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Abstract  Most fatty acids or lipids are involved in the maintenance of membrane structures and in the survival of the 
plant at low temperature. These include conjugated or non-conjugated, trans fatty acids, short-, medium and long-chain 
saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) (omega-7 and omega-9), and polyunsaturated fatty acids 
(PUFA) (omega-3 and omega-6). PUFA are indispensable for the proper functioning of the brain, the eyes, and the entire 
nervous system. However, uncontrolled intake of dietary lipids constitute a major health risk factor since they are associated 
with cardiovascular diseases (related to blood cholesterol levels), cancers, stroke, obesity, diabetes, autoimmune disorders 
and atherosclerosis, as well as ischemia-reperfusion injury and dementia risk. This paper presents the health effects of 
individual fatty acids and the interplay between them with a special focus on palm oil due to controversy on its dietary quality. 
The importance of some fatty acids is highlighted with strategies for improving dietary quality of oil through breeding and 
mutagenesis. Recommended optimal dietary fat profile is also presented with reference to standard norms or the position of 
some international health organisations. It is hoped that this paper will improve understanding on the effects and importance 
of dietary fatty acids especially of palm oil on human health. 
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1. Introduction 
Fruits and nuts may be considered as important 

components of a healthy diet. In general, they are 
nutrient-dense foods and provide protein, fat (mostly 
unsaturated fatty acids), dietary fiber, and many bioactive 
constituents such as vitamins, minerals, antioxidants [110] 
and other phytochemicals. Given such variety of bioactive 
compounds, extensive research has focused on potential 
health effects of higher nut and seed consumption on the 
development of heart disease and prostate cancer [47] [95] 
[22]. Dietary factors are associated with increasing levels of 
cardiovascular disease, certain types of cancers, stroke, 
obesity, non-insulin dependent diabetes mellitus, and 
atherosclerosis [53]. It is alleged that oil with high saturated 
fatty acid content is detrimental to  health with  regards to  
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cardiovascular diseases and obesity. In this regard, though 
having unique beneficial properties [96], there is controversy 
on the health effects of palm oil consumption [32] [96] [1] 
because of its high content of saturated palmitic acid, which 
is known to increase low density lipoprotein cholesterol 
(LDL) in blood. Here we highlight the fact that research 
work on the oil palm should focus on selection for improved 
oil quality especially regarding its saturated fatty acids 
composition [118]. 

However, it is worth noting that there is a complex 
interplay between the different series of dietary lipids, 
including conjugated or non-conjugated (animal or 
industrial) trans fatty acids, short-, medium and long-chain 
saturated fatty acids (SFA), various series (omega-7 and 
omega-9) of monounsaturated fatty acids, and the various 
series of PUFA, including omega-3 and omega-6 [20].  

Fatty acids, the major constituents of oils (may include 
saturated fatty acids (SFA), monounsaturated fatty acids 
(MUFA), and polyunsaturated fatty acids (PUFA) 
contribute to human physiology in different ways [68] [22]. 
Fatty acids are part of the composition of membranes of all 
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plant tissues and of reserve lipids. Most fatty acids are 
involved in the maintenance of membrane structures and 
thus in the survival of the plant at low temperature [103].  

Research has shown that PUFA are indispensable for the 
proper functioning of the brain, the eyes, and the entire 
nervous system. The PUFA are often classified into two 
families, n-3 and n-6, according to double bond positions. 
In spite of the important biological functions of both n-3 
and n-6 groups, humans lack the enzymes required to form 
double bonds beyond the ω9 position. To overcome this 
limitation, the primary PUFA precursors, linoleic acid (LA, 
18:2n-6) and α-linolenic acid (ALA, 18:3n-3), also called 
essential fatty acids (EFAs), must be obtained from a diet 
[112]. It has been evidenced that highly unsaturated n-3 
fatty acids in moderate amounts do not increase LDL 
oxidizability when provided in the context of a diet rich in 
MUFA [56]. In general, all lipids and their interactions 
should be taken into account when analyzing the effect of 
dietary fat on cardiovascular diseases (CVD) complications 
and mortality [20].  

Uncontrolled intake of fatty acids in their different forms 
can lead to health problems like increased risks of 
cardiovascular diseases (related to blood cholesterol levels) 
[25], cancer and autoimmune disorders [68] as well as 
ischemia-reperfusion injury and dementia risk [28] [76] 
[117]. The focus of this paper is to review the various 
effects of dietary fatty acids on these health issues with 
palm oil as a case study.  

2. Health Effects of Some Individual 
Fatty Acids 

2.1. Lauric and Myristic Acids 

Myristic acid (14:0), a dietary saturated fatty acid, is 
found in butter fat and in certain tropical oils like coconut 
oil and palm-kernel oil. Myristic acid is considered to be at 
least as hypercholesterolemic as palmitic acid [43], or even 
more harmful than palmitic or stearic acid [44] [20]. Lauric 
(C12:0) and myristic acids have a greater total cholesterol 
raising effect than palmitic acid. However, since myristic 
acid is present in much smaller amounts, its importance as a 
cholesterol-raising fatty acid for most diets is much less 
than for palmitic acid. Lauric and myristic acids raise total, 
LDL and HDL cholesterol and increases some 
hemostatic/thrombotic factors that promote thrombosis. 
These two fatty acids are abundant in tropical vegetable oils 
like coconut and palm kernel oils. Lauric acid alone 
decreases the total-to-HDL cholesterol ratio because of an 
increase in HDL cholesterol [69] [70]. 

2.2. Palmitic Acid 

Oils of oleaginous species contain relatively high 
contents of SFA notably palmitic (16:0) acid. Vegetable oils 
with low 16:0 and low stearic (18:0) acids are thus of great 
interest in the food industry [59]. The major saturated fatty 

acid in the diet is palmitic acid (16:0). Palmitic acid, a 
long-chain saturated fatty acid, also raises total, LDL and 
HDL cholesterol and increases some hemostatic/thrombotic 
factors that promote thrombosis. It is present in both animal 
and plant products and is the predominant saturated fatty 
acid in most meat and dairy fats, but a substantial fraction 
of palmitic acid in the diet comes from plant products. A 
major reduction in palmitic acid intake could be achieved 
by specifically curtailing intakes of animal fats. Palmitic 
acid makes up 45% of fatty acids in palm oil, 25% in 
cottonseed oil, and lesser amounts in other plant oils. There 
is evidence from metabolic and epidemiologic studies [51] 
[45] [64] [42] [50] that palmitic acid raises the serum total 
cholesterol concentration, compared with unsaturated fatty 
acids or carbohydrate [43].  

A high blood cholesterol level is also associated with an 
increased risk of heart disease. In fact, cholesterol is found 
in the blood in two main forms, in complexes with either 
high-density lipoprotein (HDL-C) or low-density 
lipoprotein (LDLC). It is high levels of the latter form that 
are associated with heart disease risk, with HDL-C being 
neutral or perhaps beneficial [23]. Thus, measurements of 
LDL-C levels, or of the LDL-C: HDL-C ratio, are likely to 
be more useful than total cholesterol [20]. A contrary view 
point according to which epidemiological data do not 
support a link between dietary cholesterol and CVD is that 
dietary cholesterol content does not significantly influence 
plasma cholesterol values [60].  

However, it has been reported that the increase in total 
cholesterol concentrations induced by palmitic acid occurs 
predominantly in the low-density lipoprotein (LDL) fraction. 
Slight increases also may occur in high-density lipoproteins 
(HDLs) and very-low-density lipoproteins (VLDLs). The 
mechanism whereby palmitic acid raises LDL-cholestenol 
concentrations is not fully understood, but there is growing 
evidence that it acts to suppress the expression of LDL 
receptors [105] [80]. Some studies investigating the effects 
of palmitic acid in humans [64] [42] [13] showed that 
palmitic acid raises LDL-cholesterol concentrations relative 
to unsaturated fatty acids (or carbohydrate). These studies 
leave little doubt that dietary palmitic acid is 
hypercholestenolemic. Furthermore, this fatty acid accounts 
for most of the cholesterol-raising action of most diets rich 
in SFA [43]. 

However, palmitic acid is considered to be harmful only 
if the level of linoleic acid in the diet is very low. Palmitic 
acid may also have undesirable effects if the diet is high in 
cholesterol [44] [20].  

