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ABSTRACT

The objective of this work was to evaluate the physicochemical characteristics and storage stability
of virgin coconut oil (VCO) extracted using cold press and hot press processes. Data were
collected and analyzed using complete randomization design (CRD). The work was done at the
Department of Food Science and Technology, Rivers State University, Port Harcourt. Virgin
coconut oil (VCO) was extracted from mature nuts of Cocos nucifera, using the cold and the hot
process. Hot process gave significantly (P<0.05) higher oil recovery of 58%, while cold process
gave 52% oil recovery. Free fatty acid (FFA) content was 0.054% and 0.051% for cold press and
hot press, respectively. Peroxide Value (PV) of the two oil samples were 1.173 mEq/ kg and 1.288
mEq/kg for CPCO and HPCO, respectively. The physicochemical properties of VCO from both
processes were not significantly (P>0.05) different. lodine value was 5.72 g/100 g and 6.09 g/100 g
for cold pressed and hot pressed VCO, respectively. Lauric acid was the predominant fatty acid in
the coconut oil samples, recording 49.30% in hot pressed coconut oil and 48.76% in cold pressed
coconut oil. The melting point was found to increase while the smoke point decreased significantly
(P<0.05) for both cold pressed and hot pressed VCO after three months of storage at room
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temperature (28+20C). Percentage free fatty acid and peroxide values increased significantly from
0.054% to 0.742% and 1.173 mEaqg/kg to 2.274mEq/kg, respectively, after 3 months of storage at
room temperature (28+20C). The overall result showed that coconut is a good source of vegetable
oil, with good keeping quality. More also, there isn’t much difference in the physicochemical quality
of both hot press and cold press method of extraction.

Keywords: Virgin Coconut Oil; extraction; physicochemical; storage stability; fatty acid.

1. INTRODUCTION

Coconut (Cocos nucifera L) is known to be the
most widely grown and economically important
palm tree variety worldwide. It is one major
source of food in the tropical and sub-tropical
regions. Coconut is largely cultivated in Ceylon,
the Philippines, Malaysia, India, Oceania and
parts of West Africa including Nigeria [1]. It is one
of the oldest crops grown in India and presently
covers 1.5 million hectares in this country with a
total production of over 10,000 million nuts.
Every part of the plant is useful and, in many
ways, support human life [2,3]. The fruit has
multifarious utility; the tender coconut water is a
sweet refreshing drink taken directly from the
inner parts of coconut fruit [4]. For years’ coconut
has been produced in Nigeria for human
consumption while in some countries in the world
it is one of the economic legacies. Recently
Nigeria is becoming conscious of its economic
importance. Research and development on
coconut-based food products has taken place
over a long period of time and new knowledge
and technologies have contributed to the
diversification of products and byproducts which
have in turn opened up new industries in world.
Coconut fruit is very important fruit because of
the nutritional value and the critical role that it
plays in improving food security in the world. Its
classified as a ‘functional’ food. Due to the
healing properties and health benefits, coconut
fruit is of special interest beyond its nutritional
content, especially in traditional medicine. It is
used in the alleviation of asthma, bronchitis,
dysentery, flu, irregular or painful menstruation,
ulcers and kidney stones [2]. The oil is also used
to treat blisters and burns, improve skin tone and
soothe sunburns. The oil provides health benefits
such as; help prevent obesity by speeding up
metabolism. Providing an immediate source of
energy with fewer calories than other fats. It is a
treasure trove of minerals, vitamins, antioxidants
and is an excellent nutraceutical. It has about 50
percent lauric acids, a medium-chain fatty acid
(MCFA) known to disrupts the lipid membranes
of offending organisms and also having qualities
similar to mother's milk, thus confirming its

disease-fighting ability [5]. Virgin coconut oil
(VCO) is produced from the fresh coconut milk
and can be defined as “oil obtained from the
fresh, mature kernel of coconut by mechanical or
natural means, with or without the use of heat,
without undergoing chemical refining, bleaching
or deodorizing, which does not lead to the
alteration of the nature of oil” [6]. Mechanical
process for extraction of coconut oil has greater
advantage over the solvent extraction process, in
terms of cost efficiency and production of virgin
oil, which do not require refining, bleaching and
deodorization. [7]. Virgin Coconut oil promotes
thyroid health and helps to boost metabolism. It
is known to cure damaged tissues and bruises,
nourishes the brain, moisturizes the skin,
reverses the neurodegenerative diseases and
promotes gut health [5]. Coconut oil is becoming
increasingly used worldwide for its nutritional and
medical benefits.

About 60 percent of the coconut produce in
Nigeria is consumed in the raw form, leaving the
remaining for copra production and oil milling.
Rethinam [8] reported that world coconut oil
production has increased from 1,993000 MT
(1960-1990) to 4,036,000MT in 200I, but the per
cent share of coconut oil has considerably
reduced from 9.58 to 5.99 per cent for the above
period. According to [9] coconut oil contains 15%
of the total fatty acids as the saturated short
chain C6:0, C8:0 and C 10: 0 fatty acids. Nearly
50% is medium chain, Lauric acid (C 12:0) and
coconut oil supplies only 2% of the lenoleic acid
(CI8: 2), and 6% oleic acid (C 18: 1), the only
unsaturated fatty acids presence in coconut oil.
The industrial application of coconut oil is mainly
attributed to the presence of maximum lauric acid
and glycerides, which are not present in any
other vegetable oils [6].

Coconut oil extracted from fresh coconut meat
without chemical processes is called virgin
coconut oil (VCO). It is a recently emerging high
demand product in the world and various types of
cold presses are used for extraction of VCO from
the coconut kernel at low temperature. According
researched that coconut has maximum
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digestibility coefficient and is more easily
digested than any other fat including butter.
According to [10] virgin coconut oil possesses
greater benefits than solvent extracted copra oil
since it retains most of the minor components in
the active form and make virgin coconut oil a
potential hypolipidemic and antiperoxidative
agent. Marina et al. [6] remarked that Virgin
coconut oil has added advantage as a
nutraceutical and possess therapeutic values,
which is beneficial to the health-conscious
consumers. Getting an appropriate processing
method that will optimize the recovery of this all-
important oil, engendered the call for this study.
Thus, the objective of this work was to produce
virgin coconut oil (VCO) using cold press and hot
press process, to characterize the oil extracted
and to evaluate the quality of the virgin coconut
oil after 3 months’ period of storage.

