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ABSTRACT
,Q�WKLV�VWXG\��WKH�WKHUPDO�VWDELOLW\�RI�SDOP�IU\LQJ�RLO��SDOP�VWHDULQ��32V��DQG�D�IRUPXODWHG�KLJK�ROHLF�IU\LQJ�
RLO� �KLJK�ROHLF�EOHQGHG�RLO��+2%2��LQ�&KLQD�ZDV�HYDOXDWHG�XQGHU�VLPXODWHG� IU\LQJ�SURWRFRO� LQ� IDVW� IRRG�
UHVWDXUDQWV��$�VHULHV�RI�SK\VLFR�FKHPLFDO�SURSHUWLHV�RI�WKH�RLOV�ZHUH�PHDVXUHG�LQFOXGLQJ�FKDQJH�RI�FRORXU��
DFLG�YDOXH��$9���SHUR[LGH�YDOXH��39���p�DQLVLGLQH�YDOXH��p�$9���WRWDO�R[LGDWLRQ��7272; �39�p�$9���
IDWW\� DFLGV� FRPSRVLWLRQ� �)$&��� LRGLQH� YDOXH� �,9��� FDUERQ\O� JURXS� YDOXH� �&*9��� WRWDO� SRODU� FRPSRXQGV�
�73&���R[LGDWLYH�VWDELOLW\�LQGH[��26,��DQG�YLWDPLQ�(�FRQWHQW��7KH�IU\LQJ�H[SHULPHQWV�ZHUH�FRQGXFWHG�DW�
��������&�IRU�ILYH�FRQVHFXWLYH�GD\V�ZKHUH�)UHQFK�IULHV�ZHUH�IULHG�LQ�ILYH�F\FOHV�KRXUO\�IRU����KU�D�GD\��7KH�
UHVXOWV�LQGLFDWHG�WKDW�32V�JDYH�KLJKHU�SK\VLFDO�DQG�FKHPLFDO�VWDELOLW\�WKDQ�+2%2�XQGHU�H[WHQGHG�IU\LQJ�
conditions, considering its relatively lower increase in TPC, p�$9��7272;�DQG�&*9��OHVVHU�GHFUHDVH�LQ�
&�����&�����DQG�,9��DQG�ORQJHU�LQGXFWLRQ�SHULRG��%DVHG�RQ�WKH�UHVXOWV��LW�FDQ�EH�FRQMHFWXUHG�WKDW�32V�LV�D�
PRUH�SUHIHUUHG�FKRLFH�IRU�GHHS�IDW�IU\LQJ�ZLWK�ORZHU�GHWHULRUDWLRQ�UDWH�
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INTRODUCTION

Deep fat frying is one of the most well-accepted 
methods in food preparation, owing to the fact that 
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fried food provides unique aroma, taste, golden 
colour and crispy texture that cannot be found 
in other cooking techniques (Aladedunye, 2015). 
Essentially, deep fat frying involves immersion 
of food in hot oil at temperatures from 150°C 
WR� ����&� �$QLRORZVND� DQG� .LWD�� ������ <X� et al., 
2016). During the frying process, oil undergoes a 
series of reactions which can produce unwanted 
breakdown compounds (Del Re and Jorge, 2006). 
7KHVH� UHDFWLRQV� PDLQO\� FRPSULVHG� RI� R[LGDWLRQ��
hydrolysis and polymerisation, giving rise to 
generating myriad of degradation products 
including various volatile and non-volatile 
compounds (Nayak et al.���������7KHVH�JHQHUDWHG�
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process-developed contaminants can deteriorate 
the functional, sensory attributes and nutritional 
value of the oils (Hua et al., 2016). 

In general, there are many selections of 
vegetable oils available for deep-frying applications 
depending on their availability, traditional habits, 
and thermal resistance. Palm oil and soyabean oil 
are mostly used for domestic cooking and frying 
worldwide, while canola oil is commonly used in 
European countries and Canada (Hosseini et al., 
2016). In China, palm oil is often used in fast food 
restaurants, i.e.� .HQWXFN\� )ULHG� &KLFNHQ� �.)&���
0F'RQDOG·V� DQG� 'LFRV�� 7KLV� LV� GXH� WR� SDOP� RLO·V�
excellent thermo-oxidative stability, long shelf-
life, abundant phytonutrients (tocotrienols and 
FDURWHQRLGV�� DQG� UHOLDEOH� VXSSO\� �.XVKDLUL� et al., 
2018). In 2018, Malaysia produced 19.52 million 
tonnes of palm oil, with annual productivity of 3.73 t 
ha-1 yr-1��.XVKDLUL�et al., 2019). Recently, unsaturated 
oils have received much attention, and among them, 
oil rich with monounsaturated fatty acids (MUFA) 
are increasingly received a broader spectrum of 
functionality and health benefits (Gillingham 
et al., 2011), with an inherently higher thermal-
oxidative stability compared to oils with higher 
polyunsaturated fatty acids (PUFA). Utilisation of 
high oleic oils such as high oleic rapeseed oil (canola 
oil), high oleic sunflower oil, high oleic peanut oil 
and high oleic soyabean oil continues to increase in 
China, especially in fast food restaurants. 

