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The IEB Bulletin
highlights recent
research, community
engagement, and
environmental initiatives
led by the Institute of
Ecosystem Science
Borneo.

Focusing on the theme
Ecosystem Services for
Climate Change and
Sustainability, this issue
brings together diverse
voices and findings that
showcase Borneo’s
ecological richness and
the importance of
preserving it.
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FOREWORD BY
DIRECTOR

DR. SYEED SAIFUL AZRY
 OSMAN AL-EDRUS

DIRECTOR
INSTITUTE OF ECOSYSTEM SCIENCE

BORNEO (IEB)

Welcome to the latest edition of the IEB Bulletin. This platform
is dedicated to advancing knowledge, sharing insights, and
inspiring action on ecosystem services, climate change, and
sustainability in Borneo.

At a time when we are confronted by pressing environmental
challenges from climate change to biodiversity loss. The role of
science, community collaboration, and evidence-based policy
has never been more important. Guided by the University
Driven Research Program (URDP) and its focus on climate
change and sustainability, this bulletin highlights IEB’s
commitment to safeguarding the ecosystems that support both
our environment and our communities.

Within these pages, you will find research, project, and
achievements that reflect our mission: to translate knowledge
into meaningful impact. I warmly invite you to explore these
contributions and to stand with us in championing resilient
ecosystems and sustainable futures for generations to come.
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FOREWORD 
BY THE CHIEF

EDITOR

DR. SHARON YONG YEE ONG
CHIEF EDITOR, IEB BULLETIN

INSTITUTE OF ECOSYSTEM SCIENCE
BORNEO (IEB)

This bulletin is more than a collection of research; it is a
platform where science meets community voices, and where
knowledge is translated into thoughtful action. Each
contribution has been carefully selected to highlight not only
the challenges we face, but also the innovative and
collaborative efforts that are shaping the future of our
ecosystems.

As an editorial team, we believe that sharing ideas with clarity
and purpose is essential to raising awareness and sparking
meaningful dialogue. Through this bulletin, we aim to provide
insights that inspire reflection and encourage collective
action towards climate resilience and sustainability.

I extend my sincere gratitude to all contributors, partners,
and colleagues who have brought this issue to life. I invite you
to explore the pages ahead with curiosity and to draw
inspiration from the diverse work dedicated to protecting
Borneo’s rich and vital ecosystems.
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EDITORIAL NOTE

MADAM ZAHORA ISMAIL
EDITOR, IEB BULLETIN

INSTITUTE OF ECOSYSTEM SCIENCE
BORNEO (IEB)

As part of the editorial team, it has been a privilege to coordinate the
compilation of the publications, events, and awards featured in this
edition of the IEB Bulletin. These sections showcase the depth of work
and engagement taking place within the Institute and among our
collaborators.

In this issue, we are pleased to feature 14 articles from various areas
focusing on ecosystem services, reflecting the diversity of research,
perspectives, and applications that contribute to this important field.
These contributions highlight not only the scientific value of ecosystem
services but also their relevance to communities, policy, and sustainable
development.

Our goal has been to ensure that the Bulletin not only highlights current
research but also reflects the broader impact of IEB’s activities, from
scholarly contributions to community initiatives and recognitions.

I would like to thank all contributors who provided articles, updates, and
materials for this edition. It is my hope that readers will find both
inspiration and insight in the accomplishments and milestones
documented in these pages.

08IEB Bulletin



IEB contributes to global sustainability
efforts, particularly Sustainable
Development Goal 13: Climate Action. 

The Institute of Ecosystem Science
Borneo (IEB) is dedicated to
advancing research, innovation, and
community engagement in the fields
of ecosystem science, climate
change, and sustainability. IEB serves
as a multidisciplinary platform that
brings together experts,
stakeholders, and local communities
to explore the complex relationships
between nature and human activity
in Borneo. Currently, IEB comprises
two key research laboratories:

Ecosystem Science and
Management (ESMa) Laboratory
Ecotechnology and Climate
Technology (ECTec) Laboratory

Ecosystem Science and Management (ESMa) Laboratory  focuses on understanding
biodiversity, ecosystem services, and the effects of land-use and climate change.
Its research supports conservation efforts and sustainable development in
Borneo’s unique ecological landscapes. 

Ecotechnology and Climate Technology (ECTec) Laboratory develops innovative
technologies in areas such as renewable energy, waste management, and climate
adaptation. The goal is to provide practical solutions that reduce environmental
impacts and enhance resilience.

By combining ecological research with technological innovation, IEB is committed
to supporting a more sustainable and climate-resilient future for Borneo and
beyond.

ABOUT IEB
9IEB Bulletin



ORGANIZATIONAL
STRUCTURE OF IEB

The Institute of Ecosystem Science Borneo (IEB) operates under a structured framework
that supports interdisciplinary research, innovation, and collaboration particularly for
Sustainable Development Goal 13: Climate Action. 

10IEB Bulletin



Introduction
Forests provide a wide range of ecosystem services, from carbon sequestration to
biodiversity preservation. Among these, cultural ecosystem services, those that
support human wellbeing through recreation, spiritual connection, and psychological
restoration, are often overlooked in conservation and development planning. Forest
therapy is an emerging nature-based intervention that leverages these services to
address modern mental health challenges.

Forest Therapy and Mental Health
Forest therapy, also known as shinrin-yoku or “forest bathing,” is a structured
immersion in forest environments that promotes mindfulness, emotional regulation,
and stress reduction. It is grounded in the growing body of research linking nature
exposure with improved psychological wellbeing. Forests offer not just passive beauty,
but active healing, through sounds, scents, textures, and sights that stimulate the
parasympathetic nervous system.
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Forest Therapy as a Nature-Based Approach to
Enhancing Ecosystem Services for Human Wellbeing

Keeren Sundara Rajoo
Universiti Putra Malaysia Sarawak, Malaysia
keeren.rajoo@upm.edu.my

Yasuhiro Kotera
University of Nottingham, United Kingdom
Center for Infectious Disease Education and Research, The University of Osaka,
Suita, Japan.
Department of Social Sciences, Azerbaijan University, Baku, Azerbaijan
yasuhiro.kotera@nottingham.ac.uk
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Figure 1. Keeren Sundara Rajoo taking part in a forest therapy program at Harcourt
Arboretum, University of Oxford. 

Tropical Adaptation and Local Relevance
Our ongoing Malaysia–Japan-UK research collaboration plans to explore the application
of forest therapy within the tropical rainforest context. Pilot studies in Malaysia
suggest that structured immersion in tropical forest environments can significantly
enhance physiological and psychological wellbeing. Unlike temperate forests, tropical
forests offer denser biodiversity, warmer climates, and more complex sensory
engagement. These elements may further deepen therapeutic effects when adapted
appropriately but could also be a hindrance. Thus, studies need to consider these
different aspects. 

Forest Therapy as a form of Ecosystem Service
Positioning forest therapy within the ecosystem services framework allows us to make
a stronger case for forest conservation. Beyond provisioning or regulating functions,
forests contribute meaningfully to human mental health; An outcome increasingly
recognized as essential for resilient societies. By embedding forest therapy into urban
green space planning, public health policies, or protected area management, we
simultaneously promote ecosystem integrity and social wellbeing.
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Conclusion
Forest therapy is not merely a wellness trend; it is a viable and evidence-based strategy
that connects mental health with environmental sustainability. As we continue refining
its practice for tropical settings and diverse cultural groups, we reaffirm the idea that
safeguarding nature is inseparable from safeguarding ourselves.

References
Rajoo, K. S., Karam, D. S., & Abdullah, M. Z. (2020). The physiological and psychosocial
effects of forest therapy: A systematic review. Urban Forestry & Urban Greening, 54,
Article 126744. 

Rajoo, K. S., Karam, D. S., & Abdullah, M. Z. (2020). Forest therapy: An environmental
approach to managing stress in middle‑aged working women. Urban Forestry & Urban
Greening, 55, Article 126853. 

Rajoo, K. S., et al. (2021). Addressing psychosocial issues caused by the COVID-19
lockdown: Can urban greeneries help? Urban Forestry & Urban Greening, 65, Article
127340.

Rajoo, K. S., Karam, D. S., & Abdullah, M. Z. (2020). Developing an effective forest therapy
program to manage academic stress in conservative societies: A multi-disciplinary
approach. Urban Forestry & Urban Greening, 43, Article 126353.
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Reducing Food Waste to Restore Ecosystem Balance: A
Malaysia–Japan Collaborative Perspective

Mami Irie
Tokyo University of Agriculture, Japan
mami-o@nodai.ac.jp

Beatrice Lyeja Kayok
Universiti Putra Malaysia Sarawak, Malaysia
gs71307@student.upm.edu.my

Keeren Sundara Rajoo
Universiti Putra Malaysia Sarawak, Malaysia
keeren.rajoo@upm.edu.my

Introduction
Food waste is one of the most pervasive but overlooked environmental issues
worldwide. Malaysia generates a staggering 260 kg of food waste per person per year,
while Japan produces only around 38 kg per person per year. Food waste contributes to
greenhouse gas emissions, depletes freshwater resources, and puts strain on land use
systems. These impacts undermine vital ecosystem services, particularly regulating
and provisioning functions such as climate regulation, soil fertility, and food security.

Food Waste and Ecosystem Services
When food is wasted, the embedded resources namely water, nutrients, energy, and
labor, are also lost. This erodes the ecosystem's capacity to provide essential services.
Moreover, improperly managed food waste generates methane, a potent greenhouse
gas that contributes to climate change. Conversely, valorizing food waste through
composting or other circular solutions can regenerate degraded soils, reduce landfill
dependency, and close the nutrient loop, thereby restoring ecosystem balance.

Malaysia-Japan Collaboration: From Research to Action
Our Malaysia–Japan collaboration, currently centered in Bintulu, Sarawak, explores
localized strategies for food waste reduction and valorization. Funded by and
implemented in partnership with the Bintulu Development Authority (BDA), we engage
stakeholders across schools, businesses, and food producers through townhalls,
surveys, and community trials. The project, called Towards Zero Food Waste in Bintulu,
takes a dual approach: (1) reducing edible food waste through education, and (2) using
inedible waste for compost production to support soil rehabilitation and small-scale
agriculture.



