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FOREWORD

EDITORIAL

E

ditor’s FOREWORD

Another year has gone by and next month (October 2013)
marks the 2nd anniversary of Scientific Malaysian Magazine. Kudos
to the team members of Scientific Malaysian Magazine for all the
hard work over the past 2 years! We would also like to extend our
greatest appreciation to all the contributing authors and of course,
our readers for their support throughout these years.
Our sincere apologies for the delayed publication of Issue 6 of
Scientific Malaysian Magazine. As usual, we start of with the
introductory sections with updates on the newest additions to our
advisory board (pg 4) , new team members (pg 5) and news highlights
(pg 6). This is followed by our latest Project Collab listing featuring
Dr. Woon’s research at Universiti Malaya (pg 9). Be sure to check
out his research on organic electronics and explore any potential
for collaborations if you are a scientists working in a similar field.
We kick off our “Main Articles” section with an article on sustainable
development in Malaysia by Tan Jiong Jian (pg 10). As a developing
nation, has Malaysia done enough to ensure that the growth of our
country does not come at the cost of the nature? Following that,
Dr. Brian Peng explores the ways that the society can design and
innovate with sustainability in mind (pg 14).
Next, we feature an article by Himanshu Sharma on the lifestyle
factors contributing to male infertility (pg 17). Prevention is better
than cure, so it is important that the general public is educated
on the impact of their lifestyle choices on fertility. On the same
note on prevention, Alvin Chin and Prof. Meshkati highlight
the importance of human factors and safety culture at Malaysian
refineries to prevent major accidents. (pg 21)
We are what we eat, as Cheong E Von explores the effect of food
on our brains (pg 24) in her article. Alfred Simbun takes us through
on how the information technology has changed and evolved the
way biologists think and work (pg 27). Dr. Sylvia Yip introduces us
to technology transfer as an alternative career option for scientists
and engineers (pg 31).
In our “Life as a Scientist” section, we are honored to have the
opportunity to get up close and personal with two prominent
Malaysian scientists, Datuk Dr. Mazlan Othman (pg 38) and
Tan Sri Prof. Augustine Ong (pg 42). Our columnist, Hwong Yi
Ling wrote a cover article piece on the importance of fundamental
research (pg 46). Dr. Lim Su Yee shares her experience as a graduate
student in Georgia, Athens (pg 48). Last but not least, we finish off
this issue with a science book review by Gabriel Chong (pg 51) and
a sci-fi film review by Anthony Au (pg 52). We hope you enjoy this
issue of Scientific Malaysian magazine - happy reading!

Andrew Chan
Editor-in-Chief
andrewchan@scientificmalaysian.com
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The
Scientific Malaysian
ADVISORY BOARD
The Scientific Malaysian (SciMy) Advisory Board consists of experienced scientists and professionals
from the academia and industry. With their experience, knowledge and skills, they will be advising the
executive members of SciMy in strategic decision-making process, establishing connections for SciMy
within and beyond the scientific field and aiding the growth of SciMy as an organisation.

Datuk Dr. Mazlan Othman
Datuk Dr. Mazlan Othman is an astrophysicist and a pioneering figure in the field
of space science in Malaysia. She is the current director of the United Nations
Office for Outer Space Affairs in Vienna, Austria. She obtained her Ph.D. in
Astrophysics from the University of Otago, New Zealand, in 1981, and was the
first woman to do so since the university was founded.
She became a lecturer of astrophysics at Universiti Kebangsaan Malaysia (UKM)
in 1981. As a result of her efforts in building public awareness of astronomy
and space issues, space science was formally included in the national school
curriculum in 1990. She also performed research for a semester in the Kiso
Observatory in Japan.
Datuk Dr. Mazlan Othman played a pivotal role in the establishment of the
National Planetarium. She was placed in charge of the project which was launched
in 1989. The National Planetarium was opened to public in May 1993. She also
founded the Space Science Studies Division in the Prime Minister’s Department.
As the Director General of the Division, she initiated the National Microsatellite
Programme. The nation’s first remote sensing satellite, Tiung-SAT, was completed in October 1997 and was launched by
a Russian rocket in 2000.
She took up the position as Director of the United Nations Office for Outer Space Affairs (OOSA) in Vienna, Austria,
in 1999. She returned to Malaysia in July 2002 to set up and lead the National Space Agency (ANGKASA).
Under her leadership, ANGKASA made big strides in advancing space science and technology in Malaysia. Her activities
include the establishment of the institutional national framework for coordination of space-related activities, formulation
of the national space programme, law and policy and the founding of the National Space Centre in Selangor and the
Langkawi National Observatory. Her work at ANGKASA also led to the launch of the first Malaysian astronaut to the
International Space Station on 10 October 2007.
She was reappointed as OOSA’s Director in 2007 and in this capacity, she initiated the Basic Space Technology Initiative
(BSTI) to enhance access to space application tools for sustainable development through small satellite technology. The
programme on Human Space Technology Initiative (HSTI) was also launched under her tenure. She was appointed the
Deputy Director-General of the United Nations Office at Vienna in June 2009.
Datuk Dr. Mazlan Othman is a fellow of various professional organisations including the Academy of Sciences Malaysia,
the International Academy of Astronautics, the Institute of Physcis Malaysia and the Malaysia Scientific Association. She
has received awards in Malaysia, the United Kingdom and Russia for her contribution in the field of space.

The Scientific Malaysian Advisory Board
For the full list of the Scientific Malaysian Advisory Board members, please visit
http://www.scientificmalaysian.com/scientific-malaysian-advisory-board/

S C I E N T I F I C M A L AY S I A N

5

New Scientific Malaysian
team members
Scientific Malaysian is run by a group of volunteers who dedicate a lot of their time and energy into this
initiative. We introduce the latest addition to our team here.

Kong Yink Heay (Illustrator) is a passionate scientist and artist. She
is currently a research assistant at the Cancer Research Initiatives Foundation
(CARIF) working on epithelial-messenchymal transition (EMT) in oral cancers
while pursuing a Masters in Dental Sciences at University of Malaya. She
holds a B.Sc. in Biotechnology at Monash University Malaysia. Yink Heay
has prior work experience at Vivantis Technologies, Malaysia University of
Science and Technology (MUST) and Monash University Malaysia. Having
passion and experience in both science and art, Yink Heay has always wanted
to bridge science and art towards the general public. She feels that science
can be better understood when presented in images. She wishes to play a role
in science communication using interesting images to aid the understanding
of scientific findings. She hopes that Scientific Malaysian will narrow the
gap between Malaysian general public and scientists, as well as promoting
networking/research collaborations among Malaysian scientists.

Leow Mei Yi (News Editor) is a Chemistry/Psychology graduate from
the University of Tasmania, Australia. She is currently taking a gap year prior
to commencing a Ph.D. in Chemistry in 2014. After a couple of brief stints
in mining and water treatment, Mei Yi is now working in the FMCG industry
at Lam Soon Edible Oils in Klang. Witnessing real-world contributions from
the field of chemistry has been a thrilling experience for her, and she looks
forward to making contributions of her own someday. She has high hopes for
the future of scientific research in Malaysia in which the Scientific Malaysian
will play an active role by facilitating aspiring Malaysian scientists with access
to professional networks, and promoting our country’s global presence within
the scientific community.

be part of the Scientific Malaysian Team
Are you passionate about science?
Would you like to contribute to Scientific Malaysian remotely from wherever you are?
Write to us to find out ways to be part of the team. For more information, please refer to page 8 or
drop us an email team@scientificmalaysian.com
ISSUE 6 / 2013
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NEWS HIGHLIGHTS
Snippets of the latest news published on Scientific Malaysian website.
April 2013
Live Web Interview with Datuk Dr. Mazlan Othman

On the 13th of April 2013, Scientific Malaysian interviewed Datuk
Dr. Mazlan Othman, Malaysia’s first astrophysicist. She was the
founding director of ANGKASA (Malaysia’s National Space
Agency) and is currently serving as the Director of the United
Nations Office for Outer Space Affairs (UNOOSA) as well as
being the Deputy Director-General of the UN office in Vienna,
Austria. The video of the interview has been made available on
Scientific Malaysian YouTube channel and the interview transcript is
published in this issue’s Meet the Scientist section (pg 38).
May 2013
For Women in Science National Fellowship 2013 by L’Oréal
Malaysia and UNESCO

L’Oréal-UNESCO For Women in Science National Fellowship
2013 was announced and open for application by Malaysian women
researchers under the age of 35 years, who are PhD holders or
currently pursuing research study in the field of Material Sciences.
A financial assistance of RM20,000 each will be granted to 3 young
female researchers in this year’s award. Application is now closed.
June 2013
Malaysia and Indonesia should collaborate on rhino breeding

With no more than 100 Sumatran rhinoceroses left globally, wildlife researchers from Malaysia and
Indonesia are urging the governments of both countries to initiate a rhinoceros breeding programme.
Despite the initiative by the authorities to protect and expand the population of Sumatran rhinos, the
population continues to decline due to illegal poaching and reproductive isolation. It is imperative
that these endangered animals are protected and that the public are educated regarding their current
endangered state. Should the Sumatran rhino population continue to decline, the species will sooner
than later share the fate of the Dodo bird, thus threatening the Earth’s biodiversity.
Malaysia and Korea establish research collaboration

On the 16th of April 2013, Emeritus Professor Dato’ Sri Zakri Abdul Hamid, Science Advisor of the
Prime Minister, officiated the Korea-ASEAN Research and Development Cooperation Forum 2013.
The event was jointly organised by the Malaysian Industry-Government Group for High Technology
(MIGHT), the Ministry of Trade, Industry and Energy Korea (MOTIE) and Korea Institute of
Advancement of Technology (KIAT). Malaysia is currently aiming to become a high-income country
in several years down the road and its scientific partnership with Korea is in line with this aim. Forming
partnerships with Korea should contribute greatly to the scientific progress in Malaysia through
technological and knowledge transfer.

S C I E N T I F I C M A L AY S I A N
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July 2013
Press Releases from IAS 2013 held in Kuala Lumpur

Several press releases from the 7th International AIDS Society (IAS)
Conference on HIV Pathogenesis, Treatment and Prevention, held
recently in Kuala Lumpur were published. Scientific Malaysian news
editors, Jasmine Leong and Azilleo Kristo Mozihim attended this
conference and reported the event in this issue’s Event Report section
(pg 36).
Malaysia hosts ecological conservation programmes for
government officials

In September 2013, the Institute for Tropical Biology and
Conservation, Universiti Malaysia Sabah (UMS-ITBC) will provide
ecological conservation training to approximately 20 government
officer participants under the Integrated Biodiversity and Ecosystem
Management Training Course. This programme is open to
government officials from ASEAN, the Pacific islands, South Asian
and African nations.
Dr. Sin How Lim – Sole Malaysian Recipient of the Joint IASNIDA Research Fellowship Award

The International AIDS Society (IAS) and National Institute of
Drug Abuse (NIDA) Research Fellowship is a fellowship programme
established in 2009 to promote research in drug use and HIV. One
of the recipients of this year’s fellowship award is Dr. Sin How Lim,
a postdoctoral researcher from the University of Malaya. Scientific
Malaysian News Editor, Azilleo Kristo Mozihim had the opportunity
to speak to him at the IAS 2013 conference in Kuala Lumpur.
July 2013
The Malaysian Stem Cell Registry (MSCR)
The MSCR was established in 2000 and it is a joint project
by the Ministry of Health, the National Cancer Council
(MAKNA) and the Institute of Medical Research (IMR). Its
main objective is to identify, collect data from volunteers and
perform a search for potential donors for those who are in
need.
The Outstanding Technopreneur Competition and TISE 2013
The 5th Technopreneurship & Innovation Symposium and
Exhibition (TISE) 2013 is open for registration. It will be held
at Tunku Abdul Rahman University College, Setapak, Kuala
Lumpur on the 6th and 7th of October.

The full news articles are available on our website at www.scientificmalaysian.com. We welcome press releases and
research news articles; please get in touch with us by email at news@scientificmalaysian.com.
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Interested in joining the
Scientific Malaysian Team?
Scientific Malaysian is on a rapid expansion and we need your help! By being part of us,
you will have the opportunity to enhance your skills and improve your CV by working
flexibily and contributing remotely from wherever you are.
We are now seeking for enthusiastic and passionate volunteers to join our team for the
following positions:
a) Web Developers
• Role: Maintaining and adding new functionalities to
our websites.
• Knowledge in WordPress is essential.
b) Scholarship Officers
• Role: Maintaining our scholarship directory, and
liaising with scholarship funding bodies.
c) News Editors
• Role: Writing short news reports on scientific research
and development news in Malaysia, to attend/report
on scientific events/conferences.
• Good writing and reporting skills are essential.
d) Magazine Designers
• Role: Designing our magazine layout and format.
• Knowledge in Adobe InDesign is essential.

Photo: www.lumaxart.com/Flickr

e) Publicity Officers
• Role: Promote awareness of Scientific Malaysian especially via social media, distributing SciMy
digital magazine, liaising with relevant organisations.
f) University Ambassadors
• Role: Promote awareness of Scientific Malaysian at university campuses and research institutes
locally (Malaysia) or abroad. May involve organising events (such as talks or discussion forums).

If you would like to contribute to Scientific Malaysian in other ways not mentioned
above, please do contact us - we are always looking forward to new ideas!
Contact us: team@scientificmalaysian.com

S C I E N T I F I C M A L AY S I A N
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PROJECT COLLAB
The aim of Project Collab is to help foster research collaboration. In this section, we highlight
the research work of one of our Scientific Malaysian members.

Organic Electronics

- DR. Woon Kai Lin UNIVERSITY of Malaya
We are a group of chemists, engineers and physicists
working in the field of organic electronics. Our mission
is to bring organic electronics from the lab to precommercialisation stage. Our vision is to create a more
environmentally friendly electronics at low cost and at
the same time to encourage techno-entrepreneurship
in Malaysia.
Our research focuses on efficiency and performance
of the materials and devices. By studying the charge
transport, interfacial barriers, energy levels of organic
semiconducting materials, exciton confinement,
exciton dissociation, synthesis of various novel organic
semiconducting materials, molecular modelling and
correlation between molecular structure and device
properties, we hope to achieve devices with very high
performance. We fabricate various devices such as
organic field effect transistors, organic phototransistors,
organic light emitting diode, organic photovoltaic and
smart organic electronics. We also actively patent our
new findings.
We are seeking collaborators with experience in organic
synthesis, device modelling and integration of different
devices into user-friendly products. We are also seeking
industries which are interested to bring such technology
into commercial world.

contact:

Dr. Woon Kai Lin:
E: ph7klw76@um.edu.my T: +603-79674287
A216, Department of Physics
Faculty of Science
50603, Kuala Lumpur
University Malaya
Malaysia
Links:

Dr. Woon’s Scientific Malaysian profile: http://www.
scientificmalaysian.com/members/kailin/
Dr. Woon’s website: http://fizik.um.edu.my/wkl/
be part of project collab

Are you a researcher seeking
collaboration with others in your field?
Would you like others to know the
importance of your research?
Write to us about your research and we will
publish it in our next issue. Drop us an email at:
magazine@scientificmalaysian.com

TOP LEFT The world’s most energy efficient yellow organic light-emitting diode (OLED) made in our
lab. BOTTOM LEFT Blue OLED which is the foundation for white OLED, has efficiency almost as good
as the best in the world. RIGHT The OLED team members in the Low Dimensional Materials Research
Center at University of Malaya.
ISSUE 6 / 2013

10

Sustainable Development
Is Malaysia doing enough?
by Tan Jiong Jian

C

onsider this - the Easter Island, home to a remote civilisation that has long since died out, its barren landscape
watched over by ancient stone statues. Whether they were
gods or guardians, we may never know, and it doesn’t matter
now. It wasn’t always like this, the island was once covered
in trees and flourishing bird colonies. Within a span of 400
years, the trees and birds were gone - harvested to extinction. And the people soon followed.

one’s biased recollections and sometimes by exaggerated
incidents highlighted by the media. Examples of such
highlights are plentiful: the success of planting 28 million
trees, the LYNAS dispute, illegal logging and even the
relentless haze choking parts of the country annually. As
Daniel Kahnemana, the Nobel Memorial Prize winning
psychologist puts it, “Familiarity is not easily distinguished
from truth.”

