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Abstract
	 Background:	 This	 study	 was	 performed	 to	 compare	 the	 oxidative	 quality	 of	 repeatedly	
heated	palm	and	soybean	oils,	which	were	used	to	fry	keropok lekors	and	potato	chips.	
	 Method:	A	kilogramme	of	keropok lekors	or	potato	chips	was	fried	in	2.5	L	of	palm	or	soybean	
oil	at	180	°C	for	10	minutes.	The	frying	process	was	repeated	once	and	four	times	to	obtain	twice-
heated	and	five-times-heated	oils.	The	peroxide	value	and	 fatty	acid	composition	of	 the	oils	were	
measured.	
	 Results: Frequent	heating	significantly	increased	the	peroxide	values	in	both	oils,	with	the	
five-times-heated	oils	having	the	highest	peroxide	values	[five-times-heated	palm:	14.26	±	0.41	and	
11.29	±	0.58	meq/kg	vs	fresh:	2.13	±	0.00,	F	(3,12)	=	346.80,	P	<	0.001;	five-times-heated	soybean:	
16.95	±	0.39	and	12.90	±	0.21	meq/kg	vs	fresh:	2.53	±	0.00	oils,	F	(3,12)	=	1755,	P	<	0.001,	when	used	
to	fry	keropok lekors	and	potato	chips,	respectively].	Overall,	both	oils	showed	significantly	higher	
peroxide	values	when	keropok lekors	were	 fried	 in	 them	compared	with	when	potato	chips	were	
fried.	 In	general,	 the	heated	soybean	oil	had	significantly	higher	peroxide	values	 than	the	heated	
palm	oil.	Fatty	acid	composition	in	the	oils	remained	mostly	unaltered	by	the	heating	frequency.
	 Conclusion:	Keropok lekors,	when	used	as	the	frying	material,	increased	the	peroxide	values	
of	 the	palm	and	 soybean	oils.	Fatty	 acid	 composition	was	not	much	affected	by	 the	 frequency	of	
frying	or	the	fried	item	used.
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Introduction 

 Deep frying is one of the oldest practice                                                          
for food preparation, during which the oil is 
exposed continuously or repeatedly to high 
temperature (160–190 °C) in the presence of 
air and moisture. This leads to a number of 
chemical reactions in the oil, such as oxidation, 
hydrolysis and polymerization, which may alter 
the compositions of the oil leading to production 
of various types of oxidative products (1). 
Hydroperoxides and aldehydes are the primary 
products formed in the initial stages of oxidation 
and are absorbed into the fried food (2). The 
extent of oxidation can be measured using the 
peroxide value of the oil (3,4). 
 The usage of repeatedly heated cooking oil 
is common amongst Malaysians who without 
taking into consideration the effects on health; 
do this in order to reduce the cost of cooking. 
Repeated heating can cause changes in the 
physical appearance of oil, such as increased 

viscosity, darkening in colour, increased foaming 
and decrease in the smoke point of the oil (5). 
Consumption of repeatedly heated oil has been 
shown to increase the risk of hypertension (6) due 
to impaired vascular relaxation in rats (7,8). 
 In many studies involving oil heating, potato 
chips were the most commonly used food item 
for deep frying (9–11). The oil quality during deep 
frying is determined by many factors, such as the 
type of frying materials and the type of oils used 
(1,12). In Malaysia, keropok lekors, or traditional 
fish sticks, are one of the most popular snacks 
that are commonly deep fried before being served. 
Different from potatoes, which exclusively contain 
starch (13), the major compositions of keropok 
lekors are protein and starch.
 Therefore, the objective of this study was 
to compare the quality of the repeatedly heated 
palm and soybean oils when using keropok lekors 
and potato chips as frying items. This study used 
palm and soybean oil because of their wide usage                                                                                                
as cooking oils for deep frying purposes in 
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Malaysia, and the difference in the fatty acid 
composition (14,15) and antioxidant content        
(16) of the two oils. 

Materials and Methods

Materials
 Palm oil (Lam Soon Edible Oil, Malaysia) and 
soybean oil (Yee Lee Edible Oil, Malaysia) were 
used in this study. The keropok lekors (Malaysian 
traditional fish sticks) and potatoes were bought 
from the same sources at a local market. The            
size of the food item was standardised for each 
frying process. 

Frying procedure
 The potatoes were peeled before being                        
thinly sliced. Two and a half litres of palm oil 
or soybean oil were used to fry 1 kg of keropok 
lekors or potato chips in a stainless steel wok 
for 10 minutes at 180 °C. The frying process 
was repeated once or four times to obtain twice-
heated or five-times-heated oils, respectively, 
with a cooling interval of 24 hours between 
repetitions (17). The food quantity was reduced 
proportionately with the amount of vegetable oil 
left till the fifth heating. No fresh oil was added 
between the frying processes. After heating,                                                              
5 samples per group were obtained from different 
batches for the peroxide value measurement.
 