Japanese best practices, such as the enforcement of food loss reduction targets and
efficient separation systems, serve as useful models to localize in Malaysian contexts.
Simultaneously, the Malaysian side provides a real-world testing ground for
innovations that must adapt to tropical conditions, community practices, and
infrastructure constraints. The exchange of technical knowledge and field experience
has allowed for practical, scalable insights.
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Figure 1: As part of the Towards Zero Food Waste in Bintulu initiative, almost 500 kg of food waste was diverted from
landfill during Bintulu’s Bazaar Ramadhan.

Moving Forward: Zero Waste as a Shared Goal
Aligning with SDG 12 on Responsible Consumption and Production, food waste
interventions contribute directly to ecosystem service restoration. Scaling these
efforts requires not just infrastructure, but also behavioral change, policy
alignment, and sustained cross-country collaboration. As food systems are deeply
connected to ecosystems, small actions at the community level can collectively drive
transformative impact.

Conclusion
Reducing and repurposing food waste is not just about waste management, it is
about restoring the natural balance and ensuring the long-term health of our
ecosystems. By building upon complementary strengths between Japan and
Malaysia, this collaboration contributes to a more sustainable and regenerative food
system.



References

FAO. (2013). Food wastage footprint: Impacts on natural resources. Food and Agriculture
Organization of the United Nations.

Marra, F. (2013). Fighting food loss and food waste in Japan (Master’s thesis, Leiden
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Introduction
Malaysia, a megadiverse country, boasts an incredible array of tropical fruit diversity,
both cultivated and wild. This rich genetic resource is not only vital for food security
and rural livelihoods but also plays a crucial role in providing essential ecosystem
services. The UNEP-GEF project titled "Conservation & Sustainable Use of Cultivated &
Wild Tropical Fruit Diversity: Promoting Sustainable Livelihoods, Food Security &
Ecosystem Services" has been instrumental in highlighting and addressing these
interconnected values, with the Malaysian Agricultural Research and Development
Institute (MARDI) as a key national partner.

Tropical Fruits: Beyond the Plate, Towards Ecosystem Resilience
Tropical fruit trees, often found within diverse agroforestry systems and natural
forests, offer a multitude of ecosystem services crucial for environmental health and
human well-being. These services extend far beyond the provisioning of food and
include:

Biodiversity Conservation: Tropical fruit diversity contributes significantly to
overall biodiversity, providing habitat and food sources for various fauna, including
pollinators and seed dispersers, which are vital for maintaining healthy
ecosystems.

Soil Health and Erosion Control: Extensive root systems of fruit trees help bind soil,
preventing erosion, especially in hilly and vulnerable areas. This is critical for
maintaining soil fertility and water quality.

Water Regulation: Forested areas rich in fruit trees contribute to watershed
protection, regulating water flow, reducing flood risks and recharging
groundwater.

17IEB Bulletin

Harnessing Malaysia's Tropical Fruit Diversity for
Ecosystem Services: A Path Forward

Adam Harris Gerten Ritay Abdullah
Malaysian Agricultural Research and Development Institute (MARDI)
Agrobiodiversity and Environment Research Centre
MARDI Bintulu, Sarawak, Malaysia.
gerten@mardi.gov.my

Zahora binti Ismail
Institute of Ecosystem Science Borneo (IEB)
Universiti Putra Malaysia Sarawak, Malaysia
zahora_i@upm.edu.my



Carbon Sequestration: Like all trees, tropical fruit trees absorb carbon dioxide from
the atmosphere, acting as carbon sinks and mitigating climate change impacts.
Cultural and Recreational Value: Indigenous and traditional fruit varieties often
hold significant cultural importance for local communities, contributing to their
heritage and traditional practices. These diverse landscapes also offer recreational
opportunities.

However, rapid deforestation, agricultural intensification and land-use change pose
significant threats to this invaluable diversity and the ecosystem services they provide.

MARDI's Pivotal Role
MARDI, as Malaysia's primary custodian of crop genetic resources, has been a critical
partner in the UNEP-GEF project. Their efforts in both ex-situ (field genebanks) and in-
situ (on-farm) conservation of tropical fruit genetic resources are commendable.
MARDI's involvement has focused on enhancing germplasm conservation through the
participation of local communities and other stakeholders, recognizing the importance
of traditional knowledge and practices in maintaining diversity. This includes
establishing diversity blocks, heritage blocks and common blocks at various sites
across the country to safeguard valuable fruit species like Mangifera, Garcinia and
Nephelium.

Way Forward: Strengthening Collaboration with Universities
To further bolster these conservation efforts and maximize the benefits from tropical
fruit diversity, stronger collaboration with academic institutions like Universiti Putra
Malaysia (UPM) is crucial, as it has long-standing tradition in tropical agriculture
research and a strong focus on sustainability and food security. Universities can play a
pivotal role in several areas:

Applied Research and Innovation: to conduct advanced research on the ecological
functions and economic valuation of ecosystem services provided by tropical fruit
diversity. This includes assessing the impact of different cultivation practices on
ecosystem health and identifying climate-resilient fruit varieties.

Capacity Building and Knowledge Transfer: integrate aspects of tropical fruit
diversity conservation and ecosystem services into its curriculum and outreach
programs, training a new generation of agricultural scientists, extension agents
and community leaders. This includes developing practical guides and workshops
for farmers on sustainable management practices.

Community Engagement and Policy Advocacy: Leveraging its extensive network
and community engagement programs, universities can facilitate greater local
community involvement in on-farm conservation initiatives. Furthermore,
research findings from universities can provide evidence-based recommendations
for policy development, advocating for incentives that promote eco-friendly
agricultural practices and the conservation of fruit diversity.
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Interdisciplinary Collaboration: MARDI and universities can foster interdisciplinary
research by bringing together experts from various fields, including agronomy,
ecology, economics and social sciences, to develop holistic solutions for sustainable
fruit production and biodiversity conservation.

By fostering synergy between MARDI’s research and practical conservation efforts and
the university’s research and educational capabilities, Malaysia can further unlock the
potential of its tropical fruit diversity, ensuring food security, sustainable livelihoods
and the long-term resilience of its vital ecosystems.

Figure 1: Kampung Kakeng, Serian, showcased diverse fruit species from its mixed
orchard as part of the project’s selected communities.

References
Gerten, D., Salma, I., Shafie, M. S. M., Shariah, U., Brooke, P., Wong, W. W. W., &
Norhayati, M. H. (2015). Traditional Knowledge and Practices Related to Genus Citrus,
Garcinia, Mangifera and Nephelium in Malaysia. Open Access Library Journal, 2(4),
Article 4. https://doi.org/10.4236/oalib.1101453

Salma, I., Shariah, U., Pearlycia, B., Wong, W. W., Shukor, A., Norhayati, H., & Camellia, N.
A. N. (2015). Community Contribution towards Conservation of Tropical Fruit Trees in
Malaysia. Open Access Library Journal, 2(1), Article 1.
https://doi.org/10.4236/oalib.1101146

United Nations Environment Programme. (2019). Conservation and Sustainable use of
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Reviving Traditional Knowledge of Medicinal Plants:
Safeguarding Ecosystem Services and Community Well-

being

Zahora binti Ismail
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zahora_i@upm.edu.my
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Malaysian Agricultural Research and Development Institute (MARDI)
Agrobiodiversity and Environment Research Centre
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gerten@mardi.gov.my

Introduction

Ecosystem services are the benefits that humans receive from nature. These include
provisioning services such as food and medicinal resources, regulating services like climate
and flood control, cultural services that shape identity and traditions, and supporting
services that underpin all ecological functions (Millennium Ecosystem Assessment, 2005).
Traditional knowledge of medicinal plants is an important cultural and provisioning
ecosystem service, particularly for rural and Indigenous communities that rely on natural
remedies for health and well-being.

Project Highlights and Case Evidence 

In many communities across Malaysia and Borneo, medicinal plants play a vital role in
household healthcare. Elders, especially women, often possess deep knowledge of local flora
used for healing purposes. This knowledge is passed down through generations via oral
traditions, practices, and rituals. However, this biocultural heritage is under threat due to
deforestation, habitat loss, and modernization.

The declining use of traditional remedies among younger generations has further
endangered this knowledge. Additionally, overharvesting without sustainable practices puts
both the plants and the associated knowledge at risk.



In a coastal village in Sabah, local women are revitalizing the use of traditional medicinal
plants through community herbal gardens. These gardens not only conserve plant species
but also serve as educational sites for children and tourists. For example, Kacip Fatimah
(Labisia pumila) is used to support women’s reproductive health, while Tongkat Ali
(Eurycoma longifolia) is traditionally used to boost energy and treat fevers.

Figure 1. A community herbal garden promotes traditional plant use and conservation.

Table 1. Common Medicinal Plants and Their Traditional Uses

Implications / Recommendations
Reviving traditional knowledge on medicinal plants offers multiple benefits. Communities
can enhance self-reliance in health care, strengthen cultural identity, and contribute to
conservation of biodiversity. It is recommended to document and preserve this knowledge
ethically, promote sustainable harvesting practices, and develop partnerships between
communities, researchers, and policymakers. Educational programs that integrate this
knowledge into local schools or community workshops can further strengthen transmission
to future generations.

