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ABSTRACT

Oil palm is one of the richest sources of antioxidants such as carotenoids, tocopherols, tocotrienols and

phenolic compounds. This study quantified the amount of total phenolic content (TPC) and the antioxidant
activity of crude to refined palm oil and palm kernel oil products obtained from palm oil mills. The TPC of

the oil extracts was determined using Folin-Ciocalteau method expressed as gallic acid equivalent (GAE).

Aqueous oil extraction with methanolic solvent was efficient and extract from crude palm oil (CPO) had the

highest concentration of TPC. A reduction in trend was observed along the various stages of the refining
steps probably due to losses through absorption of bleaching earth, volatilisation and degradation during the

refining processes. The antioxidant activity was determined using 2,2-diphenyl-1-picrylhdrazyl (DPPH)

assays. Results showed that the effect of antioxidants on DPPH radical scavenging activity decreases in
the order of oil extracts CPO > CPKO > RPO > RPKO > RPOo > PKOo. Overall, it was found that CPO
extract exhibited the highest antioxidant activity due to high TPC compared to other extracted oil samples.
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INTRODUCTION

and Malaysia (Kushairi et al., 2018). PO and palm
kernel oil are composed of fatty acids, esterified
with glycerol just like any ordinary fat. Both are
high in saturated fatty acids, about 50% and 80%,
respectively. The 16 carbon saturated fatty acid
palmitic acid is the major fatty acid accounting for
44% of the total fatty acid composition found in PO
followed by the monounsaturated oleic acid (39%)
while palm kernel oil contains a high level of lauric
acid (Sambanthamurthi et al., 2000; Mukherjee and
Mitra, 2009). Fractionation of crude palm oil (CPO)
and crude palm kernel oil (CPKO) in the refinery
produces the liquid fraction and a solid stearin
component. Refined CPO denoted as refined,
bleached and deodourised PO (RBDPO) has similar
fatty acid composition to that CPO. Almost 90%
of the world PO productions are for edible uses.
Identically, palm kernel oil is a popular feedstock

The oil palm (Elaeis guineensis), generally known as
the most productive oil bearing crop, the source of
two important edible oils, i.e. palm oil (PO) from
the mesocarp and palm kernel and also produces
high quality and versatile oils (Balasundram et
al., 2005; Mukherjee and Mitra, 2009; Zou et al.,
2012; Kushairi et al., 2017). In 2017, palm oil and
palm kernel oil production recorded close to
one-third (75.17 million tonnes) of world total
oils and fats production from a planted area of
19.04 million hectares, mainly from Indonesia
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for the formulation of cocoa butter substitutes
(CBS) after fractionation and fully hydrogenation
(De Clercq et al., 2012). A lot of studies on PO and its
minor constituents have been conducted (Zou et al.,
2012). This has created awareness on the nutritional
properties of PO and its fractions. Like other fruits,
the oil palm fruit is a rich source of water-soluble
phenolic antioxidant (Neo et al., 2010). Palm fruits
and CPO are known as rich sources of antioxidants
such as carotenoids, tocopherols, tocotrienols and
phenolic compounds (Szydłowska-Czerniak et al.,
2011; Zou et al., 2012).
Phenolics are compounds possessing one or
more aromatic rings with one or more hydroxyl
group. They are broadly distributed in the plant
kingdom and are the most abundant secondary
metabolites of plants, ranging from simple molecules
such as phenolic acids to highly polymerised
substances such as tannins (Dai and Mumper, 2010).
Compounds containing phenol moieties can act
as free radical scavengers and there are anecdoted
evidence showing that these compounds can
prevent premature ageing and cancer caused by
oxidative stress.
PO contains a number of minor components,
including carotenoids, tocopherols, tocotrienols,
sterols, phosphatides, triterpenic, aliphatic
alcohols and phenolics compounds. Although
these minor components account for less than
1% of the oil’s constituents, they nevertheless
play significant roles in maintaining the stability
and quality of the oils (Abushita et al., 1997).
In addition, some of these minor components,
especially the phenolic compounds, carotenoids
and vitamin E (tocopherols and tocotrienols), are
important nutritionally. The protection that fruits
and vegetables provide against several diseases
has been attributed to the various antioxidants,
vitamin C, vitamin E, α-tocopherol, β-carotene and
polyphenolic compounds (Abushita et al., 1997;
Aruoma, 1998; Moure et al., 2001; Zou et al., 2012).
Thus, PO is also a source of water-soluble phenolics
antioxidant (Sambanthmurthi et al., 2000).
Solvent extraction was meant to recover and
isolate the total water-soluble phenolics from the
oil samples. This was carried out using a solvent to
remove the phenolics from the oil. Polyphenolics
are often most soluble in solvent less polar than
water. Therefore, the efficiency of the extraction
is determined by the proper selection of solvent,
temperature and mechanical agitation to maximise
polyphenolics recovery (Marinova and Yanishlieva,
1997). Phenolics with only a few hydroxyl groups
are soluble in ether, chloroform, ethyl acetate,
methanol and ethanol; phenolics with one or more
aliphatic side chains require less polar solvents
for their extraction (Harbone, 1989). By only
reporting the soluble-free phenolics results in the
underestimation of total phenolic content (TPC) and

