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Abstract

A\ M acrot h i n k International Journal of Regional Development

Palm oil from Elaeis guineensis Jacq. of the Arecaceae family is the main traditional cooking
oil in most parts of tropical Africa. Oil palm cultivation requires large areas of land and the
consumption of crude palm oil from it raises health concerns notably with regards to the
incidence of cardiovascular disease and obesity. The industry has therefore been faced with
two major controversies. Firstly, palm oil which contains about 50% saturated fatty acids is
considered to be unhealthy for human consumption because its saturated fatty acids raise
blood LDL cholesterol level and increase the risk of the above mentioned diseases. Secondly,
due to its land intensive nature, the oil palm industry is linked to deforestation, climate
change and socioeconomic instability. For these reasons, the oil palm industry has been at the
forefront of environmental and reputational challenges. This paper briefly presents an
overview of these controversies surrounding the oil palm industry, while highlighting the
possible outlets for environmentally friendly production processes and improvement
strategies for better oil quality.

Keywords: Oil Palm, Cardiovascular Disease, Environmental protection, Fatty Acids,
Obesity, Controversy, Deforestation, Breeding Strategy

1. Introduction

The African oil palm (Elaeis guineensis Jacq.) of great economic importance is a perennial
crop which originated from Africa in the Gulf of Guinea. Elaeis guineensis belongs to the
Arecaceae family and is cultivated in humid tropical regions of Africa, Central and South
America and Asia. It is a monocotyledon that produces several products of which palm oil is
much solicited in various industries, particularly in the food industry (Corley & Tinker, 2003).
Oil palm as a commodity is considered to play an important role in mitigating climate change,
providing alternative sources of energy, and contributing to economic development and rural
livelihoods (Feintrenie et al., 2010). Global oil palm cultivated land area, oil yield per unit
area, and producer price of palm oil has been on a constant increase since the 1960s. Land
area under production has more than quadrupled between 1961 and 2007, while yields and
price have also increased substantially (FAO, 2011).

The “varietal types” or fruit forms of the oil palm are commonly defined with reference to
shell thickness. The three main fruit forms are: Dura type, of Sh+Sh+ homozygous genotype,
the Pisifera, of Sh-Sh- homozygous genotype and the Tenera type which is a Dura x Pisifera
hybrid of Sh+Sh- heterozygous genotype. On the basis of shell thickness, Tenera has been
progressively preferred for plantations and is massively produced through controlled
pollination of Dura female plants with Pisifera pollen (Jacquemard et al., 1997). The Dura is
a wild type of the oil palm. It produces fruits characterized by thick shell (endocarp) and a
thin mesocarp yielding about 0.5 tons of palm oil per hectare (Cochard et al., 1997). Pisifera
which produces rare fruits that rarely contain shell-less seeds is also considered as a wild type.
Very few fructiferous Pisifera do exist and since it is generally abortive, it is used in breeding
as the male parent thereby supplying pollen for controlled pollination mentioned earlier.
Genetic improvement has led to an increase from 0.5 t/ha/yr for wild groves to an average of
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4.5 t/ha/yr for the second cycle Tenera hybrid palms (Cochard et al., 2001; Ngalle et al.,
2013).

With the Tenera hybrid used in plantations, the oil palm is the most productive vegetable oil
crop in the world (Corley & Tinker, 2003; Singh et al., 2007). Its oil yield/ha is about ten
times greater than soy oil (Hartley, 1988; Durand-Gasselin et al., 2010; Skurtis et al., 2010;
Mohd et al., 2011; Jacquemard, 2011). Its main product, crude palm oil (CPO), used in the
food, cosmetics and biofuel industries, ensures about 1/4 of world’s vegetable oil
consumption and represents about 36% of world’s plant oil production whose share of the
market is likely to keep increasing in the next decades (Corley, 2009).