Oil stability indicates the ability of oil to resist 
elevated temperatures during frying, as a result, 
the degree of saturation has become a considerable 
criterion for choosing suitable frying oil. A great 
many studies have demonstrated that oil with 
higher amount of saturated fatty acids and lower 
amount of unsaturated fatty acids exhibits better 
stability on frying performance irrespective of 
the nutritional standpoint of oil (Matthäus, 2006; 
$ODGHGXQ\H� DQG� 3U]\E\OVNL�� ������� )XUWKHUPRUH��
the number of unsaturated bonds in fatty acids 
plays a decisive role in the oxidation rate of oil. 
It is reported that the relative oxidation rate of 
stearic acid (18:0) to oleic acid (18:1) to linoleic 
acid (18:2) to linolenic acid (18:3) was 1:10:100:150 
�$KPDG�7DUPL]L� et al., 2016). Saturated fatty acid 
has no double bond in its fat molecule which gives 
the higher stability property as compared with 
unsaturated fatty acid. However, oil stability does 
not depend on the degree of saturation absolutely 
(Normand et al., 2006). Factors like the presence 
of minor components such as phytosterols, 
tocopherols and tocotrienols and the positioning of 
fatty acid in the triacylglycerols could also affect 
WKH� VWDELOLW\� RI� WKH� RLO� �$EX]D\WRXQ� DQG� 6KDKLGL��
������$KPDG�7DUPL]L�et al., 2016).

7KHUHIRUH��WKH�DLP�RI�WKH�SUHVHQW�ZRUN�ZDV�WR�
evaluate the frying performance of two commercial 
frying oils, which are refined, bleached and 

deodourised palm stearin [POs, iodine value (IV) 
49] and high oleic blended oil (HOBO) consisting 
of a blend of high oleic sunflower oil and canola 
oil under following frying protocol in fast food 
UHVWDXUDQWV� LQ� &KLQD�� 7KH� PDLQ� IRFXV� ZDV� WKH�
quality changes occurring in the two frying oils 
which included colour, iodine value (IV), acid 
value (AV), peroxide value (PV), p-anisidine value 
(p�$9��� WRWDO� R[LGDWLRQ� �7272;��� FDUERQ\O� JURXS�
value (CGV), fatty acids composition (FAC), total 
SRODU� FRPSRXQGV� �73&���R[LGDWLYH� VWDELOLW\� LQGH[�
(OSI) and tocols.

MATERIALS AND METHODS

Materials

Commercial-grade POs (IV 49) was purchased 
IURP�:LOPDU�&R��/WG��6KDQJKDL��&KLQD��ZKLOH�+2%2�
consisting of a blend of high oleic sunflower oil and 
modified canola oil were purchased from Cargill Co. 
Ltd (Shanghai, China). Pre-fried French fries were 
SURYLGHG� E\� ,QQHU�0RQJROLD� /DPE�:HVWRQ�3RWDWR�
&R�� /WG� �8,DQTDE�� &KLQD��� %HQ]HQH�� Q�KH[DQH��
n-heptane, tetrahydrofuran were chromatographic 
grade and purchased from Sinopharm Chemical 
5HDJHQW� &R�� /WG� �6KDQJKDL�� &KLQD��� 7KH� LQWHUQDO�
VWDQGDUG� ն��� շ��� ո��� չ�WRFRSKHUROV� ZHUH� REWDLQHG�
from Sigma-Aldrich (St Louis, MO, USA) and 
ն��� շ��� ո��� չ�WRFRWULHQROV� VDPSOHV� ZHUH� JLIWV� IURP�
Sime Darby Plantation Company, Malaysia with 
purity greater than 97% by high performance 
liquid chromatography (HPIC). Other reagent-
grade chemicals were purchased from Sinopharm 
Chemical Reagent Co. Ltd (Shanghai, China).