hydrolysis is usually required in order to release the
bound phenolic compounds (Liyana-Pathirana and
Shahidi, 2006).
Methanol, ethanol and acetone with different
proportions of water have been used for the
extraction of phenolic acids (Krygier et al., 1982).
Aqueous methanol is a good choice of polar solvent
because it is efficient, has a high boiling point,
is economical (Kim and Lee, 2002) and has been
successfully used in extracting polyphenolics from
various vegetables and fruits (Hertog et al., 1992)
such as apples (Oleszek et al., 1988), grapes (Lee and
Jaworski, 1990), onions (Park and Lee, 1996), prunes
and prune juice (Donovan et al., 1998), and banana
bracts (Pazmino-Duran et al., 2001). Subsequent
removal of the methanol was carried out under
reduced pressure. The temperature for evaporation
was 30°C- 40°C (high power rotary evaporator).
Solvent evaporation under reduced pressure and
low temperatures minimises the degradation of
extracted polyphenolics (Wrolstad et al., 2002). The
reduction of phenolic compounds in oil samples
may be accelerated by the lipid oxidation, high
temperature heating and bleaching. In oilseed
study, phenolic compounds are responsible for the
dark colour, bitter taste and objectionable flavour of
the resultant meal after oil extraction (Shahidi and
Naczk, 1995).
The TPC is normally quantified based on the gallic
acid calibration curve, and the result is expressed
as mg kg-1 gallic acid equivalent (GAE). Wrolstad et
al. (2002) stated that gallic acid is preferred as the
calibration standard because it is relatively pure and
stable in its dry form. In addition, the response to
gallic acid has been shown to be equivalent to most
other phenolics in vegetables and fruits on a mass
basis (Singleton et al., 1999). The Folin-Ciocalteau
assay is often used to determine the total content of
food phenolics (Brune et al., 1991; Deshpande and
Cheryan, 1987; Earp et al., 1981; Hoff and Singleton,
1977). The determination of total phenolics using
Folin-Ciocalteau colorimetric assay depends on
the chosen calibration curve (e.g. caffeic acid, gallic
acid, syringic acid, tyrosol, oleuropein equivalents)
(Carrasco-Pancorbo et al., 2005).
Phenolics can act as radical scavengers or
radical-chain breakers (Grassmann et al., 2002;
Gil et al., 2000). The antioxidant properties of
phenolics are mainly because of their potential
redox properties, which allow them to act as
reducing agents, hydrogen donors, and singlet
oxygen quenchers (Rice-Evans et al., 1997).
Phenolic acids also play an important role in
combating oxidative stress in the human body
by maintaining a balance between oxidants and
antioxidants (Temple, 2000). According to Kaur
and Kapoor (2001) antioxidants neutralise free
radicals by donating one of their own electrons
thereby ending the electron-stealing reaction.
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Chemicals