2.3. Stearic Acid 

Stearic acid (C18:0), a long-chain saturated fatty acid, in 
contrast with other SFA apparently does not raise serum 
cholesterol concentrations. Investigations that specifically 
compared stearic acid with other fatty acids in human 
studies have confirmed that this fatty acid does not raise 
low-density-lipoprotein cholesterol and as such is not 
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hypercholesterolemic [43]. Animal fats contain 
predominantly palmitic and stearic acids. Common food 
sources of stearic acid include most fats and oils, cocoa 
butter and fully hydrogenated vegetable oils. Stearic acid 
has a neutral effect on total, LDL, or HDL cholesterol [57] 
[83] [70] [84].  

2.4. Oleic Acid  

Evidence indicates that most SFA raise serum cholesterol 
concentrations relative to monounsaturated oleic acid [51] 
[45] [42] [13]. Oleic acid (18:1) is known to be neutral in its 
effects on cholesterol concentrations [43]. It is generally 
considered to be a neutral fatty acid, neither raising nor 
lowering cholesterol concentrations. The concept of the 
neutrality of oleic acid is used as a baseline with which to 
judge the responses of other nutrients (both fatty acids and 
carbohydrates) [25]. However, it has been noted that 18:1 is 
at least as effective as polyunsaturates in lowering total 
cholesterol and improving the LDLC: HDL-C ratio [90]. In 
some studies, food sources of oleic acid were associated 
with a low risk of breast cancer [63] [58] but meta-analysis 
found that tissue oleic acid levels were positively associated 
with breast cancer [89] [85]. 

The level of oleic acid in blood and tissue is more 
dependent on endogenous metabolism than on dietary 
intake [25]. The main enzymatic system regulating oleic 
acid level is the delta-9 desaturase (also called 
stearoyl-coenzyme A desaturase) and its activity depends 
on dietary (carbohydrate intake), hormonal (insulin) and 
lifestyle (physical exercise) factors. Thus, blood 
concentration of oleic acid is not a surrogate of the 
consumption of oleic acid but rather a biomarker of lifestyle 
associated with insulin resistance, which is by itself 
positively associated with the risk of breast cancer [25]. It is 
important to increase oleic acid (18:1) content since oil with 
high content of 18:1 is of great interest. It presents 
hypocholesterolemic properties that contribute in the 
prevention of heart diseases [59]. Such oil is relatively less 
sensitive to oxidation at high temperature [106] and as such 
is appropriate for frying [59].  

Several studies to characterize the genetic determinism of 
the high 18:1 contents phenotype have led to contradictory 
results [84]. However, mutants presenting high 18:1 
contents in their seeds have been obtained on many oil 
producing species like soybean, sunflower, rapeseed and 
groundnuts with the exception of olive that is naturally rich 
in oleic acid [59]. However, dietary oleic acid is not 
necessarily a marker of olive oil consumption as it is also 
one of the main fatty acids of meat [25].  

Chemical mutagenesis was used to obtain rapeseed and 
Brassica rapa mutants with high 18:1 contents and low 
contents of poly unsaturated fatty acids [3] [93] [59]. A 
genetic study of the mutants revealed that the high 18:1 
content phenotype is controlled by the same locus and that 
the two mutations affect alleles at this same locus [59]. 
RFLP gene markers linked to this locus were identified 

thereby revealing the fact that the locus affected by 
mutation leading to high 18:1 content corresponds to a gene 
of the endoplasmic reticulum [93].  

Other studies on soybean and groundnuts revealed 
similar results [86] [87] [108]. Depending on the normal 
genotype used, the high 18:1 content phenotype of seeds 
can be under the control of one locus or of two loci. A 
particular population of sunflower obtained by chemical 
mutagenesis presented high 18:1 content [104] and new 
varieties with high 18:1 contents were obtained from the 
latter populations and have been cultivated for over 30 
years.  

It has been found that high oleic mutant lines of 
sunflower (Helianthus annuus L.) are controlled by a 
certain number of genes. The existence of a single dominant 
gene, Ol, has been reported by [35], while a major gene, Ol, 
and a gene modifier, Ml have also been discovered by 
Miller and collaborators (1987) cit. [103]. Three 
complementary genes, Ol1, Ol2 and O3, were also reported 
by [34], whereas [27] found the Ol gene with incomplete 
penetrance determined by genotypic epistatic factors of 
reversion. Five genes (Ol1, Ol2, Ol3, Ol4 and Ol5) were 
also presented by [115], while [59] found a high oleic locus, 
oleHOS, and a suppressor locus, Sup.  

Regarding the intake of oleic acid, it is critical to 
differentiate the food sources, since the health effects of 
18:1 obtained from meat or from olive oil are different. The 
best approach is probably the traditional Mediterranean diet 
model [24]. 

2.5. n-3 and n-6 Fatty Acids 

It has been reported that the type of fatty acids in the 
maternal diet affects the fatty acid composition of breast 
milk [38] Consumption of polyunsaturated vegetable oils 
raises the milk content of linoleic and linolenic acids [36] 
[91]. Linoleic acid (18:2n-6) and linolenic acid (18:3n-3) 
are essential fatty acids. The n-6 Linoleic acid (18:2) is a 
long chain fatty acid whose intake helps to prevent omega-6 
deficiency. In fact, its importance relates to its ratio in the 
diet (of the n-6 fatty acids) to the n-3 fatty acids. An 
imbalance in this ratio can accentuate the n-3 fatty acid 
deficiency state. Interest in the n-3 fatty acids began over 
forty years ago from studies in the Greenland Eskimo by 
Dyerberg and Bang. Despite a high fat diet, these Eskimos 
had a low prevalence of coronary heart disease because 
their fat contained high proportions of n-3 fatty acids. From 
thence, much research has been undertaken about n-3 fatty 
acids [19].  

The n-3 fatty acids are very important in human nutrition. 
They are significant structural components of the 
phospholipid membranes of tissues throughout the body and 
are especially rich in the retina, brain [52], and spermatozoa 
in which docosahexaenoic acid (22:6 n-3 or DHA) 
constitutes up to 36.4% of total fatty acids [62]. These are 
all structures where membrane fluidity is essential for 
proper functioning. In the retina, n-3 fatty acids are 
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especially important. n-3 fatty acid deficiency has resulted 
in decreased vision and abnormalities of the 
electroretinogram [19]. Moreover, fish and omega-3 (n-3) 
polyunsaturated fatty acid (PUFA) intake may reduce 
dementia risk [28]. In fact, Dementia, also known as senility, 
is a broad category of brain diseases that cause a long term 
and often gradual decrease in the ability to think and 
remember that is great enough to affect a person's daily 
functioning [117]. 

Both n-3 and n-6 fatty acids are essential fatty acids. 
Only linoleic and linolenic acids are found in cow’s milk. 
The essential fatty acid status of cow’s milk is however 
questionable even though the ratio of n-6 linoleic acid to the 
n-3 linolenic acid is appropriate and is in the 2 to 1 range. 
Modified cow’s milk has 2% of n-6 fatty acids and 1% of 
n-3 fatty acids in terms of percent of total calories. A typical 
corn oil-coconut oil formula has high amount of the n-6 
linoleic acid and very little of the n-3 linolenic acid. In the 
USA such formulas were changed in the 1980’s and 
soybean oil which has a very good ratio of linoleic to 
linolenic acid, seven to one, was introduced [19].  

The n-3 fatty acids help to modulate and prevent human 
diseases, particularly coronary heart disease. Their effects 
on the brain later in life to prevent certain disorders like 
Alzheimer’s disease need to be confirmed by further studies. 
The evidence is now very strong that n-3 fatty acids are 
essential for human development in the foetus and infant. 
The antiarrythmic effect of n-3 fatty acids is a discovery 
that has great relevance to the prevention of sudden death 
from ventricular fibrillation in patients with coronary heart 
disease [19]. 

Apart from the useful health effects of linolenic acid 
(18:3), it contains three double bonds and is thus very 
sensitive to oxidation which results in an odour and an 
undesirable taste of oil. So reduction of 18:3 content will 
improve on the quality of any dietary oil. To this effect, 
mutagenesis has been successfully employed on rapeseed 
and soybean to produce mutants with low 18:3 contents in 
grains. In soybean, a cross of two different mutants with 
low 18:3 contents obtained by mutagenic treatment yielded 
progeny with lower 18:3 contents than those of the two 
parents [33]. However, the genetic control of the phenotype 
low 18:3 content in soybean seeds seems to be relatively 
complex, depending on at least 2 loci with additive effects 
on the character [59]. 

