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ABSTRACT  
 

The purpose of this work was to estimate the efficiency of palm olein in some oil blends to 
improving the quality properties and oxidative stability of some vegetable oils during frying process. 
Therefore, four oil blend samples were prepared from palm olein oil (PO), soybean oil (SO) and 
sunflower oil (SF) free antioxidants at different ratios for using it for frying process. The prepared oil 
blends were investigated and evaluated for its essential composition and quality factors and oxidative 
stability, taken into consideration that oil blends used should be complied with Codex slandered 
210/1999. The induction period (IP) in hrs was taken as an index for the oxidative stability of the oil 
blend samples investigated. The obtained results showed that oil blend samples containing palm olein 
such as PO: SF: SO (60:30:10%) and PO: SF (60:40%) were found to have about the highest oxidative 
stability (IP 13.86, 12.94 hrs. respectively), followed by oil blend samples PO: SO (60:40%), 
commercial sample and SF: SO (75:25%) which have IP of 11.64, 9.49 and 7.84 hrs, respectively. It 
could be concluded that using palm olein in preparing oil blend samples were found to increase 
significantly the quality properties and oxidative stability of oil blend samples prepared. The IP of 
refined bleached and deodorized (RBD) palm olein, sunflower oil and soybean oil were found to be as 
23.94, 9.50 and 5.14 hrs respectively. The obtained results showed that oil blend samples containing 
palm olein is the most suitable oil blend which can be recommended for using it in deep-fat frying 
process taken into consideration covering all requirement found in WHO and FAO regarding limits of 
fatty acid composition in oil frying. Moreover, oil blend samples containing palm olein will 
significantly increase the oxidative stability of oil during frying process. 
 
Key words: Palm olein, oil blends, oxidative stability, deep fat frying. 

 
Introduction  

 
Deep-fat frying is probably one of the most dynamic processes in all of food processing. 

Essentially, the process involves immersing a food item in a large quantity of heated oil or fat, which is 
normally replenished and reused several times before being disposed. Deep-fat frying produces a 
product with desired sensory characteristics, including fried food flavor, golden brown color, and a crisp 
texture (Warner, 2004). Most frying operations are conducted at temperatures of 175–195oC, 
nevertheless German regulations allow maximal frying temperatures of up to 165 o C, to limit formation 
of acrylamides (Gupta, 2004). This high temperature requirement and the presence of air and moisture, 
from the food, initiate several chemical and physical changes affecting oxidative degradation of oil 
used. Published studies described chemical reactions involved and various volatile and non-volatile 
oxidation products were identified (Przybylski and Eskin, 1995). 

Palm olein, stearin, and intermediary fractions of the palm are excellent raw materials for formulas 
and food applications free of Trans isomers (Berger, 2005 and Gee, 2007). Like palm oil, palm olein is 
widely used in industrial frying because it does not emit undesirable odors, is highly resistant to 
oxidation since it free from linolenic acid, and has a favourable nutritional composition for being free 
of trans fatty acids and contain tocopherols, also it facilitates production of fried foods with acceptable 
quality without the need of hydrogenated oils (Man et al., 1999 and Basiron, 2005). 
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The quality of fried foods depends not only on the type of foods and frying conditions, but also on 
the oil used for frying. Thus, the selection of stable frying oils of good quality is of great importance to 
maintain a low deterioration during frying and consequently a high quality of the fried foods (Stevenson 
et al., 1984). The oil must be able to withstand high temperatures and have high enough stability to be 
reusable. Furthermore, the oil needs to maintain a high oxidative stability during the shelf life of the 
product. Different types of oils can be used for frying. The chemical composition of frying oil and its 
physical properties has an influence both on the frying process and on the stability characteristic of oil 
against oxidation and decomposition. Therefore, the importance of the correct selection of the oil for 
frying is one of the most considerable issues (Rossi et al., 2007). 

Deep fat frying is one of the most common cooking techniques used in domestic and industrial 
food preparation which achieved by immersing food in hot oil with a contact among oil, air, and food 
at a high temperature of 150 to 190 °C, since oils and fats are exposed to high temperature, atmospheric 
oxygen and water content of food stuff which results in a series of reactions namely hydrolysis, 
oxidation and polymerization (Choe and Min, 2007 and Katragadda et al., 2010). These reactions 
produce rancid odors, undesirable flavors and discoloration that considerably influence the functional, 
sensory and nutritional quality of oils. The rate, at which these degradation reactions occur, is affected 
by several factors such as time, temperature, food and oil composition, food to oil ratio, kind of fryer 
and presence of antioxidants (Choe and Min, 2007). In commercial deep fat frying, oil is continuously 
exposed to air and light for extended periods at temperatures reach to 180°C (Augustin and Berry, 
1983). Under such conditions, both thermal and oxidative decompositions of oil maybe occur (Yang et 
al., 1998). Products from lipid oxidation not only influence the quality and safety of the oil but also 
affect the acceptability of the fried product (Izaki et al., 1984 and Jacobson, 1991). 