About 85% of global CPO produced is used in food applications (May & Nesaretnam, 2014).
Palm oil is the main traditional cooking oil in most parts of Africa (Corley & Tinker, 2003)
where mostly smallholders produce the readily available commodity for local consumption. It
is almost the only oil used for domestic purposes in Southeast Asia, equatorial Africa and
represents 46% of oil consumed in India (Kellens et al., 2007). The olein fraction is widely
used as domestic oil in Southeast Asia (Zhang et al., 2013).

Indonesia and Malaysia produce about 85% of the world’s CPO, toping as world’s highest
producers. In Africa, Nigeria is currently the highest producer followed by Ghana, Cote
d’Ivoire, Cameroon, The Democratic Republic of Congo and Angola. Cameroon produced
about 270,000 tonnes of CPO from an area of approximately 190,000 ha (Hoyle & Levang,
2012; Index Mundi, 2016), and stands at the 13th position in terms of world production of
CPO (Nkongho et al., 2014). The oil palm thus plays a major role in the economy of these
countries by providing employment and wealth. In Cameroon, palm oil assures about 90% of
human dietary oil needs (Hirsch, 1999) with smallholders contributing close to 30% of palm
oil production.

World’s demand for comestible oils is poised to increase (Corley, 2009) and there is thus a
constant need for continuous genetic and agronomic improvement and expansion of oil crop
production (mainly palm oil). However, oil palm cultivation on the one hand is faced with
phytosanitary problems (Ngando et al., 2013; Ntsomboh-Ntsefong et al., 2016) and
environmental concerns (Chen et al, 2011; Rival & Levang, 2013). On the other hand, palm
oil consumption faces health controversies since it is alleged that oil with high saturated fatty
acid content like CPO is detrimental to health (Innis et al., 1994) with regards to
cardiovascular disease incidence and obesity (Chong & Ng, 1991). This paper briefly
presents the controversies surrounding the oil palm industry and highlights existing strategies
to avert the negative health and environmental effects of the sector.

2. Controversy on the Health Effects of Palm Oil
2.1 Chemical Composition of Palm QOil

Palm oil is made up of both minor and major components. Triglycerides (TAG) represent the
major components alongside small proportions of diglycerides (DAG) and monoglycerides
(MAG) (Hilditich & William, 1964; Sundram et al., 2003). These TAG, DAG and MAG are
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constituted of fatty acids esterified to a glycerol backbone (Mozzon et al., 2013). The minor
components are free fatty acids (FFA) and phytonutrients like carotenes, vitamin E
(tocopherol and tocotrienoids), phytosterols, phospholipids, phenolic acids, flavonoids,
phosphatides, alcohols and sterols (Sambanthamurthi et al., 2000; Sundram et al., 2003).
Fatty acids (FA) are classified as saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA) and poly-unsaturated fatty acids (PUFA) (Jacquemard, 2011; Sundram et al., 2003).
Palm oil is made up of a mixture of polyunsaturated, monounsaturated and saturated fatty
acids (Egbal et al., 2011). The four main FA of palm oil are: palmitic acid (16:0), stearic acid
(18:0), oleic acid (18:1), and linoleic acid (18:2) (Rival & Levang, 2013).

The oil contains approximately an equal amount of saturated and unsaturated fatty acids.
Amongst the saturated fatty acids, palmitic and stearic acid account for 45% and 5% of the
total fatty acids, respectively (Eqgbal et al., 2011). Of the 50% unsaturated fatty acids, most is
monounsaturated oleic acid (Corley & Tinker, 2003; Chowdhury et al., 2007). Palmitic acid
varies between 27 and 64% while oleic acid varies between 23 and 54% in E. guineensis
(Corley & Tinker, 2003).

