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ABSTRACT

Coconut and Palm kernel oils are important edible oils in food and in manufacturing industries. Their biological
importance, particularly their antimicrobial and antioxidant properties have been traced to the presence of fatty
acids. This study is a comparative analysis on the physicochemical properties and chemical composition of
coconut oil and palm kernel oil. The extraction of the oils and determination of physicochemical properties were
done employing established methods. The chemical compositions for both oils were ascertained with a Gas
chromatography-mass spectrometry (GC-MS). The results from the physicochemical properties for coconut and
palm Kkernel oils are specific gravity (0.91, 0.92), refractive index (1.45, 1.45), acid value (0.62 mgKOH/qg, 1.824
mgKOHY/qg), iodine value (10.72 ¢/100g, 12.69 ¢/100g), peroxide value (2.94 meq/kg, 1.5 meg/kg) and
saponification value (323.85 mgKOH/g, 308.55 mgKOHY/g) respectively. The GC-MS revealed 10 and 12
chemical compounds in coconut and palm kernel oil respectively, typically dominated by fatty acids. The results
attest to its usefulness in food and in manufacturing industry.
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INTRODUCTION trees are long and could attain a height of 100 ft but
Oils along with fats are generally are generally 20-50 ft upon cultivation. The leaves
considered as lipids. Depending on room are large with a life span of about 3 years. (Pal et
temperature and the degree of unsaturated fatty al., 2020). The kernel of coconut fruit is highly rich
acids present, a lipid can either be liquid (oil) or in oil, which is widely used for domestics and
solid (fats). Chemically, they are products of an industrial purposes including, food preparation,
esterification process, formed from a combined baking, cosmetics and pharmaceutics (Kumar and
reaction between tri-glycerols and fatty acids Krishna 2015). Pal et al. (2020) and Lima et al.
(Aremu et al., 2015). Naturally they occur (2015) highlighted biological activities (healing
abundantly in animal and plant sources. Animal therapy,  antimicrobial,  anti-obesity,  anti-
sourced oils are known as animal oil (liver oil), and inflammatory, antioxidant, antimalarial,
those from plant are referred to as vegetable oils, antioxidant) possessed by coconut. Phytochemical
like cotton seed oil sun flower and palm oil (Aremu studies on coconut plant revealed the presence of
etal., 2015). active secondary metabolites of alkaloids
Edible oils from plant source are teroenoidds  flavonoids, glycosides, phenols,
important in food applications and industries. They saponinjs, steroids, steroids and tanins (Kendeson
are unique in the characteristic texture and flavours et al., 2019). Research on several parts of the plant
they provide to food. Vegetable oils contribute an has led to the isolation of compounds such as
important amount of dietary proteins, lipid and catechin (Freitas et al., 2011), a-tocopherol (Arlee
fatty acids to humans all over the world. It is a et al. 213) vitamin C lauric acid (Yong et al. 2009)
good source of energy and also aids in new cell skimmiwallin,  isoskimmiwallin  and  lupeol-
formation and repair of worn-out tissues. (Gaydon methylether (Erosa et al., 2002).
et al. 1983; Grosso and Guzman, 1995; Grosso et Coconut oil is often classified based on
al. 1997; 1999; Aremu et al., 2015). their mode of preparation as unrefined (virgin
Coconut (Cocos nucifera) belongs to the coconut oil; hot pressed and cold) or as refined.
family aracaceae. It is native to the tropical The hot (heated to about 40 °C) and cold method
countries and plays an essential role in diet (room temperature) typically involves extracting oil
(Kappally and Shirwaikar, 2015). Coconut is sweet from fresh wet coconut (Pal et al. 2019).
in taste and is chemically composed of mainly Oil palm (Elaeis guineensis) of the family
saturated fatty acids (Krishna et al. 2010). The Palmae, is also a tropical tree crop typically grown
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for its use in industrial production of vegetative oil,
it is the major source of palm oil and palm kernel
oil. The tree plant is void of branches and can grow
to a height of 20 to 30m high. The leaves produced
increases by 30-40 yearly with a life span of 2
years after maturity. It is used traditionally in the
treatment of many ailments particularly
gastrointestinal disorders and poisons (Owoyele
and Owolabi 2014). The plant contains active
metabolites including alkaloids saponin, flavonoid,
phenolic, tannin (Yin et al., 2013), with isolated
compounds principally the phenolics and fatty
acids. Parts of the plants has been reported to
exhibit biological activities such as antimicrobial
and antioxidant (Yin et al., 2013), antidiabetic
(Jaffri 2011) anticancer (Ebong et al., 1999) and
anti-inflammatory (Wu el al., 2008).

