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NUTRIGENOMICS AND ITS APPLICATION IN PALM OIL NUTRITION AND HEALTH RESEARCH 

INDU JAGANATH*

ABSTRACT
Latest research reveals that phytonutrients are capable of altering gene expression through acting on 

complex interactions in various biochemical and cellular pathways. This interactive interplay between 

phytonutrients and gene expression has given birth to a new field of frontier science known as nutrigenomics. 

Nutrigenomics allows for deeper understanding of the mechanism of action of phytonutrients on health 

whether acting in silo or synergistically as a complex mixture. Through this new field of research, scientists 

have now affirmed that the food contains many biological active substances which affect gene expression and 

is capable of shifting the balance between health and disease states. 

One of the richest sources of phytonutrients can be found in palm oil (Elaeis guineensis). Palm oil, 

other than containing fatty acids, it is also endowed with  a wide range of health benefiting phytonutrients 

such as tocols, carotenoids, polyphenols, phytosterols and coenzyme Q
10

. In this review, concerted efforts 

will be made to summarise recent studies on the health benefits and the molecular mode of action of these 

dietary compounds found in palm oil. Further efforts will be made to exemplify how nutrigenomics through 

its comprehensive scientific validations can act as a catalyst to move palm oil up the agriculture value chain.
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INTRODUCTION

The discovery of the double helix structure of DNA 
by Watson and Creek in 1953 represents the dawn of 
a new field of science. Since then, massive amounts of 
valuable molecular information has been acquired. 
Other than just transferring traits from parents to 
offspring,  DNA was found to be responsible for all 
cellular processes such as regulation and synthesis 
of important proteins responsible for the production 
of hormones, receptors, signalling molecules, etc.  

However, in 2003, one of the biggest breakthroughs 
in the history of mankind was achieved when the 
human genome was decoded. This new wave of 
scientific revolution allowed scientists to have 
a deeper understanding on cellular processes 
occurring in our body, including the flow of genetic 
information from gene expression to protein and 
metabolite synthesis and degradation (Frazer, 2012). 
Concurrent with the decoding of the human genome, 
frontier molecular techniques were developed to 
measure the expression of thousands of genes or 
proteins simultaneously. This advancement from 
studying single genes to studying thousands of 
genes in one experiment yielded extensive and 
comprehensive information in many areas of 
research, including nutrition-related research 
(Mutch et al., 2005). 
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Various research reports reveal that almost 
all cellular processes can be affected by diet and 
lifestyle. Nutrients and bioactive components 
in foods are able to alter metabolic functions 
in complex biochemical and cellular pathways 
through their action on gene expression. The 
study of this interface between dietary chemicals 
and cellular/genetic processes is referred to as 
nutrigenomics (Kaput and Rodriguez, 2004). 
Ultimately, nutrigenomics is concerned with the 
impact of dietary components on the genome, 
the proteome (the sum total of all proteins), and 
the metabolome (the sum of all metabolites) 
where they play an important role in shifting the 
balance between health and disease states (Mead, 
2007).  It is important to note that this nutrient-
gene interaction can unfold in two directions; that 
is (i) how the dietary components modify gene 
expression (nutrigenomics), and (2) the impact of 
variations in gene structure of individuals on the 
response to dietary components (nutrigenetics).  
This review will focus only on the nutrigenomics 
aspect of the nutrient-gene interaction. Although 
nutrigenomics is a relatively new discipline of 
biotechnology, its utilisation is growing at an 
exponential rate. To date, a number of leading 
companies such as WellGene, Nestle, Danone are 
already employing nutrigenomics either directly or 
through partnerships to contribute to their positions 
in the wellness market. These leading companies 
realise that nutrigenomics offers assurances that 
functional claims are based on sound science that 
generate quantifiable results. 

This review summarises recent studies carried 
out on the synergistic and multi-targeted actions 
of palm oil dietary chemicals on various cellular 
pathways. It will also extrapolate on how the 
science of nutrigenomics can be utilised to value 
add, diversify and propel the growth of the health-
based sector of the oil palm industry. 

