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COVER STORY
Genomic editing (Wang) is the latest tool that is fast
and precise to replace GM techniques to improve food
crops. While GMO has been much criticized for financial
exploitation in food-poor countries, the fear of consuming
all potentially pathogenic DNA may have been much
misplaced as the sweet potato is a natural GMO crop
consumed in Asia and then Europe for centuries since
they were acquired from the Incas.
High oleic soybean is among the first beneficiaries of
genomic editing while the oil palm had success on
traditional genomic technology for semi-dwarf highyielding and Ganoderma-tolerant palms (Harikrishna;
Ang). Mechanization and digitization of the palm oil
industry are being aggressively pursued in view of
labour shortage, Covid-pandemic restrictions and the
need for ESG-compliances as well as climate-mitigation
disclosures (Unnithan; Chandran). The red flag has been
raised by climate change due to unrestricted use of
carbon energy while not restraining human frivolities in
caloric consumption or choices (Chandran, Goh, et al.).
While SE Asia could be praised for efforts in preserving
topical forests, another tropical tree sequestering CO2 is
not yet being appreciated in the oil palm (Chew). Despite
the negative narratives due to the existential threat to
most other subsidized oil crops, sustainable palm oil
has bright prospects with adoption of transformational
technologies providing glimpses of a possible circular
agriculture with methane capture, POME recovery and
zero discharge (Chandran, Goh, et al).
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INFORMATION

MOST is a regular bulletin devoted to furthering
the objectives of Malaysian Oil Scientists’ and
Technologists’ Association. This is to promote interest
in all aspects of oils and fats in Malaysia, regionally
and worldwide. Articles of interest could be directed
to the layman, technologist, scientist, researcher or
the entrepreneur. News of the association’s activities
and developments in oils and fats will be routinely
published.

ARTICLES: Contributions are invited for feature
articles, news items, newsletters, letter to the
editor, general articles, research papers, review to
the community involved in oils and fats including
business managers, chemists, engineers, scientists,
technologists and other personnel involved in various
commercial aspects of oils and fats. All articles will
be refereed and suitably edited before publication.
Letters to the editor are also acceptable after editing.

The views expressed by the contributors are not
necessarily endorsed by MOSTA. The editorial board
and the referees would do their best to ascertain
authenticity and accuracy of information on all articles
and MOSTA reserves the right to alter or to omit any
article or advertisement submitted. No responsibility
is accepted by the association, the editor or the printer
for the accuracy of the information contained in the
text and advertisement. MOSTA requires indemnity
from advertisers and contributors against damages
which may arise from materials published.

FORMAT: Instructions to authors may be obtained
from the Editor or recent issues of MOST may be used
as examples. General instructions are similar to the
format required by major international journals and
include the following: TITLE, Abstract, Text with major
headings (Introduction, Materials and Methods,
Results and Discussion, Acknowledgements and
References). Abbreviations, symbols and units used
are as by the best of international journals. In addition
to a hard-copy, authors are encouraged to send with
their papers as attachments in e-mail for easy editing
using Word or other common IBM-PC software.

All materials in MOST are copyright and should not
be reproduced wholly or in part without the written
consent of the editor.
Materials for publication should be submitted
directly to the editor and would normally require two
month’s editorial/refereeing work prior to publication.
Guidelines of formatting of technical material may be
obtained from the Editor. Web editions are promptly
published after editing.

DEADLINES
Deadlines for publishing edited versions and
advertisements are 20 days before the publication
dates of each volume.
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ADVERTISEMENTS: Advertisers are welcomed to
place their Ads, which will be printed at reasonable
cost, in this publication.
SUBSCRIPTIONS: Individuals and libraries may
subscribe to this publication.
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Abbreviations. ESG = Environmental, Social and Governance;
EV = Electric Vehicles; FANGMAN = Facebook, Amazon, Netflix,
Alphabet, Microsoft, Apple and NVIDIA; GHG = Greenhouse Gas;
ILUC = Indirect Land-Use Change; IP = Intellectual Property; ISCC
= International Sustainability and Carbon Certification; MSPO
= Malaysian Sustainable Palm Oil; UN SDGs = UN Sustainable
Development Goals

ECONOMIC RECOVERY AND COVID-19 REALITIES
Early optimism of economic recovery with the promise
from a variety of vaccines available seems to have
evaporated with the rapidly mutating Covid-19 virus
now having the delta-strain and further possible
‘lambda’ and ‘mu’ strains, all of which seem somewhat
resistant against the present lot of vaccines.
It is a sombre situation when the natural, humanimmune defence mechanism has to be relied on but
present natural recoveries may not be sufficiently
acceptable since as many as 5 million may have
died worldwide. Hopefully, better treatments will
become available without resorting to booster
vaccination doses of unknown efficacy, but hopefully
use of effective controversial drugs not controlled
by big pharmaceutical companies are cleared for
clinical applications. Also, in phase-3 clinical trials are
new treatments based on antibodies as well as on
moderating “cytokine storm” and hopefully will be
available soon.
The confusing mixed-economic recovery among
nations, already struggling with global supply-chain
disruptions, need to be boosted at all costs to avoid
the recession deteriorating into a full-fledged financial
depression. Businesses (travel, hospitality, restaurants,
entertainment, sports, etc) have to open up despite
the risks expected from a new endemic era.

iv

Most advanced economies may have adjusted well to a
new normal with an anticipation and adaptation to an
endemic virus. This is possible with highly automated
industries, de-centralised work-at-home/ hybrid workforce as well as advanced agriculture where less labour
is needed and close human contacts are absent or
unnecessary. Wealthy countries can support the
temporarily laid-off workforce while good internet
infrastructure has allowed for extensive work-at-home
and zoom-meeting environments, well supported by
the huge FANGMAN corporations. Lessons need to be
learnt of the limits of progress and population growth
which are the causes of climate-change, anti-Babel
extreme urbanisations and/or new disease risks of
zoonotic origins.
The Malaysian plantation sector finally faces the reality
for a transition to reduce total dependence on available
cheap guest workers with the closure of borders
[Chandran, Goh, et al.; Unnithan]. Mechanisation and
digital transformation have to be pursued aggressively
to reduce the dependence on unskilled labour, even as
investors are weighing options on whether to compete
in an agricultural sector that is clearly distorted by
heavy subsidies in wealthy capitalist nations [Chandran,
Goh, et al.].
The present rise in commodity prices likely reflect the
inflationary pressures from distortions and stimulus
effects from major economic powers but the palm
oil industry has no choice but to transform, riding on
the current solar energy and storage advances which
are taking the world by storm. Transportation and
harvesting tools need only a little innovation to suit
the plantations to keep up with demands for a high
quality and widely desired product for food and nonfood uses world-wide.
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While PKO pricing is generally satisfactory, CPO
should find a proper value as a premium oil in view
of its useful characteristics. The industry should
by now adapt to the reality of global competition
and continue positively on the path of improving
sustainability, based on rational ESG and UN SD Goals
[Chandran]. Climate change is causing deforestation
from uncontrolled fires in so many parts of the world
and the responsibility is in the hands the biggest GHG
emitters – mostly the developed world to mitigate this
with net-zero emissions [Chandran, Goh, et al.].

CLIMATE CHANGE AND AGRICULTURE
The most obvious occurrences recently have been the
dramatic increase in the frequency, severity and global
scope of extreme weather: heat waves, droughts
and forest fires on one hand and on the other heavy
precipitations, floods, massive snowfalls, storms and
hurricanes. Scientists have been warning about global
warming for decades and the need to keep to a 1.5°C
limit of temperature rise (average of land and sea) due
to anthropogenic GHG emissions, otherwise frequent
climatic disasters will result.
The need for food security and the need to keep up
with the growth in demand for the growing world
population have also caused scrutiny of agriculture
which will increasingly convert forests to farmlands in
the future. With more than 10% of total GHG emissions
presently from agriculture, it is a dilemma on how the
world can be able to sustainably feed as many as 9 bln
people without deforestation by 2050, a time when a
carbon neutral world should ideally exist. Food security,
safety and inflationary prices of foods are topics of

discussion, now accelerated by the Covid-19 pandemic
while growing more food is needed to comply with
the stringent demands of ESG regulations.
The disinformation narratives are well known for the
palm oil industry which continually faces increasing
lists of regulations: NDPE, ILUC, ISCC, MSPO or RSPO,
RSI, etc. [Chandran; Chia]. However, the evidencesupported data show that the palm oil and palm
biofuels have the lowest carbon footprint compared to
other competing oil sources [Chandran, Goh, et al.] and,
lo-and-behold, the oil palm sequesters carbon dioxide
much like forest plantations [Chew].
Fortunately, there is an on-going positive movement
for lab or plant-grown meat not from animal sources
much in response to high GHG emissions of pastured
ruminants, wastage of resources and potential risks
of unhealthy meats and/or fats from cattle. The
environmental benefits come also with avoidance
of sensitivities to allergies or to animal cruelty while
genomic advances and food technology [Wang;
Abewardenya] can now provide flavour, taste and
mouthfeel that are much like the real thing while
vegans will enjoy plant-derived meats for the first time.
The millennials and Gen-Zs are seriously concerned
that meatless meats are a necessity and not a
preference as the protein demands could well be
doubled for a possible 9 bln people by 2050 at a time
when net-zero emissions should be met as promised
by many nations. Consumers are being made more
aware of protecting biodiversity and climate, healthy
sustainable food, production of clean energy and
responsible investment as well as consumption.
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TRANSFORMATIONAL TECHNOLOGIES DRIVING
CHANGE TO A BETTER FUTURE
World economy is highly interconnected by
globalization and dominated by FANGMAN
corporations in US and a similar group in Asia-Pacific
countries so that minor interferences (political trade
tariffs or pandemics) can cause severe disruptions
in global supply chains. Most significant is semiconductor chip production facilities which takes years
of intellectual inputs and technological fabrications.
The threat posed by climate change has now been
taken seriously and the switch to solar energy and EV
has been fast and furious. Rich nations are targeting for
a ban of combustion engines by 2030 for clean air and
reduced GHG emissions, hence a shortage following
a huge demand of semi-conductor chips used in
countless industries especially now for EVs. Work-athome requirements and upgrading to 5G-enabled
cloud-computing have also increased demand for
higher-end chips.
Shortages and disruptions are also seen for
construction materials, containers and shipping
capacity induced by the Covid-pandemic. These
will cause widespread inflationary effects adding to
the damage caused by central banks having done
unprecedented stimulus to stabilize economies. These
are an obvious drag on economies and the uncertainty
of opening up of travel, hotel and entertainment
sectors, future growth and development may be in
peril. In such scenarios, it is obvious that only rich or
advanced economies are the ones that can remain
resilient in being able to afford social costs from such
Covid-19 restrictions and adapt to a new normal.
Transformational
technologies
provided
by
FANGMAN-related corporations have supported new
work environments as well as providing constant IP

vi

income streams. While digital platforms can serve to
partially support businesses, it is not known what travel
and mobility impediments will affect innovations and
skills and what will happen to the global economic and
financial systems in the longer term.
Except for Singapore, the rest of ASEAN will have to
close the gap to adopting latest technologies, e.g.
IR4.0, 5G, solar energy and storage, automation and
robotics, and plan and benefit from a better future,
leveraging on these transformational technologies.
Economies of the region are fragile as revealed by the
Covid pandemic and will be vulnerable to the coming
impacts expected from climate change. Borders
may be closed now but the transboundary climatic
problems will appear when climate-induced fires strike
peat forests which are well distributed in the region.
The region, however, has natural resources for
harvesting solar energy, minerals for energy-storage
batteries, the highest calorie-producing crop and
abundant labour force. The efficiencies from electric
engines and batteries need to be adopted in the
drive for automation and mechanisation needed for
the plantation industry (Unnithan; Chandran, Goh,
et al.) while sustainable practices are being enforced.
The dominant biodiesel-producing region could well
prepare with available technologies to provide for
the much-needed transportation drop-in biofuels
whether for marine or aviation (Chandran, Goh, et al.).
While there may be a localised budding exporter or
user of hydrogen economy in ASEAN, what is needed
is a multilateral focus and commitment to innovate
for distribution or export of various abundant forms
of energy (drop-in biofuels, methane, hydrogen or
electricity) available regionally from the palm oil
industry and other existing natural resources.
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CRISPR Genome-Editing as a Modern
Breeding Technology – Is This Replacing
Gene-Modification of Oil Crops?
Kan Wang, Iowa State University, USA
[Raja Alias Foundation Lecture, Presented at OFIC2021 Conference,
June 16, 2021, Kuala Lumpur]

Introduction
Food crops with high yields and quality are
of paramount importance to feed the soaring
world population. There is widespread research
worldwide to achieve these needs. The current crop
breeding research in Iowa State University is shown

in Fig. 1 [Pic Ref]. There are many ways for crop
improvement and for modifying our food, these can
be by: (a) Conventional breeding, (b) Mutagenesis, (c)
Polyploidy, (d) Protoplast fusion, (e) Transgenesis and
(f) Genome editing.