3. Saturated, Unsaturated and trans Fat 
Contents in Vegetable Oils  

Saturated fatty acids (SFA) have specific fluidity 
characteristics. They serve in the composition of several 
dietary and non-dietary fats like margarine. Vegetable oils 
with high SFA contents are of great industrial interest since 
they limit the steps involving hydrogenation to obtain a 
pure source of SFA. For this reason, it could be interesting 
to develop oil crop genotypes that produce oil with 

increased SFA content. Nonetheless, high amounts of SFA 
at the level of all tissues of the entire plant is lethal and as 
such, an increase of SFA contents has to be specific in seeds 
and fruits. Mutagenesis could be geared at increasing SFA 
(SFA) content. In this wise, success has been achieved on 
Brassica rapa and rapeseed [55] where transformation led 
to the selection of transformed plants with 18 :0 contents in 
grains of each of the two species up to 25 times higher than 
for untransformed plants. However, this transformation for 
Brassica rapa is correlated with great reduction in oil 
content of grains as well as a very low germination potential 
[59]. 

It appears that trans acids in the diet have physiological 
effects similar to, or more harmful than SFA. The view that 
trans acids should be avoided is gaining strength [78]. With 
increasing concern over the harmful effects of trans fatty 
acids in the diet, a demand for ‘trans-free’ margarine has 
developed. This may represent a significant market for palm 
oil since trans-free products can be produced using palm 
and palm kernel oils as sources of solid fat [8], 
interesterified with liquid oils. Several recent studies have 
shown that trans acids tend to increase total cholesterol, and 
to reduce HDL-C and increase LDL-C levels [20]. 

Naturally, all unsaturated fatty acids (FA) in the 
vegetable oils are in the cis-form; while, a large proportion 
of unsaturated FA isomerize to their trans FA counterparts 
during industrial hydrogenation of vegetable oils. Thus, 
dietary fats made with fully and/or partially hydrogenated 
oils such as margarines contain trans FA [2] [9]. Highly 
unsaturated vegetable oils are less suitable for many food 
applications [80] [92]. However, hydrogenated fats and oils 
prevent rancidity and are used in foods to improve texture 
and stability for a longer shelf life because trans FA have 
higher melting points and greater stability than their cis 
isomers [116] [29]. Bakery products made with such 
hydrogenated fats and oils such as biscuits, cakes, cookies, 
crackers and breads also contain trans FA [31]. 

4. Norms and Recommended Dietary 
Fat Profile 

4.1. Recommendations 
Since SFA increase the risks of cardiovascular diseases, 

cancer and autoimmune disorders, oils are of more 
nutritional value if they have proportionally more 
unsaturated than SFA [68]. Reducing saturated fatty acid 
(SFA) intakes is still at the heart of dietary 
recommendations to reduce CVD, mainly because of its 
effect on blood cholesterol [25].  

The lipoproteins are not the only components of blood 
affected by the fats in the diet, and there are many 
interactions among different dietary components. However, 
the optimal dietary fat profile includes a low intake of both 
saturated and omega-6 fatty acids and a moderate intake of 
omega-3 fatty acids. The high average intake of omega-6 
PUFA in Western countries may explain the persistently 
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high rate of CVD complications and the increased incidence 
of certain cancers, including breast cancer. Some studies 
have found a positive association between omega-6 and 
breast cancer risk, contrary to omega-3 fatty acids which do 
have anticancer properties. Therefore, high omega-3 to 
omega-6 ratio may be the optimal strategy to decrease 
breast cancer risk. A moderate intake of plant and marine 
omega-3 in the context of the traditional Mediterranean diet 
(low in saturated and omega-6 fatty acids but high in plant 
monounsaturated fat) appears to be the best approach to 
reduce the risk of both cardiovascular diseases and cancers, 
in particular breast cancer [25].  

Table 1*.  Fat intake needs for adults based on a 2,000 calories dietab 

Fatty acid type % energy Amount of fat (g) 

Total fatcd 

20 44 

25 55 

30 67 

35 78 

SFAe (as low as possible) 

3 7 

7 16 

10 22 

MUFAf (provides remaining 
fatty acids to meet total fat) 

8 18 

14 31 

20 44 

25 56 

n-6 PUFAg (3% to 10% of 
energy) 

3 7 

5 11 

7 16 

10 22 

n-3 PUFA-ALAh (0.6% to 
1.2% of energy 

0.6 1.3 

0.9% 2.0 

1.2% 2.7 

n-3 PUFA – Long-chain PUFA 500 

*Table adopted from [85]. eSFA = saturated fatty acids ; fMUFA = 
monounsaturated fatty acids ; gPUFA = polyunsaturated fatty acids ;      
hALA = alpha-linolenic acid.  

Table 1 presents the average recommended amounts of 
fat intake according to the Position of the American Dietetic 

Association and Dietitians of Canada on Dietary Fatty Acids 
[85]. According to this position and with reference to Table 1, 
atrans-fatty acids intake should be as low as possible. 
bNumbers are rounded to nearest whole number; c27 g oils 
recommended – US Department of Agriculture Food Guide ; 
dThe acceptable macronutrient distribution range (AMDR) 
for total fat is 30% to 40% of energy for children 1 to 3 years 
and 25% to 35% of energy for children 4 to 18 years. AMDR 
by the 2002 Dietary Reference Intake (DRI) is 5% to 10% 
energy from n-6 fatty PUFA. Intake of 3% energy from n-6 
fatty acids prevents signs of deficiency, and intakes of n-6 
fatty acids in the range of 3% to 5% energy will support a 
n-6:n-3 ratio of about 4:1 when the intake of n-3 fatty acids is 
at least 0.7% energy [85]. 

4.2. International Norms 

No group of natural fatty acids is ‘better’ than the other. 
The American Heart Foundation recommends that the fat 
component of the diet should consist of equal proportions of 
saturated, monounsaturated and polyunsaturated fatty acids 
[20]. Many health organizations have recommended that 
intakes of SFA be decreased in an effort to reduce serum 
cholesterol concentrations and thereby decrease the risk for 
coronary heart disease (CHD). Since various SFA have 
differing effects on serum cholesterol concentrations, it has 
been proposed that the general recommendation to reduce 
intakes of SFA as a class be reconsidered. It is the position 
of the Academy of Nutrition and Dietetics that dietary fat 
for the healthy adult population should provide 20% to 35% 
of energy, with an increased consumption of n-3 
polyunsaturated fatty acids and limited intake of saturated 
and trans fats. The Academy recommends a food-based 
approach through a diet that includes regular consumption 
of fatty fish, nuts and seeds, lean meats and poultry, low-fat 
dairy products, vegetables, fruits, whole grains, and 
legumes [41]. The same position as above is upheld by the 
American Disease Association (ADA) and Dietitians of 
Canada (DC). ADA and DC recommend a food-based 
approach for achieving the fatty acid recommendations, 
notably a dietary pattern high in fruits and vegetables, whole 
grains, legumes, nuts and seeds, lean protein, fish, and use of 
non hydrogenated margarines and oils [85]. 

Table 2.  Ranges of fatty acids content in palm oil from Elaeis guineensis, E. oleifera and E. guineensis x E. oleifera hybrid 

Fatty acids and symbol E. guineensis† E. guineensis‡ oleifera‡ Hybrid‡ 

Total saturated fatty acids 45-55    
Myristic acid (14:0) 0.5-2    
Palmitic acid (16:0) 39.5-47.5 27-64 17-30 27-41 

Stearic acid (18:0) 3.5-6 1-13 0.2-2 1-6 
Total mono-unsaturated fatty acids 38-45    

Oleic acid (18:1) 36-44 23-54 54-69 43-59 

Total poly-unsaturated acids 9.0-12.0    
Linoleic acid (18:2) 9.0-12.0 2-18 5-22 8-15 
Linolenic acid (18:3) <0.5    

†From [37];  ‡From [20] 
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Therefore reduction or replacement of dietary saturated 
fat with polyunsaturated fat is still the main dietary strategy 
to prevent cardiovascular diseases. The optimal dietary fat 
pattern to reduce the risk of both cardiovascular disease 
(CVD) and most cancers should include a low intake of 
saturated fatty acids (SFA) and omega-6 PUFAs. Small 
amounts of the essential linoleic acid (easy to find in most 
Western foods) are sufficient to prevent omega-6 deficiency. 
The intake of omega-3 PUFA, from plant and marine 
sources, should be moderate [25]. 

