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ABSTRACT
Virgin coconut oil (VCO) is a pure coconut oil made from mature and fresh coconut meat. VCO is consumed for
health-related reasons, but the unsaturated fatty acids of VCO are prone to oxidation. Mixing VCO with peppermint
oil, which contains antioxidants, inhibits the oxidation of unsaturated fatty acids and thus prevents the rancidity of
VCO. This research used the antioxidants from peppermint oil to improve VCO quality. VCO contains antioxidants,
such as α-pinene, menthol, 1,8-cineol, camphor, flavonoid, borneol, tocopherol, and carotene. The treatments
consisted of three peppermint oil concentrations (2.5%, 5%, and 7.5%) in VCO. Results showed that the addition
of peppermint oil significantly improved VCO quality. The optimal concentration of peppermint oil in VCO was 7.5%
with a water content of 0.05%, a free fatty acid value of 0.13%, a peroxide value of 0.53 mg eq/kg, an iodine
value of 4.42 g I2/100 g, a total plate count of 0 cfu/mL, and antioxidant activity of 90.28%.
Keywords: antioxidant activity; peppermint oil; virgin coconut oil

INTRODUCTION
Virgin coconut oil (VCO) is edible oil made from
mature and fresh coconut meat. VCO is widely used
in the food, cosmetics, and pharmaceuticals industries
because of its medium chain fatty acids with high antiviral
activity and bioavailability (Che Man et al., 1997).
Coconut milk (CM) is an oil-in-water emulsion that is
stabilized by proteins, such as albumins, phospholipids,
and globulins. CM is extracted from coconut meat from
mature coconuts (Satheesh and Prasad, 2014)
Unsaturated fatty acids in VCO (10%) are
vulnerable to oxidation (Kamariah et al., 2008). Lipid
oxidation is an important factor affecting the shelf life
of VCO. Hydroperoxides produced from lipid oxidation
decompose into ketones, aldehydes, carboxylic acids,
and alcohols. Some of these volatile products affect
oil’s flavor, even at very low concentrations (Richardsa
et al., 2005). Lipid oxidation produces rancid flavor
and decreases the nutritional value of VCO through
the destruction of essential fatty acids and vitamins
(carotene and tocopherol) and the formation of