Figure 1. Crop breeding at Iowa State University [Pic Ref]
Malaysian Oil Science and Technology 2021 Vol. 30 No. 1 • Copyright MOSTA
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Abbreviations. bp = base pairs; CRISPR-Cas9 = Clustered
Regularly Interspaced Short Palindromic Repeats – CRISPR
associated protein 9; DNA = deoxyribonucleic acid; FAO = Food
and Agriculture Organisation; Gbp = billion (1,000 million) or giga
base pairs; GMO = genetically modified organism; gRNA = guide
RNA; HDR = homology directed repair; IAEA = International Atomic

Energy Agency; kb = kilo-base; Mbp = million or mega base pairs;
MPOB = Malaysian Palm Oil Board; MT = metric tonne; NHEJ = nonhomologous end joining; PAM = Protospacer-Adjacent-Motif; RNA
= ribonucleic acid; TALEN = Transcription activator-like effector
nuclease for genome editing; T-DNA = transfer DNA; tracrRNA =
trans-activating CRISPR RNA

X
gg

Figure 2. Crossing for texture and flavour of apples and strawberries [Pic Ref]

Conventional Breeding

Mutagenesis

There are natural variants
in plants and the choice
is made to combine what
is useful for our benefit.
Conventional
breeding
combines two sexually
compatible species or crossing to create a variety with
the desired traits of the parents, e.g. the Honeycrisp
Apple gets its famous texture and flavour by blending
the traits of its two parents.

• Mutagens such as radioactivity (X-ray, Gamma ray,
fast neutrons) are used to induce random mutations,
creating a desired trait that can be selected, e.g. red
grapefruit (Fig. 3)

Modern strawberries never existed in nature but is the
result of crossing Fragaria chiloensis from Chile and
Fragaria virginia from Eastern North America to be
Fragaria ananassa in Europe in the as far back as 200
years ago (Fig. 2).

• DNA changes have been observed, e.g. 4 bp to
8 kb deletions, inversions ~ 200 bp, frame shift
mutations and premature stop codons.

2

• Random mutagenesis (chemical, physical, tissue
culture, transposon). Chemical mutagenesis uses
ethyl methanesulfonate (EMS) or sodium azide.
• 3217 known varieties have been developed from
mutation breeding [FAO/IAEA data base]

The Institute of Radiation Breeding in Japan provides
radiation of all sorts of crops to provide mutations.
Maize and barley cultivars from X-ray irradiation were
discovered in the US.
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Figure 3. Mutations by radiation produce a deeper red grapefruit and wheat varieties for pasta [Pic Ref]

Figure 4. Protoplast fusion; radishes and purple cabbage [Pic Ref]

Protoplast Fusion

Polyploidy

This is less known and involves the fusion of cells or
cell components (without cell walls and using electric
shock) to transfer traits between two distinct species
in a hybrid, e.g. red radish with cabbage provides the
purple cabbage by fusing their cells (Fig. 4).

Multiplication of the number of chromosomes in
a crop helps to impact its fertility, e.g. seedless
watermelons are created by crossing a plant with 2
sets of chromosomes with another that has 4 sets; the
seedless fruit invention from Iowa State University has
3 sets (Fig. 5).

WHO news radio (June 8, 2018). Iowa State lands on
list of top patent–producers.
Ames, Iowa –The next time you enjoy an oblong,
seedless watermelon, or admire the round hay bales
that dot the Iowa landscape, you can thank Iowa
State University researcher for their invention, and
success at getting a patent.

Figure 5. Seedless watermelon and patents by Iowa State University
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Transgenesis
The addition of genes from any species to create
a new variety with desired traits, e.g. the Rainbow
Papaya is modified with a gene that gives it resistance
to Papaya Ringspot Virus (Figs. 6 & 7). This is the
common genetic engineering or genetic modification
(GM) of plants and animals. This ground-breaking,

biotechnological revolution overcomes species barrier
to transfer genes across species. The whole papaya
industry in Hawaii was literally devastated by the
papaya virus but transgenic papaya containing a gene
encoding a protein resistant to the virus helped to save
the industry.

Figure 6. Transgenic Rainbow Papaya is resistant to Papaya Ringspot Virus [Pic Ref]

Figure 7. Transgenic virus-resistant Rainbow Papaya [Pic Ref]

4
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Figure 8. Winners of the 2013 World Food Prize: Marc Van Montagu, Mary-Dell Chilton
and Robert T. Fraley (left to right) [Pic Ref]

The World Food Prize: Crop Engineering
Statement of Achievement of 3 Scientists: Each
conducted ground-breaking molecular research on
how a plant bacterium could be adapted as a tool
to insert genes from another organism into plant
cells, which could produce genetic lines with highly
favourable traits. The revolutionary biotechnology
discoveries of these three individuals (Fig. 8) – each
working in separate facilities on two continents –
unlocked the key to plant cell transformation using
recombinant DNA. Their work led to the development
of a host of genetically enhanced crops, which, by
2012, were grown on more than 170 million hectares
around the globe by 17.3 million farmers, over 90
percent of whom were small resource-poor farmers in
developing countries.

The combined achievements of the 2013 World Food
Prize Laureates, from their work in the laboratory
to applying biotechnology innovations in farmers’
fields, have contributed significantly to increasing
the quantity and availability of food, and can play a
critical role as we face the global challenges of the 21st
century of producing more food, in a sustainable way,
while confronting an increasingly volatile climate.

Agrobacterium tumefaciens
• A soil-borne bacterial pathogen of plants (mostly
dicots and a few monocots) causes crown gall
disease (Fig. 9); the bacteria carried by wind or
insect infect the wounded plant part.
• The first identified natural genetic-engineer which

Figure 9. Agrobacterium tumefaciens; Crown gall disease [Pic Ref]
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Figure 10. Sweet potato – a natural GMO [Pic Ref]

is able to transfer a segment of DNA (T-DNA) into a
host genome in a different Kingdom.

• Beer (hops) (Humulus lupulus)
• Cranberries (Vaccinium macrocarpon)

• Widely used for genetic transformation of many
plant species.

• Date-plum (Diospyros lotus)

• Whole genome sequence is available.

• Peanuts (Arachis hypogaea)

• 5.7 Mb with 4 replicons

• Pomelo fruit (Citrus maxima)

• Guava (Psidium guajava)

• Suriname cherry (Eugenia uniflora)

Sweet Potato is a Natural GMO
The Agrobacterium genes were present in 291 sweet
potato cultivars tested which was at first thought
to be lab-contamination. With inclusion of samples
collected in Peru, it was confirmed that cultivars
contained Agrobacterium genes but not in wild
related species. As one of the T-DNAs was present in
all cultivated sweet potato clones, but not in the crop’s
closely related wild relatives, this would suggest that
the T-DNA provided a growth hormone for producing
large tuberous roots, an advantageous trait that was
selected for domestication [Kyndt et al, 2015]. It is
worthy to note for GMO detractors that the common
sweet potato is a natural GMO (Fig. 10).

Tea, Beer & Many Common Fruits, Vegetables and Nuts:
Transgenic GMOs
In Forbes news (Jan, 2020) it was revealed that the
common cuppa tea (Camellia) and mugs of beer (hops)
come from transgenic GMOs. Many common food
crops selected by our ancestors are also transgenic:
• Bananas (Musa acuminata)

6

• Sweet potatoes (Ipomoea species)
• Tea (Camellia sinensis), which is used for most teas
• Walnuts (Juglans species)
• Yams (Dioscorea alata)

CRISPR genome editing
This is the latest revolutionary method that uses
an enzyme system to edit DNA within the cell. This
important technique is relatively rapid, more precise
and easier to perform and will be detailed at length
later below. A few years back there were about 5
research papers generated per day and today one
knows that the numbers are explosive in agriculture
and medicine. Examples of genome edited crops are:
herbicide resistant canola to control weeds, browning
resistant mushroom, pioneering waxy corn, etc.

Natural Mutations and Selections
The widespread varieties of fruits and vegetables
have been selected over the centuries and may be
illustrated in Fig. 11.
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Figure 11. Varieties of fruits and vegetables from natural mutations [Pic Ref]

Figure 12. Improved transgenic varieties of fruits and vegetables [Pic Ref]
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Figure 13. Domestication of almond without the toxic amygdalin [Pic Ref]

CRISPR Genome Editing
A revolutionary development is in the use of an enzyme
system (elaborated by the immune system of bacteria
as CRISPR-Cas9) that can modify relatively accurately
DNA directly within the cell. Among the developers
were Jennifer Doudna and Emmanuelle Charpentier
who received the Nobel Prize in 2019 (Fig 14).

Figure 14. 2019 Nobel Prize in Chemistry [Pic Ref]

Figure 15. Examples of CRISPR genome-edited plant and animal organisms [Pic Ref]
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Figure 16. CRISPR genome-edited yogurt

CRISPR Widely Used for Gene Editing for Many Species

CRISPR Cas Genome Editing

CRISPR – Clustered Regularly-Interspaced Short
• Plants: barley, Brachypodium grasses, maize, rice, Palindromic Repeats
This is illustrated in Fig. 15.
tobacco, etc
• Fungi: yeast
• Animals: C. elegans (nematode), Ciona intestinalis
(vase tunicate, sea vase), Drosophila flies, human
cells, Medaka (Japanese rice fish), mosquitoes,
mouse, newt, pig, rat, silkworm, Xenopus (clawed
frogs), zebrafish, etc.

There is CRISPR in your yogurt
Yogurt is part of the CRISPR discovery story. The
bacteria Streptococcus thermophilus (Fig. 16) in yogurt
(Turkish for fermented milk) ferments sugar to lactic
acid to provide the desirable flavour to milk protein;
many observations in the genetic adaptive-defense
mechanism were observed as CRISPR [Grens, 2015]

CRISPR is illustrated in Fig. 17. Fig. 18 shows how viral
DNA fragments are incorporated into the bacterial
DNA as spacers in-between short palindromic repeats.
The total bacterial immune system uses Cas9 nuclease
protein, spacer DNA fragments and guide RNA derived
from short palindromic repeats (Fig. 19).

DNA Damage Response
All DNA can get damaged which is why natural variants
appear. All cells have natural mechanisms to deal
with DNA damage with repair systems which can be
close to perfect and if imperfect leads to good or bad
mutation. Fig. 19 shows that with DNA damage the cell
responds in many ways and two ways of DNA repair is
shown in Fig. 20.