This study was aimed to investigate the
comparative  physicochemical properties and
chemical composition of coconut oil and palm
kernel oil.

MATERIALS AND METHODS
Sample collection

Fresh fruits of Cocos nucifera and Elaeis
guineensis were collected in September, 2021 at
Uroho  Community, Ikpoba Okha Local
Government Area, Benin and a farm in Iguikpe,
Egor Local Government Area, Benin respectively,
both in Edo state.

Extraction of Cocos nucifera oil

Extraction of Cocos nucifera oil was
carried out using fermentation method. The Cocos
nucifera fruit was broken, washed, sliced into small
pieces and blended. After blending, the liquid milk
was stored at room temperature for 18hours for
fermentation to occur. Thereafter, layers of water
and milk were formed and the mixture was then
transferred to a refrigerator to allow for easy
separation.

Upon refrigeration for 3hours, the layered
milk and oil solidified leaving the water at the
bottom. The solid layer was then handpicked and
transferred into a cooking pot. Mild heat was
applied to denature and destabilized the milk to
allow for more extraction of oil. The excess water
left evaporated during this process. After
extraction, the oil was filtered and stored in a cool
and dry environment pending further analysis
(Agarwal and Bosco, 20017).

Extraction of palm kernel oil

The palm fruits were dried for 7 days and
the nuts were taken to the mill and hulked after
which the palm kernels were separated from the
broken shells. The separated palm kernels were
dried at an average temperature of 35 to 40°C for
about 4 days. The dried palm kernels were then
taken to the mill and blended.

The extraction method used was the wet
heat traditional method. The milled palm kernel
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was put in a large pot, mixed with sufficient
amount of water and boiled for about 2 hours, the
boiled mill was removed from the pot, taken to a
wide bow and mixed with sufficient amount of cold
water and left to settle for 24 hours. This was done
to aid separation. After 24 hours, three layers
consisting of the oil (at the top layer), water (at the
middle layer) and the mill were formed. The oil at
the top layer was then scooped and taken to a
heating vessel to boil off the excess water and
stored in a cool and dry environment for further
analysis (Ezeoha et al. 2012).

Physicochemical analysis of palm kernel and
coconut oil

The physical and chemical analysis of the
oil was carried out by methods described by AOAC
(2005).

RESULTS AND DISCUSSION
Physicochemical properties of Coconut and
Palm kernel oils

The results for the physicochemical
properties of the oil are presented in Table 1. The
values reported for the specific gravity of coconut
(0.91) and palm kernel (0.92) are somewhat same
and are in concordance with 0.919 and 0.904 for
coconut and palm kernel oil respectively (Ichu and
Nwankama, 2019; Amira et al., 2014). The specific
gravity for typical edible oils indicates the
composition level of fatty acids present in the oil.

The refractive index of an oil indicates the
possible chances of rancidity development in oil. It
is mostly used as a quality control measure for the
purity of an oil material (Hoffman, 1986). It is
often determined as a ratio of light speed at a
defined wavelength to its speed in the oil/fat itself.
When an oil is contaminated with particulates and
chemical substances like potassium hydroxide
(KOH), a chemical reaction occurs between KOH
and fatty acids of the oils to produce soap. This
changes the oil’s physical and chemical properties
making it greatly susceptible to spoil (Willams
1990). The higher the refractive index the higher
the chances of spoilage due to oxidation. The
refractive indexes for both coconut and palm kernel
oils (1.45), indicate that the oils are resistant to
oxidative rancidity when exposed to light. A
similar trend was reported by Sarkar et al. (2020)
for almond seed oil (1.45), sunflower oil (1.47),
and soybean oil (1.47).