oxidation products, which may cause various diseases
(Muik et al., 2005).
The addition of antioxidants can prevent oxidative
changes during storage of oil. Antioxidants break the
double bonds of oil peroxide compounds, thereby
reducing the formation of peroxides that cause rancidity
(Wanasundara and Shahidi, 1994). Antioxidants give H+
atoms to free radicals and inhibit oxidation. VCO contains
very small amounts of the antioxidant α-tocopherol (Dia
et al., 2005).
Synthetic antioxidants, such as Butyl Hydroxy
Anisol and Butyl Hydroxy Toluene can be added to a
food product to prevent rancidity. However, they may
contribute to carcinogenicity and tumorigenicity (Han et
al., 2004). Therefore, addition of natural antioxidants
is a good solution to overcome the rancidity of VCO. A
previous study showed that the natural antioxidant of
sesame and clove herbs can reduce the iodine value,
PV, and FFA of VCO (Rohaman et al., 1998). Betel oil 5%
contains phenol, kavikol, and eugenol acetyl, which can
prevent the rancidity and increase the shelf life of VCO
(Utami, 2011).
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Mint leaf (Mentha piperita L.) contains 0.1%–1%
peppermint oil (Nurhasanah et al., 2006). Peppermint
oil is safe to use in several applications and has high
antioxidant and antibacterial activities. The addition of
peppermint oil does not change the physical properties
of VCO because it is transparent.
In addition, the antioxidant activity of peppermint
oil is higher than those of rosemary oil, spearmint oil, and
marjoram oil during the chemical composition analysis
of essential oil of four lamiaceae herbs (Gharib and da
Silva, 2013). Thus, the present study used peppermint
oil to improve VCO quality.
This study aimed to determine the effect and
the optimal concentration of peppermint oil in VCO.
Different concentrations of peppermint oil were added
in VCO: 2.5% for treatment A, 5% for treatment B, and
7.5% for treatment C. The analysis parameters were
iodine value, PV, FFA, water content, antioxidant activity
(DPPH test), and TPC value.
MATERIALS AND METHODS
Materials
Fresh and mature coconut fruits (Cocos nucifera)
(aged from 11–13 months) with medium size were
purchased from a local market in Semarang, Indonesia.
Clean and fresh mint leaves (Mentha piperita L.) were
purchased from a local supermarket in Semarang,
Indonesia. The other materials used in this study were
ethanol (EtOH), Na2S2O3, anhydrous Na2SO4, chloroform
(CHCl3), methanol (MeOH), glacial acetic acid,
potassium iodide (KI), iodine solution, bromine, starch,
phenolphthalein, NaOH (Merck, Darmstadt, Germany),
1,1 diphenyl 2 picrylhydrazyl (Sigma–Aldrich, Steinheim,
Germany), plate count agar (PCA), and buffered peptone
water (BPW) (Oxoid, Basingstoke, United Kingdom).
VCO Production
Coconut meat from five coconut fruits was grated.
The CM from five coconut fruits was extracted with
water as much as 2 L. The CM was incubated for 2–2.5
h in a closed plastic jar at room temperature, until two
layers (skim and cream) were formed (Rahmadi et al.,
2013). The cream (supernatant) was separated, stirred,
and incubated for 48 h until three layers (oil, protein,
and water) were formed. The oil (the first layer) was
separated and filtered with a paper filter.
Peppermint Oil Production by Water and Steam
Distillation
Clean mint leaves were chopped small and placed
in a flask with a wire screen barrier. An Erlenmeyer flask
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was filled with 500 L of distilled water and placed under
a biomass flask. The flask and erlenmeyer were wrapped
with aluminum foil and tightly connected to a condenser
and chiller, and then the Erlenmeyer flask was heated
with a hot plate stirrer. The distillation ended when the
droplet mixture stopped. The oil was separated from
water and purified with anhydrous Na2SO4 (Nurhasanah
et al., 2006). Na2SO4 was added to the distillate and
mixed it until it produced Na2SO4 paste in the bottom
of the flask.
Application of Peppermint Oil in the VCO
The peppermint oil was mixed with VCO at 2.5%,
5%, and 7.5% concentrations in a flask by using a
magnetic stirer for 1 h, and the flask was covered with
aluminum foil.
Water Content Test
Water content was analyzed with oven drying.
Oil (5 g) was placed in a weighing bottle with constant
weight. The sample was heated (105 °C) for 1 h. The
sample was cooled with a desiccator for 10 min. The
heating steps were repeated until the constant weight
of the sample was obtained. Experiments were carried
out in accordance with the methods of AOAC (1995).
Free Fatty Acid (FFA) Test
FFA was determined by titrimetry. Oil (30 g) was
mixed with 50 mL of 95% EtOH. Phenolphthalein was
used as an indicator. The mixture was titrated with 0.01
M NaOH until a red color formed. Experiments were
carried out in accordance with the methods of AOCS
(1992).
Iodine Value Test
The oil (0.5 g) was mixed with 10 mL of CHCl3 and
25 mL of Hanus reagent. The solution was incubated
for 30 min in the dark and then mixed with 10 mL of
15% KI and 100 mL of distilled water. The mixture
was titrated with 0.1 M Na2S2O3 until pale yellow color
was formed and the titration continued until the blue
color disappears (using starch solution as an indicator).
Experiments were carried out in accordance with the
methods of AOAC 920.158 (2005).
DPPH Assay
The sample was mixed with CHCl3 and MeOH
(Kim, 2005) (2:1) solvent with 2:5 ratio. The sample
solution (5 mL) was mixed with 1 mL of 0.2 mM DPPH
solution. The mixture was incubated for 30 min in the
dark. Absorbance of all samples and blank was obtained
with a UV-Vis spectrophotometer (Kim, 2005)(517 nm).
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DPPH radical inhibition (%) was determined by dividing
the absorbance difference between the blank and
sample by the absorbance of the blank alone and then
multiplied by 100% (Kim, 2005).
Peroxide Value (PV) Test
Oil (5 g) was mixed with 30 mL of 40% CHCl3
and 60% acetic acid. The solution was mixed with 1 g
of saturated KI and incubated in the dark for 30 min.
The mixture was mixed with 30 mL of distilled water
and then titrated with 0.1 M Na2S2O3 solution until the
yellow color disappears and the titration continued
until the blue color disappears (using starch solution as
indicator). Experiments were carried out in accordance
with the methods of AOAC 965.33 (1969).
Total Plate Count (TPC) Test
A 1 mL sample was mixed with 9 mL of BPW. This
mixture (1 mL) was poured into a sterile Petri dish. PCA
was poured into a Petri dish and homogenized. The Petri
dish was incubated (37 °C) for 48 h. The TPC test was
determined in accordance with the methods of AOAC
966.23 (2000).
RESULTS AND DISCUSSION
Water Content
As shown in Table 1, the water content of a VCO
sample ranged from 0.05% to 0.3%. The water content
of the VCO control exceeded the standard of VCO (INS
7381-2008), which is not more than 0.2% (National
Standardization Agency, 2008). This result is may be
due to the hydrolysis reaction during VCO production
after the addition of water during the wet extraction of
CM. The stirring of CM in a short time may also cause
incomplete separation of oil from the water. The oil
separation (4 h) in the open space may also cause oil
Table 1.