Local Name Scientific Name Traditional Use Habitat

Kacip Fatimah Labisia pumila
Women’s
reproductive health

Forest understory

Tongkat Ali Eurycoma longifolia Energy, fever relief Lowland forest

Misai Kucing
Orthosiphon
stamineus

Kidney and urinary
health

Garden/Edge areas
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Conclusion
Traditional medicinal knowledge represents a vital link between culture and nature. By
recognizing and revitalizing this knowledge, communities can enhance both ecological and
human well-being. This approach also supports key Sustainable Development Goals such
as SDG 3 (Good Health and Well-being), SDG 13 (Climate Action), and SDG 15 (Life on Land).
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Introduction
Today, food production and consumption present various social, environmental, and
economic challenges. Campaigns to reduce food waste are widespread, but their
impact is often limited (FAO, 2013). The Theory of Planned Behaviour (TPB) proposes
that values and habits are most effectively developed during early childhood (Ajzen,
1991). Recent research indicates that social expectations and individuals' confidence in
their ability to adopt sustainable practices, such as waste separation and composting,
influence these behaviours (Zero-Waste Household Study, 2025). Therefore, learning
activities that integrate entrepreneurship with practical experience are crucial for
sustainable change. This article highlights a Service-Learning Malaysia – University for
Society (SULAM) project from the SAB2407 Agro-Entrepreneurship course in Semester
1, 2023/2024 at Universiti Putra Malaysia Sarawak (UPMS). The project essentially
united university students, young children, and the local community to participate in
vermicomposting, reduce food waste, and explore small-scale agro-business
opportunities. It also aligns with Sustainable Development Goal 12: Responsible
Consumption and Production, highlighting the importance of waste reduction and
sustainable practices.
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Figure 1. Setting up the Worm house.

In October, a follow-up visit included training and materials, after which the
preschool assumed responsibility for daily maintenance. Students
subsequently provided monthly monitoring and advice. 

Figure 2. Training and materials for pre-schoolers.

Between October 2023 and April 2024, kitchen waste was collected, introduced
into the worm house, and regularly checked for moisture, aeration, and
temperature. The system produced two batches of compost that were applied
to the preschool’s vegetable beds. This compost enhanced the soil quality and
supported the growth of crops such as tomatoes and leafy greens. 

  

Project Highlights and Case Evidence 

The project started in September 2023, with students from the SAB2407 Agro-
Entrepreneurship course, guided by lecturers and industry advisors, setting up a worm
house at a local preschool in Bintulu. 
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In June 2024, the pre-schoolers independently organised a harvesting day, proudly
bringing vegetables home to share with their families. This simple cycle of food waste
turning into compost and then transforming back into food offers young learners and their
families concrete, visual proof of sustainability in action. 

Implications and Recommendations
The project also highlighted some challenges. Termite infestations complicated pest
control efforts, and food waste often required flipping or partial composting before feeding
to worms to speed up the process. Direct feeding was feasible, but it delayed the
vermicomposting process. After the students finished their participation, the preschool
found it challenging to maintain the worm house, leading to its eventual inactivity. Despite
these issues, the project received widespread recognition. Three students received partial
scholarships to attend the International Vermicomposting Symposium. Industry partners
suggested that worms could be sold for as much as RM500 per kilogram, highlighting their
commercial potential. The project poster, 'From Food Waste to Agribusiness Opportunity:
Nurturing Future Agro-Entrepreneurs through Service Learning (SULAM),' also received
the Silver Medal at the Putra InnoCreative Poster Competition (I-PICTL 2023), confirming its
innovative approach to teaching and learning.

Conclusion
The SULAM vermicomposting project demonstrated how kitchen waste can be converted
into compost, offering educational, environmental, and community benefits. Though the
worm house is no longer operational, the project succeeded in raising awareness and
delivering valuable learning experiences. With improved follow-up and support,
vermicomposting can continue to be an effective means of reducing food waste and
promoting sustainability in schools and communities.

Figure 3. Vermicompost from the worm house and a self‑initiated vegetable 
                  garden after implementing the vermicomposting program.
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Introduction
The “Laut Needs You” project was a one-day environmental program held on 22 June
2025 at Pantai Tanjung Batu, Bintulu. The main goal was to raise awareness about
marine pollution and encourage Universiti Putra Malaysia Kampus Bintulu (UPMKB)
students to take real steps in caring for the environment, especially the ocean.
Research has shown that direct participation in conservation activities increases
environmental awareness and pro-environmental behaviour among youth (Chawla &
Cushing, 2007; Monroe et al., 2019). The program combined beach cleaning, rescue
games, and environmental quizzes, reflecting the principle that interactive,
experiential learning deepens student engagement with sustainability issues (Kolb,
1984; Sterling, 2010). By engaging in hands-on activities, students not only gained
knowledge but also developed leadership and teamwork skills, which are crucial for
advancing sustainability competencies in higher education (Lozano et al., 2017).
Throughout this project, students learned the importance of protecting marine
ecosystems by being directly involved in experiential activities. 
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Project Execution
The project was organized by the Majlis Perwakilan Pelajar (MPP) Sesi 2024/2025 in
collaboration with Sarawak Eco Warriors. It aimed to raise awareness about
environmental issues, particularly marine pollution, and to promote sustainable
practices among students. The project successfully met its target of 30 students from
Universiti Putra Malaysia Sarawak, representing diverse academic backgrounds and
age groups. This diversity enriched group dynamics, making discussions and teamwork
more engaging throughout the program. 

  
 

Figure 1. Beach Cleaning in Tanjung Batu Beach, Bintulu

 
Figure 2. Wildlife Rescue Game in Tanjung Batu Beach, Bintulu
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Implications
One of the most notable achievements was the collection of 373 kilograms of trash,
which significantly improved the cleanliness of Tanjung Batu Beach while also serving
as a powerful reminder of the scale of waste accumulation in coastal areas. The
localized clean-up initiatives can contribute significantly to marine conservation
efforts (Ocean Conservancy, 2022). The Laut Needs You project also highlights the
importance of student-centered experiential learning in building sustainability
awareness. By directly engaging in beach cleanups, games, and quizzes, students
moved through Kolb’s (1984) learning cycle, they gained concrete experience, engaged
in reflection, developed conceptual understanding through environmental quizzes, and
applied active experimentation in teamwork and leadership. This structure not only
enhanced environmental knowledge but also cultivated soft skills such as
communication, collaboration, and problem-solving—skills that are critical for
addressing complex sustainability challenges (Lozano et al., 2017). Furthermore, the
program’s outcomes resonate strongly with the Sustainable Development Goals (SDGs),
especially SDG 13 (Climate Action) and SDG 14 (Life Below Water), by showing that local,
student-led actions can contribute meaningfully to global sustainability agendas
(United Nations, 2015). Scaling up similar initiatives could extend impact by involving
local communities, schools, and NGOs, thereby transforming higher education into a
catalyst for climate action and marine conservation.

Conclusion
This project demonstrated how youth-led, experiential initiatives can move beyond
awareness to generate meaningful impact on both the environment and student
development. The collection of 373 kilograms of waste was more than just a cleanup
but, it symbolized the power of collective responsibility and the ability of small-scale
actions to contribute to broader sustainability goals. Equally important, the program
cultivated critical competencies such as leadership, communication, and collaboration,
showing that environmental engagement can strengthen both ecological outcomes
and graduate attributes. By embedding environmental protection in interactive and
reflective activities, the initiative turned sustainability into lived practice rather than
abstract knowledge. Looking ahead, the program highlights the value of empowering
students as active agents of change. When higher education integrates experiential
learning with climate action, it not only nurtures environmentally responsible
graduates but also contributes directly to achieving the Sustainable Development Goals
(SDGs), particularly those on climate action and life below water.



30IEB Bulletin

Acknowledgement
Special thanks are extended to the Majlis Perwakilan Pelajar (MPP) Sesi 2024/2025 for
their dedication in organizing the event and to the Sarawak Eco Warriors for their
invaluable partnership in promoting environmental awareness.

References 
Chawla, L., & Cushing, D. F. (2007). Education for strategic environmental behavior.
Environmental Education Research, 13(4), 437–452.
https://doi.org/10.1080/13504620701581539

Kolb, D. A. (1984). Experiential learning: Experience as the source of learning and
development. Prentice Hall.

Lozano, R., Merrill, M. Y., Sammalisto, K., Ceulemans, K., & Lozano, F. J. (2017).
Connecting competences and pedagogical approaches for sustainable development in
higher education: A literature review and framework proposal. Sustainability, 9(10),
1889. https://doi.org/10.3390/su9101889

Monroe, M. C., Plate, R. R., Oxarart, A., Bowers, A., & Chaves, W. A. (2019). Identifying
effective climate change education strategies: A systematic review of the research.
Environmental Education Research, 25(6), 791–812.
https://doi.org/10.1080/13504622.2017.1360842

Ocean Conservancy. (2022). International coastal cleanup report 2022.
https://oceanconservancy.org/trash-free-seas/international-coastal-cleanup/annual-
data-release/

Sterling, S. (2010). Transformative learning and sustainability: Sketching the
conceptual ground. Learning and Teaching in Higher Education, 5(11), 17–33.
https://doi.org/10.1007/s10755-010-9161-9



31IEB Bulletin

Utilization of Animal Waste (Eggshells, Bones) in Biodiesel
Catalysis: A Pathway to Sustainable Ecosystem Use

Nur Afiqah Ali
Department of Science and Technology
Faculty of Humanities, Management and Science
Universiti Putra Malaysia Sarawak, 97008 Bintulu, Sarawak, Malaysia
nurafiqahali97@gmail.com

Nozieana Khairuddin
Institut Ekosains Borneo
Universiti Putra Malaysia Sarawak, 97008 Bintulu, Sarawak, Malaysia

Department of Science and Technology
Faculty of Humanities, Management and Science
Universiti Putra Malaysia Sarawak, 97008 Bintulu, Sarawak, Malaysia
nozieana@upm.edu.my

Introduction

Turning Animal Waste into Valuable Catalysts
As the world shifts toward more sustainable energy sources, biodiesel has emerged as
a promising alternative to fossil fuels. It is renewable, biodegradable, and offers a
significant reduction in greenhouse gas emissions (GHG) compared to petroleum
diesel. A crucial component in biodiesel production is the catalyst used during
transesterification — the process that converts oils or fats into fatty acid methyl esters
(FAME), the chemical name for biodiesel. Traditionally, homogeneous catalysts like
sodium hydroxide or potassium hydroxide are used, but these substances are
corrosive, produce large volumes of wastewater, and are not reusable (Anil et al., 2024).

Heterogeneous catalysts have become a viable alternative due to their reusability and
minimal post-treatment requirements. One of the most sustainable sources of such
catalysts is animal waste, particularly eggshells and bones, which are rich in calcium
carbonate (CaCO₃). These materials can be converted into calcium oxide (CaO) via
calcination at high temperatures (800–900°C), producing a solid base catalyst suitable
for transesterification (Hussain et al., 2021). The process involves washing, drying,
grinding, and calcining the waste to produce high-purity CaO. This not only ensures
catalyst efficiency but also diverts organic waste from landfills.