The Moai statues of the Easter Island with their sad stories
left a mark in my mind. It is not the image of starvation
due to over-exploitation that haunts me. It is the thought
about how the occupants of this remote island failed to
sustain their civilisation that serves as a grim reminder. If a
civilisation on a small island that must have been aware of
their isolation could not achieve sustainability, how will we
who live on this vast island called Earth fare better?

I believe that this question needs to be answered and it needs
to be answered carefully. It needs to be answered because
without a solid idea of where we stand, a strategic course
cannot be plotted; it needs to be answered carefully because
a misinformed plan may be worse than an absence of a plan.
I believe that the lonely Moai statues of the Easter Island
would gladly take a break from being slowly eroded by time
to testify to that.
In this article, I take a stab at the aforementioned question by
assessing a few arbitrary parameters. Obviously, the selection
of these arbitrary parameters is subjective and I am by no
means implying that this assessment is complete (to do so
would be quite a complex task, I would imagine). It is simply
my limited answer to the question. To justify the selection of
parameters (they are arbitrary but not baseless), a definition
for sustainable development would be necessary. The cliché
that is the Brundtland Commissionb definition of sustainable
development as development that does not compromise
future generations is far too broad. Instead, I focus on two
complementary elements: living within our biocapacity and
reducing our ecological footprint.

Photo by -RS-/Flickr

Having established the parameters, it is constructive to
examine some data about our country’s ecological footprint.
Figure 1 is a reproduction of selected countries’ ecological
footprints compiled by the World Wildlife Fund (WWF) in
the organisation’s Living Planet Report for the year 2012,
with Malaysia highlighted [1].

As of 2012, Malaysia’s ecological footprint per capita is about
four global hectares (gha), where a global hectare represents
the productive capacity of one hectare of land (roughly the
size of two football fields) at world average productivity. In
other words, on average, each of us requires four hectares of
productive land to sustain our current standards of living. At
first glance, it may seem that the average Malaysian’s resource
It is easy to answer such a question based on one’s immediate usage is relatively moderate. However, the concept of our
judgement. However, such conclusions are often based on planet’s biocapacity puts things in better perspective.
To secure our future, we need to ask ourselves some tough
questions. Here is one such question: Do you think that
Malaysia is doing enough? To be more precise, are we as
a nation, doing enough to ensure the sustainability of the
country’s development?

a

Daniel Kahneman is a Professor of Psychology and Public Affairs Emeritus at the Woodrow Wilson School and is also the Eugene Higgins Professor
of Psychology Emeritus at Princeton University.
b
The Brundtland Commission is formally the World Commission on Environment and Development, formed by the UN in 1987 to focus on sustainable
development and global environmental issues.
S C I E N T I F I C M A L AY S I A N
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Figure 1: Ecological footprint per capita in units of global hectares (gha). Interactive graph and definitions of footprint categories available from the
World Wide Fund for Nature (WWF).

To help explain Earth’s biocapacity, just imagine that you are
a lone castaway on an island where the only source of food
you have is a small lake with one hundred fish in it. Imagine
also that you have the appetite of Hercules and need 10 fish
a day just to sustain yourself. Luckily, the fish in the lake are
very productive and they reproduce at a rate of 10 new fullgrown fish a day. Therefore, whatever fish you consume will
be replaced by new fish and you will have an amazing life
being the king or queen of the island. However, if you decide
to increase your appetite to eating 15 fish a day, there will
be a deficit of 5 fish a day. Therefore, assuming the rate of
fish replenishment miraculously stays the same even though
there are fewer fish by the day, you will run out of fish in 20
days. That 10 fish a day is analogous to the lake’s biocapacity.
For Earth, WWF estimated it to be 1.8 hectares per person
in 2008. That figure would be lower now considering that
Earth’s population has increased.

footprint has exceeded its biocapacity since the year 1995
[2] as shown in Figure 2. With the steady increase in
population and improving health care, the downward trend
in biocapacity per capita is likely to continue on trajectory.
This means that unless significant changes occur, the trends
are likely to persist and our biocapacity deficit will continue
to increase.
With all the above in mind, how is Malaysia doing?

Global Hectares per capita

Perhaps, one may argue that we are doing quite well
considering what other countries at the top of the ecological
footprint table are consuming. Some may argue that it has
been a fair price to pay for increased prosperity, or that
the increase in ecological footprint is part and parcel of
economic growth. Others will point to inadequate data or
possible flaws within the assumptions made in calculating
both the biocapacity and the ecological footprint . Looking
Another angle from which to gauge Malaysia’s performance at Malaysia’s ecological footprint data alone will also bring
in terms of sustainability is to explore the country’s change up the usual criticism that the effects of international trade
in ecological footprint and biocapacity over time. The were not taken into account.
Global Footprint Networkc has compiled the relevant data,
estimating that on a per capita basis, the country’s ecological Personally, I think all of the above are secondary. They
may well be sound arguments but they are secondary to the
7.0
fact that the Earth is one. I believe that we will collectively
6.0
experience the effects of each country’s actions or inaction.
5.0
Think of it as collective punishment. The Earth is one means
4.0
that every country needs to contribute as much as it possibly
Ecological
Footprint
can regardless of past contributions; it means that none of
3.0
Biocapacity
us are isolated. For example, the Maldives will still be among
2.0
the first to be submerged if sea levels continue to rise even
1.0
if they reduce their ecological footprint to zero; overfishing
0.0
1961 1965 1969 1973 1977 1981 1985 1989 1953 1997 2001 2005 2009
in one country may cause its distant neighbour’s fishermen
to suffer. A consolidated global effort is not an option.
Figure 2: The per-person Ecological Footprint and biocapacity in
Similarly, Malaysia needs to do all it can while encouraging
Malaysia since 1961. Note that biocapacity varies each year with ecosystem others to do the same, even though we may not be the worst
management, agricultural practices and population size. Source: Global
in terms of biocapacity deficit.
Footprint Network.

c

The Global Footprint Network is an independent think tank based in the United States, Belgium and Switzerland with the stated objective of enabling
a sustainable future where everyone lives within the means of one planet. The methodology behind the Global Footprint Network’s figures can be obtained
at http://www.footprintnetwork.org/images/uploads/National_Footprint_Accounts_Method_Paper_2010.pdf
ISSUE 6 / 2013
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The fact that we only have one Earth means that we cannot
afford to choose inaction or half-heartedness, regardless
of any possible doubts in the methodology used to assess
carrying capacity or ecological footprint. The risk is too
high. To borrow a term used in banking, I think that research
and assessment done on the subject have been done on a
‘best effort basis’. Changes and improvements may well
arrive (as they almost always do, even radical U-turns) but
to not intensify efforts for ecological footprint reduction
globally now is a gamble taken against the welfare of future
generations. Delaying via inaction is akin to increasing the
leverage taken on this gamble (with the odds stacked against
us).

“Malaysia needs to do all
it can while encouraging
others to do the same,
even though we may not
be the worst in terms of
biocapacity deficit.”
So how do I think Malaysia is doing? I think we could be
and should be doing more.
It seems to me that there is an obvious area where we can
make significant ecological footprint reductions. That area
is our carbon uptake footprint, of which fossil fuel burning
is a large contributor. For example, I am puzzled by our
country’s slow adoption of solar energy. Consider the facts:
Malaysia is the fourth largest photovoltaic (PV) module
producer globally; we have on average about 5 KWh/m²
of daily solar radiation on an annual basis with relatively
little seasonal variation [3], comparable to the climate in
the state of Arizona in the USA (which has seen vast
investments in harvesting solar energy), with an annual
average solar radiation of about 6 KWh/m² [4]. However,
only a small amount of our energy is generated from solar
energy. According to a study by researchers at University of
Malaya [5], as of 2008, the cumulative installed photovoltaic
capacity in Malaysia was 9 MW whereas the total installed
electricity generation capacity was about 20,000 MW.
More recently, a report by SEDA suggests that as of 2011,
Malaysia has about 69 MW of installed renewable energy
capacity linked to the power grid and another estimated
1,000 MW installed capacity off grid [6]. The National
Renewable Energy Action Plan of 2009 is aiming for
6% (975 MW) and 10% (2,065 MW) of our total peak
electricity demand capacity to be from renewable sources
by 2015 and 2020 respectively [7]. Although we seem to be
on track towards achieving this commendable target, for
a country with our natural resources, I think we are not
being ambitious enough. Without a doubt, the picture is far
more complex with various technological and economical
S C I E N T I F I C M A L AY S I A N

challenges, but I think the fundamental unchanging physics
and climate conditions put Malaysia in a favourable starting
position to increase our usage of renewable energy sources.
For example, by SEDA estimates, the widespread use of
building integrated photovoltaic panels alone has the
potential to supply up to 20% of the country’s residential
and commercial electricity demand in 2005 [7]. This is one
area where I think that Malaysia can do so much more. There
are of course many ways that we as individual consumers
can help as well. For starters, just following the “Reduce,
Reuse and Recycle” framework will do wonders in reducing
our ecological footprint.
We need to do more today to secure our future. But just
whose responsibility is that? As Michael Jackson puts it,
“Who am I to be blind?”. So let’s start with the man in the
mirror.
Note: An earlier version of this article was published in CEKU (http://www.
ukeconline.com/CEKU)
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Re-shaping and Re-designing Our
Lego Land
by Dr. Brian Peng Weng Kung
so much at stake, human will need to ‘unlearn’ past design
strategies, and re-learn a completely new design paradigm
which will change the way we live and think, in a sustainable
manner.
Design with a direction
The postwar years in Japan witnessed a steady rise in the
average Japanese standard of living. The three signs of
affluence back then were the “three sacred treasures,” - a
television, a fridge, and a washing machine. By 1964, an
estimated 90% of households in Japan own all three of them.
Most families had sought to equip themselves with these
“luxury” items, and in the years that followed, consumer
demand increased significantly. Between the post Second
World War and the cold-war periods, we witnessed an era
of intense innovations to strengthen the arm forces of two
superpowers. For decades, billions of dollars were poured
into the research and development of military and defense
technology, which saw the birth of internet, lithium ion
battery and the likes. If innovation and design in the 21st
century has one clear direction, it has to be geared towards a
sustainable development. This momentum shift can already
be seen in our daily life.
Illustration by Charis Loke

T

he Romans took 100 years to build Rome, Shanghai
city was built at an unprecedented speed of just 20
years. It took Japan 40 years after it was devastated by the
atomic bombs to achieve industrialised nation status; its ‘predecessor’ Korean took 25 years to achieve similar status. In
the past decades, mountains were brought down in exchange
for stones for construction sites; sand in remote Vietnam
and Cambodia was mined to fill up landfills in neighbouring countries, lush jungle hills in Borneo make way for dam.
The humankind had really gone a big way to reconstruct its
Lego-dreamland. Today, there are over 20 megacities worldwide. Unlike Lego-bricks though, the world’s resource is
finite. In other words, what humans are doing is merely a
‘nature reconstruction’.
Is it possible for us to build our dreamland which assimilates
well into the nature’s ecosystem? With massive infrastructure
being built, and more in the pipeline, humans have almost
single-handedly changed the landscape of Mother Nature in
recent decades much faster than any other time in history.
It is time that we take a reality check on these globally
pressing issues: greenhouse effect, rapid population growth
and urbanisation, and the overexploitation of nature. With
S C I E N T I F I C M A L AY S I A N

Design to exploit the crowd
In the London Olympics game in 2012, engineers have
shown that the little energy produced by our footsteps can be
harvested for meaningful use. The pavement slab leading to
the train stations were made by recycled rubber to transform
kinetic energy into electricity and each footstep is able to
light up a LED-powered street light for an astounding 30
seconds! Bring together 29,000 people and you could move a
train for one second! Highly populated city such as Tokyo, or

“If innovation and design
in the 21st century has
one clear direction,
it has to be geared
towards a sustainable
development.”
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even Dhaka, can be a good
source for “crowd-farm”,
a term first used by two
MIT graduates to harvest
mechanical energy from
the movement of crowd
[1].
Design for more with
less
Innovation in industries
or even academic research
has always been based on
the “spend to innovate”
approach with very little
attention paid to cost. As
history may have taught us,
constraints can sometimes
be the best form of
liberation: call it the art of
frugal innovation if you
want. One success story
comes from General Electric (GE). GE was able to come
up with an ultra low-cost electrocardiogram (ECG) as they
were up against many financial constraints in rural India.
It turned out that an ECG which typically cost more than
$5,000 could actually be produced at the cost of $20 [2],
which in return benefits both the poor and rich countries.
Post-industrial revolution see the birth of often well-defined
goal achieved in the manufacturing line which results in
fabulously high efficiency, thus significantly cutting down
production time and saving natural resources. While this
recipe has done wonders, it has unfortunately stifled
creativity and improvisation. As a result, fossil fuel engine
and vehicles are still being produced despite the knowledge
that greenhouse effect is hurting our Mother Nature at an
alarming rate. There is a lack of incentives and strong political
will to address and remedy the situation. Instead, what we
see is a manifestation of severe addiction and dependency
on old technology.
Frugal engineering shifts the focus from working towards
a targeted goal or well-defined vision which often means
exploiting seemingly “unlimited” resources and capital to a
mentality of producing a “good enough” and decent solution
in a less-than-perfect environment. Instead of looking
outwards for solution, frugal innovations instead forces out
the very best in oneself. Such an approach sometimes shows
that one’s knowledge and creativity knows no boundary. As
resource is scarce, we seek to develop new product replacing
old product without losing the desired functionality. Twenty
years ago, no one could have imagined having a phonecum-television-cum-computer on a single device called
smartphone. Thomas Alva Edison did not set out to create
a light bulb just because he wanted a light bulb. What he
wanted was merely a form of light source. Light bulb has
been associated with light source too often that it became a
generic term for light source. Is there an entirely new product
which produces light without using light bulb? Perhaps a

Photo by Jurjen van Enter/Flickr

painted wall that glows in the dark? Nanotechnology may
be able to add value to the paint we know today.
Design with no waste
After millions of years of tinkering, Mother Nature has
worked out an effective process that links closely to the
principle of energy minimisation. In nature, there is no
such thing as “waste” as anything left over from one living
being is “food” for another, not until human came along.
“Waste” is a concept created and known only to human
beings as a fallacy of human mind, passing down through
generations as a form of filial acceptance. If dung can be
turned into precious fertiliser, so can plastic bottles. One of
the most lucrative “waste” industries in modern history is
the recycling of plastic bottles. Resource-hungry countries
like China is silently buying back millions of recycled plastic
every year. Of the 7.5 million tons of plastic bottles that
were collected worldwide, 3.4 million tons of them were
used to produce fibre and 500,000 tons to produce bottles
[4,5]. If “waste” is a fallacy, so is “precious”. Did you know
that in the 19th century pure aluminum was more valuable
than gold? It sounds unbelievable to us now, but United
States actually capped the Washington monument with a sixpound aluminium pyramid in 1884 to show off its industrial
prowess.