Water content and FFA of VCO with peppermint
oil addition

Peppermint oil
concentration
in VCO

Water content
(%)

FFA (%)

0%

0.30 ± 0.18a

0.25 ± 0.01a

2.5%

0.12 ± 0.02b

0.20 ± 0.01b

5%

0.09 ± 0.01b

0.18 ± 0.01b

7.5%

0.05 ± 0.01b

0.13 ± 0.03c

All values are expressed as means, and those with the same letter
within the same column are not significantly different according to
DMRT at the 5% significance level

contact with the water phase and water vapor in the air
(Anwar & Salima, 2016).
Hydrolysis reaction can also occur when the
sample’s bottle cap is opened (allow the oil to contact
with water vapor in the air). The high water content
initiates the hydrolysis reaction of unsaturated fatty
acids. The hydrolysis reaction produces glycerol and
FFAs, which may contribute to the rancid flavor of VCO.
Nevertheless, the addition of peppermint oil
treatments in VCO exerted a positive effect because
their water content was below 0.2%. The high addition
of peppermint oil significantly influenced the water
content of VCO. The higher the concentration of
peppermint oil in VCO, the lower the water content
of VCO. This phenomenon may be attributed to the
fact that the hydroxyl groups in menthol, as the main
component in peppermint oil, may replace the hydrogen
bond between water and triglycerides. Thus, the water
that attached to the triglycerides evaporated, and the
water content of the sample decreased.
Free Fatty Acids
FFAs that degrade and evaporate produce
undesirable flavor in oils (Rohman et al., 2011). The
FFAs of a VCO sample ranged from 0.13% to 0.25%,
as shown in Table 1. The VCO control had a poor
quality because it exceeded the standard of VCO (INS
7381-2008) that is not more than 0.2% (National
Standardization Agency, 2008). VCO with the addition
of peppermint oil had a good quality because their FFAs
were below 0.2%.
The high level of FFAs in the VCO control may be
caused by its high water content. The water content
may be caused by hydrolysis reaction. The fatty acid
composition of VCO showed that VCO had a high
saturated fatty acid content of 50.01% ± 1.147% lauric
acid (Onyeike and Acheru, 2002). Hydrolysis reaction
converts triglycerides (saturated) into FFAs and glycerol.
The high level of FFA is affected by the high water
content because water initiates the hydrolysis reaction
(Rohman et al., 2011).
The addition of peppermint oil in VCO significantly
influenced FFA content. The greater the concentration
of peppermint oil in the VCO, the lower the FFA content.
This result may be attributed to the low water content
when the concentration of peppermint oil was increased.
Therefore, the possibility of FFA formation in hydrolysis
reaction was also reduced.
Iodine Value
The iodine value is expressed as the number of
grams of iodine per 100 g of fat or oil. The iodine value
gives an estimation of the amount of unsaturated fatty
217
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Table 2.

