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ABSTRACT

The frying performances of palm solid shortening (PS) and virgin coconut oil (VCO) blends
were evaluated. The fresh chickens were fried in a blended frying medium using an open fryer
for 8 hours per day intermittently at 30 min interval for five consecutive days. Three types of oils
were used; i.e. palm shortening without blending (PS), a blend of VCO: PS (10:90), and a blend of
VCO: PS (20:80). The frying oils were collected periodically and their fatty acid composition (FAC),
free fatty acid (FFA) content, total polar compound (TPC) and total polymer material (TPM) were
determined. In addition, the fried chicken was subjected to the analyses of oil absorption and sensory
evaluation. The results showed that the frying performance of the VCO:PS (20:80) blend was better
than VCO:PS (10:90) blend and PS in terms of TPM and TPC contents. The VCO:PS (20:80) gave
TPC and TPM values of 17.4 and 1.40% respectively, the blend of VCO:PS (10:90) gave values of
TPC and TPM of 18. 7 and 2.20% respectively, whilst PS with TPC of and TPM of 20.5 and 3.02 %
respectively. Meanwhile, the oil absorption patterns showed that the fried chicken in VCO: PS (10:90)
blend absorbed less oil compared to chickens fried in PS and VCO:PS (20:80) blend. The oil uptake
in chickens fried in VCO:PS (10:90) blend was 1.75%, while in PS and VCO:PS (20:80) blend were
2.82 and 2.57 % respectively.In term of sensory evaluation, the addition of virgin coconut oil (VCO) to
palm based solid shortening (PS) showed significant differences (p < 0.05) on crispiness, taste and
overall scores on the 1%, 3 and 5" day of frying. Although there were no significant difference on
oiliness on the 1tand 3 day, there was a significant difference on the 5™ day of frying. In conclusion,
the addition of a small proportion of VCO in PS would improve the frying performance of oil as well
as sensory scores of the fried products.
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INTRODUCTION excess fat may contribute to overweight and obesity.

As much 300 million people in the world population,

Fat contents in fried products become as well as 64% of the United States adult population

a great concern among consumers as taking an  are considered either overweight or obese'?® and
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this percentage has increased over the last four
decades. It has been concluded that, a large number
of medical dysfunctions have been associated with
obesity/overweight including osteoarthritis, diabetes,
cancer, cardiovascular and liver diseases*®.

Nowadays, many fast food outlets are using
vegetable frying medium to produce fried products,
such as fried chicken, burgers and potato chips. All
these products absorb oils between 6-15%. Potato
chips will absorb oil up to 14 % when frying in palm
olein®. A similar pattern on oil uptake is also observed
when using different frying medium, including
soybean oil, canola oil, olive oil and sunflower oil.

Many techniques and treatments are used
in order to reduce oil uptake in fried products and
improve the frying performance of the oil. One of
the common techniques is by using a shortening
and its blends. It has been found that, potato chips
absorbed ca. 4.8 % when frying in palm solid
shortening (PS)’, and further reduced to 4.3% when
the shortening is blended with palm oleiné. In terms of
the total polar content (TPC) and the total polymeric
material (TPM), the values obtained from palm solid
shortening (PS) are lower than from palm olein
(POo), and these values are further improved when
using palm shortening-olein blends” 2. In addition, PS
also contains no trans fatty acids hence improves the
human health”°.

The virgin coconut oil (VCO), which has
been manufactured through fermentation and
centrifugation technique has a lot of beneficial effects
since it contains vitamin E and polyphenol™. The
effects include lowering the lipid levels in serum and
protecting low-density lipoprotein against oxidative
stress''. In frying, the total oxidation value and polar
compound in VCO is lower than in palm olein due to
the presence of polyphenol compounds’.

The main objective of the present study
is to evaluate the frying performance of palm solid
shortening (PS) against VCO:PS blends using an
open batch fryer. Besides that, assessment of the
sensory qualities and oil uptake of fried products will
also be carried out.
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EXPERIMENTAL

Sample preparation

The fresh chickens were obtained from local
market in December 2013. After chopping into small
pieces, the chickens were washed and rinsed prior to
frying. The palm shortening was obtained from local
outlets while virgin coconut oil (VCO) was prepared
in-house according to method previously reported.