5. Improving Fatty Acids Profile: Focus 
on Palm Oil 

5.1. Fatty Acid Profile of Palm Oil 

For decades now, there has been controversy on the health 
effects of palm oil consumption [32] [96] [1] because of its 
high content of saturated palmitic acid. In fact, palm oil has a 
mixture of polyunsaturated, monounsaturated and saturated 
fatty acids with palmitic acid (16:0) (40%), stearic acid (18:0) 
(5%), oleic acid (18:1) (44%) and linoleic acid (18:2) (10%) 
constituting the four main fatty acids [17] [15]. Palmitic acid, 
the principal constituent of refined palm oil increases low 
density lipoprotein cholesterol (LDL) in blood. Dietary 
quality norms recommend an average content of 39-47.5% 
of 16:0 (saturated palmitic acid) and 36-44% of 18:1 
(mono-unsaturated oleic acid) for palm oil [107].  

Moreover, health agencies in Western countries have been 
warning about the health hazards of excessive intake of 
dietary fats, especially of those rich in saturated fats [16]. 
World Health Organization (WHO) forecasts that the 
incidence of these two health problems is to rise strongly 
during the next decades in Africa! There is therefore an 
utmost need for research work on the oil palm to focus on 
selection for improved oil quality especially regarding its 
saturated fatty acids composition [118]. Breeding and 
genetic improvement of the fatty acid profile of palm oil 
from Elaeis guineensis Jacq. can be achieved by 
introgression of the trait from Elaeis oleifera, its close 
relative. The ranges of fatty acids content in palm oil from 
Elaeis guineensis, Elaeis oleifera and E. guineensis x E. 
oleifera hybrid are presented in Table 2. 

5.2. Minor Constituents of Palm Oil 

Palm oil contains a variety of minor components all at 
concentrations of less than 1000 ppm. These include 
carotenoids, tocopherols, chlorophyll, sterols, phosphatides 
and alcohols [20]. The most important of these are α- and 
β-carotene, which are precursors of vitamin A, and 
tocopherols and tocotrienols (vitamin E). Of the carotenes, 
β-carotene has the strongest provitamin A activity. 
Carotenoids are important in human health [79]. Vitamin A 
deficiency can lead to blindness, and the use of red palm oil 
is a good prophylactic of this condition. Tocotrienols have 
protective effects against heart disease and cancer [90]. The 

carotenes which give the oil its colour are destroyed during 
conventional refining, hydrogenation and fractionation, and 
about 30% of the tocopherols are also lost [39]. The 
importance of the nutritional value of these components has 
led to the development of methods of extracting them from 
palm oil. Ong et al. [81] described the extraction of vitamin 
E from palm fatty acid distillate (the FFA removed in 
physical refining), which contains 0.4 - 0.8% of tocopherols 
and tocotrienols. Methods of concentrating or extracting 
carotenes have been described by [82] [61] [4]. 

There is some evidence that palm oil may inhibit the 
formation and reduce the growth rate of tumours, but these 
effects appear to be independent of its fatty acid 
composition, and may be attributable to some of the minor 
components in the oil [20]. 

5.3. Dietary Oil Quality Improvement through 
Mutagenesis 

Various mutagenic and transgenic programs have 
successfully been undertaken on oleaginous species like 
soybean, sunflower and rapeseed to select genotypes with 
low SFA (16:0 and 18:0) contents in grains or fruits. Earlier 
on, due to the complexity and the high number of enzymes 
involved in the synthesis of palmitic acid (16:0), there was 
little knowledge about the gene(s) affected by such 
mutations [54]. Most studies have revealed the complexity 
of the control of low contents of 16:0 or 18:0 in grains of 
different oleaginous species [59]. Chemical mutagenesis 
which has been successful with several plants can serve as 
an approach to improve on palm oil dietary quality. 

Research work on biotechnology of oil palm has been 
underway for some time through a multidisciplinary 
approach involving biochemical studies, gene and promoter 
isolation, transformation vector construction and genetic 
transformation to produce targeted products with a main 
target to increase oleic acid in the oil palm mesocarp. Other 
targets are stearic acid, palmitoleic acid, ricinoleic acid, 
lycopene (carotenoid) and biodegradable plastics [84]. 
Studies have successfully led to the isolation of useful oil 
palm genes and characterization of important promoters 
which have been used to produce a large number of 
transformation constructs for various targeted products. The 
regeneration of transgenic oil palm harbouring the useful 
genes is in progress [83] [84]. Traditional breeding 
effectively results in oil palm improvement but is however 
impeded by the long selection cycle of about 10 to 12 years 
and the enormous resources involved in land, labour and 
field management of the breeding programs. The time and 
resources could be greatly reduced through the use of 
modern approaches like biotechnology [97]. It is therefore 
necessary that breeders adopt innovative technologies such 
as modern genetics and genetic engineering [94], which can 
increase the efficiency of selection with more precision [18] 
[109]. Such innovative technologies will assure rapid and 
precise selection for the traits of interest. These include high 
throughput genomics technologies like next generation 
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sequencing and high throughput genotyping which help in 
understanding the functions and regulation of genes in crop 
plants [114]. These techniques have been used in oil palm 
to understand oil formation [14] [111] [30]. Thanks to them, 
oil palm genome has also been sequenced [88] [98]. The 
use of genetic maps [67] [75] [10] [100] [11] and molecular 
markers [66] like Quantitative Trait Loci (QTL) [11] [72] 
have helped and are in progress to genetically improve the 
oil palm [48] [6] [46] [65] [66] [11]. QTLs for fatty acid 
composition of palm oil from intraspecific cross of E. 
guineensis and from an interspecific cross with E. oleifera 
[72] have been described. These revealed that several genes 
with additive effects impact fatty acid composition of palm 
oil and corroborate with the number of candidate enzymes 
involved in late fatty acid synthesis and edition process [5]. 
Moreover, genetics and genomics studies involving the fatty 
acid composition in the Elaeis genus have shed some light 
about genes, enzymes and regulatory mechanisms for fatty 
acid composition traits [101] [111] [14] [73].  

The preceding reveals that the control of fatty acids 
contents of oil seeds is complicated and depends on 
complex genetic and environmental factors. Modification of 
fatty acids content through transgenesis is promising though 
faced with many constraints. Hence, a natural selection 
scheme based on analysis of fatty acids contents of different 
oil palm populations and detection of elite palm trees which 
naturally produce good dietary quality oil is seemingly the 
best approach at present. 

6. Conclusions 
Cardiovascular diseases and cancers are leading causes of 

morbidity and mortality [25]. In a study on fat consumption 
and mortality due to cardiovascular disease, the analysis of 
consumption patterns of meat, vegetable and dairy fats in 
countries with high and low cardiovascular mortality did 
not allow categorical statements such as observed in the 
past [113], even though countries with low mortality 
showed higher availability of vegetable fat and countries 
with high mortality exhibited higher availability of animal 
fat for consumption [71]. However, all lipids and their 
interactions [102] should be taken into account when 
analysing the effect of dietary fat on cardiovascular diseases 
(CVD) complications and mortality [20]. There is now a 
consensus about recommending the Mediterranean diet 
pattern for the prevention of coronary heart disease (CHD) 
and cancer. The most important aspect of this treatment 
decision, in contrast with the pharmacologic prevention of 
CHD (including cholesterol lowering), is that the 
Mediterranean diet has a striking effect on survival [24].  