Iodine value of Virgin Coconut Oil with
peppermint oil addition

Antioxidant activity of VCO with peppermint
oil addition
Radical DPPH
inhibition (%)

Color

10.41 ± 0.74a

Peppermint oil
concentration in
VCO

2.5%

7.14 ± 0.41b

5%

7.07 ± 0.63b

0%

27.60 ± 2.08a

Purple slightly
yellow

7.5%

4.42 ± 0.97c

2.5%

78.65 ± 1.04b

Yellow

5%

c

85.94 ± 1.56

Yellow

7.5%

d

90.28 ± 1.97

Yellow

Peppermint oil
concentration in VCO

Iodine value (g iodine/100
g)

0%

All values are expressed as means, and those with the same letter
within the same column are not significantly different according to
DMRT at the 5% significance level

acids in oil (Alam and Uddin, 2017). The high number
of unsaturated fatty acids oxidizes VCO easily. The
double bond of fatty acid binds O2 to form peroxides
that cause rancidity (Tomagolaet al., 2016).The iodine
value of VCO was 4.42–10.41 g iod/100 g, as shown
in Table 2. All treatments had a good quality because
their iodine values were in the range of VCO standard
(INS 7381:2008), which is 4.1–11 g iod/100 g (National
Standardization Agency, 2008). The iodine value
expresses unsaturated fatty acid constituents of oil.
VCO contains high saturated fatty acids (90%) and only
a few unsaturated fatty acids (10%) (Kamariah et al.,
2008). Therefore, the iodine value of VCO is relatively
low.
The addition of peppermint oil in VCO significantly
influenced the iodine value of VCO. The greater the
concentration of peppermint oil, the lower the iodine
value. The main fatty acid of peppermint oil was palmitic
acid (saturated fatty acid) (McKay and Blumberg, 2006).
As a result, the ratio of saturated fatty acid in the VCO
with peppermint oil treatment was higher than that in the
VCO control. The iodine value indicates the unsaturation
of fatty acids of VCO. Thus, the addition of peppermint
oil does not increase the iodine value of VCO.
DPPH Assay
In this study, the DPPH method was performed in
the antioxidant activity test. The antioxidant activity was
expressed as percent of DPPH radical inhibition. The
reaction of DPPH and antioxidant forms 1,1-diphenyl2-picrilhidrazine (Molyneux, 2004). As shown in Table
3, the antioxidant activiy of VCO ranged from 27.60%
to 90.28%.
The higher the concentration of peppermint oil,
the higher antioxidant activity. This result may due to
the reaction between the DPPH radical and antioxidant.
The reaction decreases the intensity of purple color and
turns to yellow when the full amount of the free radical
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Table 3.