PALM OIL DIETARY CHEMICALS 
AND HEALTH

Oil palm (Elaeis guineensis), an important commodity 
to Malaysia's economy is also rich in dietary 
components. Investigations reveal that the oil, leaves 
and the empty fruit bunch fibre of oil palm are rich in 
dietary chemicals. The oil accumulates in the fleshy 
mesocarp and the kernel of the fruits. About 84% 
w/w of the mesocarp oil is made up of palmitic 
(C16:0) and oleic (C18:1) acids. Palmatic acid (44%) 
falls into the category of saturated fatty acid (SFA) 
while oleic acid (39%) is a monounsaturated fatty 
acid (MUFA) (May and Nesaratnam, 2014). The 
remaining oil is found in the kernel, and this palm 
kernel oil is rich in medium chain fatty acids, 
mainly the lauric (C12:0) and myristic (C14:0) acids.

The high amounts of SFA, specifically palmatic 
acid, has raised concerns on the ability of palm oil 
to raise cholesterolaemia and therefore add to the 
risk of cardiovascular diseases. This issue was the 
topic of aggressive debate for some years.  However, 
more recent investigations  do not seem to support 
these conclusions. A sizeable and growing body of 
scientific evidence indicate that palm oil’s effect 
on blood cholesterol is relatively neutral when 
compared to other fats and oils such as soyabean 
oil (oil with more PUFA and less SFA) and olive 
oil. This has been comprehensively outlined in 
a recent review by Fattore and  Fanelli (2013). A 
number of the studies reveal that palmitic acid 
slightly increases both LDL- and HDL-cholesterol 
levels but the HDL/LDL ratio, which is a 
valuable predictor of cardiovascular disease risk, 
is relatively constant. Fattore and  Fanelli (2013) 
also stressed that rather than the SFA content, a 
more important criteria that plays a crucial role 
in cholesterolaemia is the type of fat and the 
triglyceride structure. The effects of positions of 
the SFA on the triacylglycerol (TAG) structure 
on its bioactivity was further explained by May 
and Nesaratnam (2014). Through a number of 
human clinical trials and animal studies, it was 
hypothesised that if long chain SFA occur at the 
sn-1 and sn-3 (as in palm oil), their effects are 
either neutral or tend to lower total cholesterol.

The main MUFA fatty acid in palm oil is the 
oleic acid. Unlike palmatic acid where the long 
chain SFA is situated at sn-1 and sn-2 position, in 
oleic acid it is only situated in the sn-2 position 
(May and Nesaretnam, 2014). When absorbed into 
the body, oleic acid induces beneficial effects similar 
to that of olive oil (Choudhury et al., 1995; Voon et 

al., 2011). Other than SFA, palm oil also contains 
about 10% linoleic acid, which is an unsaturated 
omega-6 fatty acid. Linoleic acid is one of the two 
essential fatty acids that is needed for maintaining 
health in our body as it is used in the biosynthesis of 
prostaglandins and cell membranes (Mukherjee and 
Mitra, 2009). 

Palm oil differentiates itself from most of other 
oil due to the presence of a whole array of health 
benefiting phytonutrients which represents 1% of its 
weight. The most prevalent phytonutrients in palm 
oil are the tocols such as γ-tocotrienol, δ-tocotrienol, 
tocopherols  which constitute 600-1000 parts per 
million (ppm) (Mozzon et al., 2015). Others include 
carotenes (500 - 700 ppm), phytosterols (300-620 
ppm), squalene (250-540 ppm), coenzyme Q10 (10 - 
80 ppm), polyphenols (40-70 ppm), phospholipids 
(20-100 ppm), quinones and ubiquinones, thiols, 
coumarins and amino acids (Goh et al.,  1985;  Choo 
et al., 2002).

Other than the oil, palm oil waste derived from 
the milling process which amounts to 85 million 
tonnes per year globally, is also rich in phenolics. 
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Palm oil phenolics consist of 3-O-caffeoylshikimic 
acid, 4-O-caffeoylshikimic acid, 5-O-caffeoylshikimic 
acid, p-hydrobenzoic acid and protocatechuic acid 
(Sambanthamurthi et al., 2011b).

