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Abstract

This study aims to compare the physicochemical properties of Virgin Coconut Oil (VCO), Refined,
Bleached and Deodorized (RBD) oil and Cold Pressed Oil (CPO, Chekku oil). The physicochemical
properties taken for the study includes moisture content, refractive index, saponification value, iodine
value, acid value, unsaponifiable matter, polenske value and % free fatty acids. The physicochemical
properties of all three samples obtained are in compliance with Asian and Pacific Coconut Community
(APCC) standards. Of all the samples, VCO showed 1.3% FFA which was higher when compared, that it
should be consumed only to a certain limit for cooking. VCO has very low moisture content of 0.11%
where the shelf life of oil can be naturally preserved. The acid value of VCO was 2.7 mg KOH/g which
has the highest amount of AV whereas for other samples it was less than 1.0 mg KOH/g. These findings
can be used for chemical analysis and adulteration detection.

Keywords: Virgin coconut oil (VCO), commercial coconut oil samples, physicochemical properties,
APCC standard, free fatty acids (FFA)

1. Introduction

Coconut oil is an edible oil that has been consumed in tropical countries for thousands of years
(Gopala et al., 2010) 4, Over the last decade, the world production of coconut oil has been
raised because of its edible characteristics. In the point of edible nature, there are two type of
coconut oil, RBD (refined, bleached, and deodorized) which was used in major and the virgin
coconut oil (VCO) where the consumption is comparatively low because of its high cost
(Perera et al., 2020) 2%, It is largely consumed for both edible and non-edible purposes that
includes cooking, bakery, confectionary, pharmaceutical, infant foods, and cosmetics (Dia et
al., 2005; Gopala et al., 2010) (11241,

Commercial edible RBD coconut oil is derived from the kernel of Cocos nucifera L., a tropical
plant (Gopala et al., 2010) 1 from which dried copra was taken then extracted and the
resulting crude oil is processed on an industrial scale by washing, bleaching and deodorization
(F.M. Dayrit et al., 2007) . Coconut oil contains 92% saturated fatty acids (SFA) (Da Silva
Lima & Block, 2019) [T hence it is consumed less (Gopala et al., 2010) . However, research
on populations that eat diets high in coconut oil have shown no harmful effects on the
population’s health (Thampan et al., 2009). The major fatty acid of coconut oil is a medium-
chain fatty acid (MCFA). MCFA serves as the source of energy and is easy to absorb,
metabolize and store in the body (Schénfeld & Wojtczak, 2016) 4. Lipid oxidation is a
significant degradation mechanism that occurs in oils, thereby affecting the organoleptic
properties of food products coupled with oil (Perera et al., 2020) . As coconut oil is
composed of more saturated fatty acids, it is more resistant to oxidation and polymerization
than the oils with unsaturated fatty acids (Da Silva Lima & Block, 2019) ). But when the oil
is processed, there are certain thermal and chemical treatments that influence the natural
quality and composition of fatty acids (Vidya & Seeja, 2016) 271,

Virgin coconut oil (VCO) on the other hand, obtained from fresh and mature coconut kernels
(12 months after pollination) (Cocos nucifera L.) by mechanical or natural means, with or
without heat application, which does not alter the quality of the oil. VCO has not been exposed
to chemical refining, deodorization and bleaching. In its natural state, it can be consumed
without the need for further processing. Virgin coconut oil consists primarily of peroxidation-
resistant medium chain triglycerides.
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Colorless, sediment-free virgin coconut oil with a perfect,
fresh coconut fragrance. It is free from rancid odor or taste
(APCC, 2009; Nevin & Rajamohan, 2004) [ 18 The
production can be of two methods which includes wet and dry
methods (Ghani et al., 2018) (%1, In the dry method, the kernel
is dried to remove the moisture from microbial invasion
occurring. The dried kernel is pressed mechanically by means
of bulls or electric source known as cold pressed oil. In
contrast, in the wet method the VCO is extracted from the
coconut meat/kernel by either chilling and centrifugation,
enzymatic or fermentation to destabilize the emulsion of
coconut milk without requiring the process of drying
(Raghavendra & Raghavarao, 2010) 2. The lauric acid
content, a medium chain fatty acid was present in high
amount in the VCO that shows potential for anti-obesity
treatments (Assungdo et al., 2009; F.M. Dayrit, 2015) & 91,
Due to the presence of higher MCFA they perform some
specific functional properties (Savva & Kafatos, 2015;
Srivastava et al., 2018) [ 25 that includes antiviral,
antibacterial, antiplague, antiprotozoal, healing, anti-
inflammatory and anti-obesity effects (German & Dillard,
2004) 1, And VCO also has several benefits for curing some
minor illnesses (List, 2016) [® such as diarrhea, skin
inflammations, gastrointestinal problems, minor wounds,
injures and swelling (Nevin & Rajamohan, 2006) 9],