2.2 Brief on the Health Effects of Palm Oil

Health agencies have been warning about the health hazards of excessive intake of dietary
fats, especially of those rich in saturated fats (Chong & Ng, 1991). World Health
Organization (WHO) forecasts that the incidence of cardiovascular diseases and obesity is to
rise strongly in the nearest future in Africa! Studies have shown an association between diet
and the incidence of coronary heart disease. High fat intake appears to increase the risk of
heart disease and saturated fats seem to be more harmful than unsaturated. A high blood
cholesterol level is also associated with an increased risk of heart disease (Corley & Tinker,
2003). Cholesterol is found in the blood in two main forms, in complexes with either
high-density lipoprotein (HDL-C) or low-density lipoprotein (LDL-C). It is high levels of the
latter form that are associated with heart disease risk, with HDL-C being neutral or perhaps
beneficial (Cotrell, 1991; Corley & Tinker, 2003). Palmitic acid increases low density
lipoprotein cholesterol (LDL) in blood.

Palm oil is also considered to cause cancer due to formation of acrylamide at high frying
temperatures. The study of acrylamide formation has been performed on several vegetable
oils (Morgan, 1942; Foot et al., 2007). Acrylamide is classified as probably carcinogenic to
humans by the International Agency for Research on Cancer (IARC) (IARC, 1994).
Neurological effects have been observed in humans exposed to acrylamide (Alarcon, 1976;
Mottram et al, 2002; Muchtaridi et al., 2012. Glycerol is degraded to acrolein, the unpleasant
acrid black and irritating smoke, when oil is heated or fried at temperatures above the smoke
point (260-290°), which is higher (Tareke et al, 2002; Zyzak et al, 2003) for oils with higher
content of saturated fatty acids and lower content of polyunsaturated acids like palm oil
(Lingnert et al, 2002; Muchtaridi et al., 2012). However, there is some evidence that palm oil
may inhibit the formation and reduce the growth rate of tumours, but these effects appear to
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be independent of its fatty acid composition, and may be attributed to some of the minor
components in the oil.

Another cause for concern with palm oil consumption is its free fatty acid (FFA) content
which is raised by lipase activity. Palm fruit mesocarp contains a highly active lipase, which
releases FFA from triglycerides (Desassis, 1957; Corley & Tinker, 2003). The FFA limit for
healthy oil consumption is traditionally 5% (Corley & Tinker, 2003). The oil palm fruit
mesocarp lipase activity necessitates post-harvest inactivation by heat treatment of fruit
bunches. E. oleifera has lower lipase activity in mesocarp (Sambanthamurthi et al., 1995;
Corley & Tinker, 2003). This opens up an avenue for introgression of the trait into Elaeis
guineensis from Elaeis oleifera. However, such a research endeavor is lengthy and costly.
Elite low-lipase lines yielding oil with substantially less free fatty acids than standard
genotypes have been identified in Elaeis guineensis. In addition, the oil palm fruit lipase and
its gene cosegregates with the low-/high-lipase trait have been identified, providing breeders
a marker to rapidly identify potent elite genitors and introgress the trait into major cultivars
(Morcillo et al., 2013).

Moreover, it appears that trans-acids in the diet have physiological effects similar to, or more
harmful than saturated fatty acids (Corley & Tinker, 2003). The view that trans-acids should
be avoided is gaining strength (Corley & Tinker, 2003; Enig, 1998) and there is increasing
concern over the harmful effects of trans-fatty acids in the diet. Studies have shown that
trans-acids tend to increase total cholesterol, and to reduce HDL-C and increase LDL-C
levels (Corley & Tinker, 2003; Sambanthamurthi et al., 2000; Enig, 1998). Fortunately, palm
oil is considered a trans fat-free vegetable oil. 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 interesterified with liquid oils. However, companies are recommended to source
only palm oil that is deforestation and peat-free (Corley & Tinker, 2003; Berger, 1996;
Goodman, 2015).