2. MATERIALS AND METHODS

Mature Coconut fruits were procured from Oil Mill
Market, Port Harcourt, Rivers State, Nigeria for
the extraction of virgin coconut oil.

2.1 Extraction of Virgin Coconut Oil

The extraction of VCO was performed using the
traditional Kitchen method as proposed by [11].
The coconut fruits were spited and the kernels
grated. The grated kernel was place in a clean
cheesecloth bag and squeeze tightly to extract
the milk. In the Cold process, the extracted milk
was allowed to stand for 36 hours. As the layers
of oil and water became separated, the upper oil
layer was simply decanted and the acquired oil
prepared in triplicate and kept for further analysis
(Fig. 1). In the hot process, extracted milk was
left to stand for 36hours, cream was removed
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from the top by scooping, the cream placed in a
clean pot and heated to coagulate the protein,
evaporate the residual water and release the
remaining oil. Heating was done with medium
heat making sure the temperature does not
exceed 80°C. The oil was scooped out as soon
as enough oil has separated, and the remaining
passed through a stainless-steel strainer with
muslin cloth. It was filtered for further clarification
(Fig. 2).

2.2 Physicochemical Properties

Physicochemical properties were determined
using AOAC [12] standard method. The
physicochemical parameters determined were:
Saponification value, iodine value, peroxide
value, free fatty acids, Unsaponifiable matter,
cloud point; melting point, smoke point and fire

point, Refractive index and specific gravity.
Refractive index of the coconut oil was read
using Abbe Refractometer (model 2WAJ

Wincom, China).
2.3 Fatty Acid Profile

Fatty acid profile of the oil was determine using
the A.O.A.C [12] standard methods. Fatty acid
methyl esters (FAME) were prepared from the
extracted coconut oil. Oil samples was weighed
(50g) into separate conical flasks and 3 ml of
0.5mol sodium methylate solution was added.
Followed by addition of 3 ml acetyl chloride, 8 ml
hexane and 10 ml of distilled water. The mixture
was refluxed for 10minutes, after each addition
and allowed to stand for 5 minutes to establish a
two-phase solution. The upper organic phase
was recovered into a vial for GC-FID analysis,
using Agilent 7890A, coupled with flame-
ionization detector (FID).

Fresh Coconut kernel

GRAlﬁNG

MiLK EX#QACTION
SETTLIN£ (36HR)
DECA*T\NG — coconut skim milk

Filt&‘ing
1

Virgin Coconut Oil (CPCO)

Fig. 1. Extraction of virgin coconut oil modified kitchen method (cold processed)
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Fresh Coconutkernel

Filtering

GRATING
MILK EXTRACTION
SETTLING (36HR)

DECANTING — coconut skim milk

Slow hea#wg (80°C)
2

4

Virgin Coconut Qil (HPCO)

Fig. 2. Extraction of virgin coconut oil modified kitchen method (hot process)

2.4 Statistical Analysis

All the analyses were carried out in triplicate.
Data obtained were subjected to Analysis of
variance (ANOVA), differences between means
were evaluated using Tukey's multiple
comparison test, and significance accepted at P<
0.05 level. The statistical package in Minitab 16
computer program was used.

3. RESULTS AND DISCUSSION

3.1 Physical Properties of Cold Pressed
and Hot Pressed Virgin Coconut Oil

Result for the physical properties of coconut oil
extracted by cold pressed and hot pressed is
shown in Table 1. The cloud point of cold
pressed coconut oil (CPCO) was 9.00°C, this
was significantly (P<0.05) higher than that of the
hot gressed coconut oil (HPCO), with value of
8.00°C. These values were all within the range of
the standard cloud point of palm olein (< 24°C)
as recommended by the Food Safety and
Standard Authority of India [13].

Cloud point is the isobaric temperature-
composition plane of a multicomponent mixture
(triglyceride) at which a decrease in transparency
is observed due to the turbidity caused by phase
separation [14].

There was no significant (P>0.05) different in the
slip melting point of cold pressed and hot
pressed coconut oil (CPCO and HPCO) at
24.10°C and 23.90°C, respectively. These values
were within the recommended CODEX standard
of <2 4°C for virgin coconut oil [15]. The slip
melting point defines the temperature at which fat
becomes sufficiently fluid to run or slip, or the
temperature at which it softens [16].

The Smoke point of CPCO and HPCO were
respectively 178.50°C and 180.25°C, these
values were however not significantly (P>0.05)
different, indicating that cold or hot pressed
methods of VCO extraction do not significantly
influence the smoke point. Temperature at which
vegetable oil gives off a bluish smoke when
subjected to heat is referred to as the smoke
point. Overheating vegetable might result to its
decomposition and break down into glycerol and
its component fatty acids [17]. The glycerol
further undergo hydrolyses to produce a thin-blue
acrolein smoke [18]. Relatively low smoke point
of virgin coconut oil limits it use for high
temperature deep frying operations. Smoke point
serves as an indicator to the temperature limit
which a particular cooking oil can be used [19].
The flash points of cold pressed and hot pressed
virgin coconut oils were respectively 287.75°C
and 290.00°C, these values were not significant
(P>0.05) different. Flash points of the samples
were appreciably high as compared to the Indian
specification for coconut oil (IS: 6220) of FP
value 2225°C (Gopala-Krishna et al., 2010).