20 to 40 nucleotides
Read the same from right to left

Figure 17. Acronym CRISPR explained
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Figure 18. Various viruses’ DNA fragments (spacers) incorporated in Streptococcus DNA

Helicase

Cas

Nuclease

Cas

Cas

spacer

spacer

spacer

CRISPR-associated genes

repeats
Figure 19. Bacterial immune system uses CRISPR-Cas9 protein, DNA spacers and guide RNA from
short palindromic repeats to target and cut the specific region of invading viral DNA

Figure 20. DNA damage responses

10

Malaysian Oil Science and Technology 2021 Vol. 30 No. 1 • Copyright MOSTA

CRISPR GENOME-EDITING AS A MODERN BREEDING TECHNOLOGY-IS THIS REPLACING GENE-MODIFICATION OF OIL CROPS?

Homologous
recombination (HR):
error-free

Non-homologous
end joining (NHEJ):
error-prone

Figure 21. DNA double-strand scission and repair

Challenge: Introducing CRISPR Reagents Into Cells
The introduction of CRISPR-cas9 reagents is
challenging especially because plant cell walls form a
strong protective layer. Cas9 is a protein which carries
a guide RNA mixed with other associated materials for
direct DNA repair together with assisting chemicals.
Delivery can be by physical injection, electroporation
or nano-particle shots through the cell wall. A microinjection is shown in Fig. 22. Plant cellulosic cell wall

and animal cell membrane are shown in Fig. 23. With
the plant cell wall removed, the inside protoplast (Fig.
24) can be fused with CRISPR-Cas9 reagents. Protoplast,
from ancient Greek πρωτόπλαστος (prōtóplastos, “first
formed”), is a biological term coined by Johannes von
Hanstein (German botanist) in 1880 to refer to the
entire cell, excluding the cell wall. Not all plants can
use protoplast fusion.

Figure 22. Micro-injection of CRISPR-Cas9 reagents into the cell

Figure 23. Plant cell wall and animal cell membrane [Pic Ref]
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Figure 24. Protoplast [Pic Ref]

Plant Genetic Transformation

CRISPR-Cas9 Delivery Using the Gene Gun

Genetic material can be introduced into plant cells by
Agrobacterium; Fig. 25 shows an electron micrography
image of a partially lysed Agrobacterium cell releasing
its chromosomes. The gene gun is also available to try
to introduce genetic material into plant cells.

CRISPR reagents can be delivered with gold microparticles using the gene gun (Fig. 26).

Figure 25. Partially lysed Agrobacterium releasing its chromosomes; Gene gun

Figure 26. CRISPR reagents delivered by the gene gun and evaluation of efficacy [Pic Ref]
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Efficient Delivery of Genetic Materials by
Agrobacterium

Mutations and Selections in Plant and Animal
Breeding

The genome of A. tumefaciens C58 (5.67 Mbp) is
summarised in Fig. 27 and the transfer of T-DNA is
also illustrated. Two transgenic events are illustrated
in Fig. 28. CRISPR-Cas9 has a guide RNA to target a
precise portion of the cellular DNA to double-strand
scission which can then repaired by designed deletion
or insertion of designed DNA gene fragment (Fig. 29).

Many tools are now available to experimental
techniques for widespread plant and animal breeding
(Fig. 29).

Figure 27. A. tumafaciens delivery of T-DNA for genetic modification [Pic Ref]

Figure 28. Transgenic events by Agrobacterium and gene gun [Pic Ref]

How Does CRISPR Work?
CRISPA-Cas9 has become the choice technique for
efficacious and relatively fast genome editing for
plants and animals. It is possible to design CRISPR
reagents, deliver and target specific sites of cellular

genomes to cut and allow for automatic repair or
insert new genes for desired traits (Fig. 29). Mutations
and selections provide for plant and animal breeding
(Fig. 30).
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Figure 29. CRISPR-Cas9 targets a precise section of cellular DNA for scission and repair

Figure 30. Mutations and selections in plant and animal breeding

Hybrid, Transgenic and Genome-Edited Plants
Crops for High Oleic Oil Compositions
Over the years hybrid and transgenic crops have been
selected to improve yields or provide useful agricultural
traits. Now, genome editing methods have mainly
dominated the choice of techniques since they were
discovered. One popular target has been to improve
on polyunsaturated oils to be monounsaturated like
the high-valued olive oil (Fig. 31). High oleic Canola is
transgenic transformation from rapeseed while high
oleic soybean is gene-edited using TALEN. Efforts
made using the latest CRISPR-Cas9 genome editing
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technique, crops for high-oleic tobacco seed oil and
high-oleic seed oil in Pennycress have been published
[Tian et al, 2020; Jarvis et al, 2021]. Similar efforts for
the more difficult oil palm have been initiated [Bohari
at MPOB].

Dwarf and Semi-Dwarf Crops
Dwarf and semi-dwarf maize, rice and tomato have
recently been published using CRISPR-Cas9 and efforts
have been initiated for the oil palm [Syuhada Wan
Sulaiman at MPOB] (Fig. 32).
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Figure 31. High-oleic oil crops

Figure 32. Dwarf and semi-dwarf oil palms

Conclusions
The biotechnological revolution has been seen in
improvements in traditional hybrid crops and then
the use of mutagenesis to select new varieties of
crops. With knowledge of manipulation of DNA,
biotechnological techniques have produced
transgenic crops. These have contributed to

controversies when GMO crops may have unintended
ecological issues and possible food safety concerns.
Further advances in biotechnology especially in gene
sequencing and discoveries in genomics have led to
the latest genome-editing techniques, which can be
usefully be applied for agriculture (Fig. 33). The earlier
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traditional, mutagenic and transgenic methods are
generally random or mostly non-specific and results
are much dependent of chance; the older techniques
are more familiar to the farmer but transgenic methods
are in the control of large corporations. With geneediting, specific genes or parts of DNA can be targeted
to be cut, deleted, repaired or new genes inserted.
The process neatly provides organisms with defined
DNA and not random transformations or additions of
unknown foreign DNA.
Most criticisms of GMO are much due to unknown
additions of DNA (e.g. of viruses and microbes) and
ecological consequences of transgenic organisms;
more importantly large companies have propriety over
GMO crops and smallholder farmers can be exploited.
Genome editing is less expensive and democratises for
the creation of new high yielding crops with desirable
traits. These are more likely to be made available
to benefit most farmers as they are acceptable and
become more familiar.

In agriculture it is now possible to create crops with
desirable traits – high yields, controlled ripening,
sweetness, colour, fragrance, longer shelf-life, easier
harvesting, insect and disease resistance, drought
and salinity tolerance, dwarfness, compactness, etc.
While the scope is large and promising, there are still
unintended consequences that may arise. Previously
it is known that there may be ecological problems
from GMO crops – influencing insects, weedicide and
pesticide resistant crops can poison pollinators, new
superweeds may evolve, and use of dominant GMO
crops will cause loss of biodiversity. With the genome
editing revolution it is hoped that agriculture will
benefit the smallholder farmers and will improve on
sustainability and have most ESG issues resolved. It will
still be a test for humanity as choices still have to be
made: to increase quality food production, help the
poorer countries, indulge fickle-rich consumers and
sustain the planet with low carbon footprints and help
to mitigate climate change.

Figure 33. Historical developments in agriculture – traditional, mutagenic, transgenic and genome-edited crops
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Figure 34. Successful advances in transforming agriculture must come with responsible choices
to sustain and provide for the whole planet

References
Grens K (2015) There’s CRISPR in your yogurt, The Scientist
Jan 1, 2015.
Hu X, Cui Y, Dong G, Feng A, Wang D, Zhao C, Zhang Y, Hu
J, Zeng D, Guo L, Qian Q (2019) Using CRISPR-Cas9 to
generate semi-dwarf rice lines in elite landraces. Sci Rep.
9:19096 doi: 10.1038/s41598-019-55757-9
Jarvis BA, Romsdahl TB, McGinn MG, Nazarenus TJ, Cahoon
EB, Chapman KD, Sedbrook JC (2021) CRISPR/Cas9induced fad2 and rod1 mutations stacked with fae1
confer high oleic acid seed oil in Pennycress (Thlaspi
arvense L.) Front Plant Sci
Kyndt T, Quispe D, Zhai H, Jarret R, Ghislain M, Liu Q, Gheysen
G, Kreuze JF (2015) The genome cultivated sweet potato
contains AgrobacteriumT-DNAs with expressed genes:
An example of a naturally transgenic food crop. PNAS,
112:5844-9
Mattyse AG, Holmes KV, Gurlitz RHG (2008) The White
House https://zh.wikipedia.org/wiki/File:Agrobacteriumtumefaciens.png
Miller K, Eggenberger AL, Lee K, Liu F, Kang M, Drent M,
Ruba A, Kirscht T, Wang K (2021) An improved biolistic
delivery and analysis method for evaluation of DNA and
CRISPR-Cas delivery efficacy in plant tissue https://www.
nature.com/articles/s41598-021-86549-9

Pic Ref: Fig .1 – http://photodb.worldnews.com/store/photos/
wiki/ commons/fc/9d/fc9dc272b68d6fa9-Pioneer%20
maize%20-8.jpg, www.agroscope.admin.ch, ag.purdue.
edu; Fig. 2 – http://www-infocris.iaea.org/MVD/, modified
from Layla Katiraee blog, http://www.ncwildflower.org;
Fig. 3 – FAO/IAEA data base, Specialtyproduce.com, Corbis.
com, www.nationalpastaday.com; Figs. 4 - 6 – Modified
from Layla Katiraee blog, http://cropbioengineering.
iastate.edu/; Fig. 7 – Nature (2008) April 24; Fig. 8 & 9 –
slide from K Lee, Mattyse et al (2008), APS press; Fig. 10
– Kyndt et al (2015), Forbes News Jan 2020, S Salzberg
at Healthcare; Fig. 11 – Corbis Cauliflower, Li Li, ARS; Fig.
12 – slide from Kevin Folta ; Fig. 13 – Sanchez-Perez et al
(2019); Fig. 14 – A Heinel of Picture Alliance, DPA; Fig. 15
– Images from Wikipedia; Fig. 16 – Grens, (2015); Fig. 22
– https://cienciaencanoa.blogspot.com/2015/05/couldcrispr-be-magic-bullet.html, http://www.einstein.yu.edu/
features/stories/1252/the-crispr-revolution/; Fig. 23 –
EnchantedLearning.com, 2006 Encyclopaedia Britanica
Inc; Fig. 24 – https://en.wikipedia.org/wiki/Protoplast; Fig.
26 – Miller et al (2021); Fig. 27 – Zupan et al (2002); Figs. 2831 – http//cropbioengeneering.iastate.edu/
Salzberg S (2020) Healthcare; Forbes news Jan 20, 2020tp
Sanchez-Perez R, Pavan S, Mazzeo R, Moldovan C, Cigliano
RA, Cueto JD, Ricciardi F, Lotti C, Ricciardi L, Dicenta F,
Lopez-Marques RL, Moller BL (2019) Mutation of a bHLH
transcription factor allowed almond domestication Plant
Science 364:1095-8

Malaysian Oil Science and Technology 2021 Vol. 30 No. 1 • Copyright MOSTA

17

CRISPR GENOME-EDITING AS A MODERN BREEDING TECHNOLOGY-IS THIS REPLACING GENE-MODIFICATION OF OIL CROPS?

Tian Y, Chen K, Li X, Zheng Y, Chen F (2020) Design of
high-oleic tobacco seed oil by CRISPR-Cas9-mediated
knockout of NtFAD2- 2. BMC Plant Biol 20: 233.
Tomlinson L, Yang Y, Emenecker R, Smoker M, Taylor J,
Perkins S, Smith J, Maclean D, Olszewski NE, Jones JDG
(2019) Using CRISPR/Cas9 genome editing in tomato to
create a gibberellin-responsive dominant dwarf DELLA
allele. Plant Biotech J. 17(1): 132

Q & A Session
Q1. Will consuming GMO foods in the long run bring
side effects to human health as the public believes that
GMO foods might cause mutation to human gene and
cause diseases?
Answer. This is a difficult question for all of us, right? This
is actually beyond my expertise but as a scientist in the
US where we have a whole generation living with GMO
and my own children grew up with GMO and do not
have any health threat or many issues related to GMO.
However, there are concerns on ecological impacts but
not health, maybe weed resistance or some agronomic
issue. But this is an agricultural problem and not health
and not GMO technology issue. I do not see there is
any worry of health problem with GM and I do not
see it as a problem for oil palm as well. This is from my
scientific point of view.
The Moderator adds. I would assume most people
would have consumed sweet potatoes (naturally GMO)
and have consumed bits of Agrobacterium DNA.
Q2. What are potentials of CRISPR technology for
producing pest and disease resistant palm especially
against Ganoderma (Basal stem rot)?