Recent innovations have further improved this approach. For example, the
impregnation of transition metals like zinc or magnesium onto CaO surfaces enhances
the catalyst’s surface area, stability, and basic strength, resulting in improved biodiesel
yields (Ali et al., 2023). These modifications also help overcome common issues such as
catalyst leaching or deactivation after multiple uses.
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Ecosystem and Environmental Benefits of Waste-Derived Catalysts
Using animal waste-derived catalysts provides multiple ecosystem benefits. Firstly, it
addresses the critical issue of waste management. Eggshells and bones are often
discarded as food or slaughterhouse waste, contributing to landfill volume and
environmental pollution. Their valorization into catalysts supports circular economy
principles by transforming waste into a valuable input for renewable energy
production (Judijanto, 2025).

Secondly, biodiesel itself contributes to climate change mitigation — a major regulating
ecosystem service. Biodiesel emits significantly less carbon dioxide compared to
conventional diesel. Furthermore, producing CaO from waste materials instead of
mining limestone or synthesizing chemicals reduces industrial emissions and energy
consumption. This holistic approach not only reduces the carbon footprint of the fuel
but also the environmental impact of catalyst production.

Moreover, when waste cooking oil (WCO) is used as the feedstock, the environmental
benefit is multiplied. It prevents improper oil disposal — which can clog waterways and
damage aquatic ecosystems — while simultaneously reducing reliance on edible oils for
fuel, avoiding competition with food production. When paired with eggshell or bone-
derived CaO catalysts, WCO-based biodiesel production becomes a model for integrated
resource recovery (Ali et al., 2023)

Figure 1: From used cooking oil to biodiesel (top right), and from organic waste like eggshells,
bones, and wood through pyrolysis into activated biochar (bottom right), innovative green
technologies are paving the way for renewable energy and waste valorization (left: refined oil
for biodiesel production). This circular approach not only reduces environmental impact but
also promotes sustainable resource use.
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Challenges, Opportunities, and Future Directions
Despite its advantages, this method presents several challenges. The
calcination process consumes a substantial amount of energy. If powered by
fossil fuel, this may reduce the overall sustainability of the approach.
Transitioning to renewable-powered kilns or using lower-temperature
synthesis methods could improve environmental performance. Additionally,
collecting and processing large volumes of animal waste at scale requires
efficient logistics. Hygiene concerns, especially for bones from
slaughterhouses, must be managed with proper sanitization steps. Further,
impurities like phosphorus in bones or residual organics in eggshells can affect
catalyst activity if not properly removed.

Nonetheless, with the right support, this approach offers great promise.
Governments and industries can establish local collection centers for eggshells
and bones and integrate them into biodiesel production units, particularly in
rural or agricultural communities. Public awareness campaigns can also
encourage households and businesses to separate their organic waste for
reuse. 

In conclusion, the utilization of animal waste such as eggshells and bones as
heterogeneous catalysts for biodiesel production offers a sustainable, low-cost,
and eco-friendly alternative to synthetic or mineral-based catalysts. This
method contributes to multiple ecosystem services, including waste reduction,
climate regulation, water quality improvement, and energy provisioning. As
research and innovation continue to refine this technology, animal-waste-
derived catalysts could become a mainstream solution in the journey toward
renewable energy and ecological sustainability.
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INTRODUCTION
Forests play a crucial role in the global carbon cycle by acting as natural
carbon sinks, sequestering CO₂ from the atmosphere. They are essential for
climate change mitigation, biodiversity conservation, and sustaining
ecosystem services. With rising concerns over global warming and increasing
carbon emissions, there is growing interest in accurately estimating the
carbon sink capacity of forests to inform management strategies aimed at
enhancing carbon sequestration. However, estimating carbon sink capacity is
fraught with challenges, including the complexities of forest dynamics, land
quality, and species composition (Dong et al., 2024; Manso et al., 2022).
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To address these challenges, recent advances have focused on refining models
that predict tree growth, biomass, and carbon storage. These models
incorporate factors such as tree height, diameter at breast height (DBH), and
stand density, which are crucial for estimating forest volume and carbon sink
potential. The development of such models is increasingly supported by
advanced technologies like Light Detection and Ranging (LiDAR) and remote
sensing, enabling the collection of detailed forest inventory data over large
spatial scales (Umemi & Inoue, 2024; Zhao et al., 2023).

METHODOLOGY
The data for this study were obtained from five forest plots at Sabal, Sarawak,
Malaysia, each measuring 20 m x 20 m (Figure 1). These plots provide critical
field measurements, including information on tree species, DBH, total tree
height, and crown diameter—parameters that are essential for accurate tree
volume and biomass estimation. The dominant species across these plots is
Rubroshorea leprosula, alongside a mix of other species. Such detailed
inventory data have been shown to improve the robustness of volume
projections and carbon stock assessments (Sharma, 2020; Huang et al., 2024).

Figure 1 : Five forest plots at Sabal Forest, Sarawak.

Tree volume calculation is a critical step in estimating biomass and carbon
sequestration potential. For this study, a standard tree volume calculation formula
was employed:



Where V is the tree volume in cubic meters, DBH is the diameter at breast
height in meters, and H is the total height of the tree in meters. This formula
assumes a cylindrical shape for the tree, providing a reasonable approximation
of tree volume (Manso et al., 2022).
Once tree volumes were calculated, biomass was estimated as approximately
50% of the tree volume, following established forestry practices. The carbon
content of the biomass was then estimated as 50%, and carbon sequestration
capacity was calculated by multiplying the carbon content by 3.67,
representing the molecular weight ratio of CO₂ to carbon.

RESULT AND DISCUSSION
The results from the five forest plots show significant variation in CO₂
sequestration capacities, primarily driven by differences in tree volume and
species composition. Plot 1 demonstrated the highest potential with a
sequestration capacity of 0.034 tons of CO₂, whereas Plot 5 exhibited the lowest
with only 0.001 tons. This variation underscores the crucial role of site-specific
factors such as tree density, species type, and age in determining the carbon
sequestration capacity of a forested area (Huang et al., 2024; Yu et al., 2024).
Biomass estimates across the five plots ranged from 0.0005 m³ in Plot 5 to
0.0185 m³ in Plot 1, reinforcing the link between tree volume and carbon
storage potential. The findings emphasize the need for careful management to
maximize biomass accumulation. Optimizing forest management practices,
including selective tree harvesting and afforestation with high carbon-
sequestering species, can further enhance the carbon sink potential of forests
(Qin et al., 2024; Zhao et al., 2023).

Table 1. Volume and Carbon Sequestration Estimates for Sabal Plots
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Plot Total Volume (m³) Biomass (m³) Carbon Content (m³) CO Sequestration (tons)

Plot 1 0.037 0.0185 0.00924 0.3034

Plot 2 0.011 0.005 0.0027 0.01

Plot 3 0.022 0.011 0.005 0.02

Plot 4 0.002 0.001 0.0006 0.002

Plot 5 0.001 0.0003 0.00015 0.001

Conclusion
The volume projection model developed in this study offers a practical and
scalable approach for estimating carbon sink capacity using standard forestry
measurements such as tree height and diameter at breast height (DBH). 



By applying the model to five forest plots, its effectiveness in estimating tree
volume, biomass, and CO₂ sequestration was demonstrated. The variability in
carbon sequestration across the plots emphasizes the importance of site-
specific factors like species composition, tree density, and environmental
conditions, highlighting the need for tailored forest management practices.
This model’s scalability makes it suitable for broader applications in forestry
management, afforestation programs, and climate change mitigation efforts.
Its ability to provide reliable estimates of forest carbon storage, even in small
plots, aligns with the increasing focus on optimizing forest resources as a key
strategy to meet global carbon neutrality goals. Future refinements to the
model, including the incorporation of dynamic environmental factors and
species-specific data, will further improve its utility in developing sustainable
forest management strategies that contribute to global climate goals.
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Ecosystems face growing pressures from industrialization, urban expansion,
and intensive agriculture, all of which contribute to soil degradation, water
contamination, and declining air quality. Conventional remediation strategies,
while sometimes effective, often involve chemical-intensive methods that
generate secondary waste, demand high energy inputs, or disrupt long-term
ecological balance. Against this backdrop, material chemistry offers innovative
pathways for environmental restoration. Among its most promising
developments is the creation of green-synthesized nanoparticles, designed at
the nanoscale to interact with contaminants while being produced under
environmentally friendly conditions. These materials not only restore essential
ecosystem services but also align with sustainability goals, making them an
important approach to pollution mitigation.
The Promise of Green Nanotechnology

Green nanotechnology integrates precise material engineering with
biologically inspired synthesis. This combination enables the production of
nanoparticles with high reactivity, stability, and selectivity while avoiding the
environmental costs typical of conventional fabrication. Traditional synthesis
methods rely on harsh chemicals, extreme temperatures, and toxic solvents,
whereas green synthesis employs natural reducing and stabilizing agents,
including plant-derived phytochemicals, microbial metabolites, and
biopolymers, under ambient or mild conditions (Eddy et al., 2024). These
adjustments lower the toxicity of the process and enhance the biocompatibility
and functionality of the resulting nanoparticles. 
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For instance, bioactive phytochemicals such as phenolics, flavonoids, and
terpenoids found in plant extracts can reduce metal ions into stable
nanoparticles while capping them to prevent aggregation. Microorganisms,
including bacteria and fungi, also facilitate nanoparticle formation through
metabolic pathways, providing scalable and reproducible biosynthetic
platforms (Deka et al., 2025). Figure 1 briefly collates the different type of green
synthesis for the preparation of metal/metal oxide nanoparticles. This
approach effectively blends nature and nanotechnology, producing materials
that are functional, safer, and more sustainable.

Expanding Applications Across Environmental Media
Green-synthesized nanoparticles demonstrate versatility across multiple
environmental compartments, particularly in water, soil, and air, where they
address different types of pollutants through tailored properties.