The oil palm has long been denigrated for its oil quality 
related to CVD in consumers [16] [20]) with the assumption 
that because the oil contains 50% saturated fatty acids, it 
would behave like other saturated fats [16]. Nonetheless, no 
dietary pattern has been so extensively studied, and no other 
has been shown to provide so many benefits without any 

adverse effects [25]. It is however important to consider 
improving fatty acid composition of dietary vegetable oils 
to enhance health and safety. In this wise, mutagenesis and 
transgenesis have been used on some oleaginous species to 
develop new varieties with modified fatty acids contents. 
Also, the mode of inheritance of fatty acid content in mutant 
lines with high (low) levels of palmitic and stearic acids has 
been discovered [103]. The useful information provided by 
genetic maps, QTLs [99] and marker type Single Nucleotide 
Polymorphisms (SNPs) involved in fatty acid composition 
[73] are very useful since they could facilitate the 
implementation of classical breeding strategies aimed at 
modifying the fatty acid composition [72] and free fatty acid 
content [74] of palm oil from E. guineensis and dietary oils 
from other vegetable oil crops. 

 

REFERENCES 
[1] Annamaria M., Imperlini, Nigro E., Montagnese C., Aurora 

D., Orrù S. & Pasqualina B., 2015. Biological and Nutritional 
Proper-ties of Palm Oil and Palmitic Acid: Effects on Health. 
Molecules 2015, 20: 17339-17361, doi:10.3390/molecules20
0917339. 

[2] Aro A., Van Amelsvoort J., Becker W., van Erpaart M.A., 
Kafatos A., Leth T. & Van Poppel G., 1998. Trans fatty acids 
in dietary fats and oils from 14 European countries: the 
TRANSFAIR study. Journal of Food Composition and 
Analysis, 11: 137-149. 

[3] Auld D.L., Heikkinen M.K., Erickson D.A., Sernyk J.E., 
Romero J.E., 1992. Rapeseed mutants with reduced levels of 
polyunsaturat-ed fatty acids and increased levels of oleic acid. 
Crop Sci., 32: 657-662. 

[4] Baharin B.S., Rahman K.A., Karim M.I.A., Oyaizu T., 
TanakaK., Tanaka Y. & Takagi S., 1998. Separation of palm 
carotene from crude palm oil by adsorption chromatography 
with a synthetic pol-ymer adsorbent. J. Amer. Oil Chem. Soc., 
75, 399–404. 

[5] Bates P.D., Fatihi A., Snapp A.R., Carlsson A.S., Browse J. & 
Lu C., 2012. Acyl editing and headgroup exchange are the 
major mechanisms that direct polyunsaturated fatty acid flux 
into triacyl-glycerols. Plant Physiol., 160 (3): 1530-1539. 

[6] Baudouin L., 1992. Use of molecular markers for oil palm 
breeding. I. Protein markers. Oleagineaux, 47: 681-691. 

[7] Berger K.G., 1981. Food uses of palm oil. Palm Oil Res. Inst. 
Ma-laysia, Occ. Paper, 2: 1–30. 

[8] Berger K.G., 1996. Food uses of palm oil, Malaysian Palm 
Oil Promotion Council, Kuala Lumpur. 

[9] Bhanger M.I. & Anwar F., 2004. Fatty acid (FA) composition 
and contents of trans unsaturated FA in hydrogenated 
vegetable oils and blended fats from Pakistan. Journal of the 
American Oil Chemists Society, 81: 129–134. 

[10] Billotte N, Marseillac N, Risterucci AM, Adon B, Brotteir P, 
Bau-rens FC, Singh R, Herran A, Asmady H, Billot C, 
Amblard P, Durrand-Gas- selin T, Courtois B, Asmono D, 
Cheah SC, Rohde W, Charrier A, 2005. Microsatellite-based 

 



82 Ntsomboh-Ntsefong Godswill et al.:  Effects of Dietary Fatty Acids on Human Health:  
Focus on Palm oil from Elaeis guineensis Jacq. and Useful Recommendations 

high density linkage map in oil palm (Elaeis guineensis Jacq.).  
Theor Appl Genet, 110:754-765. 

[11] Billotte N., Jourjon M.F., Marseillac N., Berger A., Flori A., 
As-mady H. & Mangin B., 2010. QTL detection by 
multi-parent link-age mapping in oil palm (Elaeis guineensis 
Jacq.). TAG. Theoretical and Applied Genetics. Theoretische 
Und Angewandte Genetik, 120(8), 1673–1687.  
http://doi.org/10.1007/s00122-010-1284-y. 

[12] Billotte, N., 2014. Genetic Determinism of the Fatty Acid 
Composition of Palm Oil in Elaeis (E. guineensis Jacq. and E. 
oleifera (HBK) Cortès) by Genetic Mapping and Differential 
Expression Analysis of Candidate Genes, in: Plant and 
Animal Genome XXII Conference. Plant and Animal 
Genome. 

[13] Bonanome A. & Grundy S.M., 1988. Effect of dietary stearic 
acid on plasma cholesterol and lipoprotein levels. N EngI J 
Med I, 318: 1244-8. 

[14] Bourgis F., Kilaru A., Cao X., Ngando G. F., Drira N., 
Ohlrogge J.B., Arondel V., 2011. Comparative transcriptome 
and metabolite analysis of oil palm and date palm mesocarp 
that differ dramatically in carbon partitioning. Proc Natl Acad 
Sci U S A, 108 (30): 12527-12532. 

[15] Chen B.K., Seligman B., Farquhar J.W. & Goldhaber-Fiebert 
J.D., 2011. Multi-country analysis of palm oil consumption 
and cardio-vascular disease mortality for countries at 
different stages of eco-nomic development. Global health, 
7(45): 1980-1997. 

[16] Chong Y.H. & Ng T.K., 1991. Effects of palm oil on 
cardiovas-cular risk. Med J Malaysia, 46 (1): 41-50. 

[17] Chowdhury K., Banu L.A., Khan S. & Latif A., 2007. Studies 
on the fatty acid composition of edible oil. Bangladesh J. Sci. 
Ind. Res, 42 (3): 311-316. 

[18] Collard B.C.Y. & Mackill D.J., 2008. Marker-assisted 
selection: an approach for precision plant breeding in the 
twenty-first century. Phil. Trans. R. Soc. B., 363: 557–572. 
doi:10.1098/rstb.2007.2170 

[19] Connor W.E. & Connor S.L., 2000. The Importance of N-3 
fatty acids in health and disease. IIFET 2000 Proceedings, 6 
pages. 

[20] Corley R.H.V. & Tinker P.B., 2003. The oil palm. 4th ed.; 
Blackwell Science: Oxford Malden MA, 2003, 562 p. 

[21] Corley R.H.V., 1979. Palm oil composition and oil palm 
breeding. Planter, Kuala Lumpur, 55: 467–478. 

[22] Costa P.A., Ballus C.A., Teixeira F.J. & Godoy H.T., 2011. 
Fatty acids profile of pulp and nuts of Brazilian fruits. Ciênc. 
Tecnol. Aliment., Campinas, 31(4): 950-954. 

[23] Cottrell R.C., 1991. Introduction: nutritional aspects of palm 
oil. Amer. J. Clin. Nutr., 53 (Suppl.), 989S–1009S. 

[24] de Lorgeril M & Salen P., 2008. The Mediterranean diet: 
rationale and evidence for its benefit. Curr Atheroscler Rep., 
10(6): 518-22. 

[25] de Lorgeril M. & Salen P., 2012. New insights into the health 
ef-fects of dietary saturated and omega-6 and omega-3 
polyunsaturated fatty acids. BMC Medicine, 10 (50): 1-5.  

[26] de Lorgeril M., Salen P., Martin J. L., Monjaud I., Delaye J., 

and Mamelle N., 1999. Mediterranean diet, traditional risk 
factors, and the rate of cardiovascular complications after 
myocardial infarction: final report of the Lyon Diet Heart 
Study. Circulation, 99 (6): 779–785.  

[27] Demurin Y. & Škorić D., 1996. Unstable expression of Ol 
gene for high oleic acid content in sunflower seeds. Proc 14th 
Intl. Sunflow-er Conf. Beijing, China. Intl. Sunflower Assoc. 
Paris, France, 1996, pp. 145-150. 

[28] Devore E.E., Stampfer M.J., Breteler M.M., Rosner B., Kang 
J.H., Okereke O., Hu F.B. & Grodstein F., 2009. Dietary fat 
intake and cognitive decline in women with type 2 diabetes. 
Diabetes Care, 32(4): 635-640. doi: 10.2337/dc08-1741. 

[29] Dixit S. & Das M., 2012. Fatty acid composition including 
trans fatty acids in edible oils and fats: probable intake in 
Indian popula-tion. Journal of Food Science, 77: 188–199.  