Zhang J. Zhang X, Chen R, Yang Li, Fan K, Liu Y, Wang
G, Ren Z, Liu Y (2020) Generation of Transgene-Free
Semidwarf Maize Plants by Gene Editing of GibberellinOxidase20-3 Using CRISPR/Cas9. Front Plant Sci. https://
doi.org/10.3389/fpls.2020.01048ro
Zupan J, Ward D, Zambryski P (2002) Inter-kingdom DNA
transfer decoded Nature Biotechnology 20:129-31

This is not an easy issue for any breeding technology
even as I consider CRISPR or transgenesis are modern
technology for breeding. So if you can sometimes
breed resistant crop if you have resources. If you
have resources you may find and identify a variety
or a natural variety. Sometimes it is not possible and
biotechnology is useful. Biotechnology is knowledge
based and for any disease or metabolic issue you need
to understand the biology behind this, and once you
understand basal stem rot biology and the fungal
characteristics it would be useful. CRISPR technology
is knowledge-based gene alteration and if the biology
is not understood it is going to be tricky. However, I
think the potential is enormous and it depends on how
much we know so far.
Moderator adds. So, we need more basic research.
Q3. We know GE and MCPDE are caused by products
from endogenous lipase and phospholipase-D. Can
these genes be deleted easily by CRISPR technology?
Answer. The answer is yes. Gene deletion appears to
be very easy. However, if the genes are also essential or
play some role in plant physiology then it is difficult to
delete and still generate healthy plants. Deletion per
se is easy but must not hurt the plant.

Reported and Edited by:
S. H. Goh, Editor of MOSTA
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Abbreviations. CBE = cocoa butter equivalent; CVD =
cardiovascular diseases; en = energy; g = gram; HDL-c = highdensity lipoprotein cholesterol; LDL-c = low-density lipoprotein
cholesterol; Ln = linoleic acid, 18:2ω6; MCT = medium chain

triglyceride; MT = metric tonne; O = oleic, 18:1; P = palmitic, 16:0;
PUFA = polyunsaturated fatty acid; sdLDL = small dense LDL; sn =
stereospecific numbering; TAG = triacylglycerol, also triglyceride;
TFA = trans fatty acid

Introduction
Oils and Fats in the Diet
Over 90% of the total fat intake in Western diets
are derived from oils & fats, meat, dairy products
(milk, cream, yoghurt, cheese, ice cream) and via,
confectionery and snack foods. Fat is a key constituent
in foods and its core function is to influence palatability,
give texture and mouthfeel, and to provide lubricity
and related sensory attributes. Oils and fats also have a
clear physiological impact as a dense source of energy,
key contributor of essential fatty acids and as a vehicle
for absorption of fat-soluble vitamins.

Chemical Structures of Oils and Fats
Oils and fats are a mixture of triacylglycerols (TAG) or
triglycerides with three fatty acid chains connected
to a glycerol backbone. The three side-chain fatty
acids vary in length, from short to medium (C8-C14)
and long (C16-C22) depending on the type of fat,
e.g. coconut (C8-C14), palm (C14-C18), canola and
soybean (C16-C18), etc. The very long-chain fatty

acids (C20-C22) are not found in natural plant oils but
can be found in marine algae and fish. The absence
of any double bonds in the fatty acid chain denotes
a saturated form of fat, whilst the occurrence of any
double bond(s) dictates their classification as either
mono-unsaturated (one double bond) or those with
multiple bonds as poly-unsaturated fatty acid(s).

Regiospecificity of Fatty Acids in Triacylglycerols:
Nutrition and Health Implications
In addition to chain length and the presence or
absence of double bonds, the positional location
of the fatty acids within the triacylglycerol may be
an important determinant of patho-physiological
outcomes. The sn-2 position of long-chain saturated
fatty acids is significantly low in plant oils as compared
to animal fats (Table 1).
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Table 1. Saturated fatty acid distribution in some oils and fats
% Saturated (total)

% sn-2 position

Beef tallow

54

29

Lard (pork)

36

73

Dairy fat

68

73

Coconut

92

89

Cocoa butter

60

10

Palm

49

13

Sunflower

11

6

Canola

7

0

ANIMAL FATS

PLANT-BASED

The digestion and absorption of fat is a complex
process involving several biochemical steps. As
discussed by Hayes (2001) and others earlier, pancreatic
lipase which is a 1,3-regiospecific enzyme complex
hydrolyses triacylglycerols to generate free fatty acids
from the 1,3-positions and sn2-monoacylglycerol. The
sn2-monoglycerides are absorbed intact and serve as
the primary backbone for triglyceride synthesis in the
mucosal cells. The free fatty acids liberated from the
1- and 3-positions, if they are short/medium saturated
or unsaturated/polyunsaturated are absorbed in the
gut lumen. However, longer chain saturated fatty acids
form insoluble salts with calcium and magnesium
ions and are poorly absorbed Accordingly, the exact
positional location of a given fatty acid within the TAG
could be viewed as an important determinant of its
metabolic and health outcomes.

Fatty Acid Regiospecificity: Effect on Food
Functionality
The position of fatty acids in TAG also plays a major
role in the functionality of fats and food products
(reviewed by Hunter, 2001)
For instance, in the case of lard, the presence of 16:0
in the sn-2 position contributes to desirable flakiness
of pie crusts when used as a baking shortening. In
contrast, the main saturated fatty acids in palm and
cocoa butter, 16:0 and 18:0 acids are found almost
exclusively at the sn-1/3 positions and 18:1 at the sn-2
position.
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This unique positioning of POP and POS in two
predominant TAG forms gives cocoa butter/CBE a
sharp melting point just below the body temperature
and contributes to the mouthfeel and pleasant eating
quality of chocolate. Such unique functionalities
attributed to the location of specific fatty acids in fats
such as lard or cocoa butter are difficult to duplicate in
fat substitutes with changed chemical entities.

Current Dietary Recommendations
Current dietary recommendations are much influenced
by US guidelines that emphasize limiting the intake
of trans and saturated fatty acids. Most European
countries as well as the US FDA have banned or
placed limits for trans fats.
The main source of trans fats are partially hydrogenated
oils to reduce ω6 polyunsaturation of temperate
oils to produce saturated fats required by the food
industry. Despite the proven hazard, trans fatty acids
(TFA) remain in the food supply of some developing
economies because of low price, rheological/sensory
attributes or need for solid fats due to a cultural
preference. For saturated fats, Western guidelines still
has a recommended saturated fat intake remaining
at not more than 10% of daily caloric intake without
taking into account regiospecificity differences and
omega-3/6 contents among animal and vegetable fats
discussed above.
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Reduction of Fat Intake
Most of the dietary guidelines of Western countries
have focused on limiting the total fat intake over
carbohydrates and led to the food industry offering
range of alternative products. However, non-fat, lowfat and reduced-fat food choices have had mixed
success or even been considered a mistake. Most of
such foods are relatively unpalatable – bland, rubbery,
bitter or defective in colour. In view of the obesity
epidemic, the long-term adherence to such products
is questionable. The development of fat replacers has
been considered as an alternative approach.

Fat Replacers
Fat replacers offer a total or partial incorporation
to common food products and maintain the taste
and sensory attribute of their full fat equivalents. Fat
replacers are further categorized into two forms due
to their different physical, functional and sensory
characteristics as: fat substitutes and fat mimetics.
Fat substitutes possess similar physical and functional
attributes of conventional fat molecules and can be
exchanged on a weight-for-weight basis. Conversely,
fat mimetics may be effective in reproducing some
of the organoleptic physical properties of typical
fat molecules.

Fat Substitutes
Fat substitutes have been around for three decades
and include: (a) carbohydrate-based gums, modified
starches and fibres, (b) protein-based whey and egg
white, and (c) fat-based fat substitutes including
sucrose polyesters (e.g. Olestra, a non-digestible
product from P&G and low calorie structured fats
such as Salatrim, Caprenin and Sorbestrin. In theory
fat substitutes can decrease dietary fat intake and %
calorie intake from fat. However, studies have shown
that individuals compensate for the calorie deficit by
increasing the consumption of other macronutrients,
mainly carbohydrates.

Very Low-Fat Diets
Very low-fat diets (15% or less from fat) can mean
that calorie shortage in most instances would be met

by increased consumption of carbohydrates. In such
settings, the higher intake of carbohydrates could
lead to untoward health consequences: increase
blood triglyceride levels, decrease in good HDL-c
with no effect on LDL-c thus increase LDL-c/HDL-c
ratio, changes in the LDL particle size to a more
atherogenic small-dense LDL (an independent
risk factor for CVD as sd-LDL possesses 3-fold higher
risk), give rise to an atherogenic postprandial lipemia
(compromise blood vessels), increase fatty acid
synthesis (palmitate enriched TAG synthesis), and
may result in a sub-optimal intake of essential fatty
acids unless a greater proportion of 15 en% is largely
derived from polyunsaturated vegetable and/or
fish oils. Low polyunsaturated fat/high-carb intakes
can lead to adverse metabolic outcomes and CVD
[Abeywardena, 2003]

A More Focused Objective and Fat Replacements
As industrially produced trans fats have deleterious
effects on health it can be readily eliminated from
the food supply, for instance by banning partial
hydrogenation.
Since, solid fats are needed in a variety of foods and
these come naturally from saturated oils and fats
including hydrogenated fats rich in trans fatty acids all
of which offer a unique structural fat crystal network
which dictates textural and other sensory attributes
crucial for commercial foods. More recent efforts have
focused on strategies to produce trans-free fats as well
as poorly absorbable saturated fatty acids or other
innovative edible materials to offer ‘healthy’ alternative
solid textural fats required by the food industry.

Recent Advances in Oleogels
Structuring approaches such as oleogelation involves
converting a liquid oil into a gel-like substance whilst
persevering the chemical features of the native oil (Fig.
1). This may be achieved by trapping liquid oils in a
3-D structural network of gelator molecules. Specific
materials (gelators) incorporated into oil include
polymers, amphiphiles, waxes, etc (e.g. ethyl cellulose,
sitosterol + γ-oryzanol and ceramide). This can result in
liquid oil turning into a gel-like configuration.
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Figure 1. Oleogels (left [Yulmaz & Ogutchu, 2015]). Bread with regular fat shortening (A, top right) and with
shellac oleogel (B, top right); Muffins (bottom right) with regular margarine fat (A, bottom right), with high oleic
sunflower oil (B, bottom right), with monoglyceride oleogels (C & D) [Giacomozzi et al, 2018]

Oil Structuring Technology Advantages
It is now possible to provide designer food products
by use of healthier fat sources with balanced
monounsaturated, polyunsaturated and saturated
glycerides. Improved stability and shelf life can be
achieved. There is now the ability to modify and
personalise food products by means of structural and
mechanical properties. Simplified delivery system for
bioactives is now possible. This is a fast-growing field
where there is a merging of scientific interests and
commercial potential as shown by over 200 patents in
the last decade.