2.3 Basis of the Controversy on Health Effects of Palm Oil

The principal allegation against palm oil is that it is a highly saturated fat and its consumption
supposedly raises the levels of blood cholesterol, thereby increasing the risk of coronary heart
disease (Mensah, 2008; De Souza et al., 2015). In the last few decades, controversial studies
have reported potential unhealthy effects of palm oil due to its high palmitic acid content
(Annamaria et al., 2015). With regards to the allegation of its detrimental health effects
(Hiroko & Desrochers, 2012), palm oil has long been denigrated by its opponents (often
producers of potential alternatives) as being “impure, unhealthy, outright dangerous, and a
threat to the environment”. The past few decades have been marked by a strong publicity
conflict over the use of the so called ‘tropical oils’ in the USA based on a strong campaign
launched by the soya bean interests to lessen competition from palm oil and coconut oil
(Berger, 1981; Enig, 1998; Corley & Tinker, 2003). Since coconut oil has decreased in
international commerce, palm oil has thus been the main target more so because since 1970,
world production and consumption of palm oil, particularly of Malaysian origin have
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increased rapidly. This American Soybean Association campaign against ‘tropical oils’
actually started in the 1980s. By then, it was assumed that, because the oil contained 50%
saturated fatty acids, it would behave like other saturated fats (Chong & Ng, 1991) which had
been used in trials. As a result, and in relation to this anti-tropical oils publicity conflict, all
saturated fats whether animal or vegetable have been discredited by the saturated fats
campaigns. The evidence from metabolic and epidemiologic studies (Hegsted et al., 1965;
Keys et al., 1965; Mattson & Grundy, 1985; Bonanome & Grundy, 1988) that palmitic acid
raises the serum total cholesterol concentration greatly fueled the ‘tropical oils’ campaign.

However, it has been observed that such allegation is based more on myths rather than on
facts as it takes little consideration of basic lipid nutrition or the advent of emerging new data;
these anti-palm oil campaigns are considered to have been conducted more for economic
gains than for genuine concerns of human health. This is reflected by the estimate of intake of
tropical oils in the United States amounting to less than 4% of the daily fat intake and no
more than 2.6g of palm oil per capita daily (Chong & Ng, 1991). The campaign has had
considerable success, as illustrated by the small imports of palm oil into the USA for many
years. As stated earlier, the basis for this campaign was the claim that unsaturated fats and
(mainly) oils were healthier than saturated fats, as the latter were considered to contribute to
heart ailments by leading to a higher blood content of cholesterol.

Since then, numerous feeding trials with palm oil have been done on animals and with human
subjects as reviewed by (Sambanthamurthi et al., 2000). The majority of studies showed that,
in broad terms, a diet with a high proportion of palm oil as the fat component is as healthy as
any other (Corley & Tinker, 2003). In fact, it is the dose that makes the poison (Hiroko &
Desrochers, 2012; Rival & Levang, 2013). The history of the controversy has also been
reviewed by other workers (Enig, 1998; Sambanthamurthi et al., 2000; Noh et al., 2002).

2.4 Potential Outlet

Even though there is controversy over the health effects of palm oil (Chong & Ng, 1991;
Ntsomboh-Ntsefong et al., 2016), it is worthwhile investing towards reduction of saturated
fatty acids concentration and increasing the concentration of monounsaturated fatty acids
(oleic acid) to improve the dietary quality of palm oil. In this vein, it is possible to select oil
palm genotypes that naturally produce palm oil with low saturated fatty acid content. This is
feasible given that the heritability of individual fatty acids of palm oil has been put to
evidence (Gascon & Wuidart, 1975; Swe & Branch, 1986) with good genetic control over the
traits (Swe & Branch, 1986). Improvement could be effective through evaluation of genetic
effects (general and specific combining abilities: GCA and SCA) on the performance of
hybrids from interesting parental lines (Preetha & Raveendran, 2008; Wood et al., 1993). In a
feasibility screening of some samples collected from crosses used in IRAD La Dibamba,
results indicated that La M¢é (Cote d’Ivoire) population presents the lowest concentration of
saturated palmitic acid (about 34%), corroborating with results obtained by others (Gascon &
Wuidart, 1975). Further research in this light could eventually lead to generation of new
varieties with significantly improved oil quality.
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Obtaining good quality palm oil with high concentration of oleic acid and low saturated
palmitic acid content and thus of low melting point will therefore address this issue and open
up new perspectives for palm oil both for dietary and other industrial uses.