[30] Dussert S., Guerin C., Andersson M., Joët T., Tranbarger T.J., 
Pizot M., Sarah G., Omore A., Durand-Gasselin T., Morcillo 
F., 2013. Comparative transcriptome analysis of three oil 
palm fruit and seed tissues that differ in oil content and fatty 
acid composition. Plant physiology, 162 (3): 1337-1358.  

[31] Elias S.L. & Innis S.M., 2002. Bakery foods are the major 
dietary source of trans-fatty acids among pregnant women 
with diets providing 30 percent energy from fat. Journal of the 
American Die-tetic Association, 102: 46–51. 

[32] Enig M.G., 1998. Palm oil and the anti-tropical campaign: 
good news towards counteracting a decade’s worth of damage. 
In: Proc. 1998 Int. Oil Palm Conf. ‘Commodity of the past, 
today and the future’ (Ed. by A. Jatmika et al.), 1998, pp. 
115-126, Indonesian Oil Palm Res. Inst., Medan, Indonesia.  

[33] Fehr W.R., Welke G.A., Hammond E.G., Duvik D.N. & 
Cianzio S.R., 1992. Inheritance of reduced linolenic acid 
content in soybean genotypes A16 and A17. Crop Sci., 32: 
903-906. 

[34] Fernandez-Martinez J. & Jimenez A., 1989. Genetic analysis 
of the high oleic acid content in cultivated sunflower. 
Euphytica, 41:39-51.  

[35] Fick, G.N. 1984. Inheritance of high oleic acid in the seed oil 
of sunflower. Proceedings of the 6th International Sunflower 
Forum, Bismarck, ND, USA, 1984. 

[36] Finley DA, Lonnerdal B, Dewey KG, Grivetti LE. 1985. 
Breast milk composition: fat content and fatty acid 
composition in vegetar-ians and non-vegetarians. Am J Clin 
Nutr, 41, 787-800. 

[37] Fond Français A & S, 2012, Fonds Français pour 
l'alimentation et la santé. 

[38] Francois CA, Connor SL, Wander RC, and Connor WE, 1998. 
Acute effects of dietary fatty acids on the fatty acids of human 
milk. Am J Clin Nutr, 67, 301-308. 

[39] Gapor Mohd Top A., 1990. Effect of refining and 
fractionation on vitamin E in palm oil. In: Proc. 1989 Int. 
Palm Oil Dev. Conf. – Chemistry, technology and marketing, 
pp. 261–265, Palm Oil Res. Inst. Malaysia, Kuala Lumpur. 

[40] Ghebretinsae, A. G., Graham, S. A., Camilo, G. R., & Barber, 
J. C. (2008). Natural infraspecific variation in fatty acid 
composition of Cuphea (Lythraceae) seed oils. Industrial 
Crops and Products, 27(3), 279–287. http://doi.org/10.101
6/j.indcrop.2007.11.002 (for article on variability). 

 



 Food and Public Health 2016, 6(3): 75-85 83 
 

[41] Gretchen V. & Heather R., 2014. Position of the Academy of 
Nutrition and Dietetics: Dietary Fatty Acids for Healthy 
Adults. Position paper from the Academy of Nutrition and 
Dietetics. Journal of the Academy of Nutrition and Dietetics, 
114 (1): 136-153. 

[42] Grundy S.M. & Vega G.L., 1988. Plasma cholesterol 
responsive-ness to saturated fatty acids. Am J Clin Nutr., 
47:822-824. 

[43] Grundy S.M., 1994. Influence of stearic acid on cholesterol 
metab-olism relative to other long-chain fatty acids. Am J 
Clin Nuir, 60 (suppl): 986S-990S.  

[44] Hayes K.C. & Khosla P., 1992. Dietary fatty acid thresholds 
and cholesterolemia. FASEB J., 6: 2600–2607. 

[45] Hegsted D.M., McGandy R.B., Myers M.L. & Stare F.J., 
1965. Quantitative effects of dietary fat on serum cholesterol 
in man. Am J Clin Nutr, 17:281-295. 

[46] Jack PL & Mayes S, 1993. Use of molecular markers for oil 
palm breeding. II. Use of DNA markers (RFLPs). Oleagineux 
48: 1–8. 

[47] Jenab M., Ferrari P., Slimani N., Norat T., Casagrande C., 
Overad K., Olsen A., Stripp C., Tjønneland A., 
Boutron-Ruault M.C., Clavel-Chapelon F., Kesse E., Nieters 
A., Bergmann M., Boeing H., Naska A., Trichopoulou A., 
Palli D., Krogh V., Celentano E., Tu-mino R., Sacerdote C., 
Bueno-de-Mesquita H.B., Ocké M.C., Peeters P.H., Engeset 
D., Quirós J.R., González C.A., Martínez C., Chirlaque M.D., 
Ardanaz E., Dorronsoro M., Wallström P., Palmqvist R., Van 
Guelpen B., Bingham S., San Joaquin M.A., Saracci R., 
Kaaks R. & Riboli E., 2004. Association of nut and seed 
intake with colorectal cancer risk in the European Prospective 
inves-tigation into cancer and nutrition. Cancer Epidemiol. 
Biomarkers Prev., 13, 1595-1603. 

[48] Jones L.H., 1989. Prospects for biotechnology in oil palm 
(Elaeis guineensis Jacq.) and coconut (Cocos nucifera) 
improvement. Bio-technol Genet Eng, 7: 281–296. 

[49] Kamal-Eldin A. & Appelqvist L.A., 1996. The chemistry and 
anti-oxidant properties of tocopherols and tocotrienols. Lipids 
31. doi:10.1007/BF02522884. 

[50] Keys A., 1970. Coronary heart disease in seven countries. 
Circula-tion, 41:1-1-211. 

[51] Keys A., Anderson J.T. & Grande F., 1965. Serum cholesterol 
response to changes in the diet. IV. Particular saturated fatty 
acids in the diet. Metabolism, 14: 776-87. 

[52] Khan S., Choudhary S., Pandey A., Khan M.K. & Thomas G., 
2015. Sunflower Oil: Efficient Oil Source for Human 
Consumption. Emer Life Sci Res, 1(1): 1-3.  

[53] Khokhara S., Gilberta P.A., Moylea C.W.A., Carnovaleb E., 
Shaharc D.R., Ngod J., Saxholte E., Irelandf J., Jansen-van 
der Vlietg M. & Bellemansh M., 2009. Harmonised 
procedures for producing new data on the nutritional 
composition of ethnic foods. Food Chemistry, 113: 816-824. 

[54] Kinney A.J., 1994. Genetic modification of the storage lipids 
of plants. Current Opinion in Biotechnology, 5: 144-151. 

[55] Knutzon D.S., Thompson G.A., Radke S.E., Johnson W.B., 
Knauf V.C. & Kridl J.C., 1992. Modification of Brassica seed 
oil by anti-sense expression of a stearoyl-acyl carrier protein 
desaturase gene. Proc. Natl. Acad. Sci., 89: 2624-2628. 

[56] Kratz M., Cullen P., Kannenberg F., Kassner A., Fobker M., 
Abuja P.M., Assmann G. & Wahrburg U., 2002. Effects of 
dietary fatty acids on the composition and oxidizability of 
low-density lipopro-tein. European Journal of Clinical 
Nutrition, 56, 72 – 81. 

[57] Kris-Etherton P.M. & Yu S., 1997. Individual fatty acid 
effects on plasma lipids and lipoproteins: Human studies. Am. 
J. Clin. Nutr., 65 (suppl 5): 1628s-1644s. 

[58] Kushi L. & Giovannucci E., 2002. Dietary fat and cancer. Am. 
J. Med., 113 (suppl 9): 63s-70s. 

[59] Lacombe S., 2001. Caractérisation génétique et moléculaire 
de la haute teneur en acide oleic dans les graines de tournesol 
(Helianthus annuus L.) dérivant du mutant pervenets. These 
de Doctorat, Ecole Nationale Supérieure Agronomique de 
Monpellier, France, 120p.  

[60] Lecerf J.M. & de Lorgeril M., 2011. Dietary cholesterol: from 
physiology to cardiovascular risk. British Journal of Nutrition, 
106 : 6-14. doi:10.1017/S0007114511000237.  