“Thomas Alva Edison did
not set out to create a
light bulb just because he
wanted a light bulb.”
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Design with a clue
Nature has been perfecting its forms and systems for
millions of years, and in fact humans have always been
searching for clues from our Mother Nature. Biomimicry
is the art, skill, intuition and science of turning towards
nature for inspiration on solving our dilemmas. For years,
scientists have been looking for ways to improve the display
technology. Qualcomm, an American company of mobile
technologies has been looking at the unique properties of
butterfly wings for clues. These highly developed structures
reflect light so that only specific wavelengths interfere with
each other to create bright colors. This same principle was

“...the concept of “we”
should be extended to
include other living and
non-living beings and the
environment...”
applied to cutting-edge display technology to make brighter,
more readable, lower-power displays in mobile devices. Ever
wonder how IKEA makes their furniture sturdy yet light? It
does this by inserting a man-made honeycomb structure to
panel of woods. This not only reduces redundancy, it also
translates into reduction of cost and weight.
As much as we would like to believe that human is the most
powerful being, blessed with an extraordinary intellect and
limitless imagination, our civilisation is actually very fragile.
On 5th of June 2013, The Huffington Post reported that
honey bees in California are dying and this is putting the $30
billion ‘honey bee economy’ at risk. Mind you, honey bees
don’t just produce honey; they are also the main sources of
pollination for crops from apples to zucchini [3]. Therefore,
one day if you buy a piece of state land, be it in suburbs of
California or downtown Manhattan, and you are thinking
of clearing up the land or destroying the bee hives - think
again. We need to forge a synergy beyond legal boundary
with other co-inhabitants of this planet earth in order to
achieve a dynamic equilibrium, an Ubuntu state. Ubuntu is
a way of life that underpins an open-society, and is perhaps
best explained with the following story [6]:
“An anthropologist studying the habits and customs of an African
tribe found himself surrounded by children most days. So he decided
to play a little game with them. He managed to get candy from the
nearest town and put it all in a decorated basket at the foot of a
tree. Then he called the children and suggested they play the game.
When the anthropologist said “now”, the children had to run to the
tree and the first one to get there could have all the candy to him/
herself. So the children all lined up waiting for the signal. When
the anthropologist said “now”, all of the children took each other by
the hand, ran together towards the tree. They all arrived at the same
time, divided up the candy, sat down and began to happily munch
away. The anthropologist went over to them and asked why they had
S C I E N T I F I C M A L AY S I A N

all run together when any one of them could have had the candy
all to themselves. The children responded: “Ubuntu. How could
any one of us be happy if all the others were sad?” Ubuntu is a
philosophy of African tribes that can be summed up as “I am what
I am because of who we all are.”
“I am what I am because of who we all are.” This is perhaps
the best lesson Africa, the birthplace of humanity and
civilisation, can teach today’s world. To me, the concept of
“we” should be extended to include other living and nonliving beings and the environment which are often left out
as humans race to build their Lego-land. And there is no
better time to start than NOW. If one day, you were given a
pen or a pencil to draw on a piece of paper, the world that
you like it to be, what would it be?
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Declining male fertility - an
alarming trend
by Himanshu Sharma

I

nfertility is clinically defined by WHO
as “a disease of the reproductive
system defined by the failure to achieve
a clinical pregnancy after 12 months
or more of regular unprotected sexual
intercourse”[1]. Infertility is classified
into two forms. Primary infertility is the
infertility in a couple who have never had
a child. Secondary infertility is failure to
conceive following a previous pregnancy.
Infertility may be due to defect in any one
of the partners. Male infertility refers to the
inability of a male to achieve a pregnancy
in a fertile female and it accounts for
40-50% of infertility cases [2].
Factors Responsible for Male Infertility
The most common causes of male
infertility relate to the production and
maturation of sperm. Sperm may be
immature, abnormally shaped, or unable
to swim properly. Normal sperm may be produced in
abnormally low numbers (oligospermia) or seemingly not
at all (azoospermia). These problems may be caused by many •
different conditions including:

Illustration by Kong Yink Heay

Defective delivery of sperm into the female genital
tract which could be due to impotence or premature
ejaculation.

•

Infectious diseases or inflammatory conditions such as
the mumps virus.
Declining Male Fertility

•

Endocrine or hormonal disorders such as Kallman’s A fall in the sperm count in the reproductive years is now
syndrome.
a serious global problem [4,5]. A study shows that sperm
count of healthy males is decreasing at a rate of 1-2% per
Under certain conditions, the body starts producing year [5]. This will directly affect population growth rate of
inappropriate immune response against its own cells any country, which in turn will affect the economic growth
or tissues and destroy them. This condition sometimes of a country. Declining male fertility can also cause mental
may lead to infertility if immune response is stimulated dissatisfaction and disrupt relationships. The gradual decrease
against body own sperm cells and thus they are destroyed. in sperm count in worldwide male population prompted
WHO to revised its guideline recently by decreasing the
Environmental and lifestyle factors.
sperm concentration range deemed as normal from 20
million/ml to 15 millions/ml in a healthy individual [6].
Genetic diseases (most are associated with sperm
abnormalities, either directly or indirectly) such as Aside from genetic and other idiopathic causes of male
cystic fibrosis, Noonan syndrome, myotonic dystrophy, infertility, reports in recent years have shown that incidence
Hemochromatosis, Kartagener’s syndrome (detailed of male infertility has increased as a result of various factors
information can be obtain from [3]. Sex chromosomal such as environmental pollution, stress and lifestyle [7].
abnormalities such Klinefelter syndrome, Turner There are various contributing lifestyle factors responsible
syndrome or mutations in the gene responsible for for declining sperm count. In this article, I will focus on
spermatogenesis such as androgen receptor gene major factors such as physiological stress, genital heat stress,
mutations or Y chromosomal microdeletion are also an smoking, and alcoholism.
important genetic factor responsible for male infertility.

•

•
•
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Declining male fertility can also cause mental
dissatisfaction and disrupt relationships. Photo
by Adam Kuśmierz/Flickr

Physiological Stress and Work Pressure

Smoking

Physiological stress is one of the important factors
contributing to male infertility. Studies have shown
that in animals, social stress, high altitude, surgery, and
immobilisation stress affect body weight, testosterone
level, and copulatory behaviour with variable effects on
testicular morphology [8]. Evidence exists that mild-tosevere emotional stress decreases testosterone and interferes
with spermatogenesis in the human male [9]. It has been
observed that some seminal antioxidant contents, as well as
motility and morphologically normal spermatozoa, decrease
in students undergoing examination stress [10]. Antioxidants
play a vital role in scavenging large amount of reactive
oxygen species (ROS) produced in the body in response to
smoking, drug and other environmental stresses. These ROS
enhance lipid peroxidation in sperm cell, which could affect
its motility and morphology. The presence of antioxidants
in seminal fluid reduces ROS content and thus enhances
reproductive capability [11].

Cigarette smoke contains at least 400 toxic substances, which
include arsenic, formaldehyde, and nicotine. The adverse
effects of smoking such as its association with an increased
risk of lung cancer, heart disease and oral cancer are often
highlighted, yet the effect of smoking on infertility and sexual
dysfunction is rarely mentioned. As a result, awareness about
these additional ill effects of smoking is limited. Smoking not
only affects sperm concentration, motility and morphology
of sperms but it may also lead to erectile dysfunction and
premature ejaculation, thus decreasing sexual performance
and hence male infertility. Smoking is associated with raised
levels of toxic chemicals such as lead and cadmium in the
blood, and elevated levels of these chemicals have also been
found in the semen of infertile smokers who had poorer
semen parameters than nonsmokers; these toxic chemicals
severely affect sperm quality. Notably, elevated level of ROS
in semen of smoker is also the major cause of decreased
semen quality in smokers (13). Penile erection requires large
flow of blood and it should be retained in penile soft tissues
Genital Heat Stress
to maintain erection. Smoking causes narrowing of blood
vessels and thus decreasing the blood flow that leads to
Normal sperm production depends on an optimal erectile dysfunction. Reports have also shown that smoking
testicular temperature which is maintained 2°C below body may also cause chromosomal abnormality thus affecting
temperature, typically between 34 to 35°C [7]. Seminiferous spermatogenesis [7].
epithelium, where the maturation of sperm cell takes place is
temperature sensitive. Moreover, enzyme activities involved Alcoholism
in spermatogenesis will be affected at higher temperature.
Therefore, an increase in the temperature of the scrotum It is a common misconception that alcohol consumption
sac affects spermatogenesis, and thus maturation of does not affect fertility in males. Alcoholism contributes
sperms. Prolonged sitting can lead to genital heat stress and either directly or indirectly to the decline in male infertility. In
consequently negatively affect semen quality. For example,
the fertility parameters of professional drivers who spend
long periods sitting in vehicles are reported to be impaired
[12]. Modern dress style in males such as wearing tight fitting
underwear and jeans is also associated with significantly
higher scrotal temperatures.

“Male infertility has
profound psychological
and social effects.”
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men, alcohol reduces testosterone levels by inhibiting its
secretion by testis [14]. A lack of testosterone leads to loss of
libido and reductions in sperm quantity and quality. Alcohol
consumption also affects sexual performance by decreasing
libido and the ability to control ejaculation. Alcohol impairs
nutrient absorption by damaging the stomach and intestinal
cell lining and disabling transport of some nutrients into
the blood [15]. Absorption of zinc, an important mineral
element involved in the formation of the sperm cells and
maintaining its mobility, is drastically inhibited by alcohol
consumption thus affecting both sperm quality and quantity
[14].

[7] Mendiola, J., Torres-Cantero, A. M. and Agarwal, A. (2009). Lifestyle
factors and male infertility: an evidence-based review. Arch Med. Sci., 5:
S3–S12.

Conclusion

[11] Raghuveer C, Chawala VK, Soni ND, Jayant Kumar, Vyas RK (2010).
Oxidative stress and role of antioxidants in Male infertility. Pak J Physiol.,
6(2):54-59.

Male infertility has profound psychological and social effects.
Several evidences suggest that negative lifestyle can adversely
affects male fertility. With the advancement of science,
more infertile couples are opting for assisted reproductive
technology; however these treatments are expensive and
not accessible for all. Governmental and non-governmental
organisations should increase their effort to highlight the
adverse effects of certain modern lifestyle choices. Since
lifestyle factor is by choice, it is vital to increase public
awareness of the benefits of adopting healthy lifestyle to
reduce the risk of infertility.
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Errata
Scientific Malaysian Magazine Issue 4, “Genetically
Modified Mosquitoes” by Jason Lai, pg. 16:
“In late January 2011, the mosquitoes were eventually released in an
uninhabited area...”
should be
“In December 2010, the mosquitoes were eventually released in an
uninhabited area...”

[3] http://medicalcenter.osu.edu/patientcare/healthcare_services/mens_
health/male_factor_infertility/Pages/index.aspx.

Scientific Malaysian Magazine Issue 5, “SciMy Interview:
Professor Meharvan Singh”, pg. 25:
“It’s quite significant – it’s over 450 billion dollars in total. The
budget of the National Institute of Health (NIH) is about 30
billion dollars and that represents close to 3% of the country’s
GDP.”
should be
“It’s quite significant – the budget is over 450 billion dollars in total
and that represents close to 3% of the country’s GDP.”

[4] Andrzej B. (2009). Declining sperm count and increasing testicular
cancer: A legacy of cold war. J Andr., 30: 213.

COMMENTS/SUGGESTIONS?

[1] http://www.who.int/reproductivehealth/topics/infertility/
definitions/en/index.html
[2] Brugh VM, Lipshultz LI (2004). Male factor infertility. Med Clin North
Am., 88 (2): 367–85.

[5] Fisch H. (2008). Declining worldwide sperm counts: disproving a myth.
Urol Clin North Am., 35(2):137-46
[6] Cooper TG, Noonan E, von Eckardstein S, et al. (2010). World Health
Organization reference values for human semen characteristics. Hum
Reprod Update., 16(3): 231–45.

Do you have any comments on any of the articles in this
issue? Or perhaps you have suggestions for us?
Write to us and we will publish your letter with our editors’
response in the next issue of the magazine. Email us at:
magazine@scientificmalaysian.com
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REGISTER NOW & SAVE $300
Early bird promo expires on 22 November

DON’T MISS THE INAUGURAL
EMTECH SINGAPORE
20 - 21 January 2014, Marina Bay Sands, Singapore

MIT’s Biggest Global Tech Conference
EMERGING TECHNOLOGIES THAT MATTER ∙ Big Data ∙ 3D Printing & Future of Manufacturing ∙ Robotics Solutions for
High Density Urbanizatio ∙ Medtech ∙ Future Transportation Solutions ∙ Synthetic Biology ∙ Digital Education
For the very first time, Singapore will host an edition of the world’s most prestigious conference on emerging technologies
that matter. EmTech Singapore will bring MIT Technology Review’s editorial mission to life. The conference will provide
access to the latest technologies and trends, as well as the opportunity to connect with renowned innovators and seniorlevel decision makers from the business, investment, and technology communities. It is a place to glimpse the future of
technology and begin to understand how it is going to impact the world and your business.

Featured speakers include:
How big data will transform businesses and the way people live
Jeff Hammerbacher, Founder, Cloudera
One of Silicon Valley’s top experts on big data, Jeff built and led
Facebook’s data science team before forming Cloudera.

4D printing and imagining things that make themselves
Skylar Tibbits, Director, Self-Assembly Lab, MIT
A multi-awarded artist and computational architect, Skylar was
recently honored with a 2013 Architectural League Prize, a TED
Senior Fellowship and has been named a Revolutionary Mind in SEED
Magazine’s 2008 Design Issue.
How the availability of more actionable data for doctors and
patients will improve healthcare
Mitchell Higashi, Chief Economist, GE Healthcare
Mitchell leads a team that is responsible for market access, health
economics, reimbursement, healthcare system efficiency, and
health policy. His team seeks to demonstrate the value of healthcare
technology by improving cost, quality, and access for all stakeholders.

Host Partner

Strategic Partners

Supporting Partners

Media Partners

Smart Cities: Sustainable urban mobility-on-demand
Ryan Chin, Managing Director, City Science Initiative, MIT Media Lab
Ryan’s research focuses on developing new urban systems for a postoil, connected world and has led MIT’s collaboration with Hiriko, a new
electric car manufacturer based in Spain, to develop a commercial
version of the CityCar due for market release in the summer of 2013.
Trends in venture funding of digital health companies
Halle Tecco, Founder, Rock Health
Halle was named one of CNN’s “12 Entrepreneurs Reinventing
Healthcare” and Forbes “30 under 30”.

Organized by:

www.emtechsingapore.com
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Enhancing Safety and Sustainability
of Malaysian Refineries
The Vital Role of Human Factors and Safety Culture
by Alvin Chin and Prof. Najmedin Meshkati
AT A GLANCE:
Knowing the importance of
human factors and cultivating
strong safety culture in any
industries, especially oil
refining industry, are vital to
ensure sustainable success
with positive and safe working
environment. We can achieve
that by:

Illustration by Kong Yink Heay

M

alaysia is one of the most important oil exporters in Southeast Asia. There are
six operating oil refineries in the states of Negeri Sembilan, Melaka, Terengganu
and Sarawak. Oil refineries are typically large industrial complexes with extensive complicated piping and huge chemical processing units. The safety measurements involved
in maintaining the complexes are of critical importance to ensure the safety and wellbeing of employees and the community surrounding these facilities. Despite a good
safety standard developed through ages of practices, oil refinery accidents still occur in
this 21st century. Even though, in recent years, there have been no major oil refinery
hazards causing serious casualties reported in Malaysia, there are safety issues which
Malaysian oil refinery management should be cautious about.