The density (DN) and Specific Gravity (SG) of
coconut oil samples were respectively, 0.908
g/ml — 0.909 g/ml and 0.915 — 0.916 These
values agreed with CODEX standard SG of
0.908 — 0.921 for virgin coconut oil [15] and
Indian Standard (1S:6220) of 0.915 — 0.920 for
coconut oil [20]. An indication of the quality of
vegetable oil with respect to its solid fat content
and its weight at a particular temperature is
made available through the knowledge of its
specific density [21]. Density is expressed as the
ratio of the weight of the oil to its volume at a
given temperature [21], while the SG is the ratio
of the density of oil to the density of equal
volume of water at a particular temperature
[21].
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Refractive index (RI) values for virgin coconut oil
extracted through cold pressed and virgin
coconut oil extracted through hot press were
both 1.4475. This value falls within the CODEX
standard range of 1.448 — 1.450 (CODEX, 2009),
Indian Standard of 1.448 — 1.449 [20] and Asian
pacific coconut community standard of 1.448 —
1.449 [22]. The refractive index is the ratio of the
speed of light in a vacuum to the speed of light in
the fat sample. It is related to the degree of
saturation of the oil [23]. Rl had been shown to
provide hint on oxidative damage [24]. Refractive
index of fat had been reported to increase with
increase in chain length of the fat, and also with
the number of unsaturated bonds present in the
fat [16].

3.2 Chemical Properties of Cold Pressed
and Hot Pressed Virgin Coconut Oil

Chemical properties of virgin coconut oil
extracted through cold and hot press are shown
in Table 2. lodine values (IV) of CPCO and
HPCO were, respectively 5.72 g/100 g and 6.09
g/100 g. These values were relatively lower than
the Indian standard of 7.50 g/100 g — 10.00
g/100 g [20], this was probably due to varietal
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10.6g9/100 g for coconut oil [15] low iodine value
of coconut oil is an indication that the oil is rich in
saturated fatty acids [25]. lodine value is a simple
chemical constant used to measure the degree
of unsaturation or the average number of double
bonds in an oil sample. It is the number of grams
of iodine that could be used to halogenate 100 g
of oil [16,26].

Free Fatty Acid (FFA) of coconut oil from
different extraction were 0.054 and 0.051 for cold
press and hot press, respectively, as shown in
Table 2. All samples were appreciably lower than
the Asian and Pacific Coconut Community
(APCC) Standard [22] for virgin coconut oil
(0.5%), the Indian Standard (IS: 6220) for virgin
coconut oil (<1.00%) and the CODEX standard
[15] for virgin coconut oil (<2.00%). FFA of
0.08% and 0.09% had been reported earlier by
[27]. Low FFA in the oil sample is an indication of
good storage stability. FFA are formed by the
hydrolysis of an ester by moisture or lipase [28].
According to [29], hydrolytic rancidity could be
due to hydrolysis of triglycerides of fats and oils
by enzymes resulting in an increase in FFA of oil
and fats. Low FFA of coconut oil indicates a
good quality of virgin vegetable oil, that does not

differences. The IV however, fall within the need further refining before use for food
CODEX standard range of 6.0 g/100 g to PUrposes.
Table 1. Physical properties of cold pressed and hot pressed coconut oil
Samples CP(°C) SMP(°C) sP(’C) FP(°C) DN(g/ml) SG RI
CPCO 9.00° 24.10° 178.50° 287.75° 0.9092° 0.9162° 1.4475°
+0.000 +0.141 +0.707 +3.18 +0.001 +0.001 +0.001
HPCO 8.00° 23.90° 180.25° 290.00° 0.9082° 0.9152° 1.4475°
+0.00 +0.141 +0.354 +0.000 +0.001 +0.001 +0.001

Values are means  SD of triplicate samples

Mean values bearing different superscripts in

the same column differ significantly (P< 0.05)

Key: CPCO = Cold pressed coconut oil
HPCO = Hot Pressed Coconut Oil, CP = Cloud Point, SMP = Slip Melting Point, FP = Flash Point, Dn = Density,

SG = Specific Gravity,

RI = Refractive Index

Table 2. Chemical properties of cold pressed and hot pressed coconut oil

Parameters Samples

CPCO HPCO
lodine Value (g/100 g) 5.72°+0.113 6.05°+0.071
Free Fatty Acid (%) 0.054%+0.05 0.051% +0.005

1.173% +0.306
260.70°+ 0.14
0.115% + 0.001
0.115% +0.001

Peroxide Value (MEq/kg)
SaponificationValue (mgkoH/g)
Unsaponification Matter (%)
Acid Value (mgkoH/qg)

Ester Value (mgkoH/G)

MIV (%)

Oil Recovery (%)

0.075% +0.07
52.00°+0.000

260.59° + 0.141

1.288°+ 0.105
259.40% + 0.566
0.111%+ 0.001
0.104°+0.006
258.90° +1.131
0.055% +0.07
58.00°+0.001

1

Values are means + SD of triplicate samples.
Mean values bearing different superscript in the row differ significantly (P< 0.05)
Key: CPCO = Cold pressed coconut oil

HPCO = Hot Pressed Coconut Oil, MIV =

moisture impurities and volatile matters
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Peroxide Value (PV) of the two oil samples were
1.173mEqg/kg and 1.288mEqg/kg for CPCO and
HPCO, respectively. These values were also
lower than the Asian Pacific Coconut Community
Standard (APCC) of <3.00 mEg/kg. Low
peroxide value of the extracted virgin coconut oil
is due the freshness of the mature coconut cobra
used. The peroxide value of vegetable oil is an
indication of its degree of oxidation. Unsaturated
fatty acids easily react with oxygen to form
hydro-peroxides the higher the presence of
unsaturated fatty acids in oil, the higher its
susceptibility to oxidation. Coconut oil exhibit low
rate of oxidation due to its low content of
unsaturated fatty acids. Oxidative rancidity is
higher in vegetable oils containing greater
percentage of unsaturated fatty acids [30]. The
peroxide values obtained were relatively low,
indicating that the samples were highly stable
against oxidative rancidity [20]. The peroxide
value is the most common parameter used to
characterize oils and fats [17,31]. It is the
milliequivalent (mEq) of oxygen per kg of fat.
Oxidation of an unsaturated oil takes place
through the formation of hydro-peroxides, a
product with peroxide value between 1 and 5
mEq/kg is classified at low oxidation state; that
between 5 and 10 mEq/kg at moderate oxidation
and above 10 mEqg/kg is classified at high
oxidation state. However, Codex gives a
peroxide value limit of 15 mEq/kg for virgin oils in
general [15].