MODE OF ACTION AND THE BIRTH 
OF NUTRIGENOMICS

Dietary Chemicals and Beyond Antioxidant

A large body of literature supports that dietary 
chemicals protect cell constituents against oxidative 
damage through direct scavenging of free radicals 
due to their antioxidant properties. Many of these 
studies were carried out in vitro cell cultures or cell-
free systems (Heim et al., 2002). One such example 
is lycopene, the principal carotenoid in tomatoes 
(Gerster, 1997), which is a very efficient quencher 
of singlet oxygen in biological systems (Di Mascio 
et al., 1989) and it was hypothesised that lycopene 
reduces cancer risk through its antioxidant function. 
Through utilising state-of-the-art equipment, the 
protective effect of dietary chemicals was shown 
to extend beyond their antioxidant capacity. Most 
dietary chemicals are modified during absorption 
from the small intestine, through conjugation and 
metabolism, and by the large intestine, mainly 
through the actions of the colonic microflora (Graefe 
et al., 2001; Mullen et al., 2004;  Jaganath et al., 2005). 
Thus, metabolites that reach the cells and tissues 
are chemically, biologically and, in many instances, 
functionally distinct from the dietary form and such 
features underlay their bioactivity (Kroon et al., 2004). 
Another important factor that has to be taken into 
account is the percentage of absorption. Numerous 
investigations reveal that very low levels of dietary 
chemicals are actually absorbed and appear in 
the EloodstreaP ���� ۚ0�� and this iPplies that 
the concept of dietary chemicals functioning as 
hydrogen-donating antioxidants in vivo appears to 
be an oversimplified view of their mode of action 
(Halliwell et al., 2005; Williamson and Manach, 
2005). It is, therefore, hypothesised that cells 
respond to dietary chemicals mainly through direct 
interactions with receptors or enzymes involved in 
signal transduction, or through modifying gene 
expressions (Williams et al., 2004). In addition, the 
intracellular concentrations of dietary chemicals 
such as polyphenols required to affect cell 
signalling pathways are considerably lower than 
those required to impact on cellular antioxidant 
capacity (Spencer et al., 2003; Williams et al., 2004). 
Similarly, Giampieri et al. (2014) demonstrated 
that the biological activity of phytonutrient 
rich strawberry extract also spreads beyond its 
antioxidant capacity to other pathways where 
they act as ligands for transcription, thus directly 
altering gene expression. 

Synergistic and Additive Mode of Action of 
Dietary Metabolites

  
Most health benefiting extracts including 

those from herbs, fruits, etc. and palm oil contain a 
whole array of dietary chemicals which frequently 
interact with each other either synergistically or 
additively to produce a specific or multiple health 
benefits. Growing evidence from the various 
observational and epidemiological studies indicates 
that consumption of a complex and varied diet that 
is rich in dietary compounds are more superior 
than taking supplements for achieving good health 
and in reducing risk of various degenerative 
diseases (Liu, 2004; Mertens-Talcott et al., 2003).  
Clinical trials have revealed that health benefits of 
diets rich in phytonutrients such as in fruits and 
vegetables are not due to the action of any specific 
phytonutrient alone. The synergistic effects of a 
wide array of phytonutrients are needed to give 
a significant positive response as revealed by a 
recent investigation where the anti-cancer effects 
of carotenoids and other phytonutrients was 
demonstrated to reside in their combined effects. 
Significant anti-cancer property was exhibited 
by the synergistic effects of complex mixture of 
several carotenoids (e.g., lycopene, phytoene and 
phytofluene), and polyphenols (e.g., carnosic 
acid and curcumin). These mixtures inhibited the 
androgen receptor activity and activated the EpRE/
ARE system up to four-fold higher than the sum of 
the activities of the single ingredients (Linnewiel-
Hermoni et al., 2015).