•

Investing sufficient
resources in safetyrelated factors

•

Instilling high awareness
in risk management

•

Paying heightened
attention to human
factors of startup

•

Learning from the
cohorts and industry’s
previous failures and
accidents that occurred
globally

•

Assessing safety

performance in a timely
By investigating the root causes of two overseas major oil refinery accidents – the
manner
BP refinery explosion in Texas City, USA on March 23, 2005 and Amuay refinery
explosion in Falcon, Venezuela on August 25, 2012, some important but neglected
factors of safety culture in oil refinery industry were derived. These two accidents which killed and injured more than 55
and 250 people, respectively, received high exposure via international media and reflected the underlying issues regarding
oil refinery safety standard.

In terms of technical findings, we found that the root causes were primarily due to faulty refinery design, lack of safety
and maintenance standard, and inadequately skilled technical and managerial personnel. Faulty refinery design refers to the
compromised safety regarding the refinery’s proximity to the local community and its placement of buildings (temporary/
permanent). For example, fatalities in the BP Texas refinery explosion occurred in or around a temporary working trailers
which were “sited too close to a process unit handling highly hazardous materials” [1]. Lack of safety and maintenance
standard conforms to the violation of internationally set standard, resulting in inadequate safety measurements, lack
of contingency response and faulty equipment. For example, the Amuay refinery has been reported to have problems
regarding “broken pipes and a lack of spare parts [2].
Inadequately skilled technical and managerial personnel and their oversight resulted in less comprehensive supervision
and execution of the operations, eventually compromising the safety parameters involved. In the 2005 BP Texas refinery
explosion, the management “did not effectively implement their pre-startup safety review policy” [1] which resulted in
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compromised safety of the refinery workers. The importance
of paying heightened attention to human and organisational
factors affecting the safety of startup, as well as risks of
deviations from the standard operating procedures during
the startup, are corroborated by several studies (e.g., BP
Process Safety Series: Safe Ups and Downs for Process
Units [3]), as, “it is a well-known fact that unit startup is an
especially hazardous time in a refinery” [4]).

problems. As such, common recommendations conceiving
safety culture improvement can be applied to the oil industry,
regardless of its geographical and cultural background. The
following are extracted and adopted from the suggested
recommendations:
•

Train employees to learn proper safety procedures and
raise the safety awareness in refinery.

On the other hand, most important organisational findings
include lack of investment, disconnectivity between
management and employee, lack of learning culture and
lack of routine safety assessment. Insufficient funds invested
in refineries could result in under-maintained equipment, as
resources are required to repair damaged parts. In the case
of Amuay refinery explosion, there were nine scheduled
maintenance shutdowns but “only two were conducted
because of lack of parts” [5]. Disconnectivity between
management and employee is also another organisational
failure: lack of response and considerations from the
leadership expose the refinery to vulnerable threats such as
accidents and worker dissatisfaction. In the BP Texas refinery
explosion case, their personnel “were not encouraged to report
safety problems and some feared retaliation for doing so” [1].
A poor learning culture could also lead to the management’s
inability to analyse and learn from previous accidents so
that valuable lessons can be applied towards improving
the well-being of the refinery. The management of the BP
Texas refinery in the 2005 explosion did not incorporate
“important relevant safety lessons from a British government
investigation of incidents at BP’s Grangemouth, Scotland
refinery” [1]. Lastly, infrequent routine safety assessment
on the company’s policies, organisational management, and
safety protocol could result in the failure to form effective
management leadership to keep up with the latest safety
applications. These were the other factors leading to the BP
Texas refinery explosion, whereby the management “did not
effectively assess changes involving people, policies, or the
organisation that could impact process safety” [1].

•

Flatten the organisational structure through elimination
of unnecessary positions especially in the operational
management.

•

Maintain equipment in a timely manner; damaged
equipment should be repaired immediately.

•

Instill awareness about risk management in all managerial
and operational levels.

•

Form a task force group to analyse previous accidents
including major and minor ones.

•

Allocate sufficient resources to the safety and
maintenance of the refinery.

•

Hire an independent and reputable firm to audit safety
performance (which should include human factors and
culture considerations).

Moreover, according to a seminal review research article by
two investigators of the US Chemical Safety Board (CSB),
“all too often the CSB finds that companies who suffer a
devastating incident had experienced similar incidents or near
misses in the past that could have had the same results, had
just one or two things gone differently”. The BP Texas City
explosion, which is briefly discussed earlier in this article,
is one such additional example. There were eight serious
isomerisation unit blowdown drum incidents that preceded
the 2005 explosion” [3].
Previously, Shaluf et al. [6] concluded that technical and
operational errors eventually led to a fire at a refinery in West
Malaysia on 28th April 1999. This fire, which lasted 7 hours,
caused a unit downtime of 24 hours and an estimated RM15.21
million in damages. The article concluded that “poor project
management, poor design, modifications, poor operation
procedure, poor communication and coordination” [6] led
to this accident. These findings, which share similar elements
with the explored root causes, show that oil industries in
different countries also suffer from similar safety culture
S C I E N T I F I C M A L AY S I A N

Our research pointed out that there remains flaws in the
safety standard even in well known refineries. Although many
refineries may have established high standard of safety, it
is critical to constantly evaluate and improve procedural
and operational safety measurements to ensure the safety
of workers and that the surrounding of the refinery are
protected at all times. Safety culture and human factors
consideration should be given more emphasis and weightage
in the operation of an oil refinery. Neglecting these factors
may result in tragedies involving loss of lives and huge
economical loss.
In a recent lessons-learned review article concerning Process
Hazard Analysis (PHA), a senior CSB investigator has
concluded and recommended that, “recently completed
PHAs should be checked to ensure that all regulatory
required PHA elements have been addressed. Specific
attention should be given to facility siting; human factors;
ensuring that all credible scenarios have been reviewed; and
that controls and safeguards are sufficient to address the
severity of the hazards” [7].

“...common recommendations
conceiving safety culture improvement
can be applied to the oil industry,
regardless of its geographical and
cultural background. ”
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The latest example of a refinery accident which can directly
be attributed to the human factors and safety culture issues
is the Chevron Richmond Refinery fire of August 6, 2012
which resulted in a large plume of particulates and vapor
travelling across the Richmond, California area and caused
approximately 15,000 people from the surrounding area to
seek medical treatment due to exposure. According to U.S.
Chemical Safety and Hazard Investigation Board’s report
[8], in the ten years prior to incident, there were at least
six specific recommendations by Chevron personnel to fix
the problem which “were not implemented by Chevron
management” [8]. This serious fire led Chevron management
to acknowledge and declare a year later that, “we will also
soon begin discussions with Contra CostaHealth Services in
preparation for a proposed review of the Refinery’s safety
culture, process safety management systems, and human
factors associated with our operations” [9]. The vital role
of human factors and safety culture in refinery safety has
been further emphasised in a most recent report by the
Interagency Working Group on Refinery Safety [10] where
two of its major recommendations include to “require
refineries to perform periodic safety culture assessments”
and to “require refineries to explicitly account for human
factors”.
More importantly, a corrective risk management mindset
must be instilled in the refining industry to include
supervisors, managers and senior executives of any oil
company running a refinery so that each decision or
evaluation is made critically without any deluded perceptions
or biased method. They must be encouraged “to cultivate a
questioning attitude and a rigorous and prudent approach
to all aspects of their jobs, and set up necessary open
communication between line workers and mid- and upper
management” [11].
Finally, an overall paradigm shift in dealing with the design,
construction, operation, and regulatory oversight of
Malaysian refineries is required. In order to improve the
safety of these refineries, the safety culture of this industry
should be improved and human and organisational-related
factors need to be proactively addressed. A total system
analysis of our plants’ system by concentrating on its three
main composing sub-systems: human, organisational,
and technological needs to be done. To keep Malaysian
refinery workers and citizens safe, a genuine interdisciplinary
cooperation among all private stakeholders, as well as with,
cognizant Malaysian governmental agencies is needed.
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Food for Thought, Literally
by Cheong E Von
At a Glance:
Food plays an important role in maintaining brain health and
cognitive function.
At the molecular level, food affects the brain by altering the
levels of brain-derived neurotrophic factor (BDNF), synaptic
transmission as well as membrane fluidity of the brain.
Nutrients that may promote brain health include omega-3 fatty
acids and antioxidants.
Lifestyles that may associate with healthy cognitive function
are exercising, moderating calorie consumption, and adopting
a Mediterranean diet.

“Food is like a pharmaceutical compound that affects the
brain,” said Dr. Fernando Gómez-Pinilla, a professor of
neurosurgery and physiological science at the University of
California, Los Angeles (UCLA) [1]. He has analysed more
than 160 studies on how food affects the brain. In July 2008,
the results of his analyses were compiled and published in
the journal Nature Reviews Neuroscience [2].

neurons through its role in neuronal growth, differentiation
and maintenance [3]. This protein also plays a significant
role in the regulation of synaptic plasticity – an important
aspect of learning and memory. Decreased levels of
BDNF were observed in patients with Alzheimer’s and
Parkinson’s disease. This led researchers to believe that
BDNF promotes the survival of all major neuronal types
affected in Alzheimer’s and Parkinson’s disease such as the
hippocampal and neocortical neurons [4].
BDNF is found in regions of the brain that control eating,
drinking and body weight, hence conferring it its role in the
management of these functions [3]. Studies have also shown
that nutrition and exercise can significantly influence BDNF
levels [2,5]. This provides an important insight into how we
can manipulate our diet and lifestyle to enhance brain power.
The effect of omega-3 fatty acids on neuronal
excitability and BDNF
Docosahexaenoic acid (DHA) is the most abundant omega-3
fatty acid in the mammalian brain, accounting for more than
30% of phospholipid composition of the brain’s plasma
Illustration by Charis Loke

In this article, I attempt to explain the points raised by Dr.
Gómez-Pinilla and at the same time, include information
from other researches on this subject.
It was evident from Dr. Gómez-Pinilla’s review that over
the years, an increasing number of studies have unravelled
the significance of dietary factors on brain health and
cognitive function. This raises the exciting possibility of
nutrition being a simple yet powerful tool in enhancing brain
power and shaping the landscape of neurological diseases
prevention.
The mechanisms in which food affects brain processes
are varied. Synaptic transmission, membrane fluidity and
plasma levels of brain-derived neurotrophic factor (BDNF)
are some of the notable pathways that mediate the effects
of certain foods on brain health and cognitive ability [2].
Despite the increasing body of work highlighting the link
between nutrition and brain health, the notion of food
affecting the brain is yet to be readily accepted by the general
public. A sustaining momentum of research elucidating the
role of food in brain health is therefore needed.
Brain-derived neurotrophic factor (BDNF)
A key component in the molecular basis of food’s effects
on the brain is a nerve growth factor known as BDNF.
BDNF promotes the survival of nerve cells known as
S C I E N T I F I C M A L AY S I A N

Figure 1: Dietary omega-3 fatty acids can affect synaptic plasticity
and cognition. Omega-3 fatty acids enhance synaptic transmission via the
activation of energy-generating metabolic pathways and by maintaining
membrane ionic permeability [2]. This subsequently affects brain-derived
neurotrophic factor (BDNF) and insulin-like growth factor 1 (IGF1)
molecules which act at presynaptic and postsynaptic receptors to activate
several signalling systems. These signalling systems facilitate synaptic
transmission and support long-term potentiation that is associated with
learning and memory. Figure adapted from [2].
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Therefore, moderate caloric restriction could provide
protection to the brain by reducing oxidative damage and
elevating levels of BDNF – an important modulator of
synaptic plasticity and cognitive function [2].

“...the classical perception
that food merely functions
to provide energy has been
displaced by the increasing
awareness of its ability to
prevent diseases and shape
our well-being.”

Antioxidants

membrane [2]. The hydrophobicity of the membrane
core confers a high degree of flexibility and enables direct
interaction with membrane proteins, and hence, speeding
neurotransmission [6]. This renders DHA a crucial role in
neuronal excitability and synaptic function.
In his review, Dr. Gómez-Pinilla highlighted the trajectory
of studies investigating the effects of omega-3 fatty acids on
the brain. Some studies are based on evaluating the effects
of omega-3 fatty acids in reducing cognitive deficit among
patients with psychiatric disorders [2, 7-11]. On the other
hand, some attempts have been made to determine how
omega-3 fatty acid supplementation impact the performance
of school children [2, 12-15].
A research involving 1,613 individuals ranging from 45 to
70 years old showed that the consumption of fatty fish and
marine omega-3 polyunsaturated fatty acids was linked to
the reduced risk of cognitive impairment in the middle-aged
population [16]. Cognitive function was assessed in terms
of memory function, higher order information
processing and complex speed tasks.

An array of neurological conditions are associated with
oxidative stress, as the brain is exposed throughout life
to oxidative stress. It is therefore important to consume
foods containing antioxidants. Blueberries, for example, are
known for their strong antioxidant capacity. Examples of
other micronutrients with an antioxidant capacity include
vitamin E and curcumin. Vitamin E is abundant in fortified
cereals and green leafy vegetables whereas curcumin is a
prime ingredient in curry powder. The potent antioxidant
properties of curcumin have been suggested to be the
contributing factor to the low prevalence of Alzheimer’s
disease in India [1].
Mediterranean Diet
In recent years, studies elucidating the benefits of
Mediterranean diet in brain health have been gaining
momentum. A Mediterranean diet comprises general
characteristics of a diet and lifestyle as illustrated in Figure 2.
In a study aimed at assessing the effect of Mediterranean
diet on plasma BDNF levels, it was shown that adherence to
a Mediterranean diet supplemented with nuts was associated
with significant increases in the plasma BDNF levels of
participants with prevalent depression [18]. It is unclear why
participants with prevalent depression showed significant
improvement in plasma BDNF levels when assigned to a
Mediterranean diet relative to other participants. However,

Since the brain and the body are deficient in
the machinery to make DHA, we must obtain
the amount of DHA we need through our diet.
Dietary sources of DHA include fatty fish like
salmon and walnut.
The effect of oxidative stress and moderate
caloric restriction on BDNF
Calories come from the energy derived from the
electrical bonds between carbon atoms in food.
Our body removes the remaining carbon atoms
by inhaling a lung full of oxygen and exhaling
carbon dioxide. Unfortunately, the leftover
oxygen atoms eventually become free radicals
that can cause cell injury and death in our body
[17]. In a series of experiments investigating the
relationship between oxidative stress and BDNF,
it was found that rats maintained on a diet high in
saturated fat for two months had reduced BDNF
mRNA and protein levels and exhibited a decline
in cognitive function relative to control rats on a
regular diet [5].