They act as scavengers and play the housekeeper’s
role by mopping up free radicals before they get
a chance to act. Thus, antioxidants may well be
defined as the substances that are capable of
quenching or stabilising free radicals.
Radical scavenging is the main mechanism
by which antioxidants act in food. The activity is
assessed by the scavenging of synthetic radicals
in polar organic solvent, e.g. methanol, at room
temperature using 2,2-diphenyl-1-picrylhydrazyl
(DPPH). DPPH is widely used to monitor the
free radical scavenging abilities (the ability of
a compound to donate an electron) of various
antioxidants. The free radical scavenging activity
of palm and palm kernel oils extracts has been
studied by Brand-Williams et al. (1995). The study
was based on the measurement of the reducing
ability of antioxidants toward DPPH+, one of the
few stable organic nitrogen radicals, which bears
a deep purple colour due to its impaired electron,
and the radical scavenging can be measured
spectrophotometrically by the loss of absorbance
at 517 nm, as the pale yellow non-radical form was
produced. Hence, the method has been widely
used for rapid evaluation of the antioxidant activity
of plant extracts relative to other methods. The
phenolic compounds of palm products have great
potential in the development of health-beneficial
foods, feeds, cosmetic and pharmaceutical
preparations (Pokorny et al., 2001).
The objective of this study is to determine the
TPC of PO and palm kernel oils at different stages
of refining processes. This article discusses the
extraction process with methanolic solvent. The
DPPH method was used for the determination of
antioxidant activity of the oil samples. Moreover,
TPC of the oil samples was analysed for possible
correlation between the parameter with the
antioxidant activity. The influence of the variation
of the refining processes on the TPC and antioxidant
activity of the PO and palm kernel oils was also
evaluated.

Analytical grade solvents used include n-hexane,
methanol, and ethanol; Galleon V2 Super bleaching
earth, deionised water, distilled water, and granules
of fused alumina from Ajax Finechem was used in
laboratory-scale oil refining procedure. Phosphoric
acid, salicylic acid and gallic acid with 95% purity
obtained from Sigma Chemical Co. (St Louis, MO,
USA) were used for recovery study. Folin-Ciocalteau
reagent was from Merck and anhydrous sodium
carbonate purchased from Goodrich Chemical
Enterprise was used for extraction of phenolics from
palm and palm kernel oils. Gallic acid standard
(95%) and DPPH were purchased from Sigma
Chemical Co. (St Louis, MO, USA), as control for
DPPH assay. Milli-Q water (18.2 MΩcm) was used
in all experiments. Filter paper was purchased from
Whatman International Ltd (Maidstone, United
Kingdom) and polytetrafluoroethylene (PTFE) filter
membrane was used to purity the extracts.
Methods
Extraction of phenolics from palm and palm kernel
oils. The phenolics were extracted from the oils
according to the method proposed by Gutfinger
(1981) and Koski et al. (2003), with some modifications
in the extracting solvent. Briefly, a 5 g sample of the
homogenised oil was weighed accurately into a
conical flask. The sample was dissolved in separating
funnel with 5 ml of n-hexane in order to remove
lipid fraction and was extracted three times, each
time with 10 ml of methanol:water (80:20, v/v). The
pooled methanolic water extracts were then washed
with 10 ml of n-hexane to remove residual oil. The
combined aqueous methanolic extract was brought
to dryness in a vacuum rotary evaporator set at 30°C
- 40°C. The residue containing the phenolic extract
was then re-dissolved in 1 ml of ethanol for analysis
of phenolic content using the Folin-Ciocalteau assay.
The experimental procedures were performed in
triplicate and the data were expressed as means ±
standard deviation.
Some polyphenols are subjected to degradation
during sample preparation and extraction due to
light and oxidation. Purging with nitrogen gas
during sample preparation prevented oxidation of
polyphenolics. The samples were analysed within
one day of extraction to prevent degradation.

MATERIALS AND METHODS
Materials
CPO, refined palm oil (RPO), refined palm olein
(RPOo), CPKO, refined palm kernel oil (RPKO), and
refined palm kernel olein (RKOo) were commercial
samples obtained from refineries, PO mills and
kernel crushers from different regions in Malaysia
(Table 1), while extra virgin olive oil (EVOO) was
acquired from a local market, in Malaysia. All
oil samples except EVOO were homogenised by
melting in an oven set to 10˚C above the melting
point of the oils. EVOO was used as reference oil in
this investigation.