Frying experiments

The experiment was carried out using a One
Well electric open fryer (IEF 171, one pot table top,
Kualal Lumpur, Malaysia) according to the method
previously reported’. The palm solid shortening (PS)
and virgin coconut oil (VCO) blends were used to fry
fresh chickens for 10 min at 180+ 2°C. An intermittent
frying experiment was carried out for 8 hours per day
over five consecutive days. Eight batches of chickens,
with every batch weighing approximately 350 g, were
fried daily with an interval of 60 minutes between
batches. For the analysis of the physicochemical
parameters, an oil sample of 100 ml was taken at
the end of each day of frying. The samples were
cooled, purged with nitrogen and kept at -18°C before
analyses. The fried chicken samples were collected
each day at the end of frying process and were kept
at ambient temperature for sensory evaluation and
oil uptake analysis.

Physicochemical Analysis of Fats
Oil uptake analysis

Total oil content of fried chickens was
determined by Soxhlet extraction according to
reported method’. The oil was extracted using a
Soxtec™ 2050 Auto Fat Extraction System (Foss
Analytical AB, Hoganas, Sweden). Two (2) gram
of fried chicken sample was extracted for 2 h using
n-hexane as a solvent.

Fatty Acid Composition Analysis by GC

The oil sample was methylated using
a boron trifluoridemethanolic sodium hydroxide
solution. The oil was analysed via on-column GC
technique using Agilent 6890N gas chromatograph
(Agilent, Avondale, USA) equipped with a flame
ionization detector (FID). An HP-5 non-polar capillary
column (50 m x 0.12 x 0.5 mm, SGE, Australia) was
used and the temperature was initially kept at 50°C
for 2 min and the programmed at 5°C per min to
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250°C. The injector and detector temperature were
220° and 250°C respectively and He gas was used
as carrier gas with a flow rate of 1.0 mL per min.

HPLC analysis of Total Polar Content and Total
Polymeric Material

The total polar content (TPC) and the
total polymeric material (TPM) were determined by
HPLC technique according to methods previously
reported” '+ 15, HPLC analysis was carried out using
a Waters HPLC system (Waters Associates, Milford,
MA) equipped with a Rheodyn 7725 injector (10
ml sample loop), Waters 510 HPLC pump, 100°A
Ultrastyle column and a refractive index detector.

Free Fatty Acid (FFA)

The free fatty acid (FFA) was determined as
palmitic acid according to the MPOB Test Method'¢,
which has been adopted from AOCS".

Sensory Evaluation

For sensory evaluation, sufficient samples
of freshly fried chickens were taken on the day 1,
3 and 5 of frying experiment and then served to
trained panelists within 10 min after taken out of
the fryer. Panelists were requested to evaluate the
organoleptic attributes, i.e. colour, odour, oiliness,
crispiness, taste and overall acceptance) of fried
chickens. A nine-point hedonic scoring scale was
used by the panel members to judge their perception,
where 9 = extremely good and 1 = extremely bad.
The sensory scores will be analyzed statistically
using SPSS software (version 18.0 for Windows;
SPSS Inc., Chicago, IL, USA).
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content (0.12%) in the raw chicken, it was found that
the oil uptake was the lowest in the chicken fried
using VCO:PS (10:90) blend. During frying process,
it was decreased from 3.39% to 1.75% whereas
in PS, it was decreased from 3.15% to 2.82%.
Meanwhile, the oil absorption of fried chickens in
VCO: PS (20:80) was increased from 2.08 t0 2.57%.
The decreasing in oil uptake might be due to the
presence of linolenic acid. As reported by Kita and
Lisinska'®, the fat absorption in fried products will
be low when the amount of unsaturated fatty acid,
i.e.linoleic acid in the frying medium is low. Analysis
of fatty acid composition (FAC) showed that linoleic
acid content of VCO: PS (10:90) blend (3.8%) was
the lowest compared to its content VCO:PS (20:80)
blend (3.9%) and PS (4.3%).