Human Feeding Trials
Although oleogels can provide useful oleogels, there
may be unintended consequences. Oleogels from
liquid oils were found to lower the postprandial TAG
but cause a rise in postprandial glycaemia. This was
on healthy adults and may be a concern for CVD
mechanisms independent of cholesterol especially
in high-carb diets of Asians. Using non-glyceride
derivatives oleogels alter gut microbiota. Then there
is the impact of satiety control. The current paranoia
in trying to find saturated fat alternatives can provide
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products but there can be unexpected consequences
much like Olestra, fatty acid polyesters of sucrose,
used as a zero-calorie fat substitute: possible stomach
disorders, loose stools and loss of fat-soluble vitamins.
Future research needs to consider cost-benefits of
new fat substitutes for industry and consumers – it is
important to address long term issues:
•

Could there be similar consequences on previous
polyunsaturated fat recommendations that led to
unexpected outcomes on inflammatory diseases

•

Low saturated fat intake…possible impact on
endogenous cholesterol synthesis and cholesterol
homeostasis, ie. bile production

•

Could there be similar unexpected consequences
of obesity from low fat diets?

•

Could there be an oversupply of monounsaturated
fats?

•

Impact on satiety control…leading to overconsumption/energy expenditure?

•

What will be the effects on gut microbiota and
integrity?

•

Bioavailability of micronutrients: potential “entrapment” within the matrix
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TAG-Regiospecificity Feeding Trials: Plasma Lipids Coconut Oil Diet in Sri Lanka
and Fat Deposition
It is of concern as Sri Lankan consumers only have
A study by Australian CSIRO scientists [Stonehouse et al,
2020] on the consumption of relatively saturated cocoa
butter and palm olein compared to monounsaturated
olive oil in healthy young participants showed
similar lipid responses similar to previous studies
[Hunter, 2001].
This confirms the unsaturated/polyunsaturated
sn-2 fatty acids of cocoa butter and palm oil, which
accounts for 87-90% (Table 1), are readily digested
and absorbed while the long chain saturated fatty
acids form calcium and magnesium salts and are
poorly absorbed.
In another randomized controlled trial by the same
group [Stonehouse et al, 2021] eucaloric diets in
palm olein, cocoa butter and soybean oil on healthy
participants did not differentially affect liver fat
concentration. This confirms that plant fats used are
highly regio-specifically structured with 1,3-saturated
long chain fatty acid but with sn-2 mono- and polyunsaturated fatty acids.
Although these studies confirm previous studies, it
would be useful to find out if these comparative results
would remain the same for longer time frames and for
metabolically impaired individuals.

limited choice in their diets. Palm oil has become a
threat to the country’s coconut industry and has been
banned from import and oil palms grown are slated
to be destroyed. This is of concern as palm olein is a
healthy oil comparable to olive (monounsaturated)
and soybean (polyunsaturated) oil and Sri Lankans
have limited choice with only home-grown coconut
oil (15,000 MT) and some palm oil (25,000 MT), which
cannot meet the demand (300,000 MT).
If consumers only have a limited choice of on almost
totally saturated coconut oil and ω3-deficient palm
oil (Tables 1 & 3), there is a need to consider the total
dietary fatty acid requirements (see Fig. 2):
•

Saturated fatty acids are not considered essential
as they can be biosynthesized

•

Monounsaturated fatty acid (oleic acid ω9 18:1), de
novo synthesis from 18:0; also 20:3ω9 (Mead acid)
forms from essential fatty acid deficiency

•

Polyunsaturated fatty acids are essential (from
animals, plants, algae, fish)

Daily essential fatty acid requirements may be
estimated from Tables 2 & 3 and it is noted a single
source of dietary coconut oil alone is totally insufficient.
Other food sources are needed as even palm would
need fairly high intakes to provide for omega-6 fatty
acids without considering omega-3 intake.

Table 2. Essential fatty acids in major edible oils
Coconut

Palm

Canola

Soybean

Saturated %

93

50

8

16

Monounsaturated %

6

39

62

24

Polyunsaturated %

2

10

31

60

Total ω6-PUFA %

1.8

10

22

52

Total ω3-PUFA %

0.1

0.3

10

8

PUFA = polyunsaturated fatty acids
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Figure 2. Synthesis and metabolism of different fatty acid families [Abeywardena & Patten, 2011]

Table 3. Daily intake requirements of ω6-essential fatty acids from various oils
Ln 18:2ω6

Amount

Energy

% Total daily

%

g/day

Kcal

calories

Sunflower

65

4.1

37

1.5

Soybean

55

4.8

43

1.8

Sesame

40

6.7

60

2.5

Palm

10

26.7

240

10

Coconut

2

133.3

1200

50

Oil

Ln = linoleic acid

More Health Studies on Sri Lanka Diet
WHO had pointed health issues of Sri Lanka especially
trend in high blood pressure needs to be reversed (Fig.
3). Dyslipidaemia is high and pre-diabetes numbers will
add to the existing number of diabetics. It was noted
that the Sri Lankan dietary matrix causes unfavourable
interactions beyond LDL-cholesterol as summarised in
Fig. 4 (Abeywardena, 2003).
Although the Western world seems to have taken
a positive view on coconut oil because it is one of
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the best frying oils, perceived lower obesogenicity,
provider of MCT oils and raising good HDL-c effect,
accumulated data when meta-analysed reveal
overall danger presented for cardiovascular factors
[Neelakantan et al, 2020] apart from the serious lack of
essential fatty acids discussed above, Coconut oil has
certainly ceased to be a competitive-supply threat but
is actually a diminishing source due partly because of
the popularity of coconut water and also insufficient
research to solve agronomic problems.
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Real Culprit: Fat Or Carbohydrates
Earlier nutrition studies may have neglected
carbohydrates when studying cardiometabolic
effects of competing edible oils particularly those
with relatively higher saturated fats. While many
studies [Stonehouse et al., 2020; 2021] have found betaunsaturated palm oil as well as cocoa butter have
conferred them to be comparatively as healthy as
olive and other polyunsaturated oils. Recent approvals
for saturated fats like butter and dairy derived ghee
seem hasty, as they are beta-saturated fats much like
coconut oil and it is still not been clarified if they still
cause cardiometabolic risk factors.
Earlier discussion it was pointed out there can
be biosynthesis of saturated fatty acids from

carbohydrates (Fig. 2). On a related issue carbohydrate
is also a known factor in the cause of obesity. The
consumption of both carbohydrate and fats has
studied and their association with cardiovascular
mortality in 18 countries from five continents have
been analysed [Deghan et al, 2017]. It was concluded
and repeated here that high carbohydrate intake
was associated with a higher risk of total mortality,
whereas total fat and individual types of fat were
related to lower total mortality. Total fat and types
of fat were not associated with cardiovascular
disease, myocardial infarction, or cardiovascular
disease mortality, whereas saturated fat had an
inverse association with stroke. Global dietary
guidelines should be reconsidered in light of
these findings.

Figure 3. High blood pressure and other health issues in Sri Lanka

Figure 4. Unfavourable interactions of the Sri Lankan dietary matrix leading to endothelial dysfunction
and the development of vascular disease (Abeywardena, 2003)
Malaysian Oil Science and Technology 2021 Vol. 30 No. 1 • Copyright MOSTA
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Q & A Session
Q. 1. Perhaps you did not have enough time, you did
not tell us more about omega3 fatty acids. We
know about omega3 fats and DHA/EPA.
a. Did you find that all unsaturated fatty acids
including DHA in all 3 TG positions are equally
very well absorbed?
b. Of course, DHA is considered brain food,
there is something good found for EPA, is
it reliably believable (like cellular oxidation
promoted to kill cancer cells)?
c. On the normal omega3 fatty acids, how much
is acceptable or needed as a ratio against the
omega6?
Q. 2. On animal saturated fats, I suppose you know
they are beta or sn-2 saturated and lipid LDLcholesterol raising.
a. Are C12 and medium and short chain fatty
acids LDL-cholesterol raising?
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b. The old Hegsted equations ignore medium
chains and short chains, is this correct
assumption?
c. Many nutritionists consider stearic (18:0)
is neutral even though you know is not
absorbed when from cocoa butter, but will
be designed sn-2 stearic be harmless for
adults but useful for infants?
d. Are 20:0 and higher fatty acids unhealthy if
absorbed?
e. You know a lot of microbiome, which fatty
acids are beneficially metabolized here?
Q. 3. What is known of the benefits of some unusual
fatty acids?
a. Omega7 is found in Australian macadamia
cooking oil.
b. Conjugated trans linoleic acid, CLA, is said to
be fine in animal fats, is it still acceptable?
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Q. 4. You have pointed out the misconception about
coconut oil which strangely is promoted in
“Western” societies but obviously used much
in S.Lanka and S. India. So actually nutritionists
should point out the danger of the use of
just coconut oil which as you said is lacking
in omega3 and even low in omega6, even if
beneficial MCTs are present.

percentage), they stopped the trial. Of course,
this information was taken off the web. What
do you think?

b. Refined olive oil is widely used in “Western”
diets, isn’t there something lacking in olive
oil? Perhaps low in omega3 fats?

Q. 5. What would be your general recommendations
for dietary nutrition based on existing
knowledge, especially that carbohydrate and
sugars are responsible for most of the problems,
but that carbohydrates are inevitably present in
diets. Of course, Australian diet is high in variety
and high in vegetable salads and fruits are fine
(all studies come out well); maybe too much
sweet deserts. Note that in going for less meat,
will diets be better? Less advantaged countries
will need to minimally balance their intakes –
how can these be achieved with cheap food?

c. Following the above, there was one study
where importantly nuts were included for
the diet for elderly groups being compared,
all having unlimited consumption of olive
oil in the diets. When they discovered the
those without nuts started dying (higher

Q. 6. We know the nutritional guidelines of all
countries are all biased, perhaps we can find
critical limits to most of the dietary food items
and still consider as healthy diets. Of course the
other extreme is to have personalized nutrition.
What are your views?

a. In “Western” societies, there will be little
problem with coconut oil as their diet is
much balanced with other fats and other
dietary components. True?

Answers (Post Conference Questions)
Q. 1. Yes – I was going to cover the LC – Omega3s and
regio aspects of them as unable to do so due to
time constraints.
• DHA / EPA are all well absorbed. These LC
Pufas in fish oils (usually from flesh) are found
attached in the sn2 position in TAGs except in
the case for Seal oil where EPA/DHA primarily
located in the sn1,3 position.
• The human body appears ‘hungry’ for these
fatty acids and even small levels of these
‘bioactives’ goes a long way...i.e. preferentially
absorbed
• Brain as well certain other tissues such as
neural network / heart muscle have lot more
DHA than EPA. It appears that these ‘excitable’
tissues that are involved in generating
‘electrical activity’ require DHA (forming ion
channels in the membrane for example).
• EPA is equally bioactive compared to DHA on
number of fronts furthermore they can even
be retro converted (DHA to EPA) or elongated
(EPA to DHA) in the body. Our early work

(1980 – 1990’s) with DHA suggested that
it may be more effective towards cardiac
outcomes and EPA is more geared toward
anti-inflammatory benefits. Most fish oil
supplements commercially available in the
market have more EPA than DHA.
• Of course, DHA has been found effective in
infant brain development and most infant
formulas nowadays are supplemented with
DHA (of algal origin not fish usually)
• General dietary advice is a ratio of 1 :1 :
1 – saturated : mono and poly (30% fat in
total calories). Further reduction in Sats are
recommended (to be replaced by mono
and/or poly). To my knowledge there is
no recommended ratio of omega6 to
omega3 (could be wrong here) as it would
be somewhat difficult to achieve (lack of
sources). Many populations have rather
low intake of omega3s – for example, the
intake of omega6 is about 10 time higher
than omega3s. In fact not may edible oils
enriched in 18:3 are in the marketplace – due
to stability issues I would think. 18:3 (alpha
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– linolenic acid is prone to oxidation than
18:2. There are grains/seeds rich in 18:3 but
it would be difficult to source from a plantbased edible oil. Canola is balanced as it has
both O3 and O6. Fish and fish oil and algal
supplements would help to boost the intake
of omega3s.
Q. 2 Saturated FAs in animal fats – (lard, dairy) etc are
primarily (~70% found in the sn2 position) and
cholesterol raising.
• Coconut oil enriched in 12:0 and 14:0 results
in higher LDL-c levels. See recent (2020)
Systematic Review and Meta Analysis by
Neelakantan et al., (published in Circulation –
a prestigious and high-impact Journal)
• Stearic may be neutral for cholesterol raising
viewpoint. But there have been reports
of its adverse effects from cholesterolindependent pathways... post-prandial
clotting / perhaps glucose metabolism etc.
• C 20:0 – unlikely from a plant-based oil. Algal
sources perhaps but minimal quantities; The
fatty acid >C20 that received attention is
erucic acid (22:1) in rapeseed and mustard oils
and been recognised as cardiotoxic. Canola
(although a rapeseed) has been developed
with minimal 22:1. They are limits put on (less
than 2% of 22:1) – international standards – to
be qualify as Canola.
• Generally, SFA have been shown as the bad
guys – but most studies are in rodent models.
More work is needed – human context.
Q. 3 The benefits – ‘pros and cons’ of CLA and other
related unusual fatty acids have been discussed
and promoted by various industry segments.
However, end of the day their intake would be
quite minimal at wider population level and
also as far as I know – the minimum intake
to achieve a claimed benefit has not been
established either..??