Water Purification
Polluted water bodies often contain complex mixtures of dyes, heavy metals,
and microbial contaminants, posing significant health and ecological risks.
Green-synthesized nanoparticles provide a multifaceted solution through
adsorptive, catalytic, and antimicrobial activities. For example, silver
nanoparticles synthesized using Peltophorum pterocarpum flower extract
achieved rapid degradation of Acid Blue 113 dye in the presence of NaBH₄, with a
rate constant of 0.247 min⁻¹ at 30 mg/L (Vinayagam et al., 2025). This illustrates
their effectiveness in breaking down complex organic pollutants. Likewise, iron
oxide and titanium dioxide nanoparticles, fabricated via green methods, have
shown strong potential for adsorbing heavy metals, degrading organic
contaminants, and deactivating waterborne pathogens.
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Figure 1. Different type of green synthesis for the preparation of metal/metal oxides. 



Soil Remediation
Green-synthesized nanoparticles also play an important role in revitalizing
degraded soils. Zero-valent iron nanoparticles are particularly effective in
immobilizing toxic metals and breaking down petroleum hydrocarbons,
reducing pollutant bioavailability and supporting nutrient cycling (Galdames
et al., 2020). A recent study on zinc oxide nanoparticles (ZnONPs) applied to
cucumber plants infected with Fusarium oxysporum found that they could
suppress disease progression, enhance root physiology, and promote plant
growth without phytotoxic effects when used at appropriate concentrations
(Li & Liu, 2024). These results suggest that nanoparticles can simultaneously
manage pollutants and support plant health, offering a sustainable solution
for agriculture.

Air Purification
Air pollution control has also benefited from green nanotechnology. Titanium
dioxide nanoparticles produced through eco-friendly methods exhibit strong
photocatalytic oxidation properties, enabling them to generate reactive
oxygen species that degrade volatile organic compounds and neutralize
airborne microbes (Salama & Zafar, 2022). When incorporated into air filters
and surface coatings, these nanoparticles have improved both indoor and
outdoor air quality, extending the impact of green nanomaterials beyond soil
and water systems.

Pest Management
Green-synthesized nanoparticles are also being explored as safer alternatives
to chemical pesticides. For instance, titanium dioxide nanoparticles
synthesized using latex from Calotropis procera displayed up to 95%
insecticidal activity against dusky cotton bugs (Oxycarenus laetus), with the
highest effectiveness observed in 2nd instar nymphs (Fatima et al., 2025).
Such results open new opportunities for environmentally friendly pest
management that maintains crop productivity without relying on harmful
agrochemicals.

Advantages and Contributions to the Circular Economy
The advantages of green-synthesized nanoparticles extend beyond their
remediation performance. By avoiding hazardous chemicals during
production, these nanoparticles display reduced toxicity, making them safer
for ecosystems and human use. They are also cost-effective since low-cost
precursors such as agricultural residues or microbial cultures can serve as
starting materials, ensuring accessibility in resource-limited contexts. 
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Biologically derived capping agents enhance nanoparticle stability and
dispersibility in complex environmental systems, improving performance in
real-world applications.
Importantly, incorporating green nanotechnology into circular economy
models creates additional value. Agricultural and food waste, often a disposal
burden, can be repurposed as precursors for nanoparticle synthesis, effectively
transforming waste into useful remediation resources (Madhavan et al., 2024).
This not only reduces environmental impact but also promotes economic
sustainability.

Challenges to Implementation
Despite their promise, scaling up green-synthesized nanoparticles presents
several challenges. Laboratory-scale methods often lose efficiency and
reproducibility when adapted for industrial production. Furthermore, the
environmental fate, transport, and long-term ecotoxicological effects of these
nanoparticles remain poorly understood. In-depth studies on their persistence,
accumulation, and interactions within ecosystems are critical to prevent
unintended consequences (Alhassan et al., 2024).

Another obstacle is the lack of well-defined regulatory frameworks for their
safe application. Without clear guidelines, broader adoption is limited, and
public trust remains low. Establishing standardized performance criteria,
safety assessments, and regulatory protocols is essential for responsible
deployment.

Future Research Directions
To address these barriers, researchers are developing hybrid materials that
combine nanoparticles with biochar, biopolymers, and other sustainable
carriers. For example, biochar–TiO₂ composites integrate adsorption and
photocatalysis, achieving superior pollutant removal efficiency in wastewater
compared to single-component systems (Zoroufchi Benis et al., 2023).

Additionally, machine learning and computational modeling are emerging as
tools for optimizing synthesis parameters, predicting material interactions
with contaminants, and accelerating the design of purpose-built nanoparticles
for specific environmental applications.
Field-based trials, particularly in tropical ecosystems such as Malaysia, are
also needed. These trials can validate laboratory findings, refine application
protocols, and support the development of context-specific guidelines.
Collaborative efforts between scientists, policymakers, and local communities
will be vital for translating laboratory innovations into practical
environmental solutions.
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Conclusion
Green-synthesized nanoparticles represent a rapidly advancing area of
sustainable material chemistry, offering effective tools for pollution mitigation
and ecosystem restoration. Case studies, such as Etlingera elatior-mediated
titanium dioxide nanoparticles for water purification, agro-waste-derived
silver nanoparticles for dye degradation, and zinc oxide nanoparticles for
managing soil pathogens, demonstrate their tangible benefits.
For these technologies to reach their full potential, efforts must focus on
scalable synthesis, thorough environmental risk assessment, clear regulatory
development, and interdisciplinary collaboration. By connecting laboratory
innovation with field applications and embedding these approaches within
circular economy models, green nanotechnology can make a meaningful
contribution to ecosystem resilience, environmental protection, and
sustainable development.
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INTRODUCTION
Most of the trees that dominated the main canopy of forest areas in the
tropical rainforest are high-quality tree types that contribute to the logging
industry. The contribution of the forest which is very rich in plant diversity in
the tropical rainforest area refers more to the Dipterocarpaceae family which
has high quality wood. The preservation and conservation of forests is an
important agenda in ensuring sustainable development in the country because
its importance is very significant to the life around it. The effects of changes to
forest types in tropical countries are still under control because the richness of
plant species can be restored so quickly. The plant diversity of the tropics is
studied to serve in many functions not only limited to determining the
diversity of the forest itself (Draper et al., 2020).

Disturbance to the physical nature of the forest has affected the process of
natural forest recovery because extreme weather changes often occur. The
frequency of soil erosion and extreme heat conditions have changed the
microclimate conditions and caused displacement processes to change
frequently, especially in newly opened areas. Forest exploration that often
happens as happened to Similajau Forest Reserve, Bintulu, Sarawak has
affected the process of forest restoration and the reduction of commercial tree
species in this forest. Logging activities have changed the profile and structure
of tropical rainforests that are rich in various plant species. 
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Physical changes in the forest contribute to long-term effects in the structure
of the forest as a result of disturbance to the stand and the alteration of the
soil layer that occurs in the forest which ultimately results in the dominance of
quality trees that usually exist in the forest at the climax stage such as the
Dipterocarpaceae family which are difficult to survive due to the loss of
nutrients and clearing forest canopy. Most of the parent trees in the forest
area, especially around ​​the developed log road, have been completely cut
down. Disruption due to logging without perfect planning has caused the forest
environment and the environment has changed in terms of plant species that
originally flourished in their original areas in the forest. The level of
disturbance from logging also affects the dominance of certain plants
according to their suitability for forest restoration purposes. Therefore, to
assess the impact of the construction of the log road used to transport the logs
to the collection area, a study was conducted to identify the composition of
tree species that will grow in the area of ​​this skid trail and evaluate the tree
stand.

METHODOLOGY

Study Site
This research area is in the 804 ha Similajau Forest Reserve that has been
illegally encroached for log production activities with a distance of five
kilometers from the Universiti Putra Malaysia Sarawak Campus (UPMS). The
study site is situated in Similajau Forest Reserve, Bintulu, Sarawak where the
entrance to the study site located in front of the Bintulu Hospital, Bintulu
Sarawak (Figure 1).
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Figure 1. Map of Similajau Forest Reserve, Bintulu, Sarawak.



A total of three study plots has been developed for the needs of this study to
ensure that the objectives are achieved. The coordinate of the plot namely as
Plot A, B and C. The selection of determining the plot area is also based on the
height above sea level where the ridge plot (Plot C) is located on the altitude of
86.816 m, slope plot (Plot B) altitude is 61.187 m and the riverine plot (Plot A)
altitude is located 40.520 m from the sea level. The trees that were accounted
in the plot are with DBH ≥5 cm and the tree seedlings were less than 5cm. All
plants found in subplot were recorded in the inventory data recording is
recorded in a data inventory form. Based on the form, every plot that have
been divided in accordance with the subplot, the plants distribution has also
been recorded.

Data analysis
All of the plants and trees observed in the plots have gone through the process
of identification in order to identify to where the plant’s family, genus and
species. The stand data were analysed for species composition, calculated
based on the percentage of the individual species over the total species
recorded.  The basal area (BA) of trees was calculated for each diameter using
the formula below (Hush et al., 2002):

                    BA     =      p dbh²          
                                     4 (10,000)
                              =    0.00007854 (dbh² in a Ha)

Results and Discussion
The result of the plot study, a total of 398 individual plants were identified, and
they belonged to 48 families, 98 genera and 159 species (Table 1) When
compared the plots in this study, the high in term of plants species was Plot B
with 82 species, 56 genera and 35 families. The second highest was Plot C with
76 species, 51 genera and 33 families and the lowest was Plot A which is in the
riverine recorded of 32 families, 47 genera and 59 species with total plant
individual observed which included trees, shrub, seedling, climber and herbs
are 100. 
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Table 1: The total of plants (tree, seedling, shrub, herb and climber) recorded in
the plot study areas.

However, for the trees inventory result of area of Plot A, B and C with the sizes
of 0.3 hectare recorded about 39 families, 81 genera and 138 species with the
total of recorded trees individual were 304 trees (Table 2). While for trees with
≥ 5 cm in Plot A or the riverine area has recorded a total of 22 families, 31
genera and 44 species with the total trees recorded were only 65 trees.
Secondly, Plot B or the slope area has 27 families, 49 genera and 70 species
together with the recorded trees individuals were 114 trees. Plot B has the
highest number of recorded genera and species which were 49 genera and 70
species. However, Plot C has the recorded highest of family with 29 families,
which contributed by 44 genera and 67 species of trees. This plot also recorded
greatest number of individual trees with the total of 125 trees. 