The VCO therefore exhibits more benefits in terms of both
functional and nutritional aspects than other commercial
edible coconut oil. Recently, here grows the interest in the
consumption of VCO for cooking and medicinal benefits
(Ghani et al., 2018) [*3, Due to its complicated processing
steps, virgin coconut oil costs much more than other
commercial coconut oils. Hence there is a risk of adulteration
in VCO, so it was important to study the quality
characteristics of VCO. Therefore, the subject of this paper is
to focus on the comparative study of physicochemical
properties of commercial edible RBD coconut oil, virgin
coconut oil and cold pressed coconut oil.

2. Material and Methods

2.1 Raw material

The coconut oils samples that include virgin coconut oil
(VCO) were purchased from Pavithra Kera product, Palakkad
(Kerala), Refined, Bleached and Deodorized coconut oil
(RBD) and cold pressed coconut oil (CPO) were purchased
from the local market in the city. All solvents and chemicals
used were of analytical grade.

2.2 Determination of physicochemical properties

The physicochemical properties were carried out for all the
three coconut oil samples. All the tests were performed with
reference to the Food Safety and Standards Authority of India
(FSSAI), American Oil Chemists Society (AOCS), Asian
Pacific Coconut Community (APCC) and Indian standards

(1S).

2.2.1 Moisture content (MC)

Moisture and volatile are an important factor to determine the
oil quality. Moisture content (MC) for the different oils
samples were determined based on the American Oil
Chemists Society (AOCS) (Firestone et al., 2009) method.
About 5.0g of oil sample was weighed in a crucible with lid
which was preheated, weighed and dried. It was then heated at
105 °C for about 24 hours until there is no change in the
successive observations. The crucible with sample was then
placed in the desiccator and allowed to cool to a room
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temperature. The crucible with oil sample was then re-
weighed. The moisture content were then calculated using the
following formula:

initial weight—final weight

Moisture content(%) = x100%

initial weight

2.2.2 Refractive index at 40 °C (RI)

The refractive index (RI) of the oil samples were measured
using precision Abbes refractometer based on AOAC official
method and ISI having a measuring range of refractive index
of 1.300-1.700 with the accuracy within £0.0002. (Ghani et
al., 2018) I3 The refractive index was calculated by
sandwiching 1 or 2 drops of oil sample between illuminating
and refracting prisms of Abbes refractometer by means of
syringe. The sample was illuminated with monochromatic
light from sodium vapor lamp and it was allowed to stand for
5min before taking the reading displayed on the screen.

2.2.3 Saponification value (SV)

Coconut oil has a relatively high saponification value due to it
high concentration of short and medium chain triglycerides.
The saponification value (SV) of the oil samples were
determined using the International Union of Pure and Applied
Chemistry (IUPAC) method (Rigaudy & Klesney, 1992) and
AOAC official method 920.160. Approximately 2.0g of
sample was weighed into a clean dried Erlenmeyer flask and
25ml of 0.5N ethanolic KOH was added and the mixture was
boiled in a reflux condenser for 60 min. The mixture was then
cooled to a room temperature and 1% phenolphthalein
solution as an indicator was added to the cooled mixture and
subsequently titrated against 0.5N HCI until the color of the
mixture changes from pink to colorless. The volume of HCI
was recorded and represented as S. Similarly, the same was
repeated for the blank, and the volume of HCI was noted as B.
The saponification value was calculated using.