Determination of total phenolic content (TPC) by the
Folin-Ciocalteau method. After the aqueous methanol
extraction, the amount of phenolic content from the oil
samples was determined colorimetrically according
to the Folin-Ciocalteau protocol by Gutfinger (1981)
and Vazquez et al. (1973). Folin reagent is a mixture of
tungsten and molybdenum oxides. In this assay, the
reagent is reduced and the product of the metal oxide
reduction has a blue colour that has a broad light
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absorption with a maximum at 765 nm. The intensity
of the light absorption follows the Beer Lambert Law,
where absorption is proportional to the concentration
of the phenolics.
Briefly, the Folin-Ciocalteau reagent was diluted
with distilled water at 1:10 ratio and was used as
stock solution. Then, 1 ml of diluted Folin-Ciocalteau
was added to 0.2 ml of phenolic extract from the
oil. This was followed by addition of 0.8 ml of 7.5%
sodium carbonate solution which was prepared
earlier. After 30 min, the phenolic extract was mixed
well and the absorbance of blue coloured mixtures
was read at 765 nm (Perkin Elmer LS 50B UV-Vis
spectrophotometer). The TPC was calculated from
a calibration curve of gallic acid standard solutions,
and expressed as GAE per gram of the sample. The
regression coefficient of calibration curve is > 0.99. All
measurements were done in triplicate and the results
were expressed as means ± standard deviation.
While the analytical determination was being
carried out, it is best that the prepared solution
standard be kept under refrigeration until it is used.
Standard solutions will retain 98% of their potency
for two weeks if kept closed under refrigeration
(4°C), but this potency is retained for only five days
at room temperature (Wrolstad et al., 2002).

mean concentration of three replicates samples that
was gallic acid determined from TPC analysis. A
calibration curve was also plotted using the gallic
acid standards curve for spiking of the blank oil.
Removal of phenolics in palm kernel olein by
column chromatography. For recovery studies, a
phenolics-free oil sample was used for spiking with
known levels of gallic acid. Phenolics in PKOo were
removed by passing through a chromatography
column. A glass column of 2 cm outer diameter was
packed with n-hexane slurry of 1:1 (w/w) activated
carbon black and diatomaceous earth to a height of
8 cm. The column was then topped with a 1 cm layer
of activated silicic acid. One hundred millilitres (100
ml) of n-hexane containing 25 g of PKOo were then
passed through the column. The oil was further
eluted with 100 ml of n-hexane. The eluate was
then collected and the n-hexane was evaporated off
using a rotary evaporator, followed by flushing with
nitrogen. The resulting oil, termed blank oil, was
then confirmed to be phenolics-free by carrying out
a TPC analysis using the Folin-Ciocalteau assay.
Determination of DPPH scavenging capacity. The
potential antioxidant activity of the oil samples was
assessed on the basis of the scavenging activity of
the stable DPPH free radical, as previously described
by Brand-Williams et al. (1995). A 0.1 mmol litre-1
solution of DPPH in methanol was prepared as
stock solution. The radical stock solution was freshly
prepared every day. Various concentration of 0.5 ml
phenolic extract of each sample solution was added
to 3.5 ml of DPPH radical solution. The mixture
solution was then shaken vigorously and then
allowed to stand at room temperature for 30 min in
a dark room. The antioxidant activity was measured
by decreased absorbance at 517 nm using a UVVis spectrophotometer until the reading reached a
plateau. A low absorbance of the reaction mixture
indicates a high free radical scavenging activity.
A blank solution consisted of 0.5 ml of methanol
and 3.5 ml of DPPH radical solution. Standard (0.5
ml) gallic acid solution at different concentrations
was added to 3.5 ml of 1 mg ml-1 DPPH radical
solution. These solutions were used as reference
to determine the antioxidative potential of the
phenolics extracts from the test oils.
The capability of EVOO, PO and palm kernel
oil phenolic extracts to scavenge the DPPH radical
was expressed as the inhibition percentage and was
calculated using the Equation (2):