Saponification value (SV) of virgin coconut oil
(VCO) extracted using cold and hot process
(CPCO and HPCO) were 260.70 mgKOH/g and
259.71 mgKOH/g, respectively. These results
were within the standard limit for virgin coconut
oil, 250 mgKOHY/g - 260 mgKOH/g recommended
by Asian Pacific Coconut Community (APCC)
Standard [22], 248 mgKOH/g - 265mgKOH/g,
range presented in CODEX standard [15] and
saponification values greater than 250mgKOH/g
presented in the Indian Standard [20]. The result
also agreed with SV of 258.23 to 262.72
mgKOH/g and 258.8 to 263.7 mgKOH/g reported
by [32] and [33] for virgin coconut oil (VCO)
obtained using different methods of extraction.
High saponification value gives an indicator for
the suitability of vegetable oil for Industrial
application. Such as; soaps and shampoo,
pharmaceutical, and food processing [21].
Saponification value measures the esterified and
free acids distributed in fats and oils, it is a
measure of the alkali-groups in fats and oil and is
defined as the mg KOH needed to saponify 1 g
of oil [26]. Saponification value is the amount of
potassium hydroxide (in mg) required to
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neutralize the fatty acids that results from
complex hydrolysis of 1g of oil [16]. It measures
the average molecular weight or equivalent
weight of fatty materials in the oils [33].

Unsaponifiable matter present in the extracted
virgin coconut oil samples were 0.115% and
0.111% for CPCO and HPCO, respectively.
Differences observed in these values were not
statistically significant (P>0.05). The
unsaponifiable components in VCO may include
sterols, hydrocarbons (squalene, beta carotene),
tocopherols and phenols. These are desirable
bioactive components of vegetable oils [33].
USM presence in the coconut oil samples were
low compared to CODEX standard (<1.5%),
Indian Standard (<0.8) and Asian Pacific
Coconut Community Standard (0.20 to 0.50%)
[16,21,23]. The unsaponifiable matter of oil
serves as a check for contamination by foreign
materials such as mineral oils and damage to the
oil by oxidation. Highly oxidized oils contain
polymerized fatty acids which are extracted
together with the unsaponifiable matter [33].

The ester value (EV) of CPCO and HPCO were
respectively 260.59mgKOH/g and 258.90
mgKOH/g, respectively. High ester value of
coconut oil is an indication that it has good
flavour suitable for use in some food operations.
Saponification value and the acid value of
vegetable oils determines its ester value. It is an
indication of the saponifiable fatty acids in the
triacylglyceride excluding the free acids of the fat
[22].

Moisture impurities and volatile matter (MIV) in
both samples were bellow APCC set standard of
<0.2% [23], Indian standard of <0.25% (Gopala
Krishna et al., 2010) and CODEX standard of
<0.20% [16]. Moisture impurities and volatile
matter (MIV) are an important determinant of oil
quality [29]. It is desirable to keep the moisture
content low as it will increase the shelf life by
preventing oxidation and rancidity processes.
High moisture content promotes hydrolytic
rancidity of vegetable oils and fats [30]. The oil
recovery was 52.00% and 58.00% for cold and
hot press, respectively. This showed that coconut
is a good source of edible vegetable oil.

3.3 Changes in Physical Properties

3.3.1 Changes in Refractive Index (RI) of
Virgin Coconut oil extracted through
cold press (CPCO) and hot press
(HPCO) during storage

Refractive index (RI) of cold pressed coconut oil
ranged from 1.4470 to 1.4475 after ninety days
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of storage at room temperature (28i2°C), while
the RI of hot pressed coconut oil (HPCO) ranged
from 1.4474 to 1.4480 during a three months’
storage period, as shown in Table 3. There was
no significant change in the refractive index (RI)
of cold pressed and hot pressed virgin coconut
oil throughout the 90 days’ storage period, at
room temperature. The stability of RI during
storage is an indication that the unsaturated fats
in the oil did not reduce significantly during the
period of storage [34]. It correlates positively
with the stability of iodine value during storage
[35].

3.3.2 Changes in Slip Melting Point (SMP) of
Virgin Coconut oil extracted through
cold press (CPCO) and hot press
(HPCO) during storage

From the result in Table 4, Slip melting goint
(SMPg of CPCO increased from 24.10°C -
24.63°C after 90 days of storage. Increase in
SMP became Significant (P<0.05) from the
second to the third month of storage. SMP of
HPCO increased from 23.90°C - 24.49°C after 90
days of storage at room temperature (28+2°C).
Increase in melting point was however, still within
the CODEX standard limit of 24°C, for virgin
coconut oil [16]. Significant (P<0.05) increase
was also observed after 2 months of storage.
The change in melting point of fat/oils during
storage is probably due to polymorphic changes,
as the fat molecules realign in order to attain a
stable crystalline form [35]. This view was also
supported by [17] and [36].

3.3.3 Changes in Smoke Point (SP) of Virgin
Coconut oil extracted through cold
press (CPCO) and hot press (HPCO)
during Storage

Result in Table 5 showed a significant (P<0.05)
reduction in smoke point (SP) of cold pressed
coconut oil (CPCO) from 178.50°C to 175.50°C,
after 90 days of storage. No significant change
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(P>0.05) in smoke point was seen on days 30
and 60, showing that there was no oxidative
breakdown during this period. Reduction in
smoke point of hot pressed coconut oil (HPCO)
from 180.25°C to 178.00°C after 60days of
storage was not statistically significant P>0.05).
Significant reduction to 176.00°C was only
observed after 90 days of storage at room
temperature, this was probably due to onset of
oxidation.