Analysis of fatty acid composition (FAC)

Table 1 shows the fatty acid composition
of PS and VCO:PS blends. The VCO oil indicated
that very high proportion of saturated fatty acid
(94.8%) while the unsaturated fatty acid was only
5.2%. Apart from that, lauric acid in VCO constituted
51.2% while linoleic acid is 0.47%. When blending
with PS, lauric acid content was the highest in VCO:
PS (20:80) blend (12.58%) compared to 4.24% in
VCO: PS (10:90) blend and 0.07% in PS (Table 2).
Consequently, before frying, VCO: PS (20:80) blend
contained the highest proportion of saturated fatty
acids (69.3%) as compared to VCO: PS (10:90)

Table 1: Percentages of saturated and
unsaturated fatty acid of virgin coconut oil

Types of fatty acid Percentage (%)
RESULTS AND DISCUSSION Saturated fatty acid 94.8
Unsaturated fatty acid 5.20
Oil uptake analysis Lauric acid 512
Figure 1 shows that the percentage of oil | inojeic acid 0.47
uptake/absorption by the chickens fried in three
types of frying oils. By subtracting the initial oil
Table 2. Fatty acid composition (FAC) of blended shortenings
Types of oil C8:0 C10:0 C12:0 C14:0 Ci16:0 C18:2 C18:1 C18:0
Control oil (PS) 0 0 0.07 1.06 52.96 6.33 34.12 5.47
VCO/PS (10:90) 0.42 0.47 4.24 2.62 43.01 2.82 39.89 6.53
VCO/PS (20:80) 2.19 1.69 12.58 5.23 43.10 5.13 25.53 4.55
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(57.3%) and PS (59.6%) (Figure 2). After the 5™ day
of frying, VCO: PS (20:80) blend still contained a
higher amount of saturated fatty acids (67.3%) than
VCO: PS (10:90) blend (64.7%) and PS (62.3%).

In term of linoleic acid content, it was showed that
VCO: PS (10:90) blend has the highest linoleic acid
(2.82%) compared to VCO: PS (20:80) blend (5.13%)
and PS (6.33%). On the 1t day of frying, linoleic
acid decreased to 5.04% in PS and 3.92% in VCO:
PS (20:80) blend while increased to 5.93% in VCO:
PS (10:90) blend (Figure 3). After frying for 5 days,
linoleic acid was decreased to 4.31% in PS and
3.81% in VCO: PS (20:80) blend while in VCO: PS
(10:90) blend, it was increased to 3.82%. The lauric
acid content was also changed significantly. On the
5" day of frying, VCO: PS (20:80) blend still consisted
the highest content of lauric acid which the value of
8.9% compared to VCO: PS (10:90) blend (4.3%)
and PS (0.13%) (Figure 4). Lauric acid is a medium
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Fig. 1: Oil uptake in fried chickens during
frying experiment using blended shortening
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Fig. 3: Fatty acid composition (FAC) in blended
shortenings after the 1¢ day of frying
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chain fatty acid which found abundant in coconut oil
and VCO that acts as antioxidant properties that may
capable to increase the stability of oil during frying°.
The addition of virgin coconut oil in vegetable oil
believed to reduce the oil degradation during frying as
reported by Ghazali et al'?, virgin coconut oil capable
to increase the stability of oil during frying because
the mode of virgin coconut oil extraction retains more
biologically active component such as vitamin E and
polyphenol compared to coconut oil.

Free fatty acid content

In this study, the free fatty acid (FFA) content
was used as the principal indicator of frying oil quality
in industry. It was found that the changes in FFA level
of the three different oils during frying had increased
with the increasing of frying time (Figure 5). The
FFA value of PS increased gradually from 0.05%
(before frying) to 1.19% after the 5" day of frying.
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Fig. 2: Saturated and unsaturated fatty acid
composition of the blends before frying
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Fig. 4: Fatty acid composition (FAC) in blended
shortenings after the 5"" day of frying
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When blending, the VCO: PS (10:90) blend, the FFA
values were increased from 0.05% to 1.20% while in
VCO: PS (20:80) blend, it increased from 0.05% to
1.15%. It was also found that, the VCO: PS (20:80)
blend has the lowest FFA content whereas the
highest percentage of FFA was in VCO: PS (10:90)
blend (Figure 4). According to Innawong?, the
increase in FFA value might be due to the hydrolysis
process in the presence of water from food and high
temperature of frying. The result of VCO: PS (20:80)
blend was the lowest content of FFA due the higher
saturated fatty acid (SFA) content as SFA will reduce
the rate of hydrolysis during the frying. However, FFA
values in all three different blends are still far below
the maximum discard point of 2-2.5%?2'.