Frying Protocol

7KH� SUHVHQW� ZRUN� ZDV� GHVLJQHG� WR� VLPXODWH�
frying practice of fast food restaurants according to 
Li et al. (2019) with slight modifications, heating the 
oils for 12 hr daily, with frying cycles every 12 min 
over five consecutive days. Each frying experiment 
was carried out using a 13-litre capacity stainless 
deep fryer Model OFE-28 (Yixi, Shanghai, China) 
with a set temperature of 170 ± 5°C. Each frying 
cycle, a batch of 200 g of pre-fried French fries was 
fried for 3 min, and 9 min for the oil to remain idle 
EHIRUH� H[HFXWLQJ� QH[W� IU\LQJ� F\FOH�� 7KH� ILOWUDWLRQ�
with 60 g filter powder (Dallas Special Adsorbent 
Co., Qingdao, China) and paper (Yixi, Shanghai, 
China) was conducted every 6 hr of frying. After 
filtering, fresh frying oil was added to replenish 
the used oil to the initial level in the fryer. At the 
end of daily frying operation, 350 ml of each oil was 
collected and placed in a dark amber bottle, purged 
with nitrogen and kept at -20°C for subsequent 
analyses.
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Methods of Oil Analyses
 
$9�� 39� DQG� 73&� ZHUH� GHWHUPLQHG� XVLQJ� WKH�

AOCS Official Methods Cd 3d-63, Cd 8b-90 and Cd 
�������UHVSHFWLYHO\��$2&6���������7KH�,9�DQG�p-AV 
of oil samples were assayed according to the ISO 
PHWKRGV�����������DQG������������UHVSHFWLYHO\��7KH�
OSI of oil was measured at 110°C using a Metrohm 
���� 5DQFLPDW� �0HWURKP�� 6ZLW]HUODQG�� DFFRUGLQJ�
to ISO Method 6886:2016. Determination of oil 
FRORXU�ZDV�FDUULHG�RXW�XVLQJ�D�/RYLERQG�7LQWRPHWHU�
Model-F (Salisbury, England) following the ISO 
Method 27608:2010. 

Determination of FAC
 
According to the AOCS Official Method Ce 

1a-13 (2017), the FAC was analysed using gas 
FKURPDWRJUDSK\� �$JLOHQW� 7HFKQRORJLHV�� 6KDQJKDL��
China), coupled with a FID and polar capillary 
column model varian cp 7489 (100.0 m × 250 
ۚP� ð� ����� ۚP�� 9$5,$1�� 6KDQJKDL�� &KLQD��� 7KH�
LQMHFWLRQ�WHPSHUDWXUH�ZDV�NHSW�DW�����&��7KH�RYHQ�
temperature was held for 5 min at 160°C and 
subsequently programmed to 210°C at 10°C min-1. 
Ultrahigh-purity helium was used as the carrier gas 
at a flow rate of 1.3 ml min-1 and the split ratio was 
50:1.

Analysis of Tocol Homologues in Oil

7KH� FRQFHQWUDWLRQ� RI� WRFROV� �WRFRSKHUROV� DQG�
tocotrienols) in oil was quantified following to the 
ISO Method 9936:2016 using a normal-phase HPLC 
�$JLOHQW�7HFKQRORJLHV�������6KDQJKDL��&KLQD��ILWWHG�
ZLWK�D�IOXRUHVFHQFH�GHWHFWRU��$JLOHQW�7HFKQRORJLHV��
Shanghai, China) by setting excitation and emission 
wavelengths at 292 nm and at 394 nm, respectively. 
A LiChrospher 100 DIOL column (250 mm × 4 mm, 
L�G�� �� ۚP�� ZDV� XVHG� DV� WKH� VWDWLRQDU\� SKDVH� DW� D�
FROXPQ�WHPSHUDWXUH�RI����&��7KH�PRELOH�SKDVH�XVHG�
in the analysis was a mixture of 96.15:3.85 ratio of 
n-hexane and tetrahydrofuran at a flow rate of 1 ml 

min-1��7RFRSKHUROV�DQG�WRFRWULHQROV�ZHUH�LGHQWLILHG�
using external calibration for their individual 
homologue.

Statistical Analyses

All samples were analysed in triplicate, and data 
are presented as means ± standard deviations (SD). 
Data were evaluated by single factor analyses of 
variance (ANOVA) using the statistical package IMB 
SPSS Statistics (Version 20). Statistically significant 
differences between means were determined by 
Duncan’s multiple range tests for p<0.05. Pearson 
correlations among the selected quality parameters 
were also calculated. 