When these array of dietary chemicals are 
consumed, a complex interface exists  between 
them and their interaction with the body, making 
it difficult to accurately determine the exact mode 
of action.  A simplified view is frequently presented 
in many past investigations where the bioactivity 
of each individual dietary chemical is evaluated 
through isolated or non-holistic studies. A more 
complete investigation on the whole complex 
interface between the ‘nutritional environment’ 
and multiple cellular pathways involved to bring 
about a desired outcome in disease management 
can be achieved through nutrigenomics  To 
achieve this objective, nutrigenomics utilises high 
throughput equipment such as mass spectrometry 
liquid chromatography, RealTime PCR, microarray 
and draws upon a wide array of sciences such as 
nutritional science, metabolomics, transcriptomics, 
pharmacokinetics, and bioinfomatics. Information 
derived from such studies includes the identity 
of the major dietary chemicals in the diet; their  
absorption and bioavailability; effects on expression 
levels of disease related genes; elucidation of mode 
of action of the absorbed metabolites on targeted 
tissues are obtained. Nutrigenomics therefore 
challenges us to understand, in molecular detail, the 
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complex interactions between the genes and dietary 
components in humans (Stover, 2004). 

Complex Mixtures of Dietary Metabolites 
Affect Multiple Cellular Pathways - Science of 
Nutrigenomics

As the science of genomics evolves, it is apparent 
that the concept of  ‘one gene-one phenotype-one 
drug’ hypothesis is too simplistic for management 
of diseases. This is because diseases are complex 
in nature and are regulated by multiple genes and 
cellular processes.  Emerging therapeutic approaches 
now simultaneously modulate multiple targets to 
enhance therapeutic efficacy in the treatment of a 
range of disorders (Flordellis et al., 2007). In a similar 
context, multitargeting for diet-related diseases can 
also be achieved by the combination of different 
health benefiting phytonutrients in a single diet/
food/plant extract. This is evident through a number 
of nutrigenomics studies carried out to date where 
phytonutrients such as curcumin (Thangapazham 
et al., 2006), resveratrol (Jang et al., 1997), luteolin 
(Byun et al., 2010) were demonstrated to exert 
their preventive and or curative actions through 
acting at multiple targets in various stages of 
developmental process of diet-related diseases. For 
example in cancer, phytonutrients are able to inhibit 
cell proliferation, induce apoptosis, modify DNA 
repair, modify activity of xenobiotic-metabolising 
enzymes, modify activity of other enzymes and 
act as antioxidants (Pan and Ho, 2008). In fact, 
better efficacies are achieved when a wide range 
of phytonutrients are utilised simultaneously as 
observed in pomegranate (Heber, 2008), Phyllanthus 

sp. (Jaganath and Alizah, 2014; Lee et al., 2013), and 
Gynura procumbens (Mohd Waznul et al., 2014).  

Nutrigenomics studies carried out at the 
Biotechnology Research Centre, Malaysian  
Agricultural Research and Development Institute 
(MARDI), revealed that polyphenols such as 
ellagitannins, phenolic acid and flavonoids in 
Phyllanthus sp. (dukung anak) synergistically 
exhibited anti-atherosclerotic properties in mice 
through modulating genes related to the onset 
of cardiovascular diseases. A total of 28 genes 
were significantly modified to positively affect 
seven different cellular pathways, namely the 
inflammatory, REDOX, lipid transport, macrophage 
entry, apoptosis, blood pressure and plaque 
formation (Jaganath and Alizah, 2014). In another 
study, Phyllanthus polyphenols also exhibited 
significant anti-viral properties through modulating 
genes involved in viral entry, viral transcription   
and translation regulations, cytoskeletal assembly, 
and cellular metabolisms (Lee et al., 2013). Yet in 
another study, polyherbal mixture of sambung 
nyawa (Gynura procumbens) and Phyllanthus watsonii, 
rich in derivatives of caffeoyl quinic acid and 

ellagitannin acted synergistically together to reduce 
blood sugar levels in streptozotocin-induced rat 
through its action on insulin signalling, adipokine 
pathway, glucose metabolism and glucocorticoid 
signalling pathway (Mohd Waznul et al., 2014).  The 
hypothesis of multiple phytonutrients-multiple 
targets to improve therapeutic efficacy was further 
strengthened with the investigations carried 
out by Wang et al. (2014). Three polyphenolic 
preparations (grape seed extract, resveratrol, 
and Concord grape juice extract) with different 
polyphenolic compositions simultaneously and 
s\nergisticall\ Pitigated aP\loid-շ �$շ� for Eetter 
protection against cognitive impairments compared 
to individual treatments in a mouse model of 
Alzheimer's disease.