Table 2: Number of trees taxon identified based on the plot study areas.
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Plot Family Genus Species Total

Plot A (Riverine) 32 47 59 100

Plot B (Slope) 35 56 82 145

Plot C (Ridge) 33 51 76 153

Total area (0.3
ha)

48 98 159 398

Plot Family Genus Species
Total tree

stands

Plot A 22 31 44 65

Plot B 27 49 70 114

Plot C 29 44 67 125

Total area 39 81 138 304



The DBH distribution of all the observed trees with ≥ 5 cm DBH was presented
in Figure 2 below. The result shows about 63.82% of the trees in the plot study
are trees with the sizes between 5.0 cm to 10.0 cm DBH (Table 3). From the data
also showed that there was no of tree with the diameter greater 60.0 cm DBH.
The size class distribution can be used to describe the feature of the forest
structure (Kacholi, 2014) which was indicated that the forest areas have a great
impact of the logging activities in the previous years. 
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Figure 2: Distribution Tree Sizes in the Plot.

Table 3: Tree DBH classes in the plot study.

Range (cm) Frequency Mean (cm) Tree Percentage (%)

5.0 - 10.0 194 7 63.82

10.0 - 15.0 44 12 14.47

15.0 - 20.0 20 17.9 6.58

20.0 - 25.0 12 22.3 3.94

25.0 - 30.0 18 27.6 5.92

30.0 - 35.0 12 32.8 3.94

35.0 - 40.0 1 36.5 0.32

40.0 - 45.0 2 42.7 0.66

45.0 - 50.0 0 0 0

50.0 - 55.0 1 50.1 0.32

Total 304 11.7 100
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The total of trees recorded in Plot A were 65 trees. From those trees, the largest
tree measured only with the size of 50.1 cm DBH occurred in Plot A (Riverine)
which belonged to Whiteodendron moultonianum (Myrtaceae) and followed by
Rubroshorea leprosula (Dipterocarpaceae) with 36.5 cm DBH. The small stream
might had impacted the tree DBH distribution on the site. The presence of river
or stream might lower the number of plants and trees growing on the site due
to the presence of excessive water that can damage, but the trees that had
tolerated to the river or stream flooding would take a lot of benefits from great
resources provided by the stream such as more nutrient availability from river
soil deposit and there would be lesser individuals competition from the site.
The basal area calculated in the study was an important information to know
the density of plant especially trees in the plot area. Basal area can be used to
describe the forest structure (Ganivet et al., 2020; Kacholi, 2014). Therefore, the
larger the basal area reading obtained from the tree diameter reading will
indicate the higher the tree density or the number of large trees. The formula
to calculate the basal area used here was based on (Kacholi, 2014). Based on the
results of this study, the total BA for this study plot with an area of 0.3 hectares
is 4.1903 m  (Table 4).2

                                         Table 4: Summary of BA in the Plot Study.

Plots Basal Area (m2)

Plot A (Riverine) 1.4072

Plot B (Slope) 1.8005

Plot C (Ridge) 1.7026

All Plots (0.3 ha) 4.1903

As DBH in Plot A was the least compared to Plot B and Plot C. Low basal area can
be a sign that the area had many small size DBH trees that were still young while
the larger DBH trees were lacking in the area (Kacholi, 2014). The highest BA was
on Plot B (Slope) while the lowest BA was on Plot A (Riverine). The growth of
stand can be influenced by the feature and characteristics such as elevation,
aspect and slope since the three features would temperature of the site and
sunlight radiation. 
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INTRODUCTION
The Metroxylon sagu, commonly known as the Sago Palm tree, is a vital
tropical plant native to Southeast Asia. Sago palm belongs to the family Palmae
(Arecaeae) which is widely found in Indonesia, Papua New Guinea and Malaysia
(Yacob et al., 2023). The sago tree is an underutilized plant that serves
communities as a source of food, building materials and income. According to
Talib et al. (2023), the largest sago palm plantation is located in the Mukah
district of Sarawak.
The word “sago” is originally Javanese, which means starch containing palm
pith. This tree is known by different names depending on the country, such as
rumbia in Indonesia and Malaysia, saksak in Papua New Guinea and sa khu in
Thailand (Flach, 1997). In Sarawak, the Melanau ethnic group in Mukah
commonly refers to the sago palm as balaw (Shin and Collins, 2015). Moreover,
the sago palm is capable of flourishing in different environments such as
marshy peat soils, acidic soils and moist environment (Yacob et al., 2023). This
tree was unique and valuable for its ability to produce an exceptionally high
yield of starch. A single palm produces up to 300 kg of starch (Ehara et al.
2018).
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Sago Tree Growth
Extensive research has been carried out to understand the different growth
stages of the sago palm. The development of the sago palm begins with the
rosette stage, where the trunk has not yet developed (Figure 1). In Sarawak,
local farmers characterized sago palm growth into five major stages using the
local language, which are Plawei (palms at maximum vegetative growth),
Plawei Manit (inflorescence emerging), Bubul (inflorescence developing),
Angau Muda (Flowering), Angau Tua (Fruit ripening). The commercial maturity
for sago palm is reached in 9-12 years with a height around 7m to 14m, which is
suitable for starch harvesting (Chua et al., 2021, Lim et al., 2019). Moreover,
Singhal (2008) described that sago tree can grow up until 25m with a diameter
of 40cm and will start to wither after flowering. According to Chua et al. (2022)
the maximum starch accumulation in the sago trunk is at the flowering stage
or before fruit formation. Other than that, Uthumporn et al. (2014) expressed
that Plawei and Angau muda growth stages shows the highest starch content,
with more than 90% value.

Sago Industry
In Malaysia, the development of sago plantations has been actively supported
by various agencies, such as the Sarawak Department of Agriculture, CRAUN
research and also the Sago and Nipah Development Board (SNDB). According to
the Department of Agriculture (DOA), the planted area and production of sago
palm have shown a declining trend over the eight-year period from 2016 to
2023 (Figure 2). The sago production was at its peak in 2019 (199 370.9 tonnes)
and declined from 2020 to 2023. Furthermore, Figure 3 depicts that the largest
sago plantations in Malaysia are located in Sarawak, which cover 98% of the
total planted area, followed by Sabah with just two percent. This plantation,
predominantly managed by smallholders, covered about 28,693.20 hectares,
with the majority located in the Mukah (23,620.60ha) and Betong (2,340.60ha)
divisions (Table 1). There are no current records of sago plantations in
Peninsular Malaysia; however, in 2018, Kelantan (Tumpat) was documented to
have 1.2 hectares of planted area that produced 8.1 tonnes of sago. 
The sago starch was one of the main products from the sago palm tree. This
starch was extracted from the sago pith, which refers to the inner portion of
the trunk after the outer layer has been removed (Figure 4). The Minister of
Food Industry, Commodities and Regional Development says that Sarawak was
the sole state that exported sago starch. According to Department of Statistics
Malaysia, Sarawak has exported 35,000 metric tons of sago starch in 2023,
primarily to Peninsular Malaysia and Japan, for a total value of RM113 million. 
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Moreover, some of the sago starch was use in various traditional food
industries such as noodles, biscuits and cakes. It has also been used for food
stability or thickening and also in textile, paper and pharmaceutical industries
(Du et al., 2020).  Figure 5(a) to 5(c) shows some of the goods that come from
the sago palm, particularly in Sarawak.

Figure 1 Malaysia sago performance (2016-2023). Source: DOA

Figure 2 Sago palm planted area in 2023. Sources: DOA
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Table 1 Sago performance by division. Source: DOA

Figure 2 Sago palm planted area in 2023. Sources: DOA

Year 2022 2023

Division District
Planted Area

(ha)
Production

(Tonnes)
Planted Area

(ha)
Production

(Tonnes)

Sabah

West coast Papar 35 - 35 -

Interior
Beaufort 252 1024 252 975

Kuala Penyu 285 1177 285 1125

Total 572 2201 572 2100

Sarawak

Sibu

Sibu 402 295 402 295

Kanowit 10 - 10 -

Selangau 740 574.1 740 574.1

Sarikei
Sarikei 50 - 50 -

Meradong 1694.2 1911.6 1530 682.8

Mukah

Mukah 8148.6 7121.5 5014.6 5903.5

Dalat 14611 81990.6 14066.5 83078

Daro 364.5 207.2 349.5 207.2

Matu 4425 6699.5 4190 6372

Betong

Betong/Sarib
as

1286.5 1687.3 1286.5 478.6

Pusa 608.8 2849.6 608 2847.3

Kabong 402.5 21 446.1 14.2

Total 32743.1 103357.4 28693.2 100452.7
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Figure 3 A sago palm tree growth stages

Figure 4 Sago log



57IEB Bulletin

Figure 5(a)Sago starch, Figure 5(b) Sago Snack, Figure 5(c)Linut/Ambuyat. 

Conclusion
Sago is one of the major agricultural crops that contribute to Sarawak revenue.
As a result, the Sarawak government has supported extensive research on the
sago palm tree. The research not only focused on upstream activities but also
on downstream activities that can enhance various aspects of food security,
sustainability and industrial applications.
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Introduction
Access to clean drinking water is a fundamental human right, yet global
challenges such as industrial pollution, population growth, and emerging
contaminants continue to threaten water quality. In recent years, carbon-
based materials and composites have emerged as promising candidates in
drinking water treatment technologies. Their high surface area, porosity, and
customizable surface chemistry enable the removal of a wide spectrum of
pollutants, from heavy metals to organic compounds and pathogens. This
article explores various types of carbon-based materials including activated
carbon, carbon nanotubes, graphene oxides, biochar, and advanced composites
for their roles in purifying drinking water.
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Key Discussions

Activated Carbon
Activated carbon (AC) is a widely used material due to its high surface area and
porosity, enabling effective adsorption of pesticides, pharmaceuticals, natural
organic matter, and volatile organic compounds (VOCs). Its applications extend
from household filters to large-scale municipal systems, with the added
advantage of regeneration and reuse.