Determination of peroxide value 
 Peroxide values of the heated oils were 
determined according to American Oil Chemists’ 
Society (AOCS) Official Methods Cd 8–53 (18). 
Briefly, 5 g of the oil sample was transferred into 
a 250 mL flask before adding 30 mL of acetic              
acid-chloroform (3:2). The flask was swirled 
and then 0.5 mL of saturated potassium iodide 
was added. Then, the solution was swirled again 
for 1 minute and 30 mL of distilled water and a 
few drops of starch solution (10%) were added. 
The solution was titrated against 0.01 N sodium 
thiosulphate solution (Na2S2O3), which had 
been previously standardised using potassium 
dichromate and potassium iodide, until the blue 
colour disappeared. The peroxide value was 
expressed in miliequivalents of peroxide per kg of 
the sample calculated as:

Peroxide value (meq/kg) = [(Va-Vb) N × 1000]/W

Where;

Va = volume of sodium thiosulphate 
solution (mL) 

Vb = volume of sodium thiosulphate 
solution (mL) used for the blank 

   N  =   normality of sodium thiosulphate
   W  =   weight of the test portion (g)

Fatty acid composition determination
 Fatty acid composition of the fresh 
and heated oils was analysed using gas                                                                                               
chromatography (GC-17A, Shimadzu, Japan) 
with nitrogen at a flow rate of 0.40 mL/min as 
the carrier gas. The chromatography system 
consisted of a flame ionisation detector and a BPX 
70 capillary column (30 m × 0.25 mm × 0.25 μm), 
with programmable injector temperature set at 
250 °C and detector temperature set at 280 °C. 
The oil samples (100 μL) were first transesterified 
to fatty acid methyl ester using 1 mL of 1 M sodium 
methoxide in 1 mL hexane prior to injection                                                                                        
(1 μL) into the gas chromatographic system. 
Authentic standards were used in the identification 
of fatty acid methyl ester peaks by comparing 
their retention times. The readings were obtained 
based on one sample per group. The fatty acid 
composition in the oils was expressed as the 
percentage of the total fatty acids.

Statistical analysis
 The data are expressed as mean ± standard 
error and were analysed using Statistical Package 
for Social Science version 19. To compare the effect 
of heating frequency, the data were analysed using 
a within-subjects analysis of variance for repeated 
measure. Student’s t test (independent samples) 
was used for comparison between the type of oil 
and the food item used for frying at the same 
heating frequency. Differences were considered 
significant if P < 0.05.

Results

 The results presented in Table 1 show a 
highly significant increase in peroxide values of 
palm oil with increasing frequency of heating 
(once heated: 4.84 ± 0.43 and 3.68 ± 0.26; twice 
heated: 9.90 ± 0.44 and 4.70 ± 0.16; five times 
heated: 14.26 ± 0.41 and 11.29 ± 0.58 meq/
kg, when used to fry keropok lekors and potato 
chips, respectively) compared with the fresh oil                                                            
(2.13 ± 0.00 meq/kg) [F (3,12) = 346.80,                                                                           
P < 0.001]. The same trend was observed in the 
soybean oil groups [once heated: 6.54 ± 0.19 
and 2.74 ± 0.26; twice heated: 7.86 ± 0.07 and                                              
7.12 ± 0.30; five times heated: 16.95 ± 0.39 
and 12.90 ± 0.21 meq/kg, when used to fry                                                                                         
keropok lekors and potato chips, respectively;                       
F (3,12) = 1755, P < 0.001). Oils heated five 
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Table	1: Peroxide values in (meq/kg) when keropok lekors and potato chips were fried in repeatedly 
heated palm and soybean oils

Fresh Once Twice Five	times
Palm oil

Keropok lekors 2.13 ± 0.00* 4.84 ± 0.43* 9.90 ± 0.44** 14.26 ± 0.41**
Potato chips    3.68 ± 0.26*#   4.70 ± 0.16**#     11.29 ± 0.58**#

Soybean oil
Keropok lekors 2.53 ± 0.00*     6.54 ± 0.19**§   7.86 ± 0.07**§    16.95 ± 0.39**§
Potato chips   2.74 ± 0.26**#§  7.12 ± 0.30**#§      12.90 ± 0.21**#§