The acid value of oil indicates the level of
spoilage that has occurred in an oil sample, and is
usually indicated by the presence of free fatty acids
formed as caused by enzymatic hydrolysis. The
acid value observed for the coconut oil (0.62
mgKOH/qg) is three times lower than the palm
kernel oil (1.824 mgKOH/g). The observed high
acid values for palm kernel oil indicate the
presence of high free fatty acid formation than the
coconut oil. This is a non-desirable property of oils
as it indicates the low stability of the oil to
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hydrolysis by enzymes, and its susceptibility to
attack during processing and/or storage conditions
(Vitz et al., 2020; Ogbeide et al., 2021).

The iodine value of an oil sample gives an
index of the level of unsaturated fatty acid present
in the oil. The lesser the iodine value for an oil, the
more susceptible to oxidative rancidity. Coconut
(10.72 g/100g) and palm kernel (12.69 g/100g) oils
showed low iodine values. According to Maliki et
al. (2020), an oil with iodine value above
100g/100g is a drying oil and below 100g/100g is
non-drying oil. Non-drying oils are essential in skin
care products because of their moisturizing effect.
They do this by helping the skin maintain its water
permeability barrier. Studies also show that
applying nondrying oils on the skin may increase
the production of collagen and decrease
inflammation. The moisturizing properties of non-
drying oils also help manage dry and itchy skin.

The peroxide value obtained for the
coconut oil (2.94 meg/kg) is much higher than for
the palm kernel oil (1.5 meg/kg). However, these
values are lower to the permitted maximum limit
(<10 meq/kg) stated by the World Health
Organisation (WHO) in 1994 (Aremu et al., 2015).
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Oil with high peroxide values indicates high
susceptibility to oxidative rancidity and lower
values are resistant to oxidative rancidity, which
suggest high levels or presence of antioxidants
(Kyari, 2008). Hence, palm kernel oil may contain
more antioxidant and more resistant to oxidative
rancidity compared to coconut oil.

The saponification value of an oil sample
is the amount of KOH in mg required to completely
saponify 1g of a fat. This value gives an index of
the average fatty acid chain length present in the
test oil. The saponification value of palm kernel oil
308.55mgKOH/g is close to coconut oil (323.85
mgKOH/g). Vidal in 2020 reported that high
saponification value contains high proportions of
low/medium chain fatty acids a unique
characteristic that qualifies an oil for use in
producing soaps and other skin care products.
Apart from medium chain fatty acids being
excellent oils for soaps production, they have been
found useful in dietary and nutrition as they were
reported to aid weight loss and has become popular
supplement amongst athletes and body builders
(Brown et al., 2020).

Table 1: Physicochemical properties of coconut and palm kernel oils

SIN Properties Analysis Results
Coconut oil Palm kernel oil

1 Acid value 0.62 mgKOH/g 1.824 mgKOH/g

2 lodine value 10.72 g/100g 12.69 g/100g

3 Peroxide value 2.94 meqg/kg 1.5meq/kg

4 Saponification value 323.85 mgKOH/g 308.55

6 Specific gravity 0.91 0.92

7 Refractive index 1.45 1.45

GC-MS analysis of coconut and palm kernel oils

A total number of 10 (Table 2- coconut
oil) and 12 (Table 3- palm kernel oil) chemical
constituents was identified by the GC-MS (Agilent
technologies 7890A GC and 5977B MSD). Fatty
acids were predominant in both coconut (9 fatty
acids, 1 terpene) and palm kernel (11 fatty acids, 1
terpene) oil.