The Smoke Point of the oil samples extracted
through cold and hot process were not
significantly (P>0.05) different compared column
wise, for each month of storage. Significant
reduction in smoke point after 90days of storage
was likely due to increase in percentage free
fatty acid (FFA) and Peroxide value of the oil
samples. Earlier researchers established that
Smoke point of vegetable oils is hindered by the
presence of free fatty acids and other products of
fat oxidation [36,16,17,18]. The use of coconut oil
in deep frying, where high temperature is
involved, is to a large extent limited by reduction
in its smoke point during storage.

3.3.4 Changes in Specific Gravity (SG) of
Coconut Oil Extracted through Cold
Press (CPCO) and Hot Press (HPCO)
during Storage

Specific gravity (SG) of oil sample CPCO
increased significantly (P<0.05) from 0.9162 to
0.9260 after 90 days of storage, as shown in
Table 6. SG however, do not change significantly
by the 1% and 2" months of storage.
Significant (P<0.05) increase was noticed in 90
days. There was no significant difference
(P>0.05) in the SG of the two oil samples,
compared on monthly basis. Increase in specific
gravity of oil with time is probably due to
oxidative changes and the rearrangement and
realignment of fatty acid triacylglycerol
molecules, which result in increased saturation
and solid fat content [37].

Table 3. Changes in Refractive Index (RI) of Virgin Coconut Oil extracted through cold press
(CPCO) and hot press (HPCO) during storage

samples Storage time (days)

Day 0 Day 30 Day 60 Day 90
CPCO 1.447°+ 0.001 1.4480% £0.000 1.44705° £0.001 1.4475%+0.001
HPCO 1.4475°+0.001 1.4480°+0.000 1.4480% 0.000 1.4475% £0.001

Values are means + SD of triplicate samples.
Mean values bearing different superscripts in the same row differ significantly (P< 0.005)
Mean with asterisk (*) in the same column differ significantly (P< 0.05)
Key: CPCO = Cold pressed coconut oil, HPCO = Hot Pressed Coconut Oil
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Table 4. Changes in Slip Melting Point (SMP) of Virgin Coconut Qil extracted through cold
press (CPCO) and hot press (HPCO) during storage

samples Storage Time (days)

Day 0 Day 30 Day 60 Day 90
CPCO 24.10° +0.141 24.15° + 0.071 24.52% +0.007 24.63%+0.071
HPCO 23.90°+0.141 23.95° +0.071 24.38% +0.177 24.49° +0.021

Values are means + SD of triplicate samples
Mean values bearing different superscripts in the same row differ significantly (P< 0.005)
Mean with asterisk (*) in the same column differ significantly (P< 0.05)
Key: CPCO = Cold pressed coconut oil, HPCO = Hot Pressed Coconut Oil

Table 5. Changes in Smoke Point (SP) of Virgin Coconut Oil during storage (°C)

Samples Storage Time (days)

Day 0 Day 30 Day 60 Day 90
CPCO 178.50°+0.707 178.00° £ 0.000 177.00%° + 0.000 175.50° £ 0.707
HPCO 180.25° +0.354 180.20°+ 0.283 178.00*° + 1.414 176.00° + 0.000

Values are means + SD of triplicate samples.
Mean values bearing different superscripts in the same row differ significantly (P< 0.005)
Mean with asterisk (*) in the same column differ significantly (P< 0.05)
Key: CPCO = Cold pressed coconut oil, HPCO = Hot Pressed Coconut Oil

Table 6. Changes in Specific Gravity (SG) of Coconut Qil Extracted Through Cold Press
(CPCO) and Hot Press (HPCO) during storage

Samples Storage Time (days)

Day 0 Day 30 Day 60 Day 90
CPCO 0.9162°+ 0.001 09165° + 0.001 0.9205% + 0.001 0.9260° + 0.003
HPCO 0.9152° + 0.000 0.9153" + 0.000 0.9185% + 0.001 0.9195% + 0.001

Values are means + SD of triplicate samples.
Mean values bearing different superscripts in the same row differ significantly (P< 0.005)
Mean with asterisk (*) in the same column differ significantly (P< 0.05)
Key: CPCO = Cold pressed coconut oil, HPCO = Hot Pressed Coconut Oil

3.4 Changes in Chemical Properties of
Virgin Coconut Oil Extracted Through
Cold Press (CPCO) and Hot Press
(HPCO) During Storage at Room
Temperature (28+2°C)

3.4.1 Changes in lodine Value (IV) of Coconut
oil extracted through cold press (CPCO)
and hot press (HPCO) during Storage at
Room Temperature (2812°C)

lodine value (V) is a direct representation of the
degree of unsaturation of vegetable oils. From
the result in Fig. 3, lodine value (V) of CPCO
decreased significantly (P<0.05) from 5.72 to
5.08g/100g after 90 days of storage, however,
there was no significant (P>0.05) change in IV
from day zero to day 60. Significant decrease in
IV was only observed by the 3" month of storage
(day 90). lodine value of HPCO also decreased
significantly (P<0.05) after 90 days of storage at
room temperature from 6.05 g/100 g to 5.17
g/100 g). Reduction in iodine value of vegetable

oils during storage is probably due to oxidation.
Oxidation, which consists of a complex series of
chemical reactions, is characterized by a
decrease in the total unsaturated content of oils
due to abstraction of hydrogen adjacent to the
double bond and the formation of free radicals
during termination of autoxidation [38,35]. lodine
values of the virgin coconut oil samples after 90
days of storage were still within the Asian Pacific
Coconut Community (APCC) standard of 4.10 to
11.00 g/100 g [22].