All values are expressed as means, and those with the same letter
within the same column are not significantly different according to
DMRT at the 5% significance level

is blocked by the antioxidants (Preedy and Watson,
2010).
The VCO control had a low antioxidant activity
of 27.6%. The antioxidant activity of the VCO control
was conferred by 0.003% α-tocopherol in VCO. The
α-tocopherol was found in the coconut testa that was
removed in VCO production. Therefore, VCO samples
only contain a small amount of α-tocopherol (Dia et al.,
2005).
The optimal concentration of peppermint oil in VCO
was 7.5%. The higher the peppermint oil concentration,
the higher the antioxidant activity, which is expressed
with low absorbance value in the spectrophometer
(Talapessy et al., 2013). Absorbance value decreases
because the antioxidant donates H+ ion to react with the
DPPH radical (Zuhra et al., 2008).
The addition of peppermint oil significantly
influenced the antioxidant activity of VCO. Peppermint
oil contains antioxidants, such as menthol, camphor,
flavonoid, borneol, tocopherol, and carotene (Gharib
and da Silva, 2013); tannins (Singh et al., 2015); and
1,8-cineol and α-pinene (Gupta and Saxena, 2010). The
main antioxidants from peppermint oil is menthol as
terpene, which is nonpolar (Friedrich, 1988).
Terpene has in vitro and in vivo antioxidant
activity through a DPPH test (Awouafack et al., 2012).
Terpene is a primary antioxidant that donates H+ ions
or electrons to stabilize free radicals. The double bond
in monoterpene is responsible for the neutralization of
DPPH radicals (Behrendorff et al., 2013).
The mechanism of terpene’s antioxidant activity
is by the reaction of antioxidant with peroxyradical
and fatty acid radicals by donating H+ ion and forms
antioxidant radicals (AH+R  RH+A and AH+ROO 
ROOH+A). Free radicals become inactive, and their
formation is terminate. The antioxidant radicals are
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unable to continue the oxidation chain because of
the lack of energy to react with other lipid molecules
(Pokorny, 1971).
Peroxide Value
As shown in Table 4, The PV of a VCO sample was
0.53–2.3 mg eq/kg. The VCO control had poor quality
because it exceeded the standard of VCO (INS 7381:
2008) that is not more than 2 mg eq/kg (National
Standardization Agency, 2008). Peroxides also formed
when the CM was incubated for 2–2.5 h and when the
coconut cream was incubated for 48 h. Incubation in
an open state may cause O2 in the air to oxidize the
unsaturated fatty acids in VCO and light, which can
promote oxidation.
Peroxy radicals are formed when the triglyceride
free radical reacts with O2. The peroxy radical reacts
with another triglyceride, forming a hydroperoxide and
regenerating a new free radical that reacts with another
O2, causing an accelerated chain reaction to occur. The
unstable hydroperoxides break down to secondary
products, which contribute to unpleasant flavors and
rancidity (Hamilton and Allen, 1994). The oxidation of
unsaturated fatty acids of VCO may occur during the
storage (initiation and propagation of lipid oxidation)
and form peroxides. Peroxides cause the oxidation
reaction and increase the PV until the maximum value.
Then, the PV decreases as the peroxides degrade into
nonvolatile and volatile components, such as oxidiene,
epoxyhydroxy compound, malondialdehyde, aldehydes
(hexanal, propanal), ketones, and FFAs (Pignitter and
Somoza, 2012).
The addition of peppermint oil significantly
influenced the PV of VCO. The VCO with the addition
of peppermint oil showed a good quality on the basis
of the standard (INS 7381: 2008). The greater the
concentration of peppermint oil, the lower the PV. The
optimal concentration of peppermint oil in VCO was
7.5%.
Table 4.