Values represent mean ± sem (n = 5). Significantly different from other groups in the same type of oil and food used with a within-
subjects test (*P = 0.002, **P = 0.0001), #significantly different from the keropok lekors group fried in the same oil at the same 
heating frequency (P < 0.05), §significantly different from the palm oil groups at the same heating frequency and same type of 
food (P < 0.05).

times had significantly higher peroxide values 
than the oils heated twice, which in turn had 
higher peroxide values than the oils heated once. 
The peroxide values were significantly higher 
in heated palm and soybean oils that were used 
to fry keropok lekors than in the oils used to fry 
potato chips (P < 0.01). The peroxide values of all 
soybean oil groups (except oils heated only once 
to fry potato chips) were significantly higher than 
those of all palm oil groups regardless of the frying 
materials used.
 Fatty acid composition of the fresh and 
heated palm and soybean oils is shown in                                                                                                                     
Figure 1. The percentages of saturated, 
monounsaturated and polyunsaturated fatty 
acids in fresh and heated palm oils were similar. 
Both oils contained about 43% saturated, 49% 
monounsaturated and 8% polyunsaturated 
fatty acids. In soybean oil, fresh and heated 
oils contained similar composition of saturated 
and monounsaturated fatty acids, which were 

about 17% and 25%, respectively. It seemed 
that the polyunsaturated fatty acid content in 
the five-times-heated soybean oil (42%) was 
slightly reduced compared to that in other 
soybean oil groups (50–52%). Generally, palm 
oil contained higher proportions of saturated 
and monounsaturated fatty acids but a lower 
proportion of polyunsaturated fatty acids 
compared with soybean oil.

Discussion

 The peroxide value is often used as an 
indicator for the oxidative stability of fats and 
oils (3,4,19). It was found to be highly correlated 
with the total concentration of major odorants 
(including 1-pentanal, pentanoic acid, hexanoic 
acid and 1-nonanal) and the total concentration 
of five unsaturated aldehydes (t-2-heptenal, 
t-2-octenal, t-2-decenal, t-2-undecenal and                            
t,t-2,4-decadienal) in oils. These odorants and 

Figure	1: Composition percentage of saturated (SFA), monounsaturated (MUFA) and polyunsaturated 
(PUFA) fatty acids in fresh, once-, twice-, and five-times-heated palm (panel A) and soybean 
(panel B) oils, 216 × 227 mm (300 × 300 DPI).
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aldehydes showed strong cytotoxicity in the 
heated oils. Moreover, it is relatively easier to 
measure the peroxide value compared to the 
direct measurement of odorants in the oils (20). 
Therefore, the peroxide value is of significance              
in assessment of quality and stability of foods                                                                                                      
with high oil content. There are several factors                                                                          
that can affect the quality of oil during the 
deep frying process, such as the types of food 
being fried, composition of the oils used, frying 
temperature, length of frying time, use of a 
continuous or intermittent frying method and 
replenishment of fresh oil (1). However, in this 
study, we investigated only the effect of different 
types of food items and different types of vegetable 
oil for the deep frying process on the quality                                                             
of repeatedly heated oil. 
 In this study, repeated heating increased            
the peroxide values of palm and soybean oils.                      
The value increased with the increasing frequency 
of heating. This indicated that repeated heating 
of the oils augmented the formation of lipid 
peroxidation products in the oil, which are 
potentially harmful to health. Consumption of 
repeatedly heated vegetable oils has been shown 
to have detrimental effects on health (7,8,17). A 
study by Rueda-Claussen et al. (21) demonstrated 
that repeatedly heated (10 and 20 times) 
olive, palm and soybean oils had similar acute 
detrimental effect on the endothelial functions 
in healthy young subjects. This is contrary to a 
report by Shuid et al. (22) who found that bone 
properties of ovariectomized rats fed repeatedly 
heated palm oil (once and five times) was better 
than those fed repeatedly heated soybean oil. The 
discrepancy between these studies could be due to 
the difference in the heating frequency.
 Palm and soybean oils that were used to fry 
keropok lekors had significantly higher peroxide 
values compared to the ones that were used to 
fry potato chips. Keropok lekors are primarily 
made from a combination of pounded fish, mainly 
mackerel or sardines (about 55–60%) and sago 
or starch flour (about 40–45%). On the other 
hand, potatoes only contain about 16% starch, 
2% protein and a very small amount of lipids                       
(< 1%) (13). As a marine product, keropok lekors 
are rich in fish oil. Fish oil is very susceptible 
to autoxidation because of the high degree of 
polyunsaturated fatty acids (23). Autoxidation of 
the fish oil in the keropok lekors during the frying 
process might have accelerated the oxidative 
degradation of both vegetable oils and fish oil 
with the higher production of peroxide content 
compared to that in the oils used to fry potato 
chips. This may explain the higher peroxide values 
of the oils used to fry the keropok lekors. Even in 