RESULTS AND DISCUSSION

FAC

FAC of the fresh oils used in the frying 
experiment are shown in Table 1��7KH�PRVW�SURPLQHQW�
fatty acids in fresh POs were palmitic acid (47.92%), 
oleic acid (37.49%) and linoleic acid (9.07%), while 
HOBO contained much higher amount of oleic acid 
(66.79%) and lesser amount of palmitic acid (4.54%). 
Besides, the level of saturated fatty acids (SFA) in 
POs (53.44%) was almost 10 times as high as that 
of HOBO (5.73), whereas only a third of the content 
of PUFA in HOBO was observed in POs. Oils with 
high amount of SFA and low amount of unsaturated 
fatty acids, especially PUFA, has higher oxidative 
VWDELOLW\��$KPDG�7DUPL]L�DQG�,VPDLO���������

)LJXUH�� shows that FAC of all oils changed with 
frying time. Considering that linoleic acid (C18:2) 
is more susceptible to oxidation than palmitic acid 
(C16:0), the ratio of C18:2/C16:0 is used as the 
indicator for oxidative deterioration in used oils 
(Bansal et al��� ������$QLRãRZVND� DQG�.LWD�� ������ /L�
et al., 2017). As shown in )LJXUH��, the C18:2/C16:0 
dropped progressively in HOBO while remained 
almost unchanged in POs over the frying period. 

TABLE 1. FATTY ACIDS COMPOSITION (%) OF FRESH OILS 

 FAC POs HOBO

 C14:0 1.44 ± 0.11a ND
 C16:0 47.92 ± 1.19a 4.54 ± 0.15b
 C18:0 4.08 ± 0.14a 1.19 ± 0.12b
 C18:1 37.49 ± 0.45a 66.79 ± 1.34b
 C18:2 9.07 ± 0.04a 18.70 ± 0.08b
 C18:3 ND 8.78 ± 0.09b
 SFA 53.44a 5.73b
 MUFA 37.49a 66.79b
 PUFA 9.07a 27.48b

Note: POs - palm stearin; HOBO - high oleic blended oil; SFA - saturated fatty acids; MUFA - monounsaturated 
fatty acids; PUFA - polyunsaturated fatty acids; FAC - fatty acids composition; ND - not detected. Different 
letters are significant in the same row at P < 0.05.
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of the quality of frying oil in the food industry. As 
the trace pigments and tocopherols, particularly 
tocotrienols are prone to formation of red-brown 
quinone polymers which may also affect the 
colour of frying oils. Formation of some carotenoid 
oxidation products and polymerised acylglycerols 
may also contribute to the higher colour observed 
IRU� 32V� �$ODGHGXQ\H� DQG� 3U]\E\OVNL�� ������� 7KLV�
may be a good explanation why the initial and end 
of POs colour was higher despite the rate of colour 
darkening was comparable to that of HOBO. 

Changes in AV 

AV principally measures the level of FFA 
in oil is usually used to indicate the degree of oil 
deterioration owing to hydrolysis of triglyceride 
and/or degradation of hydroperoxide (Matthäus, 
2006). )LJXUH�� shows changes in AV for all oils during 
five days of frying. Increase in AV for both POs and 
HOBO was observed across frying time. However, 
the AV of both frying oils met the standards in 
China and Netherlands of no greater than 4.5-5.0 mg 
.2+�J-1 even after at the end of frying session (Day 
5), mainly attributed by systematic filtering and 
replenishing of fresh oil during frying (Aladedunye 
DQG�3U]\E\OVNL���������$W�WKH�HQG�RI�IU\LQJ��WKH�$9�
for POs was relatively higher compared to HOBO.  

Generally, the degree of FFA through hydrolysis 
is too low, and poorly correlated with the quality of 
the food, thus, AV is not suitable to be used alone 
as quality indicator for frying oils (Matthäus, 2006; 
$ODGHGXQ\H�DQG�3U]\E\OVNL���������+RZHYHU��LW�FDQ�
be a good indicator of the extent of oil adulteration 
if used in combination with other methods 
(Abdulkarim et al., 2007).

In addition, the C18:2/C16:0 decreased by 51.46% 
IRU�+2%2�� DW� WKH� HQG�RI� IU\LQJ� VHVVLRQ��7KLV� UDWLR�
was significantly higher (P < 0.05) than that of 
POs (15.79%), which indicates that HOBO was 
susceptible towards changes in FAC when the 
unsaturation degree in the oil degraded due to 
oxidation during frying.