  
NUTRIGENOMICS OF PALM OIL

Nutrient-gene Interaction in Palm Oil

The hypothesis of multiple phytonutrients 
modulating multiple genetic and cellular pathways 
can also apply to palm oil as it contains wide array 
of different classes of dietary compounds. However, 
to date, limited studies have been documented that 
focus on the effects of palm oil (as a whole food 
component) on expression of diet-related genes. 
Some studies have been carried out by the team at the 
Malaysian Palm Oil Board but these investigations 
are restricted mainly to palm oil phenolics. Palm oil 
phenolics are liquors (rich in flavonoids, phenolic and 
hydroxyl acids) derived from oil-bearing fruit and 
their products where undissolved solids, oleaginous 
parts, colloids and higher weight molecules are 
removed from vegetation liquor (Sambanthamurthi 
et al., 2008). Investigation reveals that palm oil 
phenolics is able to elicit multitargeted action in 

vivo where it demonstrates anti-hypertensive, 
anti-plague, anti-arrhythmia, anti-diabetic and 
anti-tumour properties (Sambanthamurthi et al., 
2011a). Further molecular studies indicate that the 
inhibition of tumour growth by palm oil phenolics 
occur most probably through inducing the G1/S 
phase arrest of the cell cycle and through down 
regulating genes such as  Stat 3,  chemokine (C-X-C 
motif) and ligand 12 (Cxcl12) to reduce cancer cell 
invasion and  proliferation (Sambanthamurthi et 

al., 2011a).  On the other hand, its anti-diabetic 
properties are exhibited through modulating 
expression of genes in three cellular pathways, 
namely glucose absorption, insulin resistance and  
insulin secretion (Bolsinger et al., 2014). Oil palm 
phenolics were also found to improve cognitive 
and motor functions in vivo mediated through 
its neuroprotective and anti-inflammatory 
effects (Leow et al., 2013). The improvement was 
attributed to the up-regulation of synaptogenesis 
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and neurotransmission genes as well as the 
down-regulation of inflammatory genes. 

Other than phenolic compounds, palm oil is 
also rich in vitamin E and carotenoids. To mimic 
the phytonutrient profile of the palm oil, an attempt 
was made to determine its anti-atherosclerosis 
property by incorporating fat-soluble palm 
vitamin E (tocopherols and tocotrienols) to the 
palm oil phenolics.  Palm vitamin E and oil palm 
phenolics individually inhibited atherosclerotic 
lesion development in an atherogenic rabbit model. 
However, when in combination, they exhibited 
synergism and provided better protective effects 
against the development of atherosclerotic lesions 
(Che Anishas et al., 2014). This hypothesis is also 
supported by the investigations by Nesaretnam et 

al. (1995) who demonstrated that the tocotrienol-
rich fraction of palm oil inhibited the proliferation 
of human breast cancer cells, while palm oil 
devoid of vitamin E did not protect against 
mammary tumourigenesis in rats. The importance 
of tocotrienol in diet has been emphasised in a 
growing number of scientific investigations. Data 
from numerous in vitro and in vivo studies show 
that tocotrienols are capable of regulating multiple 
cell signalling pathwa\s such as nuclear factor-տ%� 
signal transducer and activator of transcription 
(STAT) 3, death receptors, apoptosis, nuclear 
factor (erythroid-derived 2)-like 2 (Nrf2), hypoxia-
inducible factor (HIF) 1, growth factor receptor 
kinases, and angiogenic pathways (Kannappan et 

al.,  2012). Many isomers of tocotrienols exist, and 
not all are beneficial for health but those found 
in palP oil such as ն-� չ-� and ո-tocotrienols 
both individually and in combination have 
demonstrated anti-cancer properties. Its mode of 
action is attributed to its binding capacity to the 
estrogen receptor (ER) and thereby activating the 
expression of estrogen-responsive genes (MIC-
1, EGR-1 and Cathepsin D) in breast cancer cells 
(Nesaretnam et al., 2012).