Q. 4 The issue re. Coconut oil is very different in the
West vs. countries like Sri Lanka and Kerala etc.
• The science I discussed in fact does not apply
to the west but country specific… in the
West the background diet is such that there
is an abundance of ‘EFAs on the plate’ sort
and plenty of omega6 pufas available in the
food chain (edible oils / margarines etc). But
in situations where the main source of edible
oil lacks sufficient EFAs and the local ‘menu
combinations’ reflects high carb intakes
..with such practises one can easily see that
the wider population will be nutritionally
compromised. BTW – CO is NOT MCT ..MCT
is a very different situation although the CO
supporters keep referring to it as an MCT
oil….!!!!
• Benefits of OO are mainly in the Extra Virgin
category of oils where phytonutrients
modulate lot of inflammatory event. The
cheaper version of OO may not even be
authentic since the adulteration of OO with
other mono-oils (eg. HOSO) is happening.
There are reports that even the EVOO is being
adulterated with phytonutrients of almond
oil etc. Policing of this practises is very difficult
and the OO industry have been working on
fingerprinting and other analytical methods
on how to curb this.
Q. 5 Have a balanced diet – make the plate ‘colourful’
– ensure adequate proteins are consumed and
watch the carbs…..not only the staples but the
sugary beverages and excessive sweets. If one
can limit the intakes of highly digestible carbs
(and/or burn it off with physical activity) and have
a decent balanced fruit and veg consumption
..that’s the best one could aim for. Don’t overlook
dairy, fish and meat…..this is more relevant to
the Asian populations – because of the general
shortage of protein intake.

Reported and Edited by:
S. H. Goh, Editor of MOSTA
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Carbon, Calories and Climate
M.R. Chandran, S.H. Goh, K. Harikrishna, Mohd Haris Mohd Arshad, Denis Murphy,
Alain Rival, Jason Schatz, Luanne Sieh, Gary William Theseira and U.R. Unnithan
[Report from presentations during OFIC2021 Conference, June 16-17th 2021, Kuala Lumpur]

Abbreviations. bln = billion; COP26 = 26th annual summit in
Glasgow for UN “Conference Of Parties” or countries for global
climate, COP21 was in 2015 with the Paris Agreement; CPO =
crude palm oil; ESG = environmental, social and governance
compliance; EFB = empty fruit bunch; FFB = fresh fruit bunches;
Ha, ha = hectare; HVO = hydrogenated vegetable oil; IPCC =

Intergovernmental Panel on Climate Change; ISCC = International
Sustainability and Carbon Certification; mln = million; NDPE = no
deforestation, no development on peat, and no exploitation; PKO
= palm kernel oil; PO = palm oil; POME = palm oil mill effluent; RSO
= rapeseed oil; SBO = soybean oil; SFO = sunflower oil; t = metric
tonne; tCO2e = tonnes CO2 equivalent; UCO = used cooking oil

Introduction

severe drought and resulting in deforestation at
several global locations (California, Oregon, Canada,
Greece, Turkey, parts of Siberia) and extreme floods
in Germany, China, India and US-Tennessee show the
present reality of the IPCC forecast of coming dire
consequences due to the stepped-up, rapid rise in
global warming towards the 1.5°C limit and beyond
this [IPCC, 2021]. With this recent reawakening call
before the COP26 meeting, it is timely to reconsider
the need for greater efforts to achieve net-zero
emissions target for 2050-60 (Paris accord) even as
the major polluters have only made meagre progress.
The G7 countries which account for 25% of global
emissions have contributed little to reductions except
in improving efficiency in energy use and the foremost
polluter China, although leading in using renewable
energies, has made a policy target of net-zero but only
by 2060 while constructions of coal-fired plants are still
increasing.

The complex inter-relationships that sustain all of the
planet’s biological life are now better appreciated.
Humanity’s prosperity has relied almost exclusively
on fossil-carbon energy and biological calories which
have mostly benefited humans but are now impacting
the world’s climate. The quest for unrestrained
technological progress beginning from steam engines
using fossil coal to the present over-reliance of all
types of fossil energy for electricity, transportation,
construction and manufacturing inclusive of digital
services and storage has caused the inconvenient truth
of anthropogenic global warming by GHG emissions
(Figs. 1 & 2). The rise to an average 1.5°C global increase
of land and sea temperatures over pre-industrial era
(1850-1900) temperatures is imminent, a limit after
which disastrous climatic extremes will become the
norm endangering normal life on the whole planet.
Previously, it was easy to just put the blame on SE
Asia (2015) and then Australia and Amazonia (2019)
for deforestation and fires as due to unsustainable
agricultural practices when spikes of land temperatures
touched 1.42°C [Goh, 2020]. Recent 2021 fires from

The USA had previously refused to agree with the Paris
accord until President Biden took over but however,
it may have made significant energy-efficiency
contributions, having reduced emissions (-14%) since
2007. India has done almost nothing, believing that
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a developing country must be given time to achieve
developed status. Major per-capita GHG emitters such
as Canada and Australia have promised little. Even a
small country emitter like Malaysia (<0.8%) should not
be complacent given as it has been on the receiving end
for perceived “climate-change deforestation” issues
as a major palm oil and timber exporter. Malaysia’s
slowness on climate action is not unreasonable as
it is the provider of the highest average yield of
crop calories in edible oils (CPO & PKO) averaging 4
tonnes per ha per year, with leading RSPO member
companies average at 6 t/ha. This is unmatched by
other carbohydrate crops except perhaps by highest
yielding rice producers (8 t/ha at the cost of more
methane emission which is 25 times more GHG value
compared to CO2) and only Brazilian sucrose at about
11 t/ha (but carbohydrates have half the calorific value
of fats). Besides, Malaysia has committed to maintain a
minimum 50% natural forest cover.
It will be a huge achievement if new oil palm replantings in Malaysia can raise the bar to provide
the present RSPO leaders’ oil yield of 6 t/ha/year, an
unmatched calorific performance except perhaps for
a futuristic lab-grown cellular production. However,
neighbouring Indonesia may have larger problems
as managing global-warming fires have so far
been almost impossible to control, seeing that the
country has moved from small GHG emitter (3%) to
be among the top ten polluters due to frequent new
peat wildfires. What can be controlled is the banning
of bad cultural practices of burning and clearing of
forested land.

The 1.5°C Temperature Rise from Global Warming
May Soon be Breached
The raging forest fires in various locations while
horrendous flooding in other parts of the world are
now blamed on the anthropogenic global warming
causing hot spots (fires or melting glaciers) or
excessive precipitations (floods or snowfall). This is
confirmed by the latest IPCC report on the recent
phase of precipitous rise towards the 1.5°C limit above
pre-industrial era levels from GHG emissions caused
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by record use of fossil energy. If nothing is done to
reverse this, the present stage of temperature rise
will only become more rapid and the world will face
such climatic extremes frequently, causing untold
hardships from disasters of epic proportions. There
is the imminent possibility of crop failures due to
droughts or otherwise excessive flooding/snowfall
that may lead to famines or even disease epidemics.
Further down the timeline will be rising of sea-water
levels which will change geographies and sink some
cities. The tropicalization of frozen tundra regions may
be welcome to some but increased desertification
and uninhabitability of tropical regions raise
serious concerns.
Net-zero emissions to sustain the planet are
doable from present technologies and capabilities,
certainly costing much less than trying to resettle in
neighbouring planets as presently being explored
by the three major outer space-exploring countries.
Various forms of solar energy especially photovoltaic
battery power can now be competitive with fossil oil
and gas, enabling to target the whole automotive
industry to be all-electric. Even while technology is
available the scale and expense for the transition for all
other energy uses will be extremely challenging.

Sources of GHG Emissions
It is informative to view available data of the major
contributors to GHG gases [USEPA, 2021], which
generally arise from most countries due to power
plants for electricity, manufacturing industry and
transportation but only a minor contribution from
agriculture, except for under-developed countries
depending extensively on agriculture. Other
comparable estimates are also available [Emishviz,
2012] as follows: a) Energy 59%; b) Transport 15%; c)
Agriculture 11%; d) Land use change 6%; e) Industrial
6% and f) Waste 3%. Assuming half of Land Use change
and a third of Wastes are from agricultural activities, the
total from agriculture may be as high as 15%. The 2018
total GHG emissions from small developing countries
are small, Malaysia and Indonesia provided only 0.78%
and 3.45% of total world GHG emissions.
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Figure 1. Sectors and their GHG emission [USEPA, 2021]

Contributions and Types of GHG from Various Sectors their global warming potential, PFCs has a frightening
global warming potential in the order of 104 times that
[USEPA, 2021]
Carbon dioxide (CO2) makes up about 80% of total
greenhouse gas emissions. Most CO2 emissions are
predominantly from the use of fossil fuels, especially for
generation of electricity and heating, transportation,
manufacturing and consumption. Land use, land-use
change and forestry is another contributor (3.3%) to
human-made CO2 emissions, due to deforestation.
Methane (CH4) and nitrous oxide (N2O) make up at least
17% of total GHG emissions, that from methane may
be an underestimate due to unknown releases from
permafrost due to global warming. Fluorinated gases
(comprised of HFCs, perfluorocarbons (PFCs), sulphur
hexafluoride (SF6) and nitrogen trifluoride (NF3)) from
industrial processes make up 2.3% of global emissions.
These gases are much more potent than CO2 in terms

of CO2.

The Inconvenient Truth About Developed Countries’
Emissions
A small number of countries contribute most of the
GHG emissions, with the top 10 emitters accounting
for over two-thirds of annual global greenhouse gas
emissions [COP, 2020]. Most of them also have large
economies and populations, together accounting for
over 50% of the global population and 75% of the
world’s GDP. China is the biggest emitter at 28% of
global GHG emissions, followed by the United States
at 15%, the European Union at 7.52% and India (as a
developing economy) at 7.08%.