Changes in IV 

7KH�,9� LV�XVHG�DV� WKH� LQGLFDWRU� WR�PHDVXUH� WKH�
degree of oil unsaturation. A decrease in IV can be 
due to the destruction of unsaturated bonds of oil 
by oxidation and polymerisation (Abdulkarim et 
al., 2007). )LJXUH�� shows the changes in IV during 
ILYH� FRQVHFXWLYH� GD\V� RI� IU\LQJ�� 7KH� LQLWLDO� ,9� IRU�
POs (49.42) was almost unchanged over five days of 
frying, while HOBO showed gradual decrease in the 
IV (from 105.63 to 95.36) during the frying period, 
which was in good agreement with its reduction 
LQ� XQVDWXUDWHG� IDWW\� DFLGV� �GDWD� QRW� VKRZQ��� 7KLV�
meant that POs was less susceptible to oxidation 
than HOBO.

Colour  

)LJXUH�� shows the changes of oils colour across 
five days of frying. POs and HOBO darkened with 
frying time. Palm oil showed a similar and moderate 
rate of colour darkening with that of HOBO during 
the first three days before starting to accelerate for 
the remaining frying days ()LJXUH��). Darkening of 
oils during frying is due to the formation of non-
volatile decomposition products (Abdulkarim 
et al., 2007). However, colour is recognised as a 
prejudiced parameter used for rapid monitoring 
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Changes in PV 

)LJXUH���shows the changes in PV of both oils 
for five days of successive frying. It was found that 
the PV of both oils increased drastically during 
the first day of frying and started to exhibit slight 
fluctuation thereafter. PV is considered as primary 
oxidation constituents of heated oil. Increase in the 
PV during frying period indicates the formation 

of hydroperoxides due to early stage of oxidation. 
However, the hydroperoxides are unstable and 
prone to decompose into carbonyl and aldehyde 
compounds during elevated frying temperature. At 
frying temperatures, hydroperoxides decompose 
to form carbonyl and aldehydic compounds 
resulting in PV increment (Abdulkarim et al., 2007). 
7KHUHIRUH�� 39� DSSHDUHG� IOXFWXDQW� WKURXJKRXW� WKH�
frying process. However, PV alone is not a sole 
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7KXV�� p-AV is a good indication of the level of 
nonvolatile aldehydes in the frying oil (Aladedunye 
DQG� 3U]\E\OVNL�� ������ As shown in� )LJXUH� �, this 
observation can be supported by the trend of p-AV 
with frying time where it remained plateaued and 
stayed within 24-28 unit for POs and 39-45 unit for 
HOBO after a sharp increase for the first two days of 
IU\LQJ��7KHVH�UHVXOWV�ZHUH�VLPLODU�WR�WKH�VWXG\�GRQH�
E\�$KPDG�7DUPL]L�et al. (2019), where the p-AV of 
vegetable oils including palm olein, soyabean oil, 
FDQROD�RLO�DQG�VXQÁRZHU�RLO�UHDFKHG�D�SODWHDX�DIWHU�
the third day of frying.

parameter to assess the extent of oil deterioration. 
In this respect, the amount of hydroperoxides 
in the oil cannot be fully used to estimate oil 
deterioration.  

  
Changes in p-AV

7KHUPDO� GHFRPSRVLWLRQ� RI� K\GURSHUR[LGHV�
during frying will further generate a considerable 
amount of secondary oxidation components 
of which carbonyl compounds being the most 
prominent among others (Nayak et al., 2016). 
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Changes in TOTOX Value

:KLOH�39� HYDOXDWHV� WKH�SULPDU\�RLO� R[LGDWLRQ��
p-AV measures the secondary oil oxidation. 
7KHUHIRUH�� p-AV is often used in the industry 
in conjunction with PV to calculate the total 
R[LGDWLRQ� RU� 7272;� ��39��� p-AV) value (Shahidi 
DQG� :DQDVXQGDUD�� ������� 7KH� WUDQVLHQW� RI� p-AV 
is shown in )LJXUH� ���After the fifth day of frying, 
WKH�LQFUHPHQW�LQ�7272;�YDOXH�IRU�32V��������XQLW��

was almost two-fold lower than HOBO (44.16 unit), 
which further confirmed that POs is more resistant 
against oxidation compared to HOBO. Higher 
7272;�YDOXH� LQ�+2%2�FDQ�EH� H[SODLQHG�E\� WKHLU�
high percentage of unsaturation, especially PUFA. 
HOBO contains higher amounts of linoleic and 
linolenic acids, while POs has higher degree of 
saturation (palmitic acid) and MUFA, which gives 
the latter to pose better oxidative stability and lower 
7272;�YDOXH�
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Changes in CGV 