The mesocarp of the oil palm fruit yields a 
deep red coloured palm oil, due to the presence of 
carotenoids of which alpha and beta carotenes are 
the most abundant (Zeb and Mehmood, 2004). A 
higher concentration of beta- and alpha-carotene 
can be found in red (virgin) palm oil. According 
to Sundram et al. (2003), red palm oil is the richest 
naturally occurring source of beta-carotene where 
approximately 500-800 mg of pro-vitamin A 
carotenoids are obtained in 1 kg of oil, which is 15 
times higher than the carotenoid content in carrots 
(weight-by-weight basis). A review by Oguntibeju 
et al. (2009) outlined some of the additional benefits 
of palm oil with higher carotenes. These include 
reduction in the risk of arterial thrombosis and/or 
atherosclerosis, inhibition of endogenous cholesterol 
biosynthesis, platelet aggregation, a reduction in 
oxidative stress and a reduction in blood pressure. 

In addition, it also promotes efficient utilisation 
of nutrients, activates hepatic drug metabolising 
enzymes, facilitates the haemoglobinisation of 
red blood cells and improves immune function 
(Oguntibeju et al., 2009). Carotenoids, especially as 
supplements, are poorly absorbed in our body due 
to reasons related to food matrix. However, in red 
palm oil poor bioavailability is overcome as the 
carotenoids are already dissolved in oil. A number 
of intervention trials carried out supports the claim 
that red palm oil is efficacious in preventing vitamin 
A deficiency among populations at risk and can 
improve the vitamin A status of infants, children, 
and women (Rice and Burns, 2010).  Bai et al. (2005) 
attributed the anti-inflammatory properties of beta-
carotene both in vitro and in vivo through its action 
as a potential inhibitor for redox-based NF-kappaB 
activation. 

Coenzyme Q10  is also present in small amounts  
in palm oil. However, its antioxidant capacity is said 
to be 10 times higher compared to vitamin E (May and 
Nesaretnam, 2014). Coenzyme Q10 is a small electron 
carrier needed in several mitochondrial biochemical 
pathways such as oxidative phosphorylation, 
շ-o[idation and p\riPidine nucleotide Eios\nthesis� 
Its deficiency causes mitochondrial dysfunction 
and causes encephalomyopathy, ataxia and renal 
failure (Fernandez-Ayala, 2013). Numerous diseases 
such as cardiovascular disease, Parkinson’s disease, 
muscular dystrophy, breast and other cancers, 
diabetes mellitus, acquired immunodeficiency 
syndrome (AIDS), asthma, thyroid disorders, and 
periodontal disease have benefited from coenzyme 
Q10 supplementation. The mode of action of coenzyme 
Q10 is believed to be mainly through its action on 
numerous genes involved in cell signalling, oxidative 
phosphorylation, in cell death and differentiation and 
inflammation pathways (Fernandez-Ayala et al., 2013; 
Schmelze et al., 2011; Groneberg, 2005). 

Another bioactive compound that is present in 
low amounts in palm oil is squalene. Squalene is a 
triterpene and is vital for the synthesis of cholesterol, 
steroid hormones and vitamin D in the human 
body. Squalene is used as an adjuvant in vaccines, 
for example it is added to influenza vaccines to 
help stimulate the human body's immune response. 
Other studies indicate that squalene can effectively 
inhibit chemically induced skin, colon and lung 
tumorigenesis in rodents. The mode of action is 
through inhibition of Ras farnesylation modulation 
of carcinogen activation, and as a free radical 
scavenger  (Auffray, 2007; Charlton-Menys  and 
Durrington,  2007). 

Nutrigenomics Study on Palm Oil - The Way 
Forward 

The presence of the whole array of the health 
benefiting phytonutrients as indicated earlier 
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makes palm oil a very unique and a precious 
food. It will be very interesting to note how these 
dietary components synergistically act together as 
a whole food component to exert their preventive 
and/or curative actions through acting at multiple 
molecular targets in the body. A hypothetical model 
based on previous studies is presented in Figure 

1. However to validate its true efficacy, in vivo- 
nutrigenomics effects of palm oil within the frame 
of a healthy Malaysian diet should be carried out. 
Similar studies have been carried out on virgin 
olive oil where the gene expression of a total of 
45 atherosclerosis-related gene was modified, 
and there was significant down-regulation of 
proatherogenic genes (Konstantinidou  et al., 2010). 
In addition, the comprehensive mode of action 
of olive oil was elucidated in the management of 
atherosclerosis. 