__ (B=S)mlof HCl x 28.05
- weight of sample (g)

N%

2.2.4 lodine value (1V)

lodine value (1V) for the oil samples were determined by
using Wijs method (AOCS, 2004). Approximately 4.0g of
sample was mixed with 20ml cyclohexane to dissolve the fat
content; 25 ml of Wijs solution was then added. The flask was
closed, and the solution was shaken for 30 min continuously.
Simultaneously, 20ml aqueous Kl solution (15% v/v) and 100
ml of water were added to the mixture. It was then titrated
with 0.1N NazS;03 until the disappearance of yellow color.
Then a few drops of starch solution, turning the solution to
blue, were added and the titration continued until the blue
color vanished. The volume of Na;S;0s; consumed was
recorded and represented as S. For the analysis, the same was
repeated with blank sample and volume of Na,S;03; consumed
was recorded as B. The 1V was calculated using:

__ (B=S)x N of sodium thiosulphate x 12.69

I\Y
weight of sample(g)

2.2.5 Acid value (AV)

An important index of physicochemical property of oil which
indicates the quality, age, edibility and suitability of oil for its
uses. The acid value (AV) for oil samples were determined by
the International Union of Pure and Applied Chemistry
(IUPAC) 2.201(1979)/ISO 660:1996). Diethyl ether and
ethanol of equal volume (25ml) were mixed together and 1ml
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of 1% phenolphthalein indicator solution was added. The
mixture was then neutralized with 0.1M potassium hydroxide
solution and the oil sample (between 1-10g) was dissolved in
the neutralized solvent mixture. The sample mixture was then
titrated against 0.1M potassium hydroxide solution with
constant shaking until appearance of pink color that persists
for about 15seconds is obtained. The acid value was
calculated by:

__ titre value(ml)x 5.61

AV =
weight of sample(g)

2.2.6 Unsaponifiable matter

The Unsaponifiable matter was determined based on the
(Commission, 1999) 1 AOAC, official method 933.08. It
uses the neutralized liquid after the titration for the
determination of saponification value. The neutralized liquid
was transferred quantitatively into a separating funnel using
50 ml of water for washing the flask. It was repeated for 3
times while still warm with 50ml diethyl ether, all the ether
extracts combined into another separating funnel and washed
vigorously with 20ml portions of water and the water was
discarded. Following that it was also washed with 20 ml
portions of aqueous 0.5 M potassium hydroxide. The extract
was transferred into the beaker and kept in boiling water bath
for evaporation, 2-3 cm?® acetone was added and heated on
water bath. It was further dried to constant weight and then
dissolved in 2ml of diethyl ether. 10 ml of neutralized ethanol
was added and titrated with 0.1 M alcoholic potassium
hydroxide. The unsaponifiable matter was obtained from the
equation:

M-0.028v x 1000

Unsaponifiable matter = o

Where

V= volume of potassium hydroxide used

M= Mass of oil used for saponification value
W= Mass of unsaponifiable matter

2.2.7 Polenske value (PV)

Most of the oils/fats didn’t require this test to be performed
whereas coconut oil and palm kernel oil contains appreciable
quantities of caprylic, capric and lauric acid glycerides and
therefore requires this test. The polenske value is historically
being determined based on the AOAC 925.41. About 5 g of
oil/fat was weighed and a mixture of 20 g glycerol and 2 ml
of 50% of NaOH (Sodium hydroxide) was added. The whole
mixture is heated in a Bunsen burner with constant stirring till
saponification is initiated (liquid becomes clear) and if liquid
is dark it indicates excess heating where the procedure has to
be repeated. Then the mixture was cooled to permit the
addition of water and distillation is performed. Then the
alcoholic solution of insoluble volatile acids was collected
after distillation and 0.25 ml of phenolphthalein indicator was
added. Finally, it was then titrated against 0.1 N NaOH until
the disappearance of pink color and the same was performed
for blank.