CGV is useful to evaluate the quality of frying 
oils as it indicates the quantity of total carbonyl 
compounds from thermal oxidation, hydrolysis, 
and polymerisation during frying (Zhang et al., 
�������7KHVH�FRPSRXQGV�RIWHQ�UHVXOW�LQ�XQSOHDVDQW�
and rancid flavours and reduce the nutritional value 
of fried foods (Farhoosh and Moosavi, 2008). As 
shown in )LJXUH��, a fluctuant increase in CGV with 
the rising frying time was found for the two frying 
oils. However, the CGV of POs and HOBO still 
kept low level with a maximum value of 15.52 meq 
kg-1 and 18.35 meq kg-1, respectively during frying. 
7KLV� OHYHOOLQJ� RI� &*9� FDQ� EH� GXH� WR� WKH� DGGLWLRQ�
of fresh oil every day after filtering and transfer of 
these carbonyl compounds into fried fries; however, 
their degradation should not be ignored. Moreover, 
the CGV in POs was significantly lower than that 
in HOBO, indicating that lesser total carbonyl 
compounds were produced in POs. 

Changes in TPC 

0HDVXUHPHQW�RI�73&�LV�UHFRJQLVHG�DV�RQH�RI�WKH�
most accurate assessments of the thermo-oxidative 
degradation of frying oils since the measured 
components are non-volatile and are representative 
of the major reactions occurring during frying (Li et 
al., 2019; 2017). As shown in )LJXUH��, the amounts of 
73&�LQFUHDVHG�OLQHDUO\�ZLWK�IU\LQJ�WLPH�LUUHVSHFWLYH�
RI� RLO� W\SH�� 7KH� OHYHO� RI� �������� 73&� KDV� EHHQ�
suggested as the maximum limit for frying oil to 

EH�HGLEOH� LQ�PDQ\�(XURSHDQ�FRXQWULHV� �:DJKPDUH�
et al., 2018). Both frying oils met the requirement 
and exhibited good frying stability. In addition, 
WKH� UDWH� RI� 73&� IRUPDWLRQ� LQ� 32V�ZDV� ORZHU� WKDQ�
WKDW�RI�+2%2�GHVSLWH�D�VLJQLILFDQW�KLJKHU�73&�ZDV�
observed in POs during the whole frying period 
mainly due to its higher level of diglyceride (Li 
et al��� �������$KPDG�7DUPL]L� et al. (2019) have also 
UHYHDOHG� WKDW� GHSHQGHQF\� WR� 73&� PHDVXUHPHQW�
alone in arbitrating the quality and safety of oils 
can be misleading especially for those oils including 
palm oil and rice bran oil that are rich of significant 
level of natural diacylglycerols. Further studies on 
the analysis of polar compound fractions are needed 
to avoid deceptive perception on the state of oil 
GHWHULRUDWLRQ� E\� MXGJLQJ� IURP� WKH� DPRXQW� RI� 73&�
alone.

Changes in OSI 

7KH� 26,� RU� LQGXFWLRQ� SHULRG�� DQ� H[SUHVVLRQ�
of the stability of oils to resist oxidation, provides 
dynamic measures of oil stability during storage 
DQG�KHDWLQJ��$KPDG�7DUPL]L�DQG�,VPDLO���������$V�
shown in )LJXUH� ��, the induction period of POs 
decreased rapidly for the first two days of frying 
EHIRUH� UHPDLQLQJ� FRQVWDQW� WKHUHDIWHU�� 7KLV�PD\� EH�
attributed to the significant level of tocotrienols in 
POs that accounts for almost 80% of the total tocols 
FRQWHQW��7RFRWULHQROV�ZLWK�WKUHH�GRXEOH�ERQGV�DW the 
side chain was more susceptible to deterioration 
compared to their tocopherols counterpart when 
exposed to H[FHVVLYH�KHDW��$KPDG�7DUPL]L�et al., 2016). 

)LJXUH����&KDQJHV�LQ�FDUERQ\O�JURXS�YDOXH��&*9��GXULQJ�ILYH�GD\V�RI�IU\LQJ�LQ�SDOP�VWHDULQ��32V��DQG�KLJK�ROHLF�EOHQGHG�RLO��+2%2��
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However, POs consistently displayed significantly 
higher induction period than HOBO, regardless of 
the frying time, indicating that POs exhibited better 
resistance against oxidation than HOBO. Moreover, 
after the fifth day of frying, the induction period 
of POs was still above 22 hr, which was more than 
three times as high as that of HOBO (averaging at 7 
hr). OSI is strongly associated to FAC before frying 
but highly related to the synergistic properties of 
DQWLR[LGDQWV� GXULQJ� IU\LQJ� �$KPDG� 7DUPL]L� DQG�
Ismail, 2014). Lower induction period in HOBO was 
due to the high percentages of unsaturated fatty 
acids, especially PUFA. 