our daily cooking chores, we notice that frying 
salted fish produces blackish discolouration of      
the oil.
 Previously, no similar study has reported the 
use of keropok lekors in deep frying. Many studies 
have used potato chips to suit the Western context 
to measure the oxidative stability of cooking oils, 
such as corn and olive oil, either using deep frying 
or microwave heating (9–11,24). Keropok lekors 
are one of the popular snacks in Malaysia, which 
are commonly consumed deep-fried and can be 
easily be found in night markets. Due to the low 
level of awareness amongst night market food 
outlet operators regarding the detrimental effects 
of the use of repeatedly heated cooking oil (25), 
there is a big possibility that keropok lekors found 
at the night markets are fried in repeatedly heated 
cooking oils. This kind of practice could render 
bad health effects to the public. 
 Generally, for both types of food (keropok 
lekors and potato chips), higher peroxide values 
were found in soybean oil than in palm oil after 
repeated heating. This suggests that soybean oil 
undergoes more oxidative modification compared 
to the palm oil on repeated heating. The unique 
composition of palm oil allows it to withstand 
heat better than soybean oil. Palm oil is rich 
in saturated and monounsaturated fatty acids 
(MUFA) but has low levels of polyunsaturated 
fatty acids (PUFA) compared to soybean oil, as 
shown in the present study. Vegetable oils which 
are rich in PUFA are more prone and less stable 
to oxidation compared to those which are rich in 
MUFA, whereas oils that are rich in MUFA, such 
as palm oil and olive oil, can better withstand 
oxidation and form less degradation products 
on repeated heating (26). In the present study, 
the percentage of PUFA in five-times-heated 
soybean oil was 10% less compared to the fresh, 
once-heated and twice-heated soybean oils. This 
finding suggests that the unsaturated bonds in 
PUFA were oxidised due to heating. Previously, 
the frequency of heating has shown to reduce 
the unsaturation of fatty acids (27). However, an 
increase in the saturated fatty acids and MUFA 
percentage was not obviously seen in the five-
times-heated soybean oil. The characterisation of 
individual fatty acids (such as oleic, linoleic and 
linolenic acids) was not done in this study. Oils 
that are repeatedly heated at high temperature 
for a long period will undergo thermal oxidation 
process with configuration changes in fatty acid 
from cis to trans isomer (28). Some studies have 
shown that food containing high trans fatty acid 
can increase the risk of cardiovascular disease 
(29) by inducing a proinflammatory response 
in the endothelial cells (30). The increase in 
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the percentage of saturated fatty acids may be 
attributed to the cholesterol raising effect of the 
heated oils.
 Palm oil also has an abundant content of 
vitamin E, which may play an important role in 
its ability to withstand thermal oxidative changes. 
Inclusion of α-tocopherol to frying oil was found 
to render PUFA more resistant to oxidation (31). 
Vitamin E, which effectively protects fatty acids 
in the oil from oxidation, deteriorates after each 
frying episode (16). Therefore, repeated heating 
of frying oils destroys the vitamin E content and 
exposes the fatty acids to oxidation. The vitamin E 
content of palm oil mainly consists of tocotrienols, 
while the vitamin E in soybean oil mainly consists 
of tocopherols (16). Tocotrienols have better 
antioxidant capacity than tocopherols (32) and 
this may have contributed to the better resistance 
of palm oil to oxidative changes due to repeated 
heating.
 It was also noted that up to two heatings, 
the peroxide values of the oils were still below 
the maximum limit of the peroxide value                                     
(10 meq/kg), according to the Malaysian Food Act 
and Regulation 1985 and the AOCS (33). However, 
if the Food Sanitation Law of Japan guideline 
(peroxide value ≤ 30 meq/kg oil) is used instead, 
all fresh and heated oils can be considered safe for 
human ingestion. In Malaysia, it is very common 
to use repeatedly heated vegetable oil for frying to 
cut cost and only be discarded when the colour of 
the heated oil has darkened. The level of awareness 
of the general public in this country regarding 
such usage is influenced by the socioeconomic 
status, with higher level of awareness in higher 
income and education level groups (34). 

Conclusion

 In the present study, it can be concluded that 
the use of food item with high contents of fish oil, 
such as keropok lekors, may further increase the 
peroxide value in thermally oxidised oil, which 
is influenced by the heating frequency and the 
type of oil used during the frying process. It is 
recommended that vegetable oils should not be 
heated more than two times for safe consumption.
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