Figure 2: An ideal Mediterranean food template. Illustration by Charis Loke.
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this finding raises an exciting possibility for the incorporation [5] Vaynman, S. & Gomez-Pinilla, F. (2006) Revenge of the “Sit”: How
lifestyle impacts neuronal and cognitive health through molecular systems
of a Mediterranean diet in enhancing brain health.
Similarly, the Northern Manhattan Study unravelled the
potential of a Mediterranean-style diet in conferring
protection to the small blood vessels in the brain [19]. The
researchers used magnetic resonance imaging (MRI) scans
of the brain to measure white matter hyperintensity volume
(WMHV). WMHV indicates damaged small blood vessels
that can cause small silent strokes and affect cognitive
performance over time. The study showed that people
with the highest Mediterranean diet scores had the lowest
white-matter volume burden. However, the same study also
cautioned that randomised trials are needed to prove this
association.
Conclusion
The knowledge that diet has the potential to enhance brain
health and cognitive function provides a significant insight
into the power of lifestyle factors in shaping our well-being.
The growing body of research on this subject has enabled
increased understanding on the mechanisms in which dietary
factors can affect the brain and identification of specific
benefits to the brain conferred by particular nutrients.
These discoveries raise many exciting possibilities, paving a
way for diet to be incorporated into treatment regimens in
neurology. However, more work will have to be done to fill
the existing loopholes and provide substantial evidence on
certain associations proposed.
Over the years, the classical perception that food merely
functions to provide energy has been displaced by the
increasing awareness of its ability to prevent diseases and
shape our well-being. Ironically, with the advent of research
and development, we are travelling back to the era where
Hippocrates said “Let food be thy medicine” – food for thought,
literally, indeed.
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The Biologist and the Internet
by Alfred Simbun

B

iology is a field of discovering the truth
about living things which are known to be
very complex and complicated. To uncover the
truth about any domain of interests from a pool
of living organisms, several research methods are
used. Technology plays a crucial role in accelerating
information retrieval. The advancement of computer
technology and the internet have been evolving
alongside biological sciences. These two disparate
disciplines are symmetrically important and have
become more strongly intertwined since the day
the internet was created by Tim Berners-Lee, and
when the Human Genome Project was announced.
From that era onwards, biological information
became easily accessible and data retrieval became
more efficient. Thanks to these widely available
data, new biological insights are made, and
eventually this process transforms the way biologists
conceive scientific hypothesis. For instance, online
databases like PubMed at the National Center for
Biotechnology Information (NCBI) [1], Protein
Data Bank (PDB) [2], Web of Knowledge (ISI) [3]
and web search engines like Google and Hakia [4]
have made tremendous aids to the advancement of
genomics and proteomic researches. Pre-internet
era was seen as the years of traditional information
retrieval when biologists only relied on scientific
papers published by other scientists. Data extraction
from piles of papers was, and still is, a tedious task.
In these days, technologies like the internet have
transformed information retrieval into knowledge
discovery, where computerised method has the
capacity to think like human (this is also known as
semantic technology). Scientists no longer talk about
research outcomes in tabulated data, graphs and
charts, but also web-like data linkages that represent
relationships of connected research outcomes. This
gives greater impact to the way we understand living
things.
The Internet and the World Wide Web (WWW) are being
accessed routinely by scientists since the birth of these
technologies and the existence of thousands of online
web portals pertaining biology [5]. These web portals
provide interesting information, allowing accelerated virtual
interactions among users and the discovery of information
of vital importance to their scientific research. This network
is made up of electronic links that connect related web
portals, thus allowing users to browse from portal to portal.
Apart from web browsing, information can be gathered by
retrieving them through web search engines such as Google,
one of the earliest web search engines that permits users
to find almost any information on the Internet. Google
revolutionised knowledge discovery in the past decade by
providing a greater access to a wealth of information and
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delivering it with high precision when user does a single
keyword search [6].
In the past, information gathering was done by accessing
books in the library and/or by purchasing published
articles such as scientific journals periodically [6]. The
aforementioned technologies have profoundly changed the
way human behave in finding their information of interests
and getting things done anywhere and increasingly while
on the go [7]. Instead of visiting the library or going to a
nearby bookshop, ‘Googling’, a de facto verb in the English
language by mid-2003 that means “to query information
through Google.com”, helps to retrieve documents with just
few clicks [2]. To date, this term has been widely accepted as
a synonym for ‘searching’. The goal of these technologies is
to make information available publicly. With the emergence
ISSUE 6 / 2013
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of scientific web portals such as the NCBI and PDB,
scientists have since had access to scientific information
such as research results, analytical commentaries, and even
genomic and proteomic sequences which can be used by
other researchers for other similar or dissimilar type of
research focuses. Also, in the past two decades, academic
institutions have begun to publish their scientific works on
their websites and thus have allowed up-to-date research
findings and recent discovery announcements. A greater
paradigm shift can be identified here. In the past decade, the
highest level of information was a collection of individually
processed data presented in various forms of diagrams and
tables. Due to the impacts of Google, NCBI, PDB, ISI,
Hakia and many more, the widespread use of ontologiesadriven data representations has transformed this information
into a huge network of knowledge. A well-known example
is Facebook, where individual information is hugely shared
thus allowing endless point of knowledge transfer.

“Knowing that biological
information evolves
rapidly due to the amount
of novel discoveries,
biologists need various
advanced solutions that
can help them to crack
or decode biological
information...”
These technologies have revolutionised the information
retrieval processes in life sciences, especially in the domain
of biotechnology, not just in the context of the application
of computer systems, but also in the realm of knowledge
ontologies [8]. The revolution is about how biotechnology
was brought to a more advanced level of understanding,
simply via ‘Googling’, a simple act of information retrieval.
In today’s modern world, scientists increasingly demand
an information retrieval platform that has the ability to
find missing information in order to quench their thirst
for scientific wisdom [9]. The solution to this problem is
semantic technology, an advanced and intelligent computer
platform that has the ability to retrieve missing data, build
a network of information and create reliable knowledge
hub with a higher result precision level than the traditional
keyword-based search engines [10].
The extraordinary intelligence of these retrieval algorithms
paved the way for more people to gain more information
from within and outside science-minded communities.
a
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Online web search engines nowadays are well equipped
with high technology applications like image retrieval ability,
voice recognition, natural language processing (NLP) ability,
ontology-driven web links that connects a single result to
multiple webpages and so on [11]. Knowing that biological
information evolves rapidly due to the amount of novel
discoveries, biologists need various advanced solutions that
can help them to crack or decode biological information
(stored in the forms of images, tables, diagrams, ontologies,
etc.), and to understand the meaning of big data (the
semantic of connected information). All these can be done
by the aforementioned online web search engines.
Apart from the above-mentioned web portals, there are other
specific online biological databases that provide their own
search engine technologies. These have been developed to
cater for the biologists’ specific needs in retrieving DNA/
RNA sequences and protein structures and information
related to them. Before the advent of computerised database,
biologists faced the same issues as other professionals manual work comprising of browsing through thousands,
if not hundreds of paperback records kept in the libraries.
Drug discovery projects committed by any pharmaceutical
company used to take at least few decades to produce a
single candidate drug for a single disease yet through the
use of these intelligent portals, it is now possible to shorten
the discovery period [12]. This is all thanks to the field of
bioinformatics, a life science discipline that helps biologists

“Information reliability is
still a major concern in
the field of knowledge
retrieval...”

Ontologies - Structural frameworks for organising information and are used in artificial intelligence.
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accelerate research by developing web applications like
NCBI and PDB.
Information reliability is still a major concern in the field
of knowledge retrieval [13]. When a biologist searches
information based on a single keyword, for example
‘microRNA’, online web search engines will return thousands
of hits (referring to the number of queried results associated
to the keyword) and placing them from top most accessed/
queried results down to the least prominent ones. In the
past, queried results were presented in a similar way they
are today but without any advanced filtering [14]. That
means, since these search engines were not algorithmically
advanced, biologists were getting thousands of junk
information which were not relevant to what was being
searched. In this case, information overloading can happen
and the integrity of these results is highly questionable. The
main anticipation for the future generation of information
retrieval is that reliable search results will be given and this
is the most basic rule when it comes to creating a reliable
knowledge network.
The idea of online web search engines in the context of
‘Web 3.0’ and beyond is to make computers think like real
human. Although realistically it may take decades to achieve
such amazing anticipation, nevertheless the on-going
efforts to upgrade the current existing technology has
already begun. One of the reasons that contributed to
such difficulties is the amount of biological data generated
daily by all biologists in the world. This can be seen with
the number of scientific publications published in various
scientific journals. Clearly, there is still room for growth
for computer technologies to help filter this vast amount
of information.
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INFORMM is a research institute in USM established to conduct research and training in molecular medicine and is now
recognised as one of the six Higher Institutions Centre of Excellence in Malaysia (HICoE). In fulfilling its role as a HICoE in
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Prior to the conference there will be pre-conference workshop which will focus on the lateral flow membranes, dispensing
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Accepted abstracts will be published in Asian
Pacific Journal of Tropical Disease
(ISSN: 2222-1808 )
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TECHNOLOGY TRANSFER
Taking scientific discoveries from lab bench to marketplace.
by Dr. Sylvia Hsu-Chen Yip
The History of Modern Science Policy
In 1945, Vannevar Bush, the then United States (U.S.)
Director of Office of Scientific Research and Development,
submitted a report to the U.S. President Franklin Roosevelt
on a programme for post-war scientific research. The
commissioned report, entitled Science – The Endless Frontier,
was a landmark and pioneer for modern science policy,
where the visionary Bush helped the U.S. government
recognise science, in particular basic research conducted
in the academic or university setting, as a pivotal engine to
galvanise the country’s economic growth, public welfare
and national interest. The report was especially influential
considering that it was published at the end of World War
II, in which science-based technology with the likes of the
atomic bomb, radar and penicillin, had been crucial. Bush’s
call for the expansion of federal government support for
scientific research resulted in the establishment of the
National Science Foundation (NSF), National Institutes of
Health (NIH) and Office of Naval Research (ONR), which
remain until today the primary federal agencies in the U.S.
offering research funding programmes.

At A glance:
After World War II, the U.S. government recognised
the importance of scientific research for the country’s
economic growth, public welfare and national interest.
Technology transfer or commercialisation of technology
became important in boosting innovation from private
and governmental entities.
Development or discovery of a pharmaceutical drug is an
example of modern day technology transfer.
Emergence of technology transfer has created alternative
career options for scientists and engineers such as patent
agents and scientific advisors.

Technology Transfer - Birth and Rebirth
It reached a point when government facilities could no
longer accommodate the emerging needs for research and
development (R&D) by the U.S. Therefore, the government
began contracting with various qualified non-profit
organisations, universities and private companies. This led
to the birth of the concept technology transfer. Technology
transfer is the process of transferring technology (e.g.
technologies, skills, knowledge, methods of manufacturing,
samples of manufacturing, facilities) developed or used from
one organisation or unit to another, with the ultimate goal of
converting the technology into a product for public benefit.
Technology transfer is also sometimes called technology
commercialisation because somewhere along the process
the technology, which is often protected as an intellectual
property, is sold. The party transferring the technology
receives money in exchange for some or all of his/her rights
to the technology (licensing).
The enactment of the Bayh-Dole Act in 1980 has since
catapulted technology transfer to its renaissance. Prior to
this legislation, the U.S. government was the sole proprietor
of all intellectual property arising from federal governmentfunded research, as the inventors were obligated to assign
their inventions to the government. It was cumbersome for
a company to obtain a license from the government. The
key change introduced by the Bayh-Dole Act was in the
ownership of inventions made with federal funding: it allows
universities, small businesses, or non-profit organisations

Illustration by Charis Loke
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possess commercial value, IP protection in the form of
a patent, copyright or trademark that gives the inventor
exclusive rights, is usually sought. However, if the technology
has great potential but is under-developed, the technology
manager may devise a strategy to help the inventor develop
the technology further.
With IP protection in place and the IP assigned to
the university, potential in-licensees are scouted and
the technology is marketed to them. If a negotiation
is successful, the exclusive rights to practise, sell, and
manufacture the technology are licensed to the interested
party. This usually leads to the foundation of a start-up
company that is supported by venture capitalists and angel
Figure 1 Technology transfer lies in the interface of science, law and investors (entrepreneurship, business development). Start-up
business.
companies are typically viewed as high-risk businesses as
the technologies that they have in-licensed still require
to pursue ownership of their inventions. Therefore, private extensive research and development that may or may not
(non-governmental) ownership is now motivated by the lead to consumer products or services. After the technology
prospect of financial profit to out-license and commercialise has been sufficiently tested and the business risks have been
government-funded inventions.
reduced, it is not uncommon for the start-up to be acquired
by a large, established company (corporate or industrial
Technology Transfer in Modern Day
partnerships).
We defined technology transfer earlier and know now that Any royalties that the university earns through the sale of
it involves technology, intellectual property, and sales. Quite their intellectual property are usually converted into research
simply, technology transfer lies in the interface of science, funding.
law and business (Figure 1).
Drug Development as a Model of Technology Transfer

Figure 2 The circle of technology transfer.

The circle of technology transfer is illustrated in Figure 2.
It all begins with the creation of an invention or technology
in a research environment, for example a laboratory at a
university. The invention is disclosed to the university
technology transfer office. If the university does not have this
facility, the inventor(s) can hire a technology management
company. The technology, at this point, needs to at least have
a proof-of-concept prototype or at least specification in a
patent application that enables a person skilled in the art to
make and use the invention as defined by the claim(s) of the
patent application, rather than being merely an intellectual
concept or idea. The invention/technology will be assessed
and analysed by a technology manager in terms of the market
for the technology and also the IP (intellectual property)
landscape. If the technology is deemed to be mature and
S C I E N T I F I C M A L AY S I A N

By virtue of my background in life sciences, I thought of
using the development of a novel pharmaceutical drug as
a tangible example of technology transfer. As depicted in
Figure 3, the initial phase of drug development is called
drug discovery. During this phase, the understanding
of the biochemistry of a disease is understood and the
drug targets are identified and validated. Drug targets are
biological macromolecules (e.g., enzyme, receptor, viral
surface protein, ion channel, transporter, DNA, RNA)
that are critical for the disease. Then, an assay is developed
and 10,000 organic compounds are tested in vitro with cell
lines for desired properties or activities in a process called
high throughput screening (HTS). The hit compounds are
further screened to identify the lead compound (Hit to Lead,
H2L). Organic chemists then synthesise different analogs of
the lead compound to improve upon its pharmacokinetic
profile in a step called lead optimisation. After this, the
drug development process enters into a new phase that is
comprised of pre-clinical studies. Here, animals are used for
in vivo testing of about 250 compounds to determine the
ultimate safety profile of the new drugs.
The entire drug discovery and pre-clinical phases typically
take about 6.5 years . If the drug is developed in an academic
research setting, by now the technology will have been
licensed to a pharmaceutical company.
With a Food and Drug Administration (FDA)-approved
Investigational New Drug (IND) application, usually about
5 compounds now enter into the clinical trial phase, where
human volunteers are used for testing to generate safety and
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Figure 3
Phases of drug development.

efficacy data. The clinical trials can be further divided into
Phases I, II and III, where the sample sizes systematically
increase, and take about 7 years to complete. At the end of
successful clinical trials, an NDA (New Drug Application)
or ANDA (Abbreviated New Drug Application) is filed to
FDA Office of Regulatory Affairs for one final approved
drug for the market.

life sciences and engineering, the percentage of unemployed
PhD recipients (not holding a job or postdoctoral training)
is at a record high in 2011. As Paula Stephan points out in
her book, How Economics Shapes Science, career prospects in
science are increasingly dismal for the young because of everlengthening apprenticeships, scarcity of permanent academic
positions, and the difficulty of getting funded.

Technology Transfer for Scientists and Engineers

The most recent global financial crisis in 2008 did not seem
to adversely affect the patent statistics (Figure 5). From
The situation in the US depicted in the four graphs of 2009 onward, both the overall number of patent applications
Figure 4 (data obtained from National Science Foundation, filed and number of patents issued in five countries (U.S.,
US) looks somewhat desolate for scientists and engineers. Japan, China, South Korea and Germany) exhibit a steady
While we are training and churning out more scientists and and robust growth, which posits the number of jobs in the
engineers than ever, the percentage of PhD recipients landing patent business should also increase.
jobs after programme completion is at a record low. For both
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Beijing Organising Committee of the 2008 Olympic
Games, Medtronic, Inc., and GE Consumer Finance,
the firm’s patent agents are all doctorate holders who
have graduated from Harvard University, University of
Oxford, Massachusetts Institute of Technology and
other prestigious institutions. Similarly, professionals at
technology transfer offices (TTOs) in universities, nonprofit research institutes and federal government agencies
like National Institutes of Health and National Cancer
Institute are individuals with advanced degrees in science
or engineering. There are internships and fellowships
offered by these TTOs as well as university or professional
certificate programmes that help scientists and engineers
make the career transition. Scientists and engineers certainly
should not limit themselves but be open to acquiring more
skills outside their technical training in order to remain
competitive in the job market.
References
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Figure 5 The number of patent applications filed or granted in five leading countries from 2007- 2011. Source: WIPO (World Intellectual Property
Organisation).