Laboratory-scale oil refining process according to
SCOPA process. The oils were (without phenolic
extraction) then refined according to the method by
the Seed Crushers’ and Oil Processors Association
(SCOPA) (Rice, 1980). The primary aim of this
SCOPA test is to obtain samples of oil at different
stages of the refining step as well as to obtain
samples of palm fatty acid distillate (PFAD) for TPC
analysis. The fatty acid which distilled from the oil
during the deodorisation stage was collected in the
condenser for TPC analysis. PFAD is a by-product of
the physical refining of PO.
Recovery Study
Quantitative extraction of phenolic compounds
in natural matrices is difficult. Therefore, recovery
studies were carried out to ensure the effectiveness
of the extraction procedure of phenolic compounds
from the oil. For recovery studies, a phenolicsfree oil sample (blank oil) was used and spiked
with known levels of gallic acid. Recoveries were
determined after analysis of TPC using the mean
of three replicates and the data were expressed
as means ± standard deviation. The oil recovery
for three replicate samples with gallic acid was
expressed in terms of the percentage recovery and
calculated as according to Equation (1):
Recovery (%) = (A1 /A0) x 100

Radical-scavenging activity (%) = (Control OD –
Sample OD/Control OD) x 100
(2)

where, Control OD was the optical density/
absorbance of the control (blank) reaction and
Sample OD was the optical density/absorbance in
the presence of the sample extracts.

(1)

where: (A0) represents the concentration of
gallic acid added in spiked sample, and (A1) is the
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Total Phenolic Content

The IC50 (inhibitory concentration) value was
determined from the plotted graph of scavenging
activity versus the concentration of oils extracts,
which is defined as the amount of antioxidant
necessary to decrease the initial DPPH radical
concentration by 50%. Triplicate measurements
were carried out and the antioxidant activity
was calculated based on the percentage of DPPH
scavenged and the data measurements were
expressed as means ± standard deviation.

Table 2 shows the TPC in commercial PO samples
from different PO mills and refineries. Results
showed that the extract of CPO was found to have
the greatest amount (31.20 mg kg-1 - 70.18 mg kg-1) of
phenolics, compared to refined palm products and
the amounts of phenolics in the oils are in the order;
EVOO > CPO > CPKO > RPO > RPOo > PKOo >
RPKO. There were significant differences in TPC
between all samples. EVOO was used as reference
oil in this investigation as it is known to contain
phenolic compounds and hydrophilic phenols
(Boskou, 1996; Hafidi et al., 2005).
On the other hand, Tan and Howe (2005),
studied the hydrophilic phenolic compounds in
CPO, RBDPO and neutralised bleached deodourised
PO (NBDPO). TPC of CPO ranged from 40-70 mg
kg-1 GAE, 5-17 mg kg-1 GAE in RBDPO and 1 mg
kg-1 GAE in NBDPO respectively. For comparison
purpose, EVOO, was also analysed and found
to contain 70.9 mg kg-1 of TPC. Besides TPC, the
refining process also removes free fatty acids,
phosphatides, odouriferous matter, water, as well as
impurities such as dirt and traces of metals from
the CPO. Phenolic compounds, which are present
in significant amounts in virgin olive oil, are almost
completely destroyed during the refining process
of the oils (Nergiz and Unal, 1991). Carotenoids and
phenolic compounds are removed almost totally,
while vitamin E-active compounds and phytosterols
are reduced by about 10% to 40% (Matthaus and
Spener, 2008). According to Carrasco-Pancorbo et al.
(2005), polyphenols are significantly related to the
quality of virgin olive oil and their contribution to
the oxidative stability of the oil is widely accepted.
This indicated that the values obtained by the
colorimetric assay can provide direct information
on the amount of antioxidant phenolic groups in
olive oil extracts. They are consequently related to
the oxidative stability of virgin olive oil (Blekas et al.,
2002). It is also strongly affected by the agronomic
and technological conditions of its production.

Statistical analysis. The experimental results were
performed in triplicate and the data were expressed
as means ± standard deviation. The statistical
analysis was performed via MINITAB 13.0 software
using analysis of variance (ANOVA) with the least
significantly difference at the 0.05 probability level.
RESULTS AND DISCUSSION
Recovery Study
Quantitative extraction of phenolic compounds
in oils was difficult. Therefore, recovery studies
using spiked samples were carried out to
determine the efficiency of the procedure used
for extracting phenolic compounds from oils. The
solvent used in this method was methanol:water
(80:20, v/v). This system was chosen because
methanol was less polar than water, and many
organic compounds have a significantly higher
solubility in methanol than in water. The ultimate
goal is the preparation of an extract uniformly
enriched in all compounds of interest and free
from interfering matrix components (Tura and
Robards, 2002). The recoveries for three replicates
with gallic acid ranging from 2.0 mg kg-1 - 30.0
mg kg-1 are shown in Table 1. The results showed
that the percentage mean recoveries ranged from
95.5% - 99.5%, which shows that the method of
extraction used for extracting phenolics from the
oil samples was satisfactory.

