in thrombogenic and failure risks. Titania
nanotube arrays (TNA) surface technology could be a promising solution for medical implant
surface technology. Present studies were performed according to I1SO 1099314 guidelines for
hemocompatibility profiles and 1SO 2331712007 guidelines for using simulated body fluid
(SBF) for apatite forming abilities. In general, TNA nanosurface showed no evidence of
thrombogenesis and hemolytic index. TNA nanosurface has reduced fibrinogen adsorption,
platelet adhesion, and platelet activation on the surface with less than 0.4 % of hemolytic
percentage which recommends a nonthemolytic nature surface that shows negative
biofouling qualities. TNA nanosurface also presents with a greater appetite for biofouling and
hydrophilic potential than smooth titanium surface. In conclusion, TNA nanosurface could
present with double sword biofouling potentials that resist detrimental biofouling properties
associated with thrombogenesis and hemolysis risk while positive biofouling for appetite
formation. Thus, TNA may involve in excellent surface osseointegration activities which are
essential for successful implant surface technology, especially for longrterm application.

Keywords: titanium dioxide nanotube arrays; TiO, nanotube arrays; surface technology;
hemocompatibility; biofouling; bloodncontacting medical implant
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Abstract

The mutagenic and carcinogenic properties of emerging MPs, especially in the farming and
aquaculture industry which used steroid hormone, particularly furazolidone has been
detected in wastewater effluent. Furazolidone is currently prohibited by the FDA and no
longer available in the US and some developed countries. Many compounds can be treated
through conventional methods, but not for MPs. Magnetic nanoparticles incorporated in
MWCNTs have attained significant interest from many researchers, especially in water
remediation. Nevertheless, it is restricted to commercialization due to an external magnetic
field requirement and particles are not completely separated. In contrast, the BP membrane
applications are limited due to low mechanical strength. Magnetic functionalized multitwalled
carbon nanotubestbased buckypaper (magnetic fiMWCNTstbased BP) membrane was
fabricated and infiltrated with polyvinyl alcohol and employed to degrade furazolidone (FZD)
from the aqueous phase. Characterization studies were performed to reveal the surface
structure, chemical composition, and stability of the fiMWCNTs and magnetic fiMWCNTSs.
Response surface methodology (RSM) was employed to investigate the influence of pH (418),
contact time (401350 min.), and agitation speed (1001 200 rpm) on the prepared membrane.
The maximum removal efficiency of 98.54% was achieved at 10 mg/L, adsorption time of 350
minutes, agitation speed of 200 rpm and the pH value of 6.

Keywords: micropollutants; magnetic buckypapers; multinwalled carbon nanotubes;
furazolidone removal; wastewater water treatment
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