Peroxide value (PV) of VCO with peppermint
oil addition

This result may be ascribed to the fact that the
antioxidants in peppermint can prevent the oxidation
reaction. Antioxidants break the double bond of the
peroxide compound and decrease the chances of
peroxide formation, thereby preventing rancidity
(Tomagola et al., 2016). The double bonds react with
the active peroxides in the absence of antioxidants. This
mechanism prevents peroxide radicals binding H+ from
fatty acids to form hydroperoxides and new fatty acid
radicals (Pokorny, 1971).
Total Plate Count
As shown in Table 5, the TPC value of VCO was
0–11.67 cfu/mL. On the basis of the TPC value, the
VCO control had a poor quality because it exceeded the
standard of VCO (INS 7381-2008) that is not more than
10 cfu/mL (National Standardization Agency, 2008).
This phenomenon may be ascribed to contaminations
from the coconut meat, the coconut shredding tool, and
dirty hands during CM wet extraction.
The antibacterial activities of VCO against
Salmonella thypi and Escherichia coli are relatively
low (Loung et al., 2014). The main fatty acid in VCO,
lauric acid, also lacks antibacterial activity against
Staphylococcus epidermidis, Pseudomonas aeruginosa,
Staphylococcus aureus, and Propionibacterium acnes
(Silalahi et al., 2014). These bacteria may increase the
TPC values of the VCO control.
VCO without peppermint oil treatment is suitable
to be sold and consumed. VCO contains antimicrobials
from 0.5% caproate acid and lauric acid. Caproate acid
and lauric acid are transformed into monoglycerides
(monocaprin and monolaurin) after being consumed
(Widiyanti, 2015).
The addition of peppermint oil significantly
influenced the TPC value of VCO. The peppermint
oil treatments had a good quality because the TPC
value was consistent with the standard (INS 7381Table 5.

Total plate count (TPC)
peppermint oil addition

of

VCO with

Peppermint oil concentration in
VCO

PV (mg eq/kg)

Concentration of peppermint
oil in VCO

TPC value (cfu/mL)

0%

2.30 ± 0.40a

0%

11.67 ± 5.77a

2.5%

1.77 ± 0.20b

2.5%

3.33 ± 5.77b

5%

1.39 ± 0.20b

5%

1.67 ± 2.89b

7.5%

0.53 ± 0.23c

7.5%

0.00 ± 0.00b

All values are expressed as means, and those with the same letter
within the same column are not significantly different according to
DMRT at the 5% significance level.

All values are expressed as means, and those with the same letter
within the same column are not significantly different according to
DMRT at the 5% significance level
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2008). The higher the peppermint oil concentration in
VCO, the lower the TPC value. Thus, the lower of the
contamination, and the better the quality.
The addition of peppermint oil treatments in VCO
had a good quality in accordance with INS 7381-2008
because peppermint oil has antibacterial activity from
menthol against Gram-negative and Gram-positive
microbes (Diaz et al., 1988), as well as antiviral and
antifungal activities (Chaumont and Packer, 1978). The
antibacterial activity of peppermint oil can also inhibit
E. coli, S. aureus, P. aeruginosa, Streptococcus faecalis,
and Klebsiella pneumoniae (Singh et al., 2015).
Menthol remove resistant plasmids from bacteria
(Shrivastava, 2009). It disrupts the structure of bacterial
cell membranes and mitochondria. This phenomenon
causes the loss of components in bacterial cells (ions
and many important molecules) and lead to the death
of bacteria through cell lysis (Burt, 2004).
The colorless samples were consistent with the
theory that VCO is colorless in a liquid state (Agarwal,
2017). Clear appearance can be obtained because the
VCO is filtered by filter paper during oil separation.
VCO with peppermint oil addition yielded the same
color because peppermint oil is colorless or yellowish
or greenish yellow (Shrivastava, 2009). It is affected by
the main content inside peppermint oil (monoterpen),
and monoterpenes are colorless (Robinson, 1991).
CONCLUSION
The addition of peppermint oil in VCO reduced the
FFA content, water content, PV, TPC value, and iodine
value but increased the antioxidant activity of VCO. The
optimal concentration of peppermint oil to improve the
quality of VCO was 7.5%. The peppermint oil treatment
in VCO caused flavor changes, but the amount of
peppermint oil was still lower than that of VCO. Thus,
the end product is still considered VCO. Nowadays, VCO
products with different flavors are being explored in the
market.
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