[61] Lenfant C. & Thyrion F.C., 1996. Extraction of carotenoids 
from palm oil II. Isolation methods. Ol Corps Gras Lipides, 3: 
294–307. 

[62] Lin D.S., Connor W.E., Wolf D.P., Neuringer M., & Hachey 
D.L., 1993. Unique lipids of primate spermatozoa: 
desmosterol and docosahexaenoic acid. J. Lipid Res., 34: 
491-499. 

[63] Lipworth L., Martinez ME, Angell J, Hsieh CC & 
Trichopoulos D, 1997. Olive oil and human cancer: An 
assessment of the evidence. Prev. Med., 26: 181-190. 

[64] Mattson F.H. & Grundy S.M., 1985. Comparison of effects of 
dietary saturated, monounsaturated, and polyunsaturated fatty 
acids on plasma lipids and lipoproteins in man. J Lipid Res., 
26: 194-202.  

[65] Mayes S, James C, Horner SF, Jack PL, Corley RHV, 1996. 
The application of restriction fragment length polymorphism 
for the genetic fingerprinting of oil palm (E. guineensis Jacq.). 
Mol Breed-ing, 2: 175–180. 

[66] Mayes S., Jack P.L. & Corley R.H.V., 2000. The use of 
molecular markers to investigate the genetic structure of an 
oil palm breeding programme. Heredity, 85: 288-293.  

[67] Mayes S., Jack P.L., Corley R.H. & Marshall D.F., 1997. 
Construction of a RFLP genetic linkage map for oil palm 
(Elaeis guineensis Jacq.). Genome 40, 116–122. 

[68] Mehmood S., Orhan I., Ahsan Z., Aslan S. & Gulfraz M., 
2008. Fatty acid composition of seed oil of different Sorghum 
bicolor varieties. Food Chem., 109: 855-859. 
http://dx.doi.org/10.1016/j.foodchem.2008.01.014. 

[69] Mensink R.P. & Katan M.B., 1992. Effect of dietary fatty 
acids on serum lipids and lipoproteins. A meta-analysis of 27 
trials. Arterio-scler. Throm., 12: 911-919. 

[70] Mensink R.P., Zock P.L., Kester A.D. & Katan M.B., 2003. 
Effects of dietary fatty acids and carbohydrates on the ratio of 
serum total to HDL cholesterol and on serum lipids and 
apolipoproteins: A me-ta-analysis of 60 controlled trials. Am. 
J. Clin. Nutr., 77: 1146-1155. 

[71] Moliterno P. & Cerruti F., 2016. Dairy Fat Consumption and 
Mor-tality due to Cardiovascular Disease. Does Source of 

 



84 Ntsomboh-Ntsefong Godswill et al.:  Effects of Dietary Fatty Acids on Human Health:  
Focus on Palm oil from Elaeis guineensis Jacq. and Useful Recommendations 

Fats Matter? Food and Public Health, 6 (2): 52-57. 

[72] Montoya C., Cochard B., Flori A., Cros D., Lopes R., Cuellar 
T., Espeout S., Syaputra I., Villeneuve P., Pina M., Ritter E., 
Leroy T. & Billotte N., 2014. Genetic architecture of palm oil 
fatty acid composition in cultivated oil palm (Elaeis 
guineensis Jacq.) compared to its wild relative E. oleifera  
(H.B.K) Cortés. PLoS ONE 9, e95412.  
doi:10.1371/journal.pone.0095412. 

[73] Montoya C., Lopes, R., Flori, A., Cros, D., Cuellar, T., 
Summo, M., Espeout, S., Rivallan, R., Risterucci, A.-M., 
Bittencourt, D., Zam-brano, J.R., Alarcón G.W.H., 
Villeneuve, P., Pina, M., Nouy, B., Amblard, P., Ritter, E., 
Leroy, T., Billotte, N., 2013. Quantitative trait loci (QTLs) 
analysis of palm oil fatty acid composition in an interspecific 
pseudo-backcross from Elaeis oleifera (h.b.k.) cortés and oil 
palm (Elaeis guineensis jacq.). Tree genet. Genomes 9, 
1207–1225. Doi:10.1007/s11295-013-0629-5. 

[74] Morcillo, F., Cros, D., Billotte, N., Ngando-Ebongue, G.-F., 
Do-monhédo, H., Pizot, M., Cuéllar, T., Espéout, S., Dhouib, 
R., Bourgis, F., Claverol, S., Tranbarger, T.J., Nouy, B., 
Arondel, V., 2013. Improving palm oil quality through 
identification and map-ping of the lipase gene causing oil 
deterioration. Nat. Commun. 4. Doi:10.1038/ncomms3160. 

[75] Moretzsohn M.C., Nunes C.D.M., Ferreira M.E. & 
Grattapaglia D., 2000. RAPD linkage mapping of the shell 
thickness locus in oil palm (Elaeis guineensis Jacq.). Theor. 
appl. Genet., 100: 63–70. 

[76] Morris MC & Tangney CC, 2014. Dietary fat composition 
and dementia risk. Neurobiol Aging, 35 (Suppl 2): S59-64. 
doi: 10.1016/j.neurobiolaging.2014.03.038.  

[77] Morris MC, Tangney CC, Wang Y, Sacks FM, Bennett DA, 
Ag-garwal NT., 2015. MIND diet associated with reduced 
incidence of Alzheimer's disease. Alzheimers Dement., 11(9): 
1007-1014. doi: 10.1016/j.jalz.2014.11.009.  

[78] Mozaffarian D., Aro A. & Willett W.C., 2009. Health effects 
of trans-fatty acids: experimental and observational evidence. 
Eur J Clin Nutr., 63:S5–S21. 

[79] Nicol M. & Maudet M., 2000. Carotenoides et vitamine A. 
Actual-ites. Ol Corps Gras Lipides, 7: 266–270. 

[80] Nicolosi R., Stucchi A.F., Kowala M.C., Hennessy L.K., 
Hegsted D.M. & Schaefer E.l., 1990. Effect of dietary fat 
saturation and cholesterol on LDL composition and 
metabolism. Arteriosclerosis, 10 (1): 19-28. 

[81] Ong A.S.H., Halim H.A., Basiron Y., Choo Y.M. & Gapor 
M.T.A., 1990. Palm vitamin E and palm diesel pilot plants. In: 
Proc. Symp. ‘New developments in palm oil’ (Ed. By K.G. 
Berger), pp. 45–55, Palm Oil Res. Inst. Malaysia, Kuala 
Lumpur. 

[82] Ooi C.K., Choo Y.M., Yap S.C., Basiron Y. & Ong A.S.H., 
1994. Recovery of carotenoids from palm oil. J. Amer. Oil 
Chem. Soc., 71, 423. 

[83] Parveez G.K., Masri M.M., Zainal A., Majid N.A., Yunus 
A.M., Fadilah H.H., Rasid O. & Cheah S.C.., 2000. 
Transgenic oil palm: production and projection. Biochem Soc 
Trans., 28(6): 969-72. 

[84] Parveez G.K., Rasid O.A., Masani M.Y. & Sambanthamurthi 
R., 2015. Biotechnology of oil palm: strategies towards 
manipulation of lipid content and composition. Plant Cell Rep. 

34(4):533-43. doi: 10.1007/s00299-014-1722-4.  

[85] Penny M.K.-E. & Innis S., 2007. Position of the American 
Dietetic Association and Dietitians of Canada: Dietary fatty 
acids. ADA Reports, Journal of the American Dietetic 
Association, 1599-1611.e2. Doi: 10.1016/j.jada.2007.07.024. 

[86] Powell G., Abbott A. G., Knauft D., Smith R. & Barth J., 
1990. Oil desaturation in developing peanut seeds: studies of 
lipid desatura-tion in a peanut mutant that accumulates high 
levels of oleic acid. In: Quinn P. J., Harwood L. J. (Eds). Plant 
lipid biochemistry, stucture and utilization. Portland Press, 
London, pp. 131-133.  

[87] Ray T.K., Holly S.P., Knauft D.A., Abbott A.G. & Powell 
G.L., 1993. The primary defect in developing seed from the 
high oleate variety of peanut (Arachis hypogaea L.) is the 
absence of ∆12-desaturases activity. Plant Sci. 91: 15-21.  

[88] Rival A & Jaligot E, 2010. Oil palm biotechnologies are 
definitely out of infancy. OCL, 17 (6): 368-374.  