Changes in Tocol Homologues

7RFROV� ZKLFK� FRPSULVH� RI� WRFRSKHUROV� DQG�
WRFRWULHQROV��DFW�DV�DQWLR[LGDQWV��7KH�WRFROV�OHYHO�DQG�
isomeric constituents have been reported to influence 
WKH�VWDELOLW\�RI�IU\LQJ�RLOV��:DUQHU�DQG�0RVHU��������
Romero et al.�� ������� 7KH� FKDQJHV� LQ� WKH� DPRXQWV�
of tocopherols and tocotrienols during frying are 
shown in Table 2��7KH� LQLWLDO� WRFROV� FRQWHQW� LQ�32V�
was 618 mg kg-1, almost the same as HOBO (624 
mg kg-1), and different isomeric constituents were 
observed in POs and HOBO. HOBO contained only 
three tocopherols, while POs contained more than 

)LJXUH����&KDQJHV�LQ�WRWDO�SRODU�FRPSRXQGV��73&��GXULQJ�ILYH�GD\V�RI�IU\LQJ�LQ�SDOP�VWHDULQ��32V��DQG�KLJK�ROHLF�EOHQGHG�RLO��+2%2��

)LJXUH�����&KDQJHV�LQ�R[LGDWLYH�VWDELOLW\�GXULQJ�ILYH�GD\V�RI�IU\LQJ�LQ�SDOP�VWHDULQ��32V��DQG�KLJK�ROHLF�EOHQGHG�RLO��+2%2��

POs (y=1.0431x+9.5150, R2=0.9398)
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three-quarter of tocotrienols from the total tocols. 
Different forms of tocopherols exhibited different 
GHJUHHV� RI� DQWLR[LGDQW� HIIHFWLYHQHVV� �.DUPRZVNL�
et al., 2015). Previous study has reported that the 
order of antioxidant activity of different tocotrienol 
isomers in vitro was չ�!�ո�!�շ�!�ն��1RUPDQG�et al., 
�������7KH�WRFRWULHQROV�DUH�EHWWHU�DQWLR[LGDQWV�WKDQ�
the corresponding tocopherols, devoid of double 
bonds in the side chain, which is helpful to the 
stability of frying oil (Rossi et al., 2007).

7RFRSKHUROV�DQG�WRFRWULHQROV�H[KLELWHG�GLIIHUHQW�
VWDELOLWLHV�IRU�WKH�WZR�RLOV�GXULQJ�IU\LQJ��7KH�RUGHU�
of degradation rate of tocol homologues after five 
GD\V�RI�VLPXODWHG�GHHS�IDW�IU\LQJ�ZDV�ո�WRFRWULHQRO�
��������� !� ն�WRFRWULHQRO� ��������� !� չ�WRFRWULHQRO�
��������� !� ն�WRFRSKHURO� ��������� !� շ�WRFRWULHQRO�
��������� IRU� 32V�� DQG� ո�WRFRSKHURO� ����������������������������
!�ն�WRFRSKHURO����������!�չ�WRFRSKHURO����������IRU�
HOBO. Interestingly, it appeared that frying severely 
DIIHFW�RQ�ո���ն���չ�WRFRWULHQROV�DQG�ո�WRFRSKHUROV�EXW�
OHVVHU�LPSDFW�RQ�ն���չ�WRFRSKHUROV�DQG�շ�WRFRWULHQRO��
which is consistent with the study conducted by 
$KPDG� 7DUPL]L� et al. (2008) and Aladedunye and 
3U]\E\OVNL� �������� ZKHUH� WRFRWULHQROV� GHSOHWHG�
faster than tocopherols when exposed to frying 
temperatures. It is plausible that tocotrienols are 
susceptible to thermal and oxidative degradations 
in the presence of three double bonds in the side 
FKDLQ��$KPDG�7DUPL]L�et al., 2016).