The good news is that the role of scientists and engineers in
the advancement of science and technology is not limited to
performing the technical research to bring in new knowledge
into the world and to find solutions to improve lives. Scientists
and engineers can leverage their knowledge and training to
push forward a technology along the pipeline to fruition as a
product or service in the public market. As a matter of fact,
technology transfer has created new career opportunities
for scientists and engineers. For example, the last 15 years
have seen a sharp increase in the use of non-attorney staff
in law firms and corporations in patent procurement. These
staff bear the titles of patent agents/patent engineers/patent
scientists/technical advisors/technical specialists/scientific
advisors. Essentially, these people have advanced technical
background and keep the cost of patent prosecution process
low as they have a lower billing rate than a patent lawyer/
attorney. At Morrison & Foerster LLP, an international
law firm whose impressive clientele includes Fujitsu Ltd.,

“Scientists and engineers
certainly should not limit
themselves but be open
to acquiring more skills
outside their technical
training...”
S C I E N T I F I C M A L AY S I A N
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7th IAS Conference on HIV
Pathogenesis, Treatment and
Prevention
by Jasmine Leong

O

n the 30th of June 2013, the 7th IAS
Conference on HIV Pathogenesis,
Treatment and Prevention 2013 was held
at the KL Convention Centre, Kuala
Lumpur. The conference was officiated
by the IAS President and Nobel Laureate
Prof. Francoise Barre-Sinoussi, Director
of the Regulation of Retroviral Infections
Unit at the Institute Pasteur in Paris and
International Conference Chair for IAS
2013, and Adeeba Kamarulzaman, Local
Co-Chair of IAS 2013 and Director of
Centre of Excellence for Research in AIDS
(CERiA) of University of Malaya.
It was less than three years ago, November Opening Press Conference with (from left) Bertrand Audoin, IAS Executive Director (chair),
2010, in Geneva, the International AIDS Françoise Barré-Sinoussi, IAS 2013 International Chair, Adeeba Kamarulzaman, IAS
Society (IAS) announced Kuala Lumpur 2013 Local Co-Chair, Andrew Tan, Community Representative and Steven Deeks, University
to be the host of the world’s largest open of California, San Francisco
scientific conference on HIV/AIDS in
2013. This is the the very first time the event was held in development, biochemical prevention and clinical care.
Asia. The event is held every two years previously in Sydney
(2007), Cape Town (2009) and Rome (2011). IAS attracts “Tackling HIV largely depends on the willingness, commitment &
approximately 5000 delegates from all over the world energy of national leaders to implement scientifically sound policies.
ranging from scientists to community leaders for the latest Many Asian countries experienced concentrated epidemics and there
developments in HIV-related researches and updates on is an immense need to address key-affected populations which are still
public health policies. The IAS 2013 in Kuala Lumpur has left behind in many countries. This conference will be an opportunity
an extensive programme of 80 scientific sessions and 35 to highlight the many barriers that are impeding effective access
exhibition booths providing new insights into HIV disease for all to prevention and care,” as shared by Prof. Francoise
Barre-Sinoussi.
Adeeba added, “Cultural and religious sensitivities and taboos
continue to hamper our ability to implement what science has proven.
Yet at the same time our experience of the past ten years should be
the basis by which we move forward to tackling the new challenges
of reaching out to these groups.” Both co-chairpersons in their
opening speeches emphasised that HIV/AIDS needs to be
addressed in the most wholesome manner where advances
in sciences may just be one of the many elements involved.

Opening Session. IAS President and Nobel Laureate Prof. Françoise
Barré-Sinoussi,
S C I E N T I F I C M A L AY S I A N

The Malaysian Minister of Health, Datuk Seri Dr. S.
Subramaniam also shared his views, “There are challenges ahead
in dealing with the challenging nature of HIV/AIDS in Malaysia
but I am confident that we will respond for two reasons: The first is
that we will always consider evidence-based approaches and value science.
Secondly, we will always value the unique role of partnership between
government and civil society in reaching out to key affected populations
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Opening Session. Plenary Speaker, Prof. Steven Deeks of University of California (left) and Mr Andrew Tan, President of Malaysian Positive
Network (right).

in the spirit of the Vision of the Ministry of Health – A Nation
Working Together for Better Health. Statistically, by the end of 2012,
Malaysia reported a cumulative figure of 98,279 HIV cases with
approximately 82,000 people living with HIV. The government aims
to reduce the annual rate of new HIV cases from 28.5 per 100,000
populations in 2002 to 11 per 100,000 population by 2015.”
The very first plenary session of the conference was by Prof.
Steven Deeks of University of California outlining his latest
work looking at HIV as an inflammatory disease, describing
how inflammation affects health during antiretroviral
treatment and how this process might affect cure studies.
The presentation highlights the difference in response and
incidence rate of treated and untreated HIV patients with
patients without HIV to various comorbidities such as acute
myocardial infarction, hypertension, diabetes mellitus and
cancer. The findings from the study aim to provide better
understanding in treating HIV patients with chronic diseases.

been unthinkable 30 years ago,” says Andrew Tan, the President
of Malaysian Positive Network. “On behalf of the community
of people living with HIV, I would like to take this opportunity to
extend our heartfelt gratitude for all the work scientists, researchers,
doctors, medical assistants, lab technicians, nurses and counselors in
helping us to maintain our health,” he added after surviving HIV
for twenty years.
Research and development of the sciences behind HIV is
beyond theories and laboratory benchwork. It is the passion
and commitment of those who could see past the society
stigmatism of the disease and is ready to put in the effort for
a greater good. As the first host of IAS in Asia, Malaysia has
committed to play this role and has clearly sent the message
to participate in the global effort to fight against HIV.
Photo Credits
Photo©International AIDS Society/Marcus Rose/Workers’ Photos

“People who have beautiful children born to sero-discordant couples, they Reference
are little bundle of joy and even more miraculously, this would have http://www.ias2013.org/

IAS 2013 registration and exhibition hall at the KL Convention Centre.
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SciMy Interview:
Datuk Dr. Mazlan Othman
Interviewed by Gabriel Chong, Transcript by Dr. Valerie Soo

D

atuk Dr. Mazlan
Othman is Malaysia’s
first astrophysicist. She
was the founding director
of Angkasa, the Malaysian
National Space Agency, and
has played an instrumental
role in sending our first
Malaysian astronaut to
space. She has established
university courses in
astronomy, laboratories
for undergraduate and
postgraduate training, the
Malaysia Space Science
Studies Division, the first
National Planetarium of
Malaysia, the National
Microsatellite Programme,
and the National Space
Centre and the Langkawi
National Obser vatory.
She is currently serving Datuk Dr. Mazlan Othman, at the World Economic Forum on Europe and Central Asia held in Vienna,
as Director of the United Austria, on the 9th of June 2011. Photo by World Economic Forum/Flickr.
Nations Office for Outer
Space Affairs (UNOOSA) and Deputy Director- like in the end, but it was a different path from what I
General of the UN office in Vienna. She is a fellow of had anticipated.
several professional bodies, and author of numerous
academic papers. In a recent interview with Scientific Q2. What is your typical day at the UNOOSA like?
Malaysian, she provided us with a privileged insight
into her work and passion for the space sciences.
During the time the committee meets, a typical day
would find me sitting on the podium, and then going
Q1. What was your motivation for going into out for cups of coffee with different people - lawyers,
science, and astrophysics in particular?
diplomats, etc. either to discuss projects or how they
see themselves moving forward or if they have some
When I was young, I wasn’t thinking of going into
science. I was thinking of going into English literature
and the arts, but my teachers thought that I was
doing too well in science to do those things and they
put me in a pure Science stream. I was the first few
students in a pure Science stream in my school. But
you know, I don’t regret that my teachers did that
because when I discovered science, I fell in love with
it, especially Physics. So my motivation was because I
fell in love with Physics, especially I was so fascinated
by E = mc2, the idea that small numbers multiplied
by a huge number can become meaningful. When I
found physics, I of course found astrophysics, and the
beauty of the universe brought me back to my interest
in the arts. So, I sort of went around to what I really

“If you look at countries
which are scientifically
well-regarded, they are
spending at least 1% of
their GDP in science, but
we are nowhere near that
number...”

S C I E N T I F I C M A L AY S I A N
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Datuk Dr. Mazlan Othman, at a gathering to mark the 15th anniversary of the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO).
Photo by The Official CTBTO Photostream/Flickr.

political concerns. When I go back to the office at lunch
time, my colleagues will walk in as I usually have to sign
some legal agreements, or I have to look at the issues
involving funding. In some afternoons, I would prepare
a talk to be given to a particular audience. For instance,
I had to give a talk at the Vienna planetarium yesterday
evening (12th April 2013), as it was the International
Day of Human Space Flight, i.e., the day Yuri Gagarin
went to space.

of the Earth? What do we bring with us? Do we bring
our religion? Do we bring our culture? I believe all
these will be hotly debated. I think that when we send
a group of astronauts to Mars, all of these questions
become terribly important, and will change how we see
ourselves and our civilisation.

Q4. The Outer Space Treaty was created in 1967.
Could you briefly explain the importance of the
1967 Outer Space Treaty and why it has not been
Q3. There have been private initiatives to updated for decades?
commercialise space flight. What do you think are
the prospects of the commercialisation of space The Outer Space Treaty is the magna carta of space law.
travel in the future, and how do you think it would In this treaty, we all agree that the space (including all
change us as a civilisation?
celestial bodies) is the common province of all mankind
- no individual will be able to claim any part of the
There are two kinds of space travel: (1) suborbital space. For instance, if you have enough money to go
flights that are being offered by Virgin Galactic, in to the Moon and set up a colony, you still cannot claim
which people are sent into space (i.e., ~100 km higher that part of the Moon as yours.
than the sea level) to float for a few seconds, and come
back into the Earth. There are also flights that orbit the The main reason this Treaty has not been updated is
Earth, which allow some companies to test inflatable that it became the basis for four other treaties: (1) the
hotels in space; (2) the real space travel, i.e., going Rescue Agreement, which simply states that stranded
beyond the Earth’s gravity, such as going to the Moon, astronauts on any part of the Earth are to be rescued,
Mars and so on.
and are allowed to return to their home country without
problems; (2) the Liability Convention, where one is
Regardless, all space travels are going to have some liable for the problems caused by one’s object in space;
kind of influence on our lives. The one that is going to (3) the Registration Convention, where anyone who
change our civilisation is the one that allows us to go launches an object into the space must register the
to other planets - this will have a profound impact on object with the United Office; (4) the Moon Treaty,
who we are as humans, if we meet aliens or biological which states that any part of the Moon cannot be
life elsewhere. What do we want to do when we get out owned by anyone. Simply put, the Outer Space Treaty
provides the overarching picture for the international
space law regime, and the other four treaties take care
of the details.

“Producing Masters and
PhD students is not
the end of the effort at
improving our science; it
is only the beginning.”

Q5. A lot of Malaysians felt that sending an
astronaut to space was a waste of money. What
do you think of that?
People think that we spent a hundred million Ringgit
on getting a person to the International Space Station,
but in fact we trained two people and launched one
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Angkasawan using the offset program of the Sukhoi jet
fighter planes purchased by the Ministry of Defence.
We also used that offset program for other things and
it included the training and launch of an astronaut. In
a sense, no money was exchanged for the training and
launch. When we first conceived the idea (of sending
astronauts into space), one of the first criteria was that
we should minimise the spending for this project.
We did, however, spend the money on science - we sent
bacteria and protein crystals into space - we funded
them in order to ramp up those scientific findings so
that they become significant when they are done in
space. Overall, about RM10 million was spent but I
must emphasise that this budget also funds scientific
research, over a span of five years.
Q6. Speaking as an internationally-renowned
Malaysian scientist, what do you think we can do
to improve Malaysian science and technology?
I was recently told that none of our Malaysian
universities made it to the top 400 in this year’s Times
Higher Education World University Rankings. A lot
of that ranking has to do with our research. I still
think that we are still not investing enough in science.
If you look at countries which are scientifically highly
ranked, they are spending at least 1% of their GDP
in science, but we are nowhere near that number; it
was around 0.2% when I left for Vienna. Here we are
harping on the fact that we are not doing enough good
science, yet we won’t invest in it. We have to invest in
the future. If you look at the US, although they have
budget cuts, they still invest a certain amount in science
and technology, because they know that things will pick
up later in the future.
In contrast, if you stop investing, you hollow out your
capacity and capability. For instance, the scientists
that you have would leave and join say, the banking
industry. Not only should we invest in the research, we
should also consistently do this and not have spurts
of investment in science. There has to be a certain
consistency in investment efforts, which scientists can
expect.
Another important issue is that we have to build
good institutions. We definitely do not have problems

“If you are the best, surely
there will be someone
who follows behind and
catches up with you. If you
are unique, however, you
have no competition.”
S C I E N T I F I C M A L AY S I A N

producing PhDs. Producing Masters and PhD students
is not the end of the effort at improving our science; it
is only the beginning. To achieve the ratio of working
scientists per populaton, that is more difficult. In order
to keep scientists as scientists, they must be working
in scientific institutions. For example, if we produce a
graduate in computational physics and that person ends
up working in a bank, we cannot maintain the statistics.
So if we need to keep this computational physicist,
we have to establish and nurture scientific institutions
within academia and industry that will employ him/
her. Therefore, we should establish, nurture and invest
in institutions that can keep these scientists employed
within their fields of expertise.
Q7. Have you ever felt that you encountered barriers
or discrimination in your field of profession, on
the basis of your gender?
First of all, I am not aware of any competition in
my profession. As the management gurus usually
says, “It is not about being the best in life; it is about
being unique”. If you are the best, surely there will be
someone who follows behind and catches up with you.
If you are unique, however, you have no competition.
Perhaps I am the wrong person to ask this question
to, because in the space field I wasn’t in competition
with anyone, let alone men.
Having said that, I have seen women being set back
because of their gender. I am particularly conscious of
this fact, especially when it comes to recruiting people
in the United Nations, or delegating tasks to people. I
make sure I challenge the women as much as the men,
or maybe even more so.
Q8. What advice would you give to the young and
budding Malaysian scientists?
A lot of Malaysian scientists have a fair amount of
support, but sometimes they are not publishing in the
right journals. They are ranked on the basis of where
they publish, and if they don’t publish in the right
journals, they don’t get cited, and therefore your ranking
goes down. I think that it is not enough to just look at
what you can do in Malaysia; you have to be thinking
internationally. If you don’t do things internationally,
you won’t get into the world-class league. Therefore,
my advice is to go international.