Dodecanoic acid (lauric acid) was
observed to be highest by percent composition of
30.98% (coconut oil) and 20.23% (palm kernel oil).
Dodecanoic (Lauric acid) acid is commonly
recognized as a “healthier” saturated fat. Its
molecules are easily absorbed by the body, due to
their ability to hydrolyze completely into fatty
acids and glycerol via enzymatic action of the
pancreatic lipase (Sandhya et al., 2016). It is
usually blended in creams to help treat inflamed
skin and prevent after shave burns. It also prevents
diseases and has been demonstrated to possess
antibacterial (Nakatsuji et al., 2009), antifungal
(Ogbolu et al., 2007) and anticancer (Fauser et
al., 2013) activities. It also aids in body weight loss
and cholesterol reduction (Sandhya et al., 2016).
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The second dominant fatty acids next to
the lauric acid in the coconut oil (Methyl 15-
methylhexadecanoate (25%) and Hexadecanoic
acid methyl ester or palmitic acid(12.5%)) and
palm kernel o0il(9, 12-octadecadienoic acid
(17.46%) and Hexadecanoic acid methyl ester or
palmitic acid (12.78%)) are reported. Their
presence indicates the oils are fit in the
manufacturing of soaps and detergents, cosmetics,
shaving creams and shampoos (Diezel et al., 1993).

Aside from the fatty acids, the Lanostan-
11-one, 3-(acetyloxy) -, (13.alpha., 14.beta.,
17.alpha.) in coconut oil and squalene in the palm
kernel oil are only the other class of compounds
(triterpenes) found in the oils.

Terpenes are known for their attractive
flavour and fragrance characteristics. They find
wide applications in food, as well as in the
perfumery and cosmetics industries. The presence
of terpenes in both oils confirms their characteristic
fragrance and flavour they add to food.
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Table 2: Chemical composition of coconut oil
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Compound name Molecular Molecular Retention %Composition
formula weight index
2-Methyl octanoic acid CoH 150, 158 1208 3.18
Undecanoic acid C12H240, 200 1506 3.81
Dodecanoic acid Ci3H560, 214 1481 39.98
Methyl 15-methylhexadecanoate CigH360, 284 1914 25.00
Hexadecanoic acid Methyl ester Cy7H340, 270 1878 12.50
8-11-Eicosadienoic acid Methyl Cy1H30, 322 2292 1.34
ester
9-Octadecenoic acid Methyl ester C19H360, 296 2085 8.97
Methyl Stearate C19H350, 298 2077 4.31
Docosanoic acid, docosyl ester C3gH7603 648 4562 0.42
Lanostan-11-one, 3-(acetyloxy)-, C3oH5405 486 3105 0.50

(13.alpha.,14.beta.,17.alpha.)

Table 3: Chemical composition of palm kernel oil

Compound name Molecular Molecular weight  Retention index %Composition
formula
Octanoic acid CoH150, 158 1083 0.27%
Decanoic acid methyl  C;;H,,0, 186 1282 0.65%
ester
Dodecanoic acid C13H560, 214 1481 20.23%
Hexadecanoic acid C1gH360, 284 1914 16.78%
methyl ester
9, 12-octadecadienoic  C4gH3,0, 280 2183 17.46%
acid
9-octadecenoic acid CigH30, 296 2085 6.79%
Oleic acid C15H340, 282 2175 16.37%
6-octadecenoic acid CigH340, 282 2175 3.71%
Eicosanoic acid Cy9Hg,04Si5 530 2979 2.61%
methyl ester
9,12,15- Cy7Hs5,04Si, 496 2804 0.43%
octadecatrienoic acid
Tetradecanoic acid Ci5H300, 242 1680 5.97%
Squalene CisHzo 410 2914 4.51%
CONCLUSION AOAC International(2005): Official methods of

The results from this study revealed both
oils (coconut and palm kernel oils) contains
principal amounts of fatty acids, particularly the
dodecanoic acid (lauric), which is linked to have
antimicrobial and antiviral properties. The study
also affirms to its usefulness in food, soap
manufacturing and in the cosmetics industries.
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