Correlation between Different Parameters

A Pearson correlation coefficients (PCC) analysis 
was carried out to investigate the relationships 

between all quality parameters in deep-fried oils 
(Table 3���7KH�UHVXOWV�VKRZHG�WKDW�39��p�$9��7272;�
and CGV were positively correlated between one to 
DQRWKHU��U� �������WR���������73&�SUHVHQWHG�SRVLWLYH�
correlation with colour, but correlated negatively 
with IV, tocols and C18:2/C16:0 (r = -0.870  to  
��������� 7KHVH� ILQGLQJV� DJUHH� ZLWK� WKH� VWXG\�
FRQGXFWHG� E\� $ODGHGXQ\H� DQG� 3U]\E\OVNL� �������
WKDW�73&�FRUUHODWHG�ZHOO�ZLWK�FRORXU�DQG�WRFRSKHURO�
reduction with a correlation coefficient of 0.9302 
and 0.9540, respectively for canola oil used in seven 
successive days’ fryings of French fries. A strong 
negative linear correlation between 18:2/16:0 and 
73&�ZHUH�DOVR�REVHUYHG�E\�%DQVDO�et al. (2010) for 
palm olein in repeated deep frying of French fries 
and chicken nuggets. In addition, it is also noted 
that there was an apparent correlation between IV 
and C18:2/C16:0 (r = 0.960).

CONCLUSION

In the present study, the physical and chemical 
characteristics of POs and HOBO were determined 
under simulated frying practice of fast food 
restaurants to evaluate their thermal stabilities. In 
general, POs is more stable than HOBO with lower 
YDOXHV� LQ�7272;�� UDWLR�RI� OLQROHLF�DFLG� WR�SDOPLWLF�
acid and IV. POs also showed better oxidative 
stability indicated by its longer induction period 
DQG�ORZHU�73&�IRUPDWLRQ�UDWH��7KH�LQFUHDVH�LQ�&*9�
was much higher in HOBO than in POs. Colour and 
AV increased relatively faster in POs over frying 
time. It is interesting to investigate the relationship 

TABLE 2. CHANGES IN TOCOPHEROLS AND TOCOTRIENOLS OF TWO FRYING OILS DURING FRYING

 Frying time    Content/(mg kg-1)

� � ձ�7� ղ�7� ճ�7� մ�7� ձ�7�� ղ�7�� ճ�7�� մ�7�� 7RFROV

 POs         
 Day 0 132 ± 4a ND ND ND 144 ± 11a 49 ± 6a 242 ± 12a 51 ± 4a 618 
 1 123 ± 9ab ND ND ND 116 ± 8b 47 ± 3ab 165 ± 11b 44 ± 6b 494
 2 116 ± 3bc ND ND ND 98 ± 4c 46 ± 5ab 119 ± 7c 38 ± 2bc 417
 3 110 ± 12bc ND ND ND 86 ± 8cd 44 ± 4ab 93 ± 9d 35 ± 4c 368
 4 107 ± 8c ND ND ND 81 ± 2d 42 ± 3ab 80 ± 4e 32 ± 3c 341
 5 106 ± 6c ND ND ND 77 ± 9d 41 ± 2b 74 ± 3e 31 ± 3c 330

 Degradation  19.14 - - - 46.50 16.79 69.71 38.20 46.67 
 rate (%) 

 HOBO
 Day 0 381 ± 9a ND 225 ± 7a 19 ± 1a ND ND ND ND 624
 1 346 ± 18b ND 196 ± 15b 18 ± 2ab ND ND ND ND 560
 2 325 ± 14c ND 172 ± 8c 17 ± 2ab ND ND ND ND 514
 3 307 ± 8cd ND 151 ± 11d 16 ± 3ab ND ND ND ND 474
 4 292 ± 12de ND 135 ± 9de 16 ± 1ab ND ND ND ND 443
 5 285 ± 5e ND 125 ± 8e 15 ± 1b ND ND ND ND 426

Degradation  25.02 - 44.27 19.57 - - - - 31.78
 rate (%) 

1RWH��1'���QRW�GHWHFWHG��7���WRFRSKHURO��7����WRFRWULHQRO��'LIIHUHQW�OHWWHUV�DUH�VLJQLILFDQW�LQ�WKH�VDPH�FROXPQ�DW�S��������
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between different parameters in deep-fried oils. 
7KH�3&&�UHVXOWV�VKRZHG�WKDW�VLJQLILFDQW�FRUUHODWLRQ�
between PV, p�$9��7272;�DQG�&*9��DQG�EHWZHHQ�
73&�DQG�FRORXU��,9��WRFROV�DQG�&�����&������5HVXOWV�
from this study indicated that POs exhibited better 
thermo-oxidative stability during frying compared 
WR�+2%2��7KH�UHVXOW�RI�WKLV�VWXG\�FDQ�EH�XVHG�E\�WKH�
food processes to make their judgement in choosing 
the suitable oil for frying. 
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