The correct dosages needed to produce a 
beneficial effect can sometimes be crucial in the 
management of diet-related diseases. For example, 
a number of studies reveal that  low intakes of beta 
carotene in food are beneficial but high intakes 
such as in supplements may increase the risk for 

lung cancer in heavy smokers, asbestos workers 
and alcohol users (Rapola et al., 1997; Albanes et al., 
1996, Keijer et al., 2005). To establish the window of 
benefit and obtain the correct dosage, the science of 
nutrigenomics can be applied to comprehensively 
obtain insight into the mechanism of action of the 
different phytonutrients such as beta carotene, 
phenolics and tocols in the food matrix of palm oil.

Other than comprehensively validating the 
efficacies of the health benefiting components in palm 
oil, nutrigenomics can also be utilised to promote 
value creation.  The science of nutrigenomics 
allows us to design food, nutraceuticals or 
prescribe certain kinds of food that will enable 
our body to alter gene expression and reduce the 
expression of unfavourable genes or over-express 
favourable genes related to a particular disease 
(Jaganath and Alizah, 2014). In this context, there 
is immense possibilities to improve and value add 
palm oil to more effectively market it as a healthy 
vegetable oil similar or more superior to virgin 
olive oil. Although red (virgin) palm oil is already 
enriched in health benefiting components, further 
biofortifications or modifications of processing 

Figure 1. Hypothetical model of synergistic and multiple-targeted actions of dietary compounds in palm oil on various in vivo cellular pathways. This 

model is based on previous studies carried out by the following authors: Sambanthamurthi et al. (2011a); Bolsinger et al. (2014); Leow et al. (2013); 

Che Anishas  et al. (2014); Nesaretnam et al. (2012); Oguntibeju et al. (2009).
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technique and/or even breeding techniques can be 
applied to maximise the composition of desirable 
health benefiting components in palm oil.  Their 
products then can be tested and validated through 
the application of nutrigenomics. Currently, 
nutritionally enhanced oils are of interest to many 
organisations, such as Dow, DuPont, Bunge, ADM, 
Unilever, Monsanto, CSIRO, and BASF (Ruth and 
Wrick, 2005). 

New upcoming areas that will enable us to 
have a deeper understanding and further unravel  
the complex interaction between genes and dietary 
components in palm oil would be nutrigenetics. 
Nutrigenomics allows us to study diet-gene 
interaction at the population level. However, 
as the science of nutrigenomics advances into 
nutrigenetics, specific dietary recommendations 
to individuals based on their genetic profile 
can be developed. The development of this new 
area of science is important due to the fact that 
population-based dietary recommendations 
are not adequate for all individuals as people 
respond differently to diets. The public has to 
be genotyped for specific genetic variations and 
made aware of their chronic disease risk and 
nutrient deficiencies, and given detailed tailor-
made personalised nutrition guidelines to allow 
a better control of health based on their genotype, 
age, life stage and gender (Baumler, 2012). For 
example, in 2007, scientists discovered the gene 
associated with fat mass and obesity called 
the FTO. SNP within the FTP gene predispose 
people to obesity (Fawcett and Barroso, 2010) 
and when these individuals consumed a diet 
low saturated fat, their predisposition to obesity 
was significantly reduced (Baumler, 2012). Low 
saturated fat palm oil would therefore be an ideal 
oil to be consumed by genotype predisposed 
individuals to obesity.

MAJOR BREAKTHROUGHS AND 
COMMERCIALISATION OF 

NUTRIGENOMICS RESEARCH

Although nutrigenomics research is still in 
its infancy, there has been some significant 
breakthroughs and currently the market is 
estimated to be worth USD 730 million and is 
growing by 20% per annum (Research and Markets, 
2010). One of the first success stories  in this field is 
by the company WellGen Inc., USA. This company 
employed the science of nutrigenomics to study 
the effects of   food ingredients on gene expression 
that influence human states of health and wellness. 
In 2007, WellGen was awarded a patent entitled 
Black Tea Extract for Prevention of Disease (Patent 
No. 7,238,376) that covers, among other things, 
its proprietary product, WG0401, an enriched 

extract from black tea for treatment of arthritis, 
inflammation and cancer. WellGen owners have 
marketed WG0401 to the nutritional supplement 
industry, where products for joint health is 
projected to grow into a billion-dollar industry. 