3.4.2 Changes in Percentage Free Fatty Acid
(FFA) of Virgin Coconut oil extracted
through cold press (CPCO) and hot
press (HPCO) during Storage at Room
Temperature (28+2°C)

Percentage free fatty acid (FFA) of cold pressed
coconut oil (CPCO) increased significantly
(P<0.05) from 0.054 to 0.742% after 90 days of
storage, this significant increase was observed
from the 60days of storage (Fig. 4). Changes in
Percentage FFA is a fast, reliable method to
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monitor the breakdown of vegetable oil during
storage. FFA of the hot pressed coconut oil also
increased significantly (P<0.05) from 0.051% to
0.700% after 90 days of storage at room
temperature (28+2°C). At the 2™ month of
storage, percentage FFA of CPCO (0.140%) was
significantly (P<0.05) higher than FFA of HPCO
(0.131%). FFA of the coconut oil samples
increased beyond the Asian Pacific Coconut
Community (APCC) standard limit of 0.5% [22],
this was probably due to onset of oxidation,
however, it was still within the allowable range of
<2.00% [15] and <1.00% Indian Standard [21].
This showed that coconut oil is chemically safe
for use in food operations.

3.4.3 Changes in Peroxide Value (PV) of
Virgin Coconut oil extracted through
cold press (CPCO) and hot press
(HPCO) during Storage at Room
temperature (28%2°C)

Peroxide value of CPCO increased significantly
(P<0.05) from 1.173mEqg/kg to 2.274mEq/kg
after 3 months of storage at room temperature
(28+2°C), as shown in Fig. 5. Significant
(P<0.05) increase was however, noticed after 60
days of storage. PV of HPCO also increased
significantly (P<0.05) from 1.288mEq/kg to
2.195mEq/kg after 90 days of storage. There
was no significant change in PV from months
zero to two. Increase in PV was only observed
after the 90 days of storage. The oil samples
presented peroxide value within the established
limits Of <10mEq/kg (CODEX standard for virgin
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coconut oil) and <3.00mEqg/kg (APCC standard)
throughout the period of storage [15,20]. Low PV
during storage at room temperature is an
indication that coconut oil has good storage
stability. Peroxide values is used as an indicator
of deterioration of oils. Fresh oils have values
less than 10 mEqg/kg. A rancid taste often begins
to be noticeable when the peroxide value is
between 20 and 40 mEqg/kg [39]. Peroxide value
(PV) is a useful indicator of oxidation.

3.5 Fatty Acid Profiles of Cold Pressed
Coconut Oil (CPCO) and Hot Pressed
Coconut Oil (HPCO)

As shown in Table 7, the predominant fatty acid
in the coconut oil samples was lauric acid
(48.76% in CPCO and 49.30% in HPCO). These
values agreed with 47 to 50% lauric acid
reported earlier by [33] and also within the APCC
standard range of 453.0% to 53.0% for virgin
coconut oil (APCC, 2009) and CODEX standard
range of 45.1% - 53.2% [40]. Myristic acid
content (20.92% in CPCO and 22.20% in HPCO)
also fall within the standard range of 16.8% to
21.0% CODEX and APCC standards [40] [22].
CPCO contained 90.95% saturated fatty acids
and 9.07% unsaturated fatty acids, out of which
6.85% is monounsaturated and only 2.22% is
polyunsaturated (PUFA). HPCO contained
91.60% saturated fatty acids with only 8.40%
unsaturated fatty acids. The predominant fatty
acid specie noticed in the two coconut oil
samples were medium chain saturated fatty
acids.
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Fig. 3. Changes in iodine value (g/100 g) of virgin coconut oil extracted through cold press
(CPCO) and hot press (HPCO) during Storage at Room Temperature (28+2°C)
Key: CPCO = cold press coconut oil, HPCO = hot press coconut oil
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Fig. 4. Changes in percentage Free Fatty Acid (FFA) of virgin coconut oil extracted through
cold press (CPCO) and hot press (HPCO) during Storage at Room Temperature (28+2°C)
Key: CPCO = cold press coconut oil, HPCO = hot press coconut oil
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Fig. 5. Changes in peroxide value (mEqg/kg) of coconut oil extracted through cold press (CPCO)
and hot press (HPCO) during storage at room temperature (28+2°C)
Key: CPCO = cold press coconut oil, HPCO = hot press coconut oil
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Fig. 7. Fatty acid GC chromatogram of hot pressed virgin coconut oil

Table 7. Fatty acid profiles of cold pressed coconut oil (CPCO) and hot pressed coconut oil

(HPCO)

Fatty Acids (%) Samples

CPCO (A) HPCO (B)
Caprylic C8:0 6.45 5.62
Caprioc C10:0 5.56 5.2
Lauric C12:0 48.76 49.3
Myristic C14:0 20.92 222
Palmitic C16:0 7.21 7.28
Stearic C18:0 2.03 2
Oleic C18:1 6.85 6.4
Linoleic C18:2 2.22 2

Key: CPCO = Cold pressed coconut oil, HPCO = Hot Pressed Coconut Oil

This result showed that coconut provide fat that
is mostly in the form of medium chain saturated
fatty acids (MCFAs). MCFAs are saturated fatty
acids with a carbon chain of 6 to 12 atoms. Of
these MCFAs, lauric acid (C12) is predominant
with antiviral and antimicrobial properties similar
to monolaurin in human milk [22]. Monolaurin is
antiviral and antibacterial, can destroys a wide
variety of disease causing organisms [41]. It
gives babies immunity to diseases and similar
beneficial effects in adults [42].

According to the National Center for
Biotechnology Information, lauric acid has many
germ fighting, antifungal and antiviral properties
that are very effective at ridding the body of
viruses, bacteria and countless illnesses [43].
Lauric acid may also reduce cholesterol and
triglyceride levels, which lowers heart disease
and stroke risks [44]. Furthermore, the fats that
are present in coconuts are less likely to clog
arteries, because the body does not store
coconut fats which makes coconut milk a healthy
alternative to cow’s milk when it comes to
preserving heart's health [44]. Values obtained
for Myristic acid in this study were similar to

myristic content of virgin coconut oil samples
reported by [6,29] which ranged within 16.00 to
22.3%. Overall, all the percentage of fatty acids
had their values within CODEX standard for
coconut oil [41]. High content of MCFAs in virgin
coconut oil make it a basic component for
nutraceuticals and functional foods [45]. It
possesses anti-inflammatory, antimicrobial and
antioxidant properties (Fife, 2004). It is reported
to be the world’s only natural low-calorie fat,
prevents deposition of fats thereby preventing
obesity [46,47].