[89] Saadatian-Elahi M, Norat T, Goudable J & Riboli E, 2004. 
Bi-omarkers of dietary fatty acid intake and the risk of breast 
cancer: A meta-analysis. Int. J. Cancer, 111: 584-591. 

[90] Sambanthamurthi R., Sundram K., & Tan Y., 2000. 
Chemistry and biochemistry of palm oil. Prog Lipid Res, 39 
(6): 507-558. 

[91] Sanders T.A.B. & Reddy S., 1992. The influence of a 
vegetarian diet on the fatty acid composition of human milk 
and the essential fatty acid status of the infant. J Pediatr, 120: 
S71-7. 

[92] Satchithanandam S., Oles C.J., Spease C.J., Brandt M.M., 
Yur-awecz M.P. & Rader J.I., 2004. Trans, saturated, and 
unsaturated fat in foods in the United States prior to 
mandatory trans-fat labeling. Lipids, 39: 11–18. 

[93] Schierholt A., Becker H.C. & Ecke W., 2000. Mapping a high 
oleic acid mutation in winter oilseed rape (Brassica napus L.). 
Theor. Appl. Genet., 101: 897-901.  

[94] Schlegel R.H.J., 2010. Dictionary of plant breeding. 2nd ed. 
586 p. 

[95] Serini S., Piccioni E., Merendino N., & Calviello G., 2009. 
Dietary polyunsaturated fatty acids as inducers of apoptosis: 
implications for cancer,” Apoptosis, 14 (2): 135–152. 

[96] Shimizu S. & Desrochers P., 2012. The health, environmental 
and economic benefits of palm oil. IEM’s Economic Note: 
1-4. 

[97] Singh R., Jayanthi N., Soon-Guan T., Jothi M.P. & Cheah 
S.-C., 2007. Development of simple sequence repeat (SSR) 
markers for oil palm and their application in genetic mapping 
and fingerprinting of tissue culture clones. Asia Pacific 
Journal of Molecular Biology and Biotechnology, 15 (3): 
121-132. 

[98] Singh R., Ong-Abdullah M., Low E.T., Manaf M.A., Rosli R., 
Nookiah R., Ooi L.C., Ooi S.E., Chan K.L., Halim M.A., 
Azizi N., Nagappan J., Bacher B., Lakey N., Smith S.W., He 
D., Hogan M., Budiman M.A., Lee E.K., DeSalle R., Kudrna 
D., Goicoechea J.L., Wing R.A., Wilson R.K., Fulton R.S., 
Ordway J.M., Martienssen R.A. & Sambanthamurthi R., 2013. 
Oil palm genome sequence reveals divergence of interfertile 
species in old and new worlds. Nature, 500 (7462): 335–339. 

 



 Food and Public Health 2016, 6(3): 75-85 85 
 

[99] Singh R., Tan S. G., Panandam J. M., Rahman R. A., Ooi L. 
C., Low E. T., Sharma M., Jansen J., Cheah S. C., 2009. 
Mapping quantitative trait loci (QTLs) for fatty acid 
composition in an inters-pecific cross of oil palm. BMC Plant 
Biol., 9:114. doi:10.1186/1471-2229-9-114. 

[100] Singh R., Tan S.-G., Panandam J., Rahman R.A. & Cheah 
S.-C., 2008. Identification of cDNA RFLP markers and their 
use for molecular mapping in oil palm (Elaeis guineensis). 
Asia Pacific Journal of Molecular Biology and 
Biotechnology, 16 (3): 53-63. 

[101] Siti Nor Akmar A., Zubaidah R., Manaf M. A., Nurniwalis 
W., 2003. Targeting gene expression in mesocarp and kernel 
of the oil palm fruits. In: Murata N., Yamada M., Nishida I., 
Okuyama H., Sekiya J., Hajime W. (eds). Advanced 
Research on Plant Lipids. Kluwer Academic Publishers, 
Dordrecht, The Netherlands, pp 411–414.  

[102] Škorić A.D., Sakač Z. & Balalić I., 2016. Correlations 
between individual and total fatty acids and tocopherols and 
their interde-pendance in sunflower oil. Acad. J. Biotechnol., 
4(1): 016-020. 

[103] Škorič D., Sakač Z. & Demurin Y., 2015. Genetic variability 
of oil quality components in sunflower as a function of 
developing hy-brids with novel oil. Plant Genetics and 
Breeding. Journal of ASM. Life Sciences, 2 (326):138-146. 

[104] Soldatov K.I., 1976. Chemical mutagenesis in sunflower 
breeding. In: Proc. VIIth Int. Sunflower Conference, June 
27th – July 3rd, 1976, Krasnodar. 

[105] Spady D.K. & Dietschy J.M., 1985. Dietary saturated 
triacylglycer-ols suppress hepatic low density lipoprotein 
receptors in the hamster. Proc Nati Acad Sci USA 1985, 82: 
4526-30. 

[106] St. Angelo A.J., Vercellotti J., Jacks T. & Legendre M., 
1996. Lipid oxidation in foods. Critical Reviews in Food 
Science and Nutrition, 36 (3): 175-224. doi: 
10.1080/10408399609527723. 

[107] Sundram K., Sambanthamurthi R. & Yew-Ai T., 2003. Palm 
fruit chemistry and nutrition. Asia Pacific J Clin Nutr, 12 (3): 
355-362. 

[108] Takagi Y. & Rahman S.M., 1996. Inheritance of high oleic 
acid content in the seed oil of soybean mutant M23. Theor. 
Appl. Genet., 92: 179-182.  

[109] Tester M. & Langridge P., 2010. Breeding Technologies to 
Increase Crop Production in a Changing World. Science, 
327 (5967): 818-822. doi: 10.1126/science.1183700  

[110] Tiahou G., Maire B., Dupuy A., Delage M., Vernet M.H., 
Ma-thieu-Daudé J.C., Michel F., Sess E.D., Cristol J.P., 
2004. Lack of oxidative stress in a selenium deficient area in 
Ivory Coast-potential nutritional antioxidant role of crude 
palm oil. Eur J Nutr, 43(6):367-374. 

[111] Tranbarger T.J., Dussert S., Joet T., Argout X., Summo M., 
Cham-pion A., Cros D., Omore A., Nouy B. & Morcillo F., 
2011. Regu-latory mechanisms underlying oil palm fruit 
mesocarp maturation, ripening, and functional specialization 
in lipid and carotenoid me-tabolism. Plant Physiol, 156 (2): 
564-584. 

[112] Truksa M., Vrinten P. & Qiu X., 2009. Metabolic 
engineering of plants for polyunsaturated fatty acid 
production. Molecular Breed-ing, 23: 1-11.  
http://dx.doi.org/10.1007/s11032-008-9218-y. 

[113] Turpeinen O., 1979. Effect of colesterol-lowering diet on 
mortality from coronary heart disease and other causes. 
Circulation, 59: 1-7. 

[114] Varshney R.K., Nayak S.N., May G.D. & Jackson S.A., 
2009. Next generation sequencing technologies and their 
application for crop genetics and breeding. Trends 
Biotechnol., 27: 522-530.  

[115] Velasco L., Perez-Vich B. & Fernandez-Martinez J.M. 2000. 
Inher-itance of oleic acid contentunder controlled 
environment. Proc. 15th Intl. Sunflower Conf., Toulouse, 
France. Int. Sunflower Assoc. Paris, France, I: A31- A36. 

[116] Wassell P. & Young N.W.G., 2007. Food applications of 
trans fatty acid substitutes, International Journal of Food 
Science and Tech-nology, 42: 503–517. 

[117] WHO, 2016. Demetia fact sheet. April 2015. Retrieved 
online on May 10, 2016 at  
http://www.who.int/mediacentre/factsheets/fs362/en/ 

[118] Wuidart W. & Gascon J., 1975. Amélioration de la 
production et de la qualité de l'huile d'Elaeis guineensis Jacq. 
Oléagineux, 30: 1-4. 

 

 

 


	1. Introduction
	2. Health Effects of Some Individual Fatty Acids
	3. Saturated, Unsaturated and trans Fat Contents in Vegetable Oils
	4. Norms and Recommended Dietary Fat Profile
	5. Improving Fatty Acids Profile: Focus on Palm Oil
	6. Conclusions