3. Controversy on the Environmental Impacts of Oil Palm Production

The cultivation of oil palm (Elaeis guineensis Jacq.) is faced with phytosanitary problems
(Durand-Gasselin et al., 2011) like pest and diseases as well as environmental controversies.
Palm oil is well solicited in the biofuel industry (Choo & Cheah, 2000; Maria & Helena, 2007;
Corley, 2009). Due to the recent high fossil fuel prices, rising demand for energy, and
increasing concerns about the implications of fossil fuels on global climate (FAO, 2008a),
many countries around the world have resorted to renewable energy resources to secure stable
sources of energy. Among all oil crops, the oil palm has the highest potentials in bio diesel
production. European Union (EU) and United States of America (USA) are currently the
leading markets for, and producers of biofuels. Malaysia is also a leader in biodiesel
production with an output of 540 million liters per annum as of 2009. Indonesia follows with
the production of 400 million liters in 2010 (Slette & Wiyono, 2011).

By 2019, Indonesia and Malaysia are forecast to nearly double their production of biodiesel,
respectively (Hoh, 2009). Since 2006, biofuels have increasingly attracted the Indonesian
government’s interest because of their potential to reduce the country’s reliance on fossil
fuels which the country had depended on for decades to generate revenues to finance
development (Beaton & Lontoh, 2010). In this context, oil palm plantations are an important
driver of economic development in Indonesia because they contribute to state revenues and
provide employment in rural areas (Feintrenie et al., 2010). However, the extension of oil
palm plantations requires large areas of land, usually forest land with high conservation
values.

Consequently, establishment of oil palm plantations lead to degradation of the environment,
loss of biodiversity and habitats of some living organisms, land tenure issues and social
unrest. In Southeast Asia, Conflicts between communities and oil palm companies have
resulted almost entirely from lack of transparency, the absence of free, prior, and informed
consent and unequal benefit sharing, exacerbated by the absence of clear land rights (Rist et
al., 2010). Due to its land intensive nature, the oil palm industry is therefore linked to
deforestation (Maria & Helena, 2007); climate change and instability; the use of inorganic
pesticides, herbicides and fertilizers and their effects on the environment; increasing
urbanization and consequent reduction in labour; as well as economic and social issues. For
these reasons, the oil palm industry has been at the forefront of environmental and
reputational challenges (Cochard et al., 1997; Maria & Helena, 2007; Feintrenie, 2012) partly
due to unplanned extension on forest land. Land allocation regulations are not implemented
usually because government planners often perceive forest as “idle” or unoccupied land that
must be “optimized” for national development (Obidzinski et al., 2012). In fact, plantation
development commonly lags for years or decades, but the removal of forest cover is
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considerably faster. Timber extraction usually proceeds more rapidly during the establishment
of oil palm plantations on forest land.

Therefore, oil palm controversy stems mainly from concerns with environmental protection,
social issues and the conservation of natural species against development (Rival & Levang,
2013). In Indonesia for instance, some plantation companies have acquired large concession
areas that have taken several years, in some cases decades, to be partially developed into
plantations, illustrating the general tendency of plantation investors to acquire large areas of
forested land at once for economies of scale, long-term planning, and investment in
mitigation (Koh & Wilcove, 2008). Unplanned oil palm development schemes do not adhere
to industry standards nor implement relevant codes for sustainability. As mentioned earlier,
this unplanned oil palm development therefore widens the gap between gains, social and
environmental cost; and leads to the degradation of the forest systems, loss of plant and
animal habitats, extreme land degradation and pollution.

The point of departure to minimize these negative trade-offs must begin with a shift from
seeing forests as unproductive idle land to a vision of forests as occupied, supportive of rural
livelihoods, and providers of important environmental services. This need not impede the
flow of economic benefits from oil palm. It is argued that plantation development should
continue, but it should focus on none forest land. In spite of the fact that it is always not
possible to avoid deforestation in the development of oil palm plantations, through planned
oil palm establishment, greater care could be taken to prioritize the use of extensive areas of
none forest land.