In Europe, the establishment of several 
European-based consortia (NuGO, Lipgene, 
Diogenes and IOP Genomics) indicates a huge 
interest in nutrigenomics (Harttig et al., 2009). 
These consortia are working with biotechnology 
companies to develop, produce and commercialise 
nutrigenomics active ingredients with health 
benefits aimed at the functional food industry 
and the nutraceutical market. One such industry 
is Actigenomics, Switzerland. Their products 
include Lipistase™, that reduces LDL cholesterol 
and triglyceride levels, Immunitum™ that 
reinforces the immune system and Dynosteon™ 
that restores bone mass and density (http://www.
actigenomics.com/applications/products/). The 
science of nutrigenomics, specifically epigenomics, 
is also being applied at Nestlé, Switzerland where 
they have a number of international alliance with 
researchers at institutions in United Kingdom, 
New Zealand, Auckland and Singapore.  Nestle has 
contributed a total sum of 18.1 million Euro for this 
collaborative project and recently filed a patent for 
infant nutritional product with casein protein to 
prevent metabolic syndrome disorders later in life 
(Harrison-Dunn, 2015).

According to the research report by 
Transparency Market Research (2016), titled 
Nutrigenomics Market - Global Industry Analysis, 

Size, Share, Growth, Trends and Forecast 2012 – 2018, 
other major players in the field of nutrigenomics 
include BASF, Danone, Unilever, Gene Smart and 
Geneova Diagnostics. This report also reveals 
that nutrigenomics products are broadly accepted 
in North America and in Europe while the Asia 
Pacific region is expected to witness a huge growth 
in the coming years.

CONSTRAINTS AND SPECIFIC 
REQUIREMENTS NEEDED TO CONDUCT 

NUTRIGENOMICS RESEARCH 

Despite great hope and opportunities of 
nutrigenomics, there are some major constraints 
that remain to be addressed. Some of the challenges 
include the complexity and the difficulty of 
comprehensive understanding of the gene-
diet interactions as not all individuals respond 
identically to dietary interventions (Corthésy-
Theulaz, 2005). Dietary compounds in the 
gastrointestinal tract are exposed to a number of 
physical, chemical and microbial modification and 
the extent of its breakdown and absorption is very 
much dependent of the physiological health of 
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the individual and the profile of microorganisms 
present in the gut. In carrying out research in 
nutrigenomics, it is therefore very important to note 
that all individuals respond differently to the foods 
they consume. This necessitates a more personalised 
approach to nutrition for disease prevention and 
hence, requires a much more comprehensive 
understanding of nutrient-gene interactions and 
their impact on phenotype in order to identify, 
evaluate, and prioritise appropriately targeted 
strategies for dietary intervention. In addition, 
nutrigenomics studies do not always give consistent 
results because a substance being investigated is 
generally not pure — it is part of a food or diet that 
contains many different dietary components. In a 
comprehensive review by Sutton (2007), an ideal 
nutrigenomic food should have the following 
attributes: controlled composition, high 
efficacy, bioavailability of active components, 
no interaction between food components, 
nutritionally balanced, a macronutrient (protein, 
polysaccharide, lipid) composition that can 
withstand process variations. This list may not be 
entirely realistic but the challenge is to develop 
palm oil as a ‘designer nutrigenomic food’ that is 
able to fulfil some of the these criteria. The basis 
of ‘designer nutrigenomic food’ is to nutritionally 
enhance palm oil where it is able to down-regulate 
damaging genes, up-regulate useful genes and/
or over regulate genes to enhance performance 
for disease management.

 
CONCLUSION

Like most plantation industries, palm oil faces many 
challenges in the future. However, with the emerging 
science of some nutrigenomics, the knowledge         
and the tools to meet these challenges already exist. 
The science of some nutrigenomics can potentially 
transform palm oil as a ‘designer nutrigenomic 
food’ and subsequently is able to position itself at 
the forefront of the global vegetable oils market.
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