TABLE 1. RECOVERY OF GALIC ACID STANDARD SPIKED IN PALM KERNEL OLEIN (PKOo)
Sample (n)

Gallic acid added (mg kg-1)

Gallic acid determined (mg kg-1)

% Average recovery

1
2
3
4
5
6
7
8
9
10

2.00
2.50
3.00
3.50
5.00
10.0
15.0
20.0
25.0
30.0

1.19 ± 0.05
2.30 ± 0.25
2.93 ± 0.12
3.25 ± 0.15
4.91 ± 0.08
9.85 ± 0.15
14.50 ± 0.35
19.90 ± 0.02
24.83 ± 0.35
29.56 ± 0.25

95.5
92.2
97.7
95.5
98.2
98.5
92.3
99.3
99.3
98.5

Note: Each value percentage recovery is expressed as the mean ± standard deviation (S.D.) of triplicate analyses.
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TABLE 2. TOTAL PHENOLIC CONTENT (TPC) OF CRUDE PALM OIL (CPO), CRUDE PALM KERNEL OIL (CPKO), DIFFERENT
PALM OIL (PO) AND PALM KERNEL OIL (PKO) FRACTIONS, AND EXTRA VIRGIN OLIVE OIL (EVOO)
Sample No.

Oil

TPC (mg kg-1 GAE)*

Sources

1
2
3
4
5
6

CPO
CPO
CPO
CPO
CPO
CPO

31.20 ± 0.35
31.73 ± 0.40
33.41 ± 0.24
39.96 ± 0.32
65.07 ± 0.15
70.18 ± 0.33

A
B
C
D
E
F

7
8
9
10
11
12

BPO
BPO
BPO
BPO
BPO
BPO

18.36 ± 0.35
18.59 ± 0.27
21.47 ± 0.30
21.59 ± 0.10
22.05 ± 0.15
22.25 ± 0.15

A
B
C
D
E
F

13
14
15
16
17
18

RPO
RPO
RPO
RPO
RPO
RPO

16.90 ± 0.74
18.17 ± 0.50
21.24 ± 0.46
25.12 ± 0.33
25.91 ± 0.24
26.89 ± 0.32

A
B
C
D
E
F

19
20
21
22
23
24

RPOo
RPOo
RPOo
RPOo
RPOo
RPOo

11.36 ± 0.60
11.58 ± 0.47
11.68 ± 0.80
11.95 ± 0.31
12.07 ± 0.44
12.20 ± 0.40

A
B
C
D
E
F

25
26
27
28
29
30

CPKO
CPKO
CPKO
CPKO
CPKO
CPKO

16.80 ± 0.44
17.64 ± 0.30
17.97 ± 0.22
17.58 ± 0.34
27.05 ± 0.21
27.25 ± 0.35

a
b
c
d
e
f

31
32
33
34
35
36

RPKO
RPKO
RPKO
RPKO
RPKO
RPKO

3.159 ± 0.30
3.205 ± 0.17
3.720 ± 0.20
3.744 ± 0.35
3.802 ± 0.30
3.815 ± 0.20

a
b
c
d
e
f

37
38
39
40
41
42

PKOo
PKOo
PKOo
PKOo
PKOo
PKOo

2.521 ± 0.20
2.535 ± 0.35
2.697 ± 0.40
8.058 ± 0.30
8.185 ± 0.15
8.600 ± 0.25

a
b
c
d
e
f

43
44
45
46
47
48

EVOO
EVOO
EVOO
EVOO
EVOO
EVOO

65.07 ± 0.45
68.83 ± 0.50
70.21 ± 0.30
70.85 ± 0.15
71.06 ± 0.25
73.32 ± 0.30

A1
B2
C3
D4
E5
F6

Note: *Values followed by upper case letters (A – F) from different palm oil refineries. While mean values with lower case letters (a – f)
from different palm oil mills.
All results presented as mean values ± standard deviation (S.D.) of triplicate analyses.
Values were based on regression analysis (r2 = 0.9991) expressed as mg kg-1 gallic acid equivalent (GAE). BPO - bleached palm oil.
PKOo - palm kernel olein.
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As most phenolics are water-soluble, they are
probably removed during the refining process
where live steam is used for stripping of free fatty
acids from the oil during the de-acidification and
deodorisation process. This accounted for the
lower TPC in refined oils compared to crude oils.
Phenolics are also being carried over into the
fatty acid distillate during the deodorisation step
(Scrimgeour, 2005).
After the first step of SCOPA process, the
degummed and bleached oil (BPO) contained a
lower amount of TPC compared to the CPO (4.4% 6.4%) reduction of TPC due to the oil is subjected to
SCOPA bleach. This is attributed to the adsorption
of some phenolics by the earth used and to remove
colouring matters as well as to absorb any metal
ions by the bleaching earth during the bleaching