The most readily available mitigation mechanisms are the recently introduced ISPO
(Indonesia Sustainable Palm Oil) and RSPO standards. The inception of the Roundtable for
Sustainable Palm Oil (RSPO) into the oil palm industry stands as an interesting opportunity
for sustainable oil palm breeding and production. The RSPO held the first inaugural meeting
with the adoption of its Statement of Intent in 2003 (based on initial idea by WWF since 2001)
and was officially established under Article 60 of the Swiss Civil Code in 2004 (RSPO, 2016).
RSPO consists of palm oil producers, processors, traders, consumers, manufacturers, retailers
and non-governmental organizations (NGOs), who develop the principles and criteria for
a sustainable palm oil industry, and facilitate the development of sustainable palm oil
production (Durand-Gasselin et al., 2011; Rajanaidu et al., 1989). The proposed RSPO
guidelines (Principles and criteria) include commitment to transparency, compliance with all
applicable local, national and ratified international regulations, adoption of sustainable
cultivation practices (Feintrenie, 2012) (including water management, pesticide control and
soil erosion), conservation of resources and biodiversity (HCVs-high conservation values)
and community development. The way out of the environmental and reputational
controversies could certainly be a systematic follow-up and respect of such RSPO guidelines
in palm oil production processes coupled with proper exploitation of research results and crop
improvement endeavours.
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4. Conclusion and Perspectives

Elaeis guineensis has been the subject of intentional selection since the advent of commercial
oil palm plantations in Asia (Sumatra and Malaysia) and Africa (Zaire) around 1920.
Research work on the oil palm has mostly focused on selection for disease tolerance and
quantitative increase of oil yields (Barcelos et al., 2015). Few studies have been done in view
of improving the quality of palm oil especially regarding its saturated fatty acids composition
(Van Der Vossen, 1974; Gascon & Wuidart, 1975; Noiret. & Wuidart, 1976; Billotte et al.,
2010; Montoya et al., 2013; Montoya et al., 2014; De Souza et al., 2015). Acknowledging the
fact that there has been a serious campaign to denigrate palm oil for decades does not cancel
the fact that irrational intake of saturated fats could increase the risk of cardiovascular disease
incidence and obesity among consumers. With regards to this controversy over the health
effects of palm oil, it can be concluded that it is the dose that makes the poison (Hiroko &
Desrochers, 2012; Rival & Levang, 2013; Ntsomboh-Ntsefong et al., 2016).

However, this debate has highlighted the importance and urge for researchers to work
towards reduction of saturated fatty acids concentration and an increase in the concentration
of monounsaturated fatty acids (oleic acid) in order to improve the dietary quality of palm oil.
Besides, it is strongly recommended that oil palm breeders continue to work on
intensification and yield increase in order to limit expansion of planted areas, thereby
reducing the negative impacts of oil palm cultivation on the environment. On their part,
commercial oil palm producers should implement good agricultural practices as stated out in
the RSPO principles and criteria or guidelines so as to enhance sustainable development of
the sector.

Despite the controversies surrounding the oil palm industry, and with reference to the bulk of
scientific knowledge developed so far from diverse studies on the oil palm and other plants
(Van Der Vossen, 1974; Noiret & Wuidart, 1976; Corley & Tinker, 2003; Singh et al., 2007;
Kellens et al., 2007; Billotte et al., 2010; Singh et al., 2013; Montoya et al., 2014), it could be
interesting if this crop is considered beyond just serving economic interests. The oil palm
(Elaeis guineensis Jacq.) could constitute a pertinent biological or murine model for scientific
development. Producers, consumers and policy makers should take into consideration health
and safety as well as sustainability standards developed by governmental, intergovernmental
and private institutions to regulate the environmental and social conditions of production,
while securing economic viability (Fuchs & Kalfagianni, 2010; Fuchs et al., 2011; Kurth &
Glasbergen, 2016).
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