Figure 2. GHG Emissions of countries and continents
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Most of the top 10 emitters have higher emissions per
person than the world average (around 6.45 tCO2e
per person) and are notably the highest GDP nations
as well as fossil fuel suppliers. Among the top 10 total
greenhouse gas emitters, Canada and the United States
have the highest per capita greenhouse gas emissions
at 20.6 tCO2e and 17.74 tCO2e respectively, while
India has the lowest at 2.47 tCO2e. China’s per capita
emissions (8.4 tCO2e) continue to rise, surpassing those
of the European Union (7.46 tCO2e).
Fossil fuel producing countries such as Qatar (0.3%)
and Australia (1%), while not among the top 10
emitters, have higher per capita emissions than most
top emitters at 35.89 tCO2e per person and 24.79
tCO2e per person, respectively.
Although global warming has been known to science
for decades, it has been made political to become
climate change due to denials and controversies.
Decades of procrastination have led to the present crisis
that action needs to be taken urgently as consequences
of climate extremes have become obviously all too
common. But many Asian and African countries are
still with millions without regular electricity supply and
piped water, and are just dependent on coal energy
(being one of the cheapest) and requiring them to
address climate change will be an existential challenge
somewhat close to absurdity.
Taking two examples, Indonesia (3%) and India (7%),
one needs to be weaned out of poverty and the other
to move up to a developed country status, it would
mean drastic changes in policy and intensive capital
needs. China, as the world’s second largest economy, is
still increasing coal plants to meet electricity demands
even as the country is the largest user of renewable
energies. It will only peak in use of fossil fuel energy
perhaps in the next few years and then turn around to
the proclaimed net-zero emissions by 2060.
It is also noteworthy that banks and financial
institutions are now required to consider steps
to climate commitment and ESG compliance for
all loans and fundings [Sieh, 2021]. It is timely that
companies have to make climate disclosures while the
banking sector as stewards of capital take a greater
responsibility to guide for sustainable growth, now
that the future demands it.
This is feasible only for developed economies in the
longer term (e.g. Japan, S. Korea and Singapore),
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which have pledged to carbon neutrality as they can
afford the capital needs and even plan for a hydrogen
economy as fortunately now, photovoltaic energy
capture with storage is competitive with oil and gas.
It is not yet known how most of the ASEAN countries
will manage even as ASEAN remains one of the most
climate-vulnerable parts of the world.

Luanne Sieh

Jason Schatz

Deforestation and Carbon Sequestration
Deforestation from agricultural expansion is of
concern due to potential loss of hundreds of years of
carbon stock from trees, tree soil cover, soil carbon
and biodiversity, which may affect future ability for
sequestration of CO2 and for human activities or
future agriculture.
For agriculture especially with perennial tree crops, with
good management practices, carbon losses projected
may be overestimated as the soil carbon reserves can
be restored or maintained when planted. Logging or
deforestation of pristine forests is considered as more
serious due to loss of biodiversity especially those
on the IUCN red list of endangered species, which
may be irrecoverable. Logging of secondary forests
or forest plantations fortunately still leaves behind a
carbon sink.
The world’s forests sequester as much as twice as much
of the carbon dioxide they emit in the study years

Malaysian Oil Science and Technology 2021 Vol. 30 No. 1 • Copyright MOSTA

CARBON, CALORIES AND CLIMATE

(2001-19), which means the forest sink sequestrates 7.6
bln t CO2/yr, amounting to more than 1.5 times what
US emits annually but less than what China emits.
New technology using satellite imagery [Jason Schatz,
2021] can detect deforestation easily regardless
of cloud cover and this has been experimentally
extended to low wavelength radar to see below
canopy. However, it is still early days to be able to get
desired resolutions. Satellite imaging is also used to
detect and quantify forest fires such as in Indonesia.
Geospatial monitoring of the world can now monitor
deforestations and forest cover changes quite precisely
at 30m resolution – all activities, whether deforestation,
logging, re-plantings have become transparent. Tree
plantation management can have their carbon gain/
loss estimated.
Tropical pine and eucalyptus plantations sequester 10
tonnes carbon /ha/yr while the oil palm over a life time
of 25 yrs provides trunk carbon of 2 tonnes carbon/ha/
yr averaging over 25 years. [Chew, 2021; Cheah et al.,
2013; Trees for the Future]. If one includes the 4 t/ha/yr
oil yield (3.6 t C/ha) and 0.9 t C/ha of EFB we have a
total of 6.5 t C/ha/yr comparable but slightly less than
from forest plantations. It may be noted that the oil
palm has provided CO2 sequestration as natural forest
cover in tropical African countries.

Global-Warming Forest Fires
While small bush fires may be common occurrences in
Australia as they may be a regenerative process for the
mainly eucalyptus trees. These fires leave charcoal or
biochar which are considered as soil carbon storage.
Largely uncontrollable, climate-warming fires were
infrequent until recently and they needed natural
precipitation to stop the fires. The Australian fires
emitted 409 mln tonnes CO2 in 2019, the same year of
massive Amazonian forest fires caused 366 mln tonnes
CO2. Indonesian peatland fires that year was estimated
at 708 mln tonnes CO2, making the country the 4th
largest emitter in the world for that year. It is not
known how the country can revise its emissions target
of 29% reduction for 2030 now that spikes are coming
from peat fires [Jong, 2019].
It may be useful to note that NDPE requirements
for certified sustainable oil palm require peatland
ground-water level to be maintained at not less than

40cm and as crop yields from these areas are mostly
lower than from usual farmland, they are discouraged.
Most peatlands are considered to be degraded and
not permitted to cultivate oil palm, hence the NDPE
regulation.

Global Warming and Crop Losses
IPCC reports forecast crop losses due to global
warming, perhaps up to 18% over the years to 2050 as
most agricultural lands are in tropical and temperate
regions; the world is estimated to lose as much as
10% of GDP from climate problems. The adaptation of
drought-resistant, salinity-tolerant and insect-resistant
crops when the need arises has not been tested in scale
as yet. The positive exception perhaps will be the artic
frosty area where farming activities may be extended.

Carbon Footprints & Sustainable Crops for Carbon
Sequestration
As the world still struggles to maintain food security
and adequate supply to all its peoples but faces trade
and political realities between suppliers and nations,
the prospect of climate change risks will hopefully
foster a new mindset and a paradigm shift. While
silent destructive cold trade wars have been raging
among corporate-producers of world’s food crops, the
sober truth is coming to be more apparent that food
abundance and security is not a certainty even in the
near future. At COP26 there needs to be collaborative
global efforts to genuinely promote for sustainable
and affordable food supply.
One of the clear comparisons about carbon footprints
and life-cycle analysis for oil crop products, which
are known, should be ingrained in all media trying to
influence humanity. The carbon footprints of edible all
crops are undeniably palm-centric as follows [Beyer &
Tademacher, 2021].
Oil Palm (lowest) < < Sunflower < Rapeseed <
Olive, Coconut < Soybean, Groundnut
This is very much the same as the relative green
comparisons for several resource products where the
highest emitter comes from luxury protein of pasturing
and hence the new quest has been for alternative nonmeat protein sources.

Malaysian Oil Science and Technology 2021 Vol. 30 No. 1 • Copyright MOSTA

33

CARBON, CALORIES AND CLIMATE

Beef & dairy << Soybeans << Palm Oil <
Natural Rubber
GHG-savings comparisons from vegetable oils have
also been made [Mortimer et al., 2010]. Data on net
GHG emissions savings per unit of vegetable oil in
displacing fuel oil-fired heat and grid electricity are as
follows (PO used is without methane capture):

M.R. Chandran

UCO 3.239 > SFO 2.703 > PO 2.173 > SBO 1.857 >
RSO 1.798 > Jatropha 1.681 (kg eq CO2/kg ro)
It is of interest to note that “In general, of all the
cultivated biomass feedstocks considered in this study,
the highest total GHG emissions savings, in terms of
the absolute amount of equivalent CO2 saved, arises
from the use of French sunflowers and Malaysian oil
palms. This is largely due to the relatively low inputs
into cultivating these biomass feedstocks”. The other
oils used for comparison were UK oilseed rape, US
soybeans, and Indian jatropha.
All these data have been re-emphasized in many
sustainability reports [Chandran, 2021; Mohd Haris,
2021; Murphy, 2021; Rival, 2021; Theseira, 2021] even as
deforestation, which happens for all farm expansions
gets much unnecessary attention; oil palm, however,
only needs 5-8 times less land per tonne of production
than the other major oilseed crops. It is also worth
noting that in Peninsular Malaysia much of the
conversion to oil palm was from previously cultivated
rubber, cocoa and waste lands. Meanwhile, forested
areas especially with high biodiversity values have
been gazetted in Malaysia with about 50% forested
cover. Indonesia still has to balance development and
environmental needs.
There is always a need for government action to
preserve, secure and maintain a network of Permanent
Forest Reserves with rich biodiversity or high carbon
stock, and if necessary, spread strategically in the
country to maintain wildlife corridors for the bigger
animals so that they and the world can enjoy and
benefit from biodiversity preservation [ICUN, 2018].
Hopefully the world and adequate international
financing will be available to assist maintain these
forest reserves with large animal diversity and offset
opportunity costs of development.
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Mohd Haris M.A.

The unsurpassed yields of the oil palm as discussed
above, and further, the unsurpassed versatility of
the two oils produced for all types of food and nonfood applications are of primary importance, in
addition to the low production costs. Apart from
oil, it is important to consider the other essential
supplies of macronutrient foods. Soybean has been
the most convenient source of protein foods and feed,
especially now that there is a big rush to provide nonmeat protein foods. Until science advances to be able
to scale up massively lab-grown protein, the world has
to increase sustainable soybean production.
The same can be said with dairy milk and derived
products; it is remarkable under the present
competitive environment even with few incentives
that Australian milk can be so efficiently produced as
to be cheaper than bottled water. However, beef and
dairy would be a dying industry without massive US
subsidies [NUPR, 2021; Lincicome S, 2020]. Similarly, the
EU spends Euro 60 billion a year on subsidies to farmers.
The Japanese subsidies to support farmers is 2.4 times
the OECD average accounting for 0.9% of Japan’s GDP
in 2017-19. It seems that all developed countries do it
since food security and food production is sacrosanct.
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In contrast, oil palm planters are not subsidized in
Malaysia but instead heavily taxed, including the
imposition of a windfall tax when prices are considered
high. This economic edge over other oilseed crops
has been due to favourable weather conditions along
the tropical belt with essential inputs required being
fertilizer and labour, but is seen as an existential threat
to some major competing crops and hence the endless
negative media. There have been theoretical criticisms
of the risk of monocultures but alternative solutions
are so obviously rare. Some suggestions have been put
forward by many scientists [Rival, 2021; Theseira, 2021].
The world’s appetite for timber perhaps will bring
back Hevea but other timber plantations are promising
for carbon sequestration, considering that over the
30-yr long term returns from timber can be rewarding
as known for Hevea and now tried with tropicalized
Paulownia. Fast growing Acacia and local Macarangas
plantings are known but caution comes with the
water-craving imported Eucalyptus. Apart from these,
Moringa is popular as the leaves are also useful as
protein feed and Aquilaria for fragrant agarwood.
Of course, where land and water supply are suitable
high-valued Durio has naturally found its place. Such
intercropping has only been recently experimented on
[Theseira, 2021] but this could be useful to anticipate
long-term problems of crop disease, drought/salinity
and loss of soil biodiversity.

Alain Rival

Gary William Theseira

There is hope for faster and more targeted breeding
and selection as the age of genomic editing has only
just begun. This opens prospects of targeting and
designing desirable trait improvements, e.g. adaptation
to climate change challenges and of course laboratory
and manufacturing resources will be coming to
compete in food crop production without the nuances
of compliances to cumbersome and unreasonable ESG
demands from some consumer countries.

Denis Murphy

K. Harikrishna

Murphy reiterated that with the present available
technologies, Malaysian oil palm can comply with
the changing regulatory ESG requirements from EU
and US as Malaysia has also maintained forest cover
limit at 50% so that no further land expansion for oil
palm will be allowed and that production growth can
be achieved with re-plantings with higher-yielding
and shorter palms [Murphy, 2021]. Harikrishna has
elaborated on genomic advances in planting materials
capable of realizing oil yields of 10-12 tonnes per ha and
many mechanization advances to alleviate manpower
shortages at Sime Darby plantation in addition
to improved productivity and efficiency through
increased digitization programmes [Harikrishna, 2021].
Unnithan has provided a total digital and block-chain
enabled solutions to transform the oil palm industry
and provide traceability of palm oil products [Unnithan,
2021]. Further, for refining he has provided low cost
technology solutions to mitigate potentially toxic trace
contaminants, GE and 3-MCPDE.
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U.R. Unnithan

Indonesia has also embarked on battery
manufacturing and electric motorcycles which are
widely applicable for developing countries. Innovations
for cost-effective harvesting and transportation
of palm fruits will be forthcoming to solve labour
shortage and improve efficiencies.