4. CONCLUSION

It was discovered from the work that cold
pressed and hot pressed process gave 52% and
58% yield of virgin coconut oil (VCO),
respectively. Indicating that the nut is a good
source of vegetable oil. The physicochemical
properties of VCO from both processes were not
significantly (P>0.05) difference. High content of
medium chain saturated fatty acid (lauric acid;
48.76 to 49.30%) present VCO as a basic
component for nutraceuticals and functional
foods. The melting point was found to increase
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while the smoke point decreased significantly
(P<0.05) for both cold pressed and hot pressed
VCO after three months of storage at room
temperature (2812°C). Peroxide value (PV) and
free fatty acid (FFA) increased slightly during
storage, this could be as the result of the storage
container though these increases was still within
the WHO/FAO (CODEX) standard of <10
mEqg/kg and <2%, respectively. Cold pressed
and hot pressed method used for the
extraction had no major significant impact on the
quality of the oi. In conclusion for economical
purpose the HPCO method will be better
because of its high yield. However further study
on the appropriate temperature for the HPCO is
required and longer period of storage for both
methods.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Prades A, Dornier M, Diop N, Pain JP.
Coconut water uses, composition and
properties: A review. Fruits. 2012;67(2):87-
108.

2. Chan E, Elevitch CR. Cocos nucifera
(coconut) (version 2.1). In Elevitch CR
(Ed.). Species profiles for pacific island
agroforestry. Holualoa, Hawai'’i: Permanent;

2006.

3. Bourdeix R, Konan JL, N'Cho YP. Coconut:
A guide to traditional and improved
varieties, Ed. Diversiflora, Montpellier,
France; 2005.

4. Steiner |, Desser A. Coconut Water
Composition, Properties and Process.

Ematr. 2008;32:513— 516.

5. Che Man YB, Marina AM. Medium chain
triacylglycerol. In F. Shahidi (Ed.),
Nutraceutical and specialty lipids and their
coproducts (pp. 27e56). Boca Raton: Taylor
& Francis Group; 2006.

6. Marina AM, Che Man YB, Amin |. Virgin
coconut oil: emerging functional food oil.
Trends in Food Science and Technology.
2009;20:481-487.

7. Villarino BJ, Dy LM, Lizada CC. Descriptive
sensory evaluation of virgin coconut oil and
refined, bleached and deodorized coconut
oil. LWT-Food Science and Technology.
2007;40:193-199.

Ajogun et al.; AFSJ, 18(4): 27-40, 2020; Article no.AFSJ.61998

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

38

Rethinam P, Kumar TBN. Tender Coconut-

an overview. Indian Coconut Journal.
2001;32:2-22.
Rajamohan T. Hepatoprotective and

antioxidant effect of tendercoconut water on
carbon tetradiloride induced liver
injury in rats. Indian Journal of Biochemistry
and Biophysics. 2003;40(5):354-357.
Nevin KG, Rajamohan T. Beneficial effects
of virgin coconut oil on lipid parameters and
in vivo LDL oxidation. Clinical Biochemistry.
2004;37:830e835.

Bawalan DD. Processing manual for virgin
coconut ail, its products and by-products for
Pacific Island Countries and Territories;
2011.

Available:http://www.spc.int.

Association of Official Analytical Chemists.
Official Methods of Analysis, 19th Edition
Washington, DC USA; 2012.

FSSAI. Food Safety and Standards
Authority of India Ministry of Health and
Family Welfare Government of India.
Manual of Methods of Analysis of Foods.
Ministry of Health and Family Welfare
Government of India New Delhi; 2015.
IUPAC. Standard methods for the analysis
of oils, fats, and derivatives. Oxford:
Pergamon; 2014.

CODEX. CODEX Alimentairus Commission
Standard for Named Vegetable Oils, FAO
Corporate Document, CODEX STAN 210;
2009.
Retrieved:https://www.fao.org/docrep/004/y
2774e05. 5™ July, 2016

Chibor BS, Kiin-Kabari DB, Ejiofor J.
Physicochemical Properties and Fatty Acid
Profile of Shea Butter and Fluted Pumpkin
Seed Oil, a Suitable Blend in Bakery Fat
Production.  International  Journal  of
Nutrition and Food Sciences. 2017;6(3):
122-128.

O’Brien RD. Fats and Oil. Formulating and
processing for  Application, 2" ed.
Lancester: Technomic Publishing Co. Inc;
2004.

Bockish, M. Fats and Oils Handbook,
Champaign, IL: American Oil Chemists’
Society Press; 1998.

Thomas PP. Variation in the quality of
coconut oil with method of manufacture and
an experience with RRLT-NC drier. Nat.
Seminar Coconut and Coconut Products in
Health and Disease. Department of
Biochemistry University of  Kerala,
Trivandrum. Abstract: 12. 2003;19-20.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ajogun et al.; AFSJ, 18(4): 27-40, 2020; Article no.AFSJ.61998

Gopala KAG, Raj G, Bhatnagar AS,
Prasanth KP, Chandrashekar P. Coconut
Oil:  Chemistry, Production and Its
Applications - A Review. Indian Coconut J.
2010;53(3):15-27.

MO Ibrahim H, Bamidele TO.
Physicochemical Characteristics of the Oils
Extracted from Some Nigerian Plant Foods.
Chemical and Process Engineering
Research. 2015;32:22-25.

Quality standard virgin coconut oil; 2012.
Available:www.apccsec.org/apccsec/admin
ffiles/11VCOStandardFlyer.pdf. Pp.5-6.
Nielson SS. Introduction to Chemical
Analysis of Foods. New York: Chapman
and Hall; 1994.