PV=10xV x N

Where
V= Volume of NaOH required for titration (in ml)
N= Normality of NaOH

2.2.8 Free fatty acid (FFA)
The free fatty acid in the oil sample was measured based on
the standard Association of Official Agricultural Chemists
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(AOAC) method. Approximately 7.0g of different oil samples
were mixed with 2 ml of phenolphthalein solution and a few
drops of 0.1 M NaOH. Next 50 ml of ethanol was mixed and
constantly shaken until a permanent faint pink color was
obtained, which was then titrated against 0.25 N NaOH. The
volume of NaOH spent was recorded as S and the same was
repeated for the blank and the volume was recorded as B. the
percentage of free fatty acid was calculated by the formula:

(B-S)ml of NaOH x N X 56

% FFA =
% 1.99 x weight of sample(g)

Where
N-normality of NaOH.

2.3 Statistical analysis

The physicochemical properties of oil samples were
performed in the set of 5 trials (n=5) for repeatability and
reliability. The result is presented as the average value of the
data obtained. The mean, standard deviation and standard
errors were analyzed using Toolkit in Ms-Excel with the
significance level of 95 percent and the quality characteristics
were compared.

3. Result and discussion

The physicochemical properties of virgin coconut oil (VCO)
were compared with the Refined, Bleached, Deodorized
(RBD) coconut oil and cold pressed oil (Chekku oil) and
represented in the Table. 1 (Asian Pacific Coconut
Community, 2009) [,

3.1 Moisture content

The moisture content of oil samples was found to be in the
range of 0.10%-0.80% (w/w), which is within the value
recommended by APCC (<0.5% wi/w) except the cold pressed
oil. This indicates that the VCO were able to produce with
low moisture content 0.1%. On the other hand, RBD oil and
CPO contain slightly higher moisture content than VCO
which may be due to the keeping quality of oil and initiation
of oxidation. Lower moisture content of VCO (Choe & Min,
2006) indicates the increase in shelf life and prevents
oxidation and rancidity process.

Table 1: Physicochemical properties of coconut oil samples (RBD,

CPO and VCO)

Parameters Coconut oil samples APCC
RBD CPO VCO standard

MC % 0.13+0.005|0.7+0.0440.11+£0.008| Max 0.5
1.4480 —

Rl at 40 °C 1.4485 1.4484 1.4487 1.4492
SV (mg KOH/g) | 252+0.75 | 257+0.63 | 259+0.63 | Min 250
1V (gl2/100g) 9.2+0.074| 8.2 +0.04 | 7.0£0.06 | 4.0-11.0
AV (mg KOH/g) | 0.5+0.05 [0.9+0.006] 2.7+0.04 | Max 4.0

Unsaponifiable |, 16,1 007(0.1+0.049(0.1240.008  <0.5
matter %

PV (meqO2/kg) |[14.0+0.10{14.5+0.05|14.6+0.06| Min 13.0
FFA % 0.25+0.01/0.42+0.006 1.3+0.05 | Max 2.0

RBD-Refined, Bleached and Deodorized coconut oil, CPO-Cold
Pressed Oil (Chekku oil), VCO-Virgin coconut oil.

3.2 Refractive index

The RI values of the VCO was 1.4487 and that of RBD oil
and CPO was 1.4485 and 1.4484 respectively. Results
indicate that the refractive index of VCO was higher when
compared with RBD and CPO. The values are within the
specifications suggested by APCC set proposed. Most
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possibly, the disparity is due to the high FFA and impurity of
VCO sample (F. Dayrit et al., 2007) 1%, Therefore, certain
compositions of FFA results in higher Rl of VCO compared
with RBD and CPO. Hence, this parameter can be considered
for the adulteration detection of VCO with other vegetable
oils.

3.3 Saponification value

The SV of VCO was about 259 mg KOH/g fats whereas the
codex range was between 248-265 mg KOH/g fats (Codex,
2001). Comparatively VCO has the highest SV. The SV is
related to the mean molecular mass of fats and oils and
inversely proportional to the chain length of the fatty acids of
fats and oils (Gopala Krishna et al., 2010) 4. Hence, the
VCO contains higher content of short chain fatty acids in
contrast to RBD and CPO oil.