Renewable Energies
Solar energy in various forms (photovoltaic, wind, tide,
oceanic, etc) has been a success story in the quest to
mitigate climate change. The remarkable advances
in the ability to trap solar energy as well as storage
(batteries) will make the transition of fossil to electric
energy economically competitive and convenient
except for the high capital costs. Nevertheless, the
developed nations will have policies to replace all
new combustion engine cars with electric ones by
2030. The need for energy to replace fossil energy is
massive and the transition to carbon neutrality or
zero-emissions will take a long time and tremendous
effort. Even in the transportation sector, there will
still be energy needs for hybrid vehicles, aviation and
marine sectors. There has been no policy switch to
solar for the marine sector which means biofuels may
be needed while aviation will definitely need biofuels
which unfortunately comes at a premium over that of
petroleum-based [Goh & Choo, 2020]. Soon, however
there will be mandates beginning at 5% blends.
The use of biofuels will always be confronted with
the food-vs-fuel debate but it will all decided by
economics due to the volatilities in prices of petroleum
and edible oils and lack of available land for biofuel
crops. Theoretically, it is not rational to plant crops
for fuel as biosynthesis is so inefficient compared to
what is available in silicon-photovoltaic technology.
But, in times of surplus, crop grown CPO can be sold
at a discount to petroleum so that edible oil, used or
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unused, can be economically burnt directly in mixedfeed power plants, especially if there are high taxes
on fossil fuels. Higher profitability can come from
conversion to suitable transportation biofuels. On
sustainability, it is anticipated that most palm biofuels
will be sustainable, being able to gain acceptable
certifications such as RSPO, ISCC and MSPO.
In this context, it needs to be noted that the unsurpassed
ability of the oil palm to harness energy from the sun
has been inadequately exploited to-date. Only about
10% of the biomass produced is utilized in palm oil
production and although shell and some biomass is
exported or used within the mills and methane gas
produced from the effluent treatment ponds can be
utilized. Further development of required technologies
will be needed to gainfully use or store renewal energy
within the estate and local communities or linked to
the national grid. Methane capture and utilization will
further enhance the positive impacts of the oil palm
industry on GHG emissions and climate change. It is
now possible for mills to use evaporation technology
to have zero POME discharges while recovering useful
chemicals and recycling minerals.
In the near and medium terms, there are sufficient
supplies of palm oil, which presently supports
Indonesia’s B30 mandate while minor growth in
supplies is seen in Africa, India and even China.
Malaysian re-plantings with higher yielding materials
will likely raise productivity to realize an average
national yield potential to 6 tonnes/ha oil, but this may
take two decades or so. The demand for better quality
refined oils with low GE and 3-MCPDE means there will
be more lower quality co-product streams suitable
for non-food uses such as oleochemicals, feeds
and biofuels.

Future of Biofuels
It may be noted again that the oil palm has unrivalled
yields averaging 4 t/ha/yr CPO and PKO with RSPO
leaders providing more than 5.5 t/ha. In comparison,
champion English and Tasmanian farmers have
claimed occasionally to achieve 3 t/ha with GM
Canola while having to cope with superweeds.
Comparable carbohydrate crops may come from
Brazilian cane at 10.6 t/ha and top rice yielders at 8 t/
ha (carbohydrates have about half the calorific value
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of oils). First generation biodiesels are methyl esters of
fatty acids and recent enzyme technology can simplify
production by using feedstocks containing high free
fatty acids. Added value has come from recovery of
high valued products (vitamins, squalene, sterols,
and pure glycerol) in processing for methyl esters.
Hydrocarbon biofuels are evolving from the present
methyl esters used as biodiesel which most importers
estimate that there is only less than 55% GHG savings.
Hydrogenated vegetable oil (HVO) appears to be
preferable but it is more costly to produce than methyl
esters although it can achieve greater than 65% GHG
savings over petroleum or even higher at 80% savings
if UCO or recovered POME oils are used as feedstocks.
Presently, hydrocarbons as drop-in fuel is in demand
and the supply of UCO is in short supply which currently
can be supplemented with POME recovered oil. This is
encouraging as this with other advances - recovery of
shikimic esters and feed material, optimisation in the
use of abundant energy supplies at the mill including
biogas capture and POME evaporative technology
– will solve the problems of POME facing the palm
oil industry, allowing for an approach to a complete
circular agricultural economy.
HVO in coordination with the petroleum industry is
able to provide an integrated number of blended
hydrocarbon oils to offer as compressed gas (C3),
petrol (C8), aviation (C15) and diesel (C18). With slightly
added costs blends of linear and branched chain
hydrocarbons and aromatics may be made available
for the combustion/compression engine needs as well
as for aviation as drop-in fuels during transition period
to all-electric engines. Limiting factors will mainly
be competitive costs due to falling petroleum prices
rather than sustainability certifications.

The Journey to Zero Emissions
It is clear that the world faces its biggest challenge
in mitigating climate change. It means much soulsearching and challenging of conventional moral
logic on demographics, progress and developmental
growth. Ultimate solutions may not be in sight now but
it is something that makes the challenges of the present
pandemic and maintaining world peace seem like
trivial distractions and power plays. In demographics
it is an inconvenient truth that the resources of the
planet will be unable to sustain the population if all

want to be catapulted to middle class. With an already
overpopulated planet, the majority of about 5 billion
people are still in the status of underdeveloped and
emerging economies, it is a difficult to conceptualize
how the world’s limited material resources can support
the transition for this many people to middle class
status. Nations and humans will not accept the concept
to limits of progress yet it is only after achieving
developed status that population demographics can
stabilize, certainly a human conundrum.
It may be noteworthy that the present stage of the
science of single-cell genomics that humanity can
direct its future for selected genomic well-being free
from hereditary diseases but attempting genomic
perfection would not be ethical. Otherwise, the
natural course will remain to be dictated by Mendelian
genetics (disease inheritance) and evolution with
consequential social costs and continual conflicts.
Likewise, biotechnology may have to be depended on
for antibody or other ingenious cures in times where
viral pandemics may become more frequent.
The previous Kyoto protocol had considered carbon
trading which was convenient for developed economies
to concentrate on for further growth in business-asusual status while trading away their own emission
excesses to developing countries to sequester carbon,
e.g. by planting more trees. The Paris accord required
country commitments towards carbon neutrality only
to meet big polluters reacting with an outright veto
(from the US as this will stifle the economy) while India
argued for the need of development as even in this
digital age there are pockets of impoverished people
without electricity and piped water. China agreed to a
2060 carbon neutrality but continues with increasing
pollution with coal power plants being needed for
developmental ambitions.
There is need for mindset change and certainly a
paradigm shift as the whole progress of the world had
been so dependent on fossil energy, previously coal
and now additionally with oil and gas. Nuclear fission
energy is also available but comes with associated risks
while fusion energy is only in an experimental stage.
However alternative and renewable energy sources
are now available, the most obvious one being solar
energy, direct or indirect, which will be available
for millions of years for humanity. To transition to
renewable energies, nations need to move away from
exclusive or nationalistic priorities and to collaborate
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to get the act together to face a common enemy as it is
of extreme urgency, perhaps affecting human survival.
It is clear that developed urbanised countries can easily
welcome a quick transition to photovoltaic energy
and then plan for a hydrogen economy, considering
benefits of clean air apart from reducing emissions.
However, it is not conceivable that for the rest of the
world can expect or afford these. Similarly, the need
to solve the problem of coal or other fossil energy
need disincentives in profiting from them, much in the
control of rich producers such as selling more rather
than less coal.
Present voluntary efforts are mainly exclusive and
nationalistic but a global solution, much like the
pandemic, needs to embrace efforts for collaborative
provision of financial and technological assistance to
all. Solar energy (photovoltaic and wind) capture and
storage have advanced so fast and fortunately is now
available and competitive to fossil fuels and can provide
energy for all human needs. But it is capital intensive
and therefore there is the need of incentives (financial
and intellectual capital) to developing countries to
wean away from coal and other fossil fuels.
There is always the idea that the world’s biomass can
provide for the energy needs but technology and
logistics still create huge roadblocks. Biofuels had been
used for some time around but this appears limited
compared to the huge amounts of fossil fuels presently
being used. As discussed above, crop photosynthesis
is very inefficient compared to photovoltaic energy
capture but biofuels when in excess, can provide for
selected renewable energy contributions during the
transitional period to mainly solar energy. Then again,
it is clear that food and feed calories should be of
greater priority but choices for biofuels continue to
evolve especially in the essential prospect for carbon
sequestration and GHG savings.
High calorie-yielding crops when in excess can readily
provide biofuels but the declining petroleum prices
may limit their use. Carbon capture technology or
CO2 reformation for hydrogen unfortunately are not
yet economically attractive but actually face many
obstacles. While these are possible, they are presently
achievable only with more energy inputs when they
are made available.
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Conclusions
It is imperative that all nations recognize the reality of
climate change due to GHG emissions and hence the
urgent need to put in policies for mitigating this so as
to keep to a limit of 1.5°C rise. With many parts of the
world facing the consequences of climate extremes,
serious and concrete efforts should be forthcoming
in the coming COP26 meeting in Glasgow after the
mostly voluntary attempts of the previous meetings,
Kyoto protocol and Paris accord. It is challenging in
terms of new mindsets and need for paradigm shifts
for a collaborative spirit to face something that could
determine the fate of humanity on whether it is
possible to just slow and stop the dire consequences
of climate change – frequent forest fires, droughts,
desertification, disastrous floods, crop destruction and
rising sea levels.
Advances in biotechnological and genomic science
have brought forth bountiful agricultural crops in
food calories and also a surplus for carbon energy.
Choices can be made for suitable high-yielding crops
for food varieties, feed, materials and renewable fuel
but there will be limitations and economic constraints.
Genomic technology has continued to improve quality
and yields of food varieties for annual crops where
excess supplies can be used for renewable biofuel.
Available crop biomass can provide energy by direct
combustion or otherwise converted to biochar while
cellulosic and lignocellulosic conversion to bioethanol
is now possible but at a cost. More promising are tree
crops which have long planting cycles and can provide
food, feed and renewable energy as well as timber
products from carbon sequestration.
Meanwhile, sustainability has been a great distraction
as the ideal sustainability or even circular agriculture
will always be possible but at a price, noting that for
the palm oil industry zero-discharge of POME is now
an economic possibility and hence open the way to a
circular agriculture. Sustainable certification is mostly
achievable when all the concepts and criteria can be
presented before initiating planting and production,
e.g. NDPE requirements. Most agronomic experts
know about sustainable concepts such as crop
diversity, crop rotation, soil biodiversity and integrated
farming/pest control and will implement them where
feasible. Agriculture remains essential for human life
and need not be looked upon as a minor GHG emitter
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except for the excess (human indulgences) from
pasturing ruminants and we should look forward to
choices for low carbon and water footprints for food
and feed sources, having optimum protein and calorie
production and climate friendliness (positive CO2
sequestration).
The present state of technology allows for the
direct and indirect harnessing of solar energy which
fortunately is inexhaustible. This has to be exploited
fully as the main source of energy for humanity while
fossil fuels are being slowly eliminated from use or until
suitable technologies are found that can economically
allow for carbon capture or chemical reforming.
Meanwhile, limited amounts of renewable biofuels
for energy are still available for the transportation and
manufacturing sectors. Hybrid engines can still be
served even as GHG-saving renewable fuels become
drop-in standard as hydrocarbon-fuel types during the
transition period to an all-electric economy.
It is obvious that palm oil is part of the solution and
definitely not the problem to feed the world and reduce
GHG emissions if proper full accounting, i.e. including
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