VIDEO LINK

The full interview video can be viewed at
http://youtu.be/YYebsdmtRRQ
SciMy Live Interview
SciMy Live Interview features inspiring Malaysian
scientists across the globe. It provides an opportunity
for all to engage and ask questions via our live Q&A
session. Stay updated on our next live interview
by registering as a member of SciMy at: www.
scientificmalaysian.com/registration

Engage with Malaysian scientists
worldwide
Discuss, collaborate,
share knowledge and ideas
Join our network at:

www.scientificmalaysian.com
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SciMy Interview:
Tan Sri Prof. Augustine Ong Soon
Hock
Interviewed by Dr. Wong Kah Keng and Dr. Lee Hooi Ling

T

an Sri Prof. Augustine Ong Soon Hock has been
the Chairman of the International Society for Fat
Research (ISF) 1997-1999 and is the President of the
Malaysian Oil Scientists’ and Technologists’ Association,
a Senior Fellow of the Academy of Sciences, Malaysia,
a Fellow of the Royal Society of Chemistry London, a
Fellow of the Third World Academy of Sciences and
a Fellow of King’s College London. He also served as
the Dean in School of Chemical Sciences, Universiti
Sains Malaysia (USM) before joining the private sector
in Palm Oil Research Institute of Malaysia (PORIM). In
2012, Tan Sri Prof Ong was given the Merdeka Award
in recognition for his “outstanding contribution to the
research and development of the chemistry and technology
of palm oil and for his significant role in advocating and
promoting Malaysian palm oil industry to the world”. To
date, Tan Sri Prof. Ong is still actively involved in scientific
non-government organisations including the Malaysian
Invention and Design Society (MINDS) which he founded
in 1986.
Q1. How was your early life like?
In general, I was quite happy in my childhood. I went to
school at the age of seven, just before the Second World
War. My father passed away during my childhood and I
was raised by my grandmother. So, I had a lot of free time
and termed myself as “born-free” because I was pretty
much on my own - for me it was quite a good situation
as I had a lot of time to develop my own ideas about
life. I put them into good use because it was a time of
transition, the Japanese were advancing into the country
(into our plantation area) and the British forces were

“My entertainment was
looking at nature but I was
more interested to know
the “whys”- why the sky is
blue, the leaves are green
and so on.”
S C I E N T I F I C M A L AY S I A N

retreating. At that time, there was much security in the rural
area than in the town. There were young mothers with babies
in our plantation. When the babies cried, the soldiers would
be alerted to the mothers in the house. So, I led the mothers
out of the plantation and went deep into the jungle to hide
them away from the Japanese soldiers. Thanks to my “bornfree” situation, I had been exploring the area; so I knew the
jungle by heart.
I went to a boarding school after Standard 6 and I was very
happy there. We had to get up as early as 5.30 a.m. in the
morning. My entertainment was looking at nature but I was
more interested to know the “whys”- why the sky is blue, the
leaves are green and so on. I wanted to see beyond what the
eyes can see, like what is going on behind the leaves.

43

Photo by Merdeka Award

Q2. What shaped your interest in science and academia? Jurong in Singapore. At the end of my trip, I realised that the
industry had a problem with the processing of palm oil. They
I find that science gives me the key to understand nature. were using a detergent called sodium lauryl sulphate or SLS
At Standard Six, I wrote an essay about my ambition; that in the palm oil separation. The Americans and the Japanese
I wanted to be a “scientific farmer”, meaning farming with did not accept the product that was separated using SLS even
the input of science. Later on, from this interest in science, though it could be washed away. Eventually I contacted a
I was interested in generating knowledge. I analysed and colleague who was a biochemist and learned that he had been
reproduced the work of others, quoted what others have using density gradient centrifugation for separation in his
found, and how they have found it including their methods experiments. Since it is a separation technique, I was thinking
and the rationale of their work. Nevertheless, I was more “why not try it on some palm oil samples?”. I faithfully
interested to go beyond this, by generating new knowledge followed the given protocol using sucrose solutions for the
using the existing knowledge to the extent that I wasn’t truly separation. The experiments turned out to be a failure. As
satisfied even if I got 100% at school’s exams. I was happy I was trying to understand the failure, I realised that the
in terms of my scholastic achievements of course but this density of oil is less than 1.0 kg/m3. I could still use the
is how I see it: I got all the correct answers based on what principle of density gradient centrifugation but I had to
the school has asked of us but do I know 100% of the modify the technique to suit my situation: that is by using
solution with a mixture of water and alcohol. After two
knowledge that I am supposed to have?
years of development, I managed to develop 13 systems
I also found out that the more I helped my classmates in their for the separation and realised that nobody has done these
studies, the more I understood my problems. I then took before. The systems were then developed further using an
the natural path leading to academia: obtained my Bachelor, experimental centrifuge as a prelude to an industrial-scale
Masters and PhD degrees, and I wanted to go to the best separation.
places to learn. I wanted to know how other people develop
Q4. What are the research breakthroughs that the
a system to discover knowledge.
Malaysian palm oil industry has achieved in the past
Q3. How did you discover the techniques for palm oil few decades?
separation?
In the 1960s, the palm oil production was only 60 thousand
A textbook that I wrote with Prof. Huang and Dr. Goh called tonnes yearly. In the 70s, it increased to 1 million tonnes
The Chemistry of Free Radicals was published in 1974. It was per year. Our major concern then was how to sell off all
done during the transition period moving from Universiti these oils. We adopted two methods, one was to know the
Malaysia (UM) to USM. Before the 70s, I was in UM and composition of different types of palm oils, and the second
after that I worked in USM. The vice chancellor of USM was to diversify the use or application of palm oil based on
was setting up a new Chemistry department then and it was their composition. For example, Egypt used cotton seed oil
a very taxing period for me to juggle this with writing the to make shortening (fat that is solid at room temperature),
book. When I presented this newly published book which so we wonder whether or not we can produce the same type
was used as a resource material for tutorials in University of of shortening using palm oil. In India, they use ‘ghee’ (a
Oxford, the Vice-Chancellor suggested that I should focus type of butter from cows’ milk), whereas different materials
were used in Pakistan (buffalo milk) and in the Middle
on research which was more relevant to the country.
East (vegetable fat). We wonder whether we can produce
Following this proposal, I decided to drive down from Penang substitutes to their source of oil using palm oil, and show
to Singapore and stopped to visit some of the major oil palm that it is acceptable and cost effective.
plantations and factories along the way. This includes places
like Teluk Intan and Batang Melaka in Malaysia, as well as We then get knowledgeable people in the oil and fat industry
ISSUE 6 / 2013
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to tell the factories to consider this change because there are
advantages in the properties and the cost. In the case for
Egypt, we formulated something to mimic their products
and once they had chosen the product that they liked, we
even sent some oil to Egypt free of charge for their first
trial. Egypt subsequently imported about 200 thousand
tonnes of palm oil from Malaysia. Following that, we
implemented similar strategies for other countries all over
the world, including China. We knew that China was the
world’s largest consumer of instant noodles, so we worked
with them and proposed to them to fry their instant noodles
in palm oil; firstly, because it is cost-effective and secondly
it gives the instant noodles a longer shelf-life. China now
imports 5 million tonnes of palm oil from Malaysia. I think
this is one of the biggest breakthroughs in Malaysian palm
oil industry.
One problem we faced is the fluctuation in prices of
commodities, including palm oil. One way to deal with this
is to stock-pile palm oil i.e., when the prices of palm oil
dropped due to excess production, palm oil are bought to
bring the prices up. The products bought can then be resold
when the prices increase. I joined the Malaysian Palm Oil
Board (MPOB) in 1981 and I suggested whether we can
have a technical solution to such economic problem. Can we
handle this price fluctuation by expanding the use of palm
oil? I proposed to convert palm oil into fuel for cars such
as palm-oil based diesel as an alternative to stock-piling. At
that time, we needed 3 million tonnes of petroleum-based
diesel for the country, and I suggested that if there were
any excess palm oil, we can convert them into diesel. It was
very controversial and people thought it was a stupid idea
(laughs). Now, Malaysia has adopted B10 diesel programme.
Q5. How has technology advanced the palm oil
research in Malaysia?
MPOB has sequenced the genome of oil palm, so now
people have started researches on which part of the genome
gives rise to various characteristics, disease resistance, yield
and so on. We have also gone into tissue culture but there
are some constraints in the mass production.

one has retired from the chore, one should perhaps find
something else that is more interesting because I believe
that once we stop, when we retire completely, the mind
and the body might also retire! We could be affected by
health deterioration and diseases when our mind and body
are not active.
Q7. In what way that you think retirees could contribute
to the Malaysian scientific arena?
There are several ways that retirees could contribute. A lot
of things that we are doing have no financial returns such
as creating awareness about inventiveness, instill confidence
into young generations, getting people to continue learning
about science and technology - it is more of national interest
without financial motives. There are also many senior
scientists who get together to exchange views and discuss
scientific issues voluntarily and privately and we could try
to bring forward the ideas to the current generation of
working scientists. There are many things going on in the
background conducted by retirees.
Q8. What would be your advice to the young Malaysians?
The most important thing is to find the interest in what we
do. I think our tradition of emphasising hard work or culture
and religion when dealing with our work are important, but
on top of that, we should possess the passion in what the
youngsters are studying or working on. Some parents could
be very simplistic and want their children to be a doctor,
accountant or millionaire but I think these issues should be
secondary - choosing a career or field of study has to be
dependent on the individual’s interest and let the individual
pursue the interest to the highest level if possible. We want
the young generation to jump out of bed and couldn’t wait
to start working because the real passion to pursue one’s
interest is always there, and hopefully it stays until one finally
retires completely.
Reference
http://www.merdekaaward.my/Recipients/By-Year/2012/
Academician-Tan-Sri-Emeritus-Professor-Datuk-Dr-Au.aspx

Q6. Have you ever considered retiring completely from
the scientific world?
The answer is ‘no’ and the reasons behind it are quite
important. Some want to retire even before the age of 40,
but I have been thinking - why should we retire when we
enjoy what we are doing? Perhaps one wishes to retire early
because he/she treats career as a chore, something that he/
she does not enjoy and wants to get away from it. Even if

“The most important
thing is to find the
interest in what we do.”
S C I E N T I F I C M A L AY S I A N

Tan Sri Prof. Augustine Ong with Dr. Wong Kah Keng after the
interview.
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Fundamental research:
what is the use?
by Hwong Yi Ling

W

hen I was working at CERN, the
perennial question posed to me by
friends and family was, “What is the use
of fundamental research?” Despite my
slight indignation over the seeming shortsightedness of the question, it is not difficult to see where people are coming
from. With the financial crisis wreaking
havoc on our economy, spending $4.4
billion to build an accelerator to hunt for
a particle (although the Large Hadron
Collider does have many other purposes,
but that’s beside the point) does seem
like a frivolous endeavour. Without any
immediate application in sight, one would
question if the money could have been
better used to solve more pressing problems of our time?
We are living in a competitive world where
the value of our pursuits are judged by
its practical usefulness and potential
monetary return on investment. When
asked by the then British prime minister
what was the practical value of electricity,
Michael Faraday famously replied, “One
day, sir, you may tax it.” That quote
alone captures the idiosyncrasies of our
politicians and what makes them tick.
More than a century later, we are still
haunted by the same conundrum.
It is simultaneously a favourite buzzphrase and an uncontested truth that a
vibrant and competitive society thrives
on innovation. What is less apparent, though, is the fact that fundamental research lies at the heart of all innovations. It
needs innovation and drives innovation. History has taught us that big leaps in human innovation is often the result of
pure curiosity. Faraday’s experiments on electricity, for example, were prompted by curiosity but eventually brought us
electric light. No amount of research on candles could have done that. Einstein’s theory of special and general relativity
is the crux of the multi-billion dollar growth industry centered
around the Global Positioning System (GPS).
Illustration by Kong Yink Heay

Human history is littered with such examples. And yet we still
struggle to justify investments in basic research. Households in
the United States spent more than $5.1 billion on ice cream in
2012 alonea. It puts things into perspective when you compare
that amount with the cost of the Large Hadron Collider ($4.4
billion), a project that spans decades, involves scientists and
engineers from over 100 countries and has already produced
a

Statistics published by Grocery Headquarters; SymphonyIRI Group.
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“What is less apparent,
though, is the fact that
fundamental research
lies at the heart of all
innovations.”
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several spin-off technologies.
The goal of the Large Hadron Collider (LHC) is to find out
more about the constituents of our universe and to test the
predictions and limits of the Standard Modelb, a theory that
to date best explains the fundamental structure of matters.
To do this, scientists try to recreate the initial conditions right
after the Big Bang by accelerating two beams of protons in
opposite directions to almost the speed of light and then
colliding them. The technology involved in achieving this is
no mean feat: the particles are so tiny that the task of making
them collide is akin to firing two needles 10 kilometres apart
with such precision that they meet halfway!

a manifestation of the quintessential part of being human:
curiosity and wonder. We are all researchers at heart. The
arcane formulas, crazy greek symbols and code languages
are just the tools of the trade. The truth is, the first time you
stare into a starry sky and wonder what is out there, you are
already one. And if in the pursuit of scientific truth we do
produce something ‘useful’, and I believe we inevitably will,
isn’t that just a happy happenstance?

To build such a machine, it was only natural that scientists
and engineers had to use the most advanced technology
available. And when a technology that was required did not
exist, companies around the world were commissioned to
custom build it. Some serious pushing of the frontiers of
technology was happening here.

“The reason people
do science is the
unbridled joy of
discovering how the
universe works.”
And all was not in vain. CERN’s research has already brought
about many practical applications. Great strides have been
made in the field of medical imaging and cancer therapy
thanks to the advancement in accelerator physics. CERN is
collaborating with institutes from around the world in the
development of Hadron therapy (or proton therapy), a form
of radiotherapy that more precisely localises the radiation
dosage and thus reduces the damage to surrounding tissues.
The Medipix chip [1], a spin-off of the detector electronics
used in the LHC, is finding increasing application in the
fields of radiography and computer tomography (CT). On
the clean energy front, the vacuum technology used in the
LHC has been applied to develop solar panels that reach a
temperature of 350 - 400 degrees Celsius, over 100 degrees
higher than what current commercially available solar panels
can achieve [2]. And who can forget the World Wide Web?
You would not be reading this if not for the invention of
the Web at CERN some 20 years ago.
But none of these discoveries are more illuminating than
the fact that none of them were planned. None of them
were a result of deliberate SWOT analysis or cost-benefit
study. And therein lies the beauty of fundamental research.
People don’t do fundamental research for the possible spinoff, or fame, or money. The reason people do science is the
unbridled joy of discovering how the universe works. It is
b

Photo by Jeffery Goh/Flickr

Disclaimer

The views and opinions expressed in this article are those of
the author and do not reflect in any way the official policy
or position of CERN.
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Doctoral experience in bug science
at University of Georgia, USA
by Dr. Lim Su Yee
“The ‘Georgia on My Mind”, and probably will always be, as
the lyrics goes for a song popularised by Ray Charles. It was
sheer luck and fate that I had the experience of completing
my graduate1 studies abroad. There are many key mentors to
whom I am truly grateful for making the entire experience
of graduate studies immensely enjoyable for me.
I arrived, wide-eyed, adrenalin-driven, filled with eagerness
and childlike innocence at the Atlanta Hartsfield International
airport in Atlanta, Georgia, United States after a long flight
over the Pacific Ocean traversing multiple countries and
terrains on December 17, 2007. It was winter in Georgia
then. As I looked out from the window of my seat in the
airplane, it was sunny and bright. I was excited, thinking “Oh,

tropics, my first few weeks in Georgia were excruciatingly
cold. Do not be fooled by Wikipedia’s listing of Georgia as
subtropical. Athens, Georgia (unlike Athens, Greece) can
definitely get very cold, as we had snow several winters ago!
In the USA, most universities have two main semesters
(Fall, Spring), and the additional semesters (Maymester/
Summer). The academic year for most universities starts in
the Fall (August/ September), although there is a possibility
of starting a program at a different time (like I did in the
Spring semester). The graduate programs in the USA
requires graduate level coursework component, besides the
expected rigorous research work. From my understanding,
the majority of the graduate programs in the USA require
at least 30-40 credit hours of graduate level coursework,
and a successful thesis/dissertation defense to complete
the program.
As a research assistant, besides taking classes in my first
semester, I was also given a mini project to handle, which
eventually led to a full-blown PhD dissertation.
I was extremely lucky to receive an assistantship, which
funded my studies at the university. There are typically two
kinds of assistantship that students could apply for and
receive: research assistantship (RA) or teaching assistantship
(TA). RAs are given to students who will help with additional
research projects within their respective laboratories, and TAs
are awarded to students who will assist with undergraduate
instruction.