Total Polymer Materials (TPM)

Based on the result obtained, the TPMs
showed a different trend in PS and VCO:PS blends.
After frying for five consecutive days, the polymer
formation was higher in PS than VCO:PS blends

Free Fatty
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Fig. 5: Free fatty acid (FFA) values
of blended shortening during frying
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Fig. 7: The total polar (TPC) contents
of blended shortenings during frying
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(Figure 6). The TPM in VCO: PS (20:80) blend was
the lowest (1.40%) compared to TPM values in
VCO: PS (10:90) blend (2.20%) and in PS (3.02%).
The polymer compounds are formed as a result of
oxidative and thermal reaction®? which lead to the
formation of volatile and non volatile decomposition
product due to oil degradation. Paradis and Newar?
also confirmed that the higher content of saturated
fatty acids are reliable indicators of oil quality.
The VCO: PS (20:80) blend has the lowest TPM
throughout frying due to the high in saturated fatty
acids and low in unsaturated fatty acid contents. On
the 5™ day of frying, the percentage of saturated
fatty acid in VCO: PS (20:80) was 67.3% compared
to in VCO: PS (10:90) blend (64.7%) and in PS
(62.3%). From this result, it can be concluded that
both VCO:PS blends have lower TPMs than PS since
these blends are able to resist the oxidation as they
contain higher amount of saturated fatty acid and
lauric acid compared to the control oil (PS). However,
in the present study, all frying blends exhibited the
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Fig. 6: The total polymer material (TPM)
contents of blended shortenings during frying
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TPM values were still far below the discard point of
10-16%32".

Total Polar Compound (TPC)

The results of the TPC contents in three
different blends during frying process were shown in
(Figure 7). The percentage of the TPCs in all blends
were changed against frying time. VCO: PS (20:80)
blend tended to have the lowest value of TPC while
PS has the greatest value. The TPC in VCO: PS
(20:80) blend increased to 17.4% after the 5" day of
frying. While in the VCO: PS (10:90) blend and PS,
the TPC values were increased to 18.7% and 20.5%
respectively. Nimitpornsuko?* reported that frying oil
with high content of unsaturated fatty acid is more
susceptible to oxidative degradation. Since total polar
compounds (TPCs) are product of oil degradation,
the high percentage of TPC in PS indicated that it
was less stable during frying than VCO:PS blends.
It was probably due to low content of saturated fatty
acid compared to oil blends as reported earlier®.
However, the TPC values in all blends were below
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sensory attributes

Fig. 9: Mean sensory score of fried chickens
in control oil (PS), VCO:PS (10:90) and VCO:PS
(20:80) of Day 3

significantly different (p <0.05 ) from fried chickens
in palm based solid shortening.

CONCLUSION

This study found that virgin coconut oil
(VCO) can improve the frying performance of palm
based solid shortening (PS) during deep frying. The
physicochemical properties of VCO:PS blends were
better than palm solid shortening (PS) alone. In term
of oil uptake, the chickens fried in VCO:PS blends
absorbed less oil than in palm shortening (PS).
Moreover, in term of sensory evaluation, the addition
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the descard limit of 24%?', thus the used blends were
still suitable for human consumption.

Sensoray Evaluation

From the sensory mean scores on the
Day 1, there were significant differences (p <0.05
) in terms of colour, odour, crispiness, taste and
overall scores in all samples (Figure 8). In Day 3,
the samples indicated that there were no significant
difference in colour, odour and oiliness, while there
was a significant difference (p <0.05 ) in crispiness,
taste and overall scores in all samples (Figure 9). On
day 5, there were no significant difference in colour,
odour and crispiness while there was a significant
difference (p <0.05 ) in oiliness, taste and overall
scores in all samples (Figure 10). Throughout this
study, the addition of virgin coconut oil had affected
the consumer perception on the fried chicken on
oiliness, taste and overall score of fried chickens,
although it did not contribute to the colour, odour
and crispiness. The sensory data generally showed
that fried chickens in virgin coconut oil were of

Day 5

m control oil

= VCO/PS (10:90 v/v)

sensory scores
O R N W M U o N ®

VCO/PS (20:80 v/v)

G,

sensory attributes

Fig. 10: Mean sensory score of fried
chickens in control oil (PS), VCO:PS
(10:90) and VCO:PS (20:80) of Day 5

of virgin coconut oil to palm based solid shortening
showed significant differences on the oiliness,
taste and overall acceptability of fried chicken after
repeated frying. In overall, it can be concluded that
the addition of a small proportion of VCO in palm
based solid shortening gave a major improvement
in frying stability of oil.
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