Table 1. The use of activated carbon for drinking water treatment

Precursor Activator Pollutant Maximum
adsorption

Reference

Sugarcane
bagasse

ZnCl₂ Sodium
diclofenac

315 Abo El Naga et
al., 2019

Rice husk NH₄Br Hg 769 Zeng et al., 2023

Pistachio wood NH₄NO₃ and
NaOH

Pb²⁺ 190 Sajjadi et al.,
2019

Carbon Nanotubes (CNTs)

CNTs possess nanostructured tubes with high chemical stability and
adsorption potential for heavy metals, hydrophobic compounds, and persistent
organic pollutants. They also serve as nano catalysts and antimicrobial agents,
with increasing application in filtration membranes.

Table 2. The use of carbon nanotubes for the disinfection of water

Type Microorganism Parameters Outcomes Reference

SWCNTs-OH;
SWCNTs-COOH

P. denitrificans 50 mg/L

Disruption of
genes involved
in membrane
and metabolism

Zheng et al.,
2018

ZnO + MWCNT E. coli 0.5 mg/mL
Complete
bacterial
elimination

Haider et al.,
2018

MCNTs/RP/CN
composite

S. aureus
CN/RP:MCNT =

4:1, ~10⁷ CFU/mL

13.9x higher
disinfection
than commercial
TiO₂ catalyst

Yang et al., 2023
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Graphene Oxides (GOs)
GOs exhibit strong binding capabilities for heavy metals and pharmaceuticals.
Functionalization increases their affinity for specific contaminants, while
integration into membranes improves salt rejection and permeability.

Table 3. GO-based membrane performance in water purification

Membrane
Permeance (L
m⁻² h⁻¹ bar⁻¹) Pollutants Rejection (%) Reference

GO/Gr 12.8 ~ 20 Na₂SO₄ 78.3
Zhang et al.,
2022

ZIF-67/cGO-
HFMs

346.4 ± 11.2 Cu²⁺, Pb²⁺ 94.5, 97.8
Modi & Bellare,
2020

SGO@UiO-
66TFN

14 Cu²⁺, Pb²⁺ 99.4, 99.4 He et al., 2020

Biochar
Derived from biomass pyrolysis, biochar serves as a sustainable alternative
for removing heavy metals, antibiotics, and microplastics. Its tunable surface
chemistry can be enhanced through doping or functionalization.

Table 4. Use of biochar in drinking water treatment

Precursor Temp (°C) Pollutant
Max Adsorption

(mg/g)
Reference

Prosopis
juliflora

550–850 Microplastics >200
Wang et al.,
2021

Spent
mushroom

200–600 Progesterone 80%
Vieira et al.,
2022

Wheat straw 700 Tetracycline 268.3 Li et al., 2020

Metal-Oxide Biochar
By incorporating metal oxides such as Fe, Mn, Ti, and Ce, biochar gains
catalytic and antibacterial capabilities. It becomes suitable for both
adsorption and advanced oxidation processes.
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Table 5. Adsorption performance of biochar-metal composites

Biomass Modifier Adsorbate Capacity (mg/g)
Removal

(%)
Referenc

e

Peanut hull Zero valent iron Cr (VI) 223 100
Liu et al.,
2019

Rice husk Hydroxyapatite Pb²⁺ 110 99.5
Wu et al.,
2022

Lufa fiber MnO₂ U (VI) 904 100
Ioannou
et al.,
2019

MXene-Polymer Composites
MXenes, with unique conductivity and reactivity, offer outstanding removal of
metals and pathogens. Their polymer composites show promise in
nanofiltration, catalysis, and sensor applications.

Table 6. MXene-polymer composites for heavy metal removal

Composite Pollutant Mechanism Capacity (mg/g) Reference

Polyethyleneimi
ne@MXene

Cr⁶⁺
H-bonding,
reduction

1240 Li et al., 2023

Chitin/MXene/p
oly(L-arginine)

Bilirubin
Chemisorption,
multilayer
adsorption

596 Yao et al., 2023

Polydopamine/
MXene

Cr⁶⁺ Electrostatic,
reduction

862 Qing et al., 2023

Carbon Dots (CDs)
CDs are emerging materials that degrade organic pollutants under visible light
and exhibit antimicrobial and sensing properties. Their eco-friendly synthesis
and multifunctionality make them ideal for future water purification systems.
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Adsorbent Type Precursor Pollutant Max Adsorption
(mg/g)

Reference

Magnetic k-
carrageenan-N-

A. gossypinus,
EDA

Cu²⁺, Cd²⁺, Pb²⁺,
Hg²⁺

115–120 Rahmani et al.,
2022

MOF/CD CMC U⁶⁺ 606 Guo et al., 2019

MnFe₂O₄/CD
nanocomposite

Citric acid, PEI U⁶⁺ 194 Huang et al.,
2019

Table 7. Carbon dot composites for metal adsorption

Conclusion
Carbon-based materials and composites offer transformative solutions for
drinking water treatment, addressing a wide range of contaminants through
adsorption, catalysis, and disinfection. As research advances, hybrid materials
and functionalized composites will continue to enhance performance and
sustainability. The integration of these materials into scalable systems
particularly in low-resource or rural settings will be crucial in achieving global
water security goals.
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Introduction

In recent years, the demand for sustainable materials has increased globally
as industries and educational institutions seek innovative alternatives to
conventional resources. In Malaysia, particularly in Sarawak, the abundance
of natural resources has created opportunities to explore eco-friendly
solutions that align with both environmental conservation and industrial
advancement. One such potential lies in the utilization of Nypa fruticans a
mangrove palm species widely found along Sarawak coastal and riverine
areas. 

Traditionally regarded as a source of food, handicrafts, and fuel, the fibrous
waste of Nypa fruticans has often been overlooked, leading to
underutilization of this valuable biomass.(a) demonstrates Nypa fibres that
have been reduced in size according to the suitability of the experiment,
while (b) and (c) show the fibres in their original thread-like form within the
fruit. 

As shown in Figure 1, Nypa fruticans wurmb.
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Nypa fruticans fibre can be processed and applied as a composite material. It
can break down into fibre extraction and preparation, composite manufacturing
processes and industrial applications. Figure 2 shows the flow chart of Nypa
fruticans in process into composite and it application in industry.

FIGURE 2: NYPA FRUTICANS FIBRE IS PROCESSED INTO COMPOSITES AND ITS
APPLICATIONS IN INDUSTRY

Unlike petroleum-based synthetic fibres examples glass fibre, carbon fibre,
Nypa fruticans fibre is renewable, biodegrable and eco-friendly. Its natural
lignocellulosic composition (cellulose, hemicellulose, lignin) allows it to
decompose safely at the end of its life cycle. This aligns with circular economy
practices in Malaysia agricultural sector (Khor. et. al. 2021). Fibre extraction
and processing are relatively low-energy compared to producing synthetic
fibres. Using local Nypa waste reduces the need for importing raw materials,
lowering transportation-related carbon emissions. 

FIGURE 1: NYPA FRUTICANS WURMB (FIBRE AND PARTICLE)
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This supports Malaysia’s commitment to carbon reduction and green economy
initiatives. Provides income opportunities for rural communities by turning
unused agricultural residues into marketable products. Integrates into
educational programs, training students in green materials science and
sustainable entrepreneurship. This promotes local empowerment while
supporting industrial development. When reinforced into composites, Nypa
fruticans fibre can replace timber and plastics in furniture, construction, and
packaging. Reduces reliance on non-renewable materials like hardwood or
petroleum plastics.

In composite manufacturing, Nypa fruticans fibres can be processed, treated,
and combined with polymer matrices such as polypropylene, polyethylene, pvc
or biodegradable polymers like polylactic acid (PLA) and thermoplastic starch
(TPS), which offer sustainable alternatives for bio-composite production
(Rasidi et. al 2015). This integration improves mechanical properties such as
tensile strength, stiffness, and impact resistance while enhancing
biodegradability compared to conventional synthetic composites (Mishra et. al.
2023). Potential applications include furniture production, packaging
materials, automotive components, and building panels, aligning with
Sarawak’s aspiration to promote green industries and sustainable economic
growth. 
 
By converting agricultural waste into industrial raw material, Nypa fruticans
fibre utilization not only minimizes environmental impact but also supports
Malaysia’s circular economy and carbon reduction goals. The development of
nypa based composites can strengthen Sarawak’s position as a hub for
sustainable material innovation, benefiting both industry and local
communities.
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In 2025, the Institute of Ecosystem Science Borneo (IEB) successfully
organised a series of 10 webinars as part of its strategic commitment to
advancing research excellence and strengthening stakeholder
engagement. Each session was carefully curated in alignment with IEB’s
mission to promote evidence-based insights, support informed decision-
making, and enhance community well-being. Featuring distinguished
experts from diverse fields, the webinars provided valuable perspectives
on emerging environmental and societal issues while fostering cross-
sector collaboration. These initiatives reflect IEB’s ongoing dedication to
delivering impactful research and contributing to sustainable
development at national, regional, and international levels.
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Program ECF2025: RHISS @ IEB-UPMS – Exploring Climate Futures: A

Journey into Environmental Innovation.

The Borneo Ecoscience Institute (IEB), Universiti
Putra Malaysia Sarawak (UPMS), recently hosted
ECF2025: RHISS @ IEB-UPMS – Exploring Climate
Futures: A Journey into Environmental
Innovation, which welcomed 54 students and six
teachers from Riam Hill International Secondary
School (RHISS), Miri.

Led by Ts. ChM. Dr. Azrul Nurfaiz Mohd Faizal, the
programme introduced students to the role of
science, technology, and innovation in addressing
climate change and sustainable development. The
opening ceremony, officiated by IEB Director
YBrs. Dr. Syeed SaifulAzry Al-Edrus, highlighted
the importance of climate education and green
technology in nurturing environmentally aware
future leaders.