3.4 lodine value

The samples were found to have IV in the acceptable range
compared to the APCC standard (4.0 to 11.0). The lowest IV
was noted for the VCO (7.0) whereas the CPO and RBD oil
has the 1V of 8.2 and 9.2 respectively. Hence, IV indicates the
weight percentage of coconut oil related to unsaturated fatty
acids that can absorb halogens such as iodine (R et al., 2019)
211t was analysed that the VCO has less content of
unsaturated fatty acids to bind such halogens but the RBD and
CPO had higher 1V which was due to the presence of high
amount of unsaturated fatty acids. Because of the presence of
low amount of unsaturated fatty acids safety limit of
consuming VCO should be studied and adulteration detection
can be made wise with the iodine value.

3.5 Acid value

The AV of CPO and RBD oil was 0.9 mg KOH/g and 0.5 mg
KOH/g respectively, much lower than the VCO (2.7 mg
KOHY/g) and moreover all the samples were within the APCC
limit. It can be understood that the behaviour of either lipase
activity or light and heat exposure was relatively higher in
VCO rather than other samples (Akubugwo et al., 2008;
Warra et al., 2011) > 281, The lipase activity and hydrolytic
action or oxidation was used to correlate the % FFA in fat or
oil.

3.6 Unsaponifiable matter

VCO and CPO, which have the highest saponification value
of 259 and 257 mg KOH/g, also have the lowest
unsaponifiable matter of 0.12 per cent and 0.1 per cent,
respectively, which confirms that their properties will be
ideally suited for soap production compared to 0.16 per cent
in RBD oil and would be better suited for use in cosmetics.
This would also refer to those substances that are not
saponifiable by alkali hydroxides but soluble in regular fat
solvents (Afolayan et al., 2014) [ and to products of
saponification that are soluble in such solvents.

3.7 Polenske value

In comparison VCO has slightly high PV of 14.6 m-eqO- /kg
than CPO and RBD oil having 14.5 m-eqO./kg and 14.0 m-
eqOJ/kg respectively. Results reveal that the VCO has higher
quantities of caprylic, capric and lauric acids. These
glycerides form the composition of free fatty acids. Therefore,
higher PV would indicate the presence of high % FFA. These
fatty acids are steam volatile but insoluble in water and gives
high polenske number (Nwinuka N.M et al., 2009). It can be
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observed that PV is directly related to the free fatty acids
present in the sample.

3.8 Free fatty acids

The % FFA of all the samples were in the range of 0.25%-
1.3% which was acceptable and within the recommended
limit by APCC. However, RBD oil has the lowest % FFA
when compared to CPO and VCO. FFA are produced by the
hydrolysis of oils and fats and are susceptible to oxidation
(Kumar & Krishna, 2015; Marina et al., 2009) 2° 171, In RBD
oil while processing with chemical treatments it may be
reduced and regulated without supressing the quality. FFA
can be used as an indicator of taste and aroma of oil. The
trend followed to interrupt % FFA from refractive index, acid
value and polenske value in oil samples can be used vice
versa.
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Fig 1: Comparative study on physicochemical properties of VCO
with other coconut oil samples (A) Saponification Value, (B) lodine
Value, (C) Acid Value, (D) Polenske Value, (E) Free fatty acids

4. Conclusions

This research findings reveals that most of the
physicochemical properties tested are within the acceptable
range referred by APCC 2009 B (Standard, 2009) 61, The
lodine value of the VCO was 7.0 gl»/100g, which was lower
compared to other samples of coconut oil, indicating that the
VCO has more oxidation stability and the lower moisture
content of VCO could enhance the shelf life of oil. The FFA
of VCO was 1.3% which was slightly higher, would mean
that consumption for cooking purpose was minimal. VCO
showed good results against the RBD coconut oil and CPO
which can be used in the cooking and other edible purposes
ensuring quality and safety. Therefore, the parameters
including SV, AV, IV and % FFA can be used for the
adulteration detection of VCO to have significant results.
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