stage. In the final refined product, the RPO, the
TPC has been reduced considerably, (9.57%14.02%). After going through the refining process,
the oils still contain phenolic compounds but in a
small amount of TPC.
Analysis of the PFAD samples obtained after
the SCOPA process of CPO samples showed that
a portion of the phenolics end up in the PFAD
fraction. According to Scrimgeour (2005), phenolics
are also being carried over into the fatty acid
distillate during the deodourisation step. The TPC
content was reduced by 9.2%-11.34% after the
refining process of CPO. The experiment showed
that the refining process can remove phenolics and
most probably the phenolics are volatilised. The
phenolics were also carried over into the fatty acid
distillate during the deodourisation step. Thus, in
refined, bleached and deodourised palm oils, the
content of TPC was reduced. The decrease in TPC
with various stages of refining was also reported

for rapeseed oil, silkworm pupa oil and kenaf seed
oil (Szydłowska-Czerniak et al., 2015; Liu et al., 2016;
Chew et al., 2016).
DPPH Scavenging Capacity
The DPPH scavenging activities of different
oils are shown in Figure 1. There were significant
differences in DPPH scavenging activities among
all samples. EVOO was used as reference oil in this
investigation and it showed the highest inhibition
(70% inhibition). The CPO extract exhibited
significantly higher DPPH scavenging activity (45%
inhibition) followed by CPKO (30% inhibition),
RPO (29% inhibition), RPOo (20% inhibition), RPKO
(15% inhibition), PKOo (8% inhibition). The results
are indicative of the hydrogen donating ability of
CPO phenol extract, since the effects of antioxidants
on DPPH radical scavenging is thought to be due to
their hydrogen donating ability (Grassmann et al.,
2002).
Figure 2 shows the IC50 of different oil DPPH
scavenging capacity of all the phenolic extracts
from the test. The IC50 value was determined from
the plotted graph of scavenging activity versus the
concentration of oils extracts, which is defined as
the amount of antioxidant necessary to decrease
the initial DPPH radical concentration by 50%.
It is noted that a 20 mg ml-1 gallic acid standard
solution exhibits 90% with the value IC50 13.47 ml
m-1. Followed by CPO extract capacity exhibited
significantly DPPH scavenging activity (13.39
mg ml-1), EVOO (13.50 mg ml-1), RPO (13.23 mg
ml-1), RPOo (12.05 mg ml-1), and CPKO (12.88
mg ml-1). RPKO and PKOo present at very low
concentrations, so their definitive quantification
was not attempted.

Scavenging activity of different oils

% of inhibition

100.00
CPO
RPO
RPOo
CPKO
RPKO
PKOo
EVOO
Gallic acid

75.00
50.00
25.00
0.00
0

20

40

60

80

100

Concentrations (mg ml )
-1

Note: CPO - crude palm oil. RPO - refined palm oil. RPOo - refined palm olein. RPKOo - refined palm kernel olein. CPKO - crude palm
kernel oil. PKOo - palm kernel oil.
Figure 1. The 2,2-diphenyl-1 - picrylhydrazyl (DPPH) radical scavenging activity of extra virgin olive oil (CEVOO), palm and palm kernel oils
extract. Each value is expressed as the mean ± standard error (S.E.) of triplicate analyses.
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IC50 of different oils in scavenging DPPH radical