Across three campus venues, students took part in hands-on workshops ranging from
GPS mapping and climate-conscious fashion, to making soap from waste oil, starch-
based polymers, and synthetic nylon. The sessions were facilitated by UPMS lecturers
and further supported by a dedicated team of postgraduate and undergraduate
student facilitators from UPMS, who shared their knowledge and experiences with the
visiting  RHISS students.



A variety of interactive and hands-on activities were conducted across three
locations within the campus, providing students with a holistic learning
experience:

🔬 Lecture Hall Centre 2B
GPS Data Collection – “Mark & Find Location” using handheld GPS, conducted by Ts.
Gs. Dr. Wan Nor Zanariah Zainol @ Abdullah
From Closet to Climate: The Hidden Impact of What We Wear by Dr. Sharon Ong
Yong Yee

🧪 Soil Mechanics Laboratory
Making Soap from Waste Cooking Oil by Ts. ChM. Dr. Azrul Nurfaiz Mohd Faizal
Polymer from Starch by Dr. Hanifawati Inai

⚗️ Physical Chemistry Laboratory
Determination of Functional Groups by ChM. Dr. Alvin Lim Teik Zheng
Nylon Synthesis – Making Synthetic Polymers by ChM. Dr. Sivasangar Seenivasagam
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CAMS2025: Strengthening International
Collaboration with Tokyo NODAI

IEB aims to strengthen international
academic collaboration by engaging 18
students and 2 staff members from Tokyo
NODAI in an intensive two-week programme
from  24 August to 7 September 2025.
CAMS2025 will combine academic sessions,
research discussions, and hands-on
community engagement to deepen
understanding of climate change adaptation
and mitigation in Sarawak’s local context. 

At the same time, IEB will use this platform to showcase Sarawak’s cultural richness,
offering participants immersive experiences that connect environmental knowledge
with heritage and tradition. By positioning climate science within a cultural and
community framework, IEB seeks to inspire future leaders who are both globally
connected and locally grounded. CAMS2025 reinforces IEB’s commitment to advancing
impactful research, fostering global partnerships, and shaping resilient strategies for
a sustainable future.
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Biochar for Dye Removal in Water by Ts.
ChM. Dr. Azrul Nurfaiz Mohd Faizal

The Economics of Climate Change by Dr.
Adrian Daud

Educational Visit to Local Market Educational Visit to Local Market 

Educational Visit to Local Market Educational Visit to Sarawak Agrofest 2025
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Photodegradation of Antibiotic
Pollutants by Dr. Alvin Lim Teik Zheng

Sarawak’s Climate Strategies & Role of
IEB, UPM, and Tokyo NODAI by Director
of IEB, Dr. Syeed Saiful Azry Osman Al-

edrus

Climate Entrepreneurship from Lab to
Community by Dr. Sharon Yong Yee, Ong

Plant Usages in Sarawakian Communities
by Mr. Philip Lepun

Biochar in Biogas and Biodiesel Production
by Ts. Dr. Nozieana Binti Khairuddin

Carbon Stock in Forest Tree Seedlings &
Climate Mitigation by Ts. Gs. Dr. Wan Nor

Zanariah Zainol @ Abdullah
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Reading Climate Change Through Plant Pathogens by Dr.
Anysia Hedy

MOF Catalysts in Biomass Conversion by ChM. Dr. Sivasangar
Seenivasagam

A warm send-off from Dr. Kereen to Tokyo NODAI team

Presentation by a Tokyo NODAI student during CAMS2025 at
UPM Sarawak.

Presentation by a Tokyo NODAI student during CAMS2025 at
UPM Sarawak.

Presentation by a Tokyo NODAI student during CAMS2025 at
UPM Sarawak.

Carbon Stock in Forest Tree Seedlings & Climate Mitigation
by Ts. Gs. Dr. Wan Nor Zanariah Zainol @ Abdullah

Educational Visit Taman Tumbina 
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IEB has secured six (8) new research grants in 2025, further
reinforcing the institute’s capacity to deliver high-impact
and globally relevant research.
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STAFF NAME RESEARCH TITLE SPONSOR

(MOHE/MOSTI ETC.)
END DATE

 (dd-mmm-yy)

King Jie Hung
Promote Oil Palm Yield for

Estates on Peat by Improving
Soil Ecosystem Funtionally

Sarawak Oil Palm
Berhad

2025

Noorasmah Saupi
Improvement of post-harvest
handling of hill paddy and its

effects on paddy quality.
TRGS 30/11/2025

Tunung Robin
Improvement of Sarawak hill

paddy (Kerawing variety) yield
at Sg. Asap, Belaga Sarawak

TRGS 30/11/2025

King Jie Hung

Sustainable pests’
management for increasing

yield and conserving Sarawak
hill paddy ecosystem at Sg.

Asap, Belaga Sarawak

TRGS 30/11/2025

Keeren a/l Sundara
Rajoo

Development Of a
Collaborative Ethnobotanical

Handbook for Field
Researchers in Asia: A Joint

Effort Between Malaysia,
Indonesia And India

Universiti Putra
Malaysia

Nov 30, 2025

Dr. Wan Nor Zanariah
bt Zainol @ Abdullah

Penyelidikan Hutan Sarawak
(Fasa II) - Forest Landscape

Restoration (FRL) Assessment
Using Small Multicopter UAV
at Sabal and Labang Forest

Reserves

Jabatan Hutan
Sarawak

5/6/2027

Keeren a/l Sundara
Rajoo

Evaluation of Offshore Food
Waste Compost for Enhancing

the Growth of Selected
Sarawak Forest Tree Species

and Vegetables

Chemsains Konsultant
Sdn Bhd

2025

Keeren a/l Sundara
Rajoo

Feasibility Study on Japanese
Food Waste Management

Strategies for Bintulu :
Towards Zero Food Waste in

Bintulu Development
Authority

Nov 2026



IEB Bulletin 94
STAFF NAME RESEARCH TITLE SPONSOR

(MOHE/MOSTI ETC.)
END DATE

 (dd-mmm-yy)

Adrian Daud

Socioeconomic
valuation of Sarawak

hill paddy ecosystem at
Sg. Asap, Belaga,

Sarawak

TRGS 30/11/2025

Keeren a/l Sundara
Rajoo

Digitizing Waste
Management : An
Inclusive Circular

Economy Approach for
Malaysia Beyond

Asia Pacific
Telecommunity

Dec 2025

Keeren a/l Sundara
Rajoo

Development Of A
Collaborative

Ethnobotanical
Handbook For Field

Researchers In Asia: A
Joint Effort Between

Malaysia, Indonesia And
India

Universiti Putra
Malaysia

Nov 30, 2025

Dr. Wan Nor Zanariah bt
Zainol @ Abdullah

Penyelidikan Hutan
Sarawak (Fasa II) -
Forest Landscape
Restoration (FRL)
Assessment Using

Small Multicopter UAV
at Sabal and Labang

F t R

Jabatan Hutan Sarawak 5/6/2027

Keeren a/l Sundara
Rajoo

Evaluation of Offshore
Food Waste Compost

for Enhancing the
Growth of Selected
Sarawak Forest Tree

Species and Vegetables

Chemsains Konsultant
Sdn Bhd

2025

Keeren a/l Sundara
Rajoo

Feasibility Study on
Japanese Food Waste

Management Strategies
for Bintulu : Towards

Bintulu Development
Authority

Nov 2026

Keeren a/l Sundara
Rajoo

Digitizing Waste
Management : An
Inclusive Circular

Economy Approach for

Asia Pacific
Telecommunity

Dec 2025
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STAFF NAME DOCUMENT TITLE SOURCE TITLE

Keeren a/l Sundara Rajoo

Ethnomedicinal Survey of
Antidiabetic Plants Used by Six
Indigenous Communities in
Sarawak, Borneo

Journal of Herbal Medicine

Keeren a/l Sundara Rajoo

Ethnobotanical Survey of
Medicinal Plants Used by the
Punan People of Sarawak,
Borneo: A Conservation
Perspective

Tropical Conservation Science

Keeren a/l Sundara Rajoo

Comparative Analysis of Soil
Quality in Natural, Logged, and
Plantation Forests in Kuala Kubu
Bharu, Malaysia

Malaysian Journal of Soil
Science

Keeren a/l Sundara Rajoo

Influence of Soil Fertility on
Growth Performance and
Optimal Harvesting Age of
Shorea angustifolia in Logged
Forests of Sarawa

Malaysian Journal of Soil
Science

Dr. Wan Nor Zanariah bt Zainol
@ Abdullah

Drone STEM Education :
Revolutionizing Learning for the
Future

International Journal of
Academic Research in
Progressive Education &
Development

Nozieana Khairuddin

Post-harvest storage effects on
enzymatic browning,
physicochemical and
phytochemical characteristics of
Artocarpus odoratissimus flesh

Cogent Food & Agriculture

Nozieana Khairuddin

Brassica oleracea L.
Anthocyanin-based films for
intelligent packaging: A concise
review

Journal of Food Measurement
and Characterization



PUBLICATIONS 2025
IEB Bulletin 96

STAFF NAME DOCUMENT TITLE SOURCE TITLE

Nozieana Khairuddin

Characterization and pH
Response of Passiflora suberosa
Extract as a Novel Biosensor
Intended for Smart Food
Packaging Film

Journal of Food Process
Engineering

Alvin Lim Teik Zheng

Bismuth vanadate modified
glassy carbon electrode for
sensitive electrochemical
antibiotic detection

Journal of Nanoparticle
Research

Alvin Lim Teik Zheng
Biochar‑based electrochemical
sensors: a tailored approach
to environmental monitoring

Analytical Sciences

Alvin Lim Teik Zheng

Recent review on porous
adsorbents for water
decontamination: strategies for
enhanced removal of
tetracycline

Journal of Porous Materials

Alvin Lim Teik Zheng

Assessing the Photocatalytic
Performance of Hydrothermally
Synthesized Fe-Doped BiVO4
Under Low-Intensity UV
Irradiation

Arabian Journal for Science and
Engineering

Alvin Lim Teik Zheng

Rare earth elements for
enhancing photocatalysis in
pollutant degradation and water
treatment

International Journal of
Environmental Science and
Technology
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for a better tomorrow.
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