The “Arch” at the University of Georgia, Athens. Tradition says that
you must not pass through the Arch until you’ve graduated. Photo by
UGArdener/Flickr.

Soon after I started the program at UGA, I was also given the
opportunity to switch my program from masters to doctorate,
which I accepted. A research committee was formed with
two other professors (in addition to my main advisor) and
they provided tremendous guidance and help throughout
my doctoral study. A research proposal was written once a
research topic was decided, and submitted to the research
committee for evaluation and approval. In addition to the
research proposal, choices on a student’s coursework was
also discussed and approved by the committee to ensure that
the student will be well prepared with all necessary classes
that complements the student’s research work.

sunny is good. It wouldn’t be cold then, phew..!” After navigating the
airport and collecting my baggage, I met my main academic
advisor, who was kind enough to drive over two hours from
the university campus to pick me up. After collecting my
luggage, he said “I think you should put on your coat. It’s kind of
chilly outside.” Little did I know, that was the start of a life
In the Entomology Department at UGA, the ‘Comprehensive
experience, which I will forever treasure.
Exam’ is taken in two parts: written and oral. This exam is
Enrolled as a Master of Science student in the Entomology usually scheduled upon completion of coursework, or after
Department at the University of Georgia (UGA), Athens, about 1-2 years into the program. The oral portion of the
I started taking classes in January 2008. As a girl from the exam was challenging. Thankfully, I passed both and was
1

Postgraduate studies is known as graduate studies in the USA.
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allowed to continue my research as a doctoral candidate.
Completing the research work and dissertation was equally
if not more challenging. After submitting the completed
dissertation to the research committee, a date for the defense2
was scheduled. The defense is usually divided into two parts:
a public presentation by the doctoral candidate, followed
by a Q&A session, and subsequently, a closed defense with
the student’s research committee. Thankfully, I passed the
grilling and examining after an almost full day’s affair.
On a slightly different note, I was often asked “Why
Entomology?” or “Why bugs?” To be completely fair, I
truly think that it was Entomology that has chosen me,
and I have enjoyed it thoroughly. Termites were my main
focus, specifically the subterranean termites from the genus
Reticulitermes, native to the Nearctic3 region of the world.
The project I worked on brought me to many places in the
USA, especially in the southeastern region of the country.
Together with my lab mates and advisor, we travelled on
many occasions to the various field sites to sample and
collect specimens. We worked on fundamental questions in
science: “What is this insect? And how do we tell it apart from
another similar kind of insect?”. In short, I worked in the
field of taxonomy and systematics, but also had the leverage
of being in an urban entomology laboratory, working with
one of the foremost termite experts of the world.
Some highlights of my doctoral study include:

Crosswalk in Athens, Georgia. Photo by J. Stephen Conn/Flickr.

I could never have planned a better program for myself, and
never would I have imagined having all these experiences that
have enriched my life. I would like to say a sincere ‘Thank
You’ to all that have left footsteps in my path. I encourage
anyone who is willing to ride the waves and explore the
unknowns to consider pursuing graduate studies in the USA.
It is hard work and challenging, but the fruits of labor are
sweet indeed.

•

the description of a new termite species (Reticulitermes I would like to say a special thank you to:
nelsonae4) that was named in honour of the researcher
who discovered it;
1. My family;

•

a revision on the taxonomy of Reticulitermes spp. in the 2. Prof. Lee Chow Yang, Universiti Sains Malaysia, Penang,
southeastern USA;
Malaysia;

•

developing an interactive web-based identification key5 3. Prof. Brian T. Forschler, University of Georgia, Athens,
for the group of taxa6 we were working with;
Georgia, USA;

•

travelling, meeting people from various walks of life,

•

learning yoga;

•

admiring the Spanish moss on the Sapelo Island, GA;

•

experiencing the misty waterfalls of Mount Hood, About the Author
Dr. Lim Su Yee recently joined Rollins, Inc., the parent company
Portland, Oregon;

•

learning life lessons from my main advisor;

•

4. Prof. Joseph V. McHugh, University of Georgia, Athens,
Georgia, USA;
5. Dr. Tracie M. Jenkins, University of Georgia, Athens,
Georgia, USA.

of the largest pest management company, Orkin, LLC. in the
North American Region as their research scientist. She holds a
PhD in Entomology from the University of Georgia, USA. She
being featured in UGA’s Graduate School Centennial can be contacted at suyee03@gmail.com. Find out more about
Su Yee by visiting her Scientific Malaysian profile at http://www.
Summer Edition Magazine’s.
scientificmalaysian.com/members/suyee/.

2

Defense is also known as viva.
Nearctic is typically defined as one of the eight terrestrial ecozone / biogeographical regions that includes Greenland, North America and some parts of
highland Mexico.
4
Lim SY, Forschler BT (2012) A new species of Reticulitermes Holmgren, 1913 (Isoptera: Rhinotermitidae) from the southeastern United States.
Insecta Mundi 0252: 1-4
5
http://keys.lucidcentral.org/keys/v3/Reticulitermes/
6
Taxa refers to species in this context. It could also refer to an entity in a higher level classification (i.e., Genus, Family, Order, etc.).
3
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Book Review: “This Will Change Everything:
Ideas That Will Shape the Future”
Reviewed by Gabriel Chong

A

s a science and technology website, Edge.org has a relatively
tiny readership, which is a shame, because it is one of
the hidden gems and most underrated portals on the internet.
Presiding on what the editor, John Brockman, dubs a ‘third
culture’ of renewed communication between the sciences and nonsciences, Edge.org publishes very well-curated pieces on the most
cutting-edge ideas in the sciences, the social sciences, philosophy,
technology, and everything else in between. One of the products
engendered by this consilience is the Edge.org annual question
series, in which about 200 of the world’s leading thinkers are posed
with a singular, profound question every year.
This Will Change Everything is a compilation of responses to the
2009 Edge question, “What game-changing scientific ideas and
developments do you live to see?” As one might expect, the
responses more or less converged on a few common themes:
climate change, biological engineering, nuclear war, ubiquitous
computing, etc. But there were also a few more peripheral
predictions: the discovery of a proof for the Riemann Hypothesis,
the commercialisation of neurocosmetics, the evolution of
masculine subjectivity, and the perfection of lie detectors, just to
name a few. In celebration of the third culture, the experts do not
necessarily comment on their field of expertise. Rather, we find
divergences such as computer scientist David Gelernter proposing
cluster schools as an improved model of education, theoretical
physicist Lawrence Krauss predicting the use of nuclear arms on
civilians within his lifetime, philosopher Nick Bostrom musing
on the emergence of superintelligence, and novelist Ian McEwan
writing on the flourishing of solar technology. The length of the
responses, too, is just as varied. Discover magazine editor-in-chief
Corey S. Powell provides not one, but twelve predictions, ranging
from the certain (the end of fossil fuels) to the highly unlikely
(the confirmation of extrasensory powers). Meanwhile, architect
Stefano Boeri sums up his thoughts elegantly in two sentences,
“What will change everything? Discovering that someone from
the future has already come to visit us.”

2. “The Idea of Negative and
Iatrogenic Science”. Ever
the firebrand, epistemologist
Nassim Nicholas Taleb
claims that the resistance
towards negative results
has crippled the institution
of science. Particularly,
iatrogenic science has been
extremely harmful in the
field of medicine, where
the psychological comfort
of active intervention has
killed more people than
passive non-intervention.
The real work of science,
Taleb argues, is mythdebunking and the rigorous
establishments of the limits of knowledge.
3.“Carniculture”. Philosopher Austin Daucey predicts that there
will come, inevitably, a day when we will farm and harvest specific
parts of animal bodies the way we do with plants in agriculture.
Since cultured meat is fast becoming technologically possible, it
will become a moral imperative for us to switch from husbandry
to artificially cultivated meats, killing several birds with one stone:
placating human appetite for flesh without the risks of growth
hormones, viruses, unsustainable livestock farming, and most of
all, the untold brutality of animal slaughter.

4. “Beyond Boolean Logic, Digital Manipulations, and Numerical
Evaluations”. Here, Mathematician Verena Huber-Dyson predicts
something even more radical: the end of the scientific method as
the de facto modus operandi of truth. She laments for the urgent need
for applied ethics – knowing what to do with knowledge gained
from science. But more than that, she anticipates an improved
epistemological method, whereby the rigour of empirical testing
The book is a delight from the very first to the last page in its will be complemented and amplified by intuition.
breadth of topics. Here is just a sample of some of the most
5. “Avoiding Doomsday”. The doomsday argument goes
intriguing responses:
something like this: small civilisations eventually evolved into large
1. “Interstellar Viruses”. The discovery of extraterrestrial intelligent civilisations. But we have observed neither other small nor large
life is one of big game-changers, and science historian George civilisation. We are probably a small civilisation. The probability
Dyson argues that we have been searching for them in the wrong of a small civilisation surviving to evolve into a large civilisation is
manner. A technologically advanced civilisation, he postulates, extremely low. So our chances of evolving into a large civilisation
would encode and propagate itself in the most economic manner is extremely low. The theory has been a lightning rod for criticism
possible – as pure digital information – and we are unlikely to within a small intellectual community ever since it was tabled by
recognise it as a life form even if it were already within our midst. Brandon Carter decades ago. But physicist Alexander Vilenkin
In the closing paragraph, he recalls a poetic moment with the brings it to the fore fray, arguing that the very lack of observed
physicist Edward Teller, in which Teller encourages him to write intergalactic colonisation supports the doomsday argument, and
a science-fiction book after Dyson had relayed his theory. Dyson that our crossing the threshold to becoming a large civilisation
dismissed his suggestion, noting, “Probably someone has”, while would be the ultimate game-changer.
Teller answered, “Probably someone has not.”
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Film Review: “X-Men : First Class”
Reviewed by Anthony Au

Photo by PatLoika/Flickr

I

n “X-Men: First Class” film, the general premise has
been sufficiently adapted from its comic book series.
X-Men film series have been created based on a team
of “genetically-enhanced” humans, who carry mutations that confer them with special abilities. Particularly,
this movie focuses on the relationship between Charles
Xavier, Erik Lensherr and the origin of the “X-Men”.
This story began with the evil Dr. Klaus Schmidt’s
(later known as Sebastian Shaw) encounter with young
Erik Lensherr who is capable of bending metal gate
using psycho-telekinetic shockwave. Meanwhile, young
Charles Xavier, a mutant with telephatic capability was
very excited when he met a young blue shape-shifting
human called Raven, realising that he is not the only
human with special capabilities. Eighteen years later,
Xavier (later known as Professor X) obtained his DPhil
from University of Oxford with a thesis on “Mutation”.
Due to his renowned scientific work on mutations, the
CIA requested his help to track down the evil Sebastian
Shaw. In one of the discussions with CIA, Charles
Xavier mentioned that auburn or red hair as “a mutation,
a very groovy mutation.”[see information box]
The paths of Charles and Erik later coincide and they
were embroiled in a series of battle and clashes of
ideology in the battle between mutants with special
capabilities and normal humans. During his stint
with the CIA, Charles was introduced to a mutant
scientist, Dr. Hank McCoy. Dr. McCoy, in an attempt
to overcome the embarrassment of his prehensile feet,

1

INFORMATION BOX:
In reality, our human red hair phenotype1 is encoded
by recessive allele2 of melanocortin 1 receptor (MC1R)
gene3. This gene provides instructions for making a MC1R
protein which produces a pigment called melanin that
gives skin, hair, and eyes colour. Two forms of melanin
help to determine a person’s hair and skin colour: i)
eumelanin contributes to brown or black hair and dark
skin; ii) pheomelanin tend to confer red or blond hair and
light-colored skin. Certain genetic variations in MC1R
gene reduce the ability of MC1R protein to stimulate
eumelanin production rather than pheomelanin, resulting
in red hair phenotype. However, the genetics for black hair
has yet to be confirmed, and it is thought that at least two
pairs of genes are representing human hair colour.

tried to cure his mutant cells using cells from the blueshapeshifter, Raven. Unfortunately, his experiment
failed and transformed him into a blue leonine beast.
This fictional approach is actually similar to what
scientists are trying to achieve in gene therapy, which
involves the insertion of new functional genes into cells
and tissues of the patients in order to treat a disease.
However, this technology is still under development
and has evolved since the first clinical trial in 1990. In
the first clinical trial, scientists attempted to reintroduce
adenosine deaminase gene by retroviral vector into the
T cells of adenosine deaminase deficiency (also known

Phenotype is the observable characteristics (e.g., hair or skin colour) of an individual which is controlled by genes.
Allele is the alternate forms or varieties of a gene. Recessive allele is an allele that is masked in the phenotype by the presence of a dominant allele.
3
Flanagan N, Healy E, Ray A, et al. Pleiotropic effects of the melanocortin 1 receptor (MC1R) gene on human pigmentation. Hum Mol Genet. 2000,
9(17):2531-2537
2
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as ADA-SCID) patients4. In this rare disease, patients Finally, to quote Professor X:
lack the enzyme adenosine deaminase, which affects the
function of cells in the body, especially T and B cells. “Mutation took us from single-celled organisms to being the
dominant form of reproductive life on this planet. Infinite forms
This film brings up the notion that X-Men are not of variation with each generation, all through mutation.”
alone – as a matter of fact, we are all mutants indeed.
A gene mutation is a permanent change to the DNA Indeed, mutations are the reasons why we humans are
sequence, with or without effects on the functions who we are today.
of its corresponding protein. Scientists discovered
that humans carry various types of germline5, de About the Author
novo6 and somatic7 mutations. Small alterations in the Anthony Au is a postgraduate candidate from Human
DNA sequences of human genome are the drivers of Genome Centre, School of Medical Sciences, Universiti
variation between people such as skin, eye, hair colour, Sains Malaysia. He can be contacted at auzlanthony@gmail.
and blood type. Most of these genetic variations do not com. Find out more about Anthony by visiting his Scientific
pose negative effects on a person’s health, while some Malaysian profile at http://www.scientificmalaysian.com/
may influence the risk of developing certain disorders members/anthonyau/.
(e.g., cystic fibrosis, Huntington’s disease and certain
types of cancer).
This fictional superhero film has fascinated and attracted
the audiences’ attention with not only visual stimulation,
but also inferred the potential consequence of genetic
mutations on humanity. However, it is worth pointing
out that the effects of mutation were exaggerated in
this superhero franchise and are very unlikely to occur
in reality.

Submission of a book, film or
documentary review:
Do you have a favourite book, film or documentary
(with scientific elements) that you would like to
review? Contact or submit your article to us by
emailing us at:
magazine@scientificmalaysian.com

The casts of X-Men: First Class. Photo by PatLoika/Flickr.
4

Blaese RM, Culver KW, Miller AD, et al. T lymphocyte-directed gene therapy for ADA- SCID: initial trial results after 4 years. Science. 1995,
270(5235):475-80.
5
Mutations that are passed from parent to child, which are present throughout individuals’ life. Also known as hereditary mutations.
6
Mutations that occur only in an ovum or sperm, or occur after fertilisation.
7
Mutations that sometimes occur in any individual cell due to environmental factors such as exposure to ionising radiation, ultraviolet from sun or errors
in DNA replication during cell division.
ISSUE 6 / 2013

54

Would you like to reach
out to Malaysian scientists
worldwide or researchers
working in Malaysia?
Discuss advertising opportunities with us by
contacting our magazine team:
magazine@scientificmalaysian.com

Photo by Shovelling Son/Flickr

S C I E N T I F I C M A L AY S I A N