IC50 DPPH (mg ml-1)

14
13.5
13
12.5
12
11.5
11

n.d
GA

CPO

EVOO

RPO

RPOo

CPKO

RPKO

n.d
PKOo

Samples
Note: n.d - not detected.
GA - gallic acid. DPPH - diphenyl -1 - picrylhdrazyl.
CPO - crude palm oil. RPO - refined palm oil.
RPOo - refine palm olein. CPKO - crude palm kernel oil.
RPKO - refine palm kernel oil. PKOo - palm kernel olein.
Figure 2. The IC50 of different oil DPPH scavenging capacity of extra virgin olive oil (EVOO), palm and palm kernel oils extract.
Each value is expressed as the mean ± standard error (S.E.) of triplicate analyses.

It is known that a number of natural extracts from
selected fruits, herbs, spices and some vegetables
are stable to autoxidation due to presence of natural
phenolic compounds (Pokorny et al., 2001). From the
previous analyses, it is proven that CPO contains
the highest level of TPC compound compared
to the other oils. The results of the present study
reveal that there is a strong correlation between
antioxidant activity and phenolic content. A lower
concentration of phenolic compounds could lead to
lower antioxidant capacities.
It is believed that the antioxidant properties
of phenolics are a result of their ability to act as
reducing agents, hydrogen donors and free radical
quenchers and phenolics can also act as metal
chelators which prevent the catalytic function of
metal in the process of initiating radicals (Prior
et al., 2005). Thus, phenolic compounds have an
important role in antioxidant activities (Harborne,
1998). A good correlation between antioxidant
activity and phenolic compounds was found in
Bulgarian medicinal plants (Ivanova et al., 2005),
Chinese medicinal plants (Zheng and Wang,
2001), some fruits, vegetables and grain products
(Velioglu et al., 1998). The phenolic hydroxyl
groups present in plant antioxidants have redox
properties (Shahidi and Wanasundara, 1992; Pietta,
2000) allowing them to act as a reducing agent and
a hydrogen donator.
The order of scavenging activity of the oil
extracts obtained in this study was EVOO >
CPO > CPKO > RPO > RPOo > RPKO > PKOo
(Figure 2). Almost all of the oil extracts showed
that TPC was related to the scavenging activity
(DPPH assay). Refined products of palm and
palm kernel oils were less effective in quenching
the DPPH radical than the crude extract at the
same level. However, its effectiveness increased

at higher concentrations. The activity was
lower in the refined products of palm and palm
kernel oils. Figure 2 suggested that during the
refining process some antioxidant compounds
are degraded or transformed. The reduction in
antioxidant activity with refining processes were
also reported for rapeseed oil, silkworm pupa oil
and kenaf seed oil (Szydłowska-Czerniak et al.,
2015; Liu et al., 2016; Chew et al., 2016).
The extract of crude palm and palm kernel oils
showed high phenolic contents and correspondingly
higher
antioxidant
activity.
Concentration
significantly affects the free radical scavenging
activity for all samples. The results thus confirm that
phenolic compounds rich vegetables possess strong
antioxidant activity. A strong correlation has been
observed between antioxidant activity and total
phenolics (Cao et al., 1996; Wang et al., 1996; Prior
et al., 1998).
CONCLUSION
This study quantified TPC expressed as mg
kg-1 GAE in CPO, PKO and fractionated and
refined products. The phenolics in the oils were
successfully extracted using aqueous methanol.
Recovery studies using oil spiked with gallic
acid standards showed good recoveries ranging
from 95.5%-99.5%, indicating that the extraction
method using aqueous methanol was efficient in
extracting phenolics from palm oil. Quantification
of phenolics extracted from CPO, RPO, PFAD
using Folin-Ciocalteau assay found CPO to
contain the highest level of TPC, while refining
process has subsequently reduced the TPC in the
oil. Based on the content of TPC in CPO, BPO,
RPO and PFAD, a significant amount of the
689
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phenolics was probably lost through absorption
of bleaching earth, volatilisation and degradation
during the refining process. The amount of TPC
is also dependent on and completely inseparable
from the quality of the CPO as shown by samples
collected from various regions. From this study,
CPO was found to exhibit the highest antioxidant
activity due to high content of TPC compared to
other samples.
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