Hoffman G. Quality Control in Food
Industry. Food Science and Technology
Series of Monographs, 2™ ed. (pp407-504).
London: Academic press; 1986.

Retrieved from https://www.elsevier.com.
6" June, 2016

Aremu MO, Olaofo O, Akintayo ET.
Chemical Composition and
Physicochemical Characteristics of Two
Varieties of Bambara Groundnut (Vigina
Subterrenea) Flour. Journal of Applied
Science. 2006;6(9):1900-1903.

Shahidi F. Quality Assurance of Fats and
Oils. In Shahidi, F. (Ed), Bailey’s Industrial
Oil and Fat Products: Edible Oil and Fat
Products. New York: John Wiley and Sons,
Inc. 2005;102-123.

Ghosh PK, Bhattacharjee IP, Mitra S,
Poddar-Sarkar M. Physicochemical and
Phytochemical Analyses of Copra and Oil
of Cocos nucifera L. (West Coast Tall
Variety). International Journal of Food
Science. 2014;1:1-8.
DOI:http://dx.doi.org/10.1155/2014/310852
Choe E, Min DB. Comprehensive Reviews
in Food Science and Food Safety
Mechanisms and Factors for Edible Oil
Oxidation. Comp. Rev. Food Sci. Food Saf.
2006,5:169-186.

Raghavendra SN, Raghavarao KSMS.
Aqueous  extraction and  enzymatic
destabilization of coconut milk emulsions.
J. Am. Oil Chem. Soc. 2011;88(4):481-487.
Nurah TS, Fernando WM, Coorey1 R, Gold
I, Jayasena V. Effect of extraction
techniques on the quality of coconut oil.
African Journal of Food Science. 2017;
11(3):58-66.

Akusu OM, Wordu GO, Obiese C. Effect of
Storage Time on the Physicochemical

39

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Properties of Shortenings Produced from
Tallow Tree (Allanblackia floribunda) seed
and African Pear (Daryodes edulis) Pulp
Oils. Advance Nutrition and Food Science.
ANAFS. 2019;133(02):1-8.
Mansor TST, Che Man YB, Shuhaimi M,
Abdul  Afig MJ, Ku Nurul FKM.
Physicochemical properties of virgin
coconut oil extracted from different
processing methods. Int. Food Res. J.
2012;19(3):837-845.
Kamariah L, Azmi A, Rosmawati A, Wai
Ching MG, Azlina MD, Sivapragasam A,
Tan CP, Lai OM. Physico-chemical and
quality characteristics of virgin coconut
oil — A Malaysian survey. Journal of
Tropical Agriculture and Food Science.
2008;36(2);1-10.
Zaeroomali M, Maghsoudlou Y, Araey P.
Effect of Storage On Margarine in
Refrigerated Temperature. European
Journal of Experimental Biology. 2014;4(3):
182-184.
Kiin-Kabari DB, Eke-Ejiofor J, Chibor BS.
Changes in Physicochemical
Characteristics and Microbiological
Quality of Bakery Shortening Formulated

with Shea Butter and Fluted Pumpkin
Seed Oil During Storage. International
Journal of Food Science and

Biotechnology. 2018;3(3):89-94.

Ghotra BS, Dyal SD, Narine SS. Lipid
Shortenings: A Review. Food Research
International. 2002;35:1015-1048.

Ghazalia F, Lai OM, Cho C, Chong L.
Physical Properties of Lipase-Catalysed
Transesterified Blends of Palm Stearin and
Anhydrous Milk Fat. Journal of Food
Chemistry. 2000;70:215-219.

Nasirullah KN, Ankaiah MN, Krishnamurthy
MN, Nagaraja KV. Quality characteristics of
edible vegetable oil blends. Journal of
American Oil Chemists’ Society. 1991;68:
446-447.

Gulla S. Waghray K. Effect of Storage on
Physico-Chemical  Characteristics and
Fatty Acid Composition of Selected Oil

Blends. Journal of Life Science.
2011;3(1):35-46.
FAO. Codex Alimentarius Stan 201.

Standard for Named Vegetable Oils; 2009.
Availabe:http://www.fao.org/fao-
whocodexalimentarius/en/

Alyaqoubi S, Abdullah A, Samudi M,
Abdullah N, Radhi Addai Z, Hamid Musa K.
Study of antioxidant activity and



42.

43.

44.

Ajogun et al.; AFSJ, 18(4): 27-40, 2020; Article no.AFSJ.61998

physicochemical properties of coconut milk
(Pati santan) in Malaysia. Journal of
Chemical and Pharmaceutical Research.
2015;7(4):967-973.

Kabara JJ. Antimicrobial agents derived
from fatty acids. Journal of the American Oil
Chemists’ Society. 2000;61:397-403.
Baldioli M, Servili M, Perretti G. Montedoro
GF. Journal of the American Oil Chemists’
Society. 1996;73:1589-1593.

Brown T. The Health Benefits of Coconut
Milk. Demand Media; 2014.
Available:http://healthyeating.sfgate.com/he
althbenefits-coconut-milk-2031.html,  (11-
10-2014).

45.

46.

47.

Bawalan DD, Chapman KR. Virgin coconut
oil production manual for micro- and village-
scale processing; 2006.
Available:ftp://ftp.fao.org/docrep/fao/009/ag
094e/ag094e00.pdf. P 80

Fife B. The Coconut Oil Miracle. Colorado
Springs: Picadilly Books Ltd. Ghazalia F.,
Lai OM, Cho C, Chong L. Physical
Properties of Lipase-Catalysed
Transesterified Blends of Palm Stearin and
Anhydrous Milk Fat. 2004; Journal of Food
Chemistry. 2000;70:215-219.

Dayrit CS. Coconut for Better Health.
Quenzon City: Philippine Coconut Authority
Auditorium; 2003.

©2020 Ajogun et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/61998

40