Antioxidant is a molecule that inhibits the oxidation of other molecules, which can be used to 
avoid or delay frying oil deterioration. Antioxidants act by inhibiting formation of free radicals or by 
interrupting propagation ofthe free radicals by one (or more) of several mechanisms (Choe and Min, 
2009). But using of synthetic antioxidants such as butylated hydroxytoluene (BHT), Butylated 
hydroxyanisole (BHA) tert-butylhydroquinone and  TBHQ in food processing has raised questions 
regarding toxicity health risks (Samotyja and Małecka, 2010 and Zhang et al., 2010). Elsewhere 
synthetic antioxidants provide poor protection, especially under frying conditions which may be 
attributed to their loss by thermal degradation, steam distillation, evaporation and adsorption by the 
fried food (Choe and Min, 2007). Consequently, to overcome these shortcomings, food researchers and 
processors have been conducted, in order to find natural antioxidants as natural alternatives to synthetic 
antioxidants. The purpose of this work was to estimate the efficiency of palm olein in some oil blends 
to improving the quality properties and oxidative stability for some vegetable oils during frying process. 

 
Materials and Methods 

 
Materials: 

 
Oil samples: 

 
Refined, bleached and deodorized (RBD) palm olein oil sample without antioxidants was obtained 

from Ajwa for Food Industries Company, Attaka, Suez, Egypt. RBD soybean and sunflower oil samples 
without antioxidants were obtained from the Cairo Oils and Soap Company- Ghamra, Cairo, Egypt. Oil 
sample with antioxidants was obtained from local market used for frying (mixture of soybean and 
sunflower oils 25: 75%). The oil samples obtained were fresh refined, packed in dark brown glass 
bottles, then stored under frozen storage conditions (at -18°C) till further analysis and treatments. All 
chemical and reagents of the analytical methods used in present study were analytical grade. All 
solvents (Hexane, chloroform, petroleum ether and ethyl alcohol) were purified and distilled before use. 
All chemicals were purchased from El- Gamhouria Trading Chemicals and Drugs Company, Egypt. 
Pure standards and fatty acids methyl esters used in this study were produced by Koch light 
Laboratories, Ltd, England. 
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Potatoes: 
 

One patch of finger Potatoes (Farm frits) were purchased from local market Cairo, Egypt. The 
purchased was in quality suitable for all our experiments without another purchasing to unite the 
potatoes samples used.        

 
Methods: 
 
Preparation of oil blends: 

 
Palm olein (PO) was blended with soybean oil (SO) and sunflower oil (SF) free antioxidants in 

following the ratios:  
PO: SO (60:40% w/w) Palm olein and Soybean oil. 
PO: SF (60:40% w/w) Palm olein and Sunflower oil. 
PO: SO: SF (60:10:30% w/w) Palm olein, Soybean oil and Sunflower oil. 
SO: SF (25:75% w/w) Soybean oil and Sunflower oil. 
Preparation of oil blends in the laboratory using a blender cum mixer till complete homogenization. 

The all samples were packed in dark brown glass bottles and then stored under frozen storage conditions 
(at -18°C) till further analysis. 
 
Frying Process: 

 
Deep fat frying was carried out using deep-fat fryer (SASHO Deep Fryer- SH 308). 2 kg of each 

treatment was placed in the fryer and heated to 180 °C. Six batches of potato slices, 320 g per batch, 
were consecutively introduced into hot oil and fried for 6 min, total frying time was 210 min. Samples 
of frying oils (100 g) and fried potatoes were taken after 30 mints and cooled to room temperature and 
frozen at −18°C for further analyses. The fresh oil (zero time) was also stored at −18 °C for subsequent 
analyses, (Alizadeh et al., 2015). 
 
Stability test (rancimat induction period): 

 
The oxidative stability of tested oil samples and oils blend was determined using an automated 

Rancimat device (Metrohm Ud. CH-9100 Herisau, Switzeland, model 679) according to Tsaknis et al. 
(1999). In this method, the tested sample is exposed to a stream of atmospheric oxygen (20L/hr) at 
100±0.2ºC. The induction time is the time needed to reach the break point of curve (point of greatest 
curvature). 
 
Determination of fatty acid profile:  

 
The fatty acid profile of vegetable oils and oil blends was determined as methyl ester by gas liquid 

chromatography. The methyl ester samples were prepared using BF3 in methanol (20%) as methylating 
agent according to the A.O.A.C. (2000).  
 
Trans- fatty acids: 

 
Total trans- fatty acids using attenuated total reflection- Fourier transform infrared (ATR-FTIR) 

spectroscopy A.O.A.C. (2000). 
 
Physical and chemical properties of RBD oils and their blends investigated: 
 
Physical properties:  

 
According to A.O.A.C. (2000), refractive index was measured using Zeiss Refractometer at 25 °C 

for pure oils and oil blends, respectively. Oil viscosity was measured by using a Brookfield viscometer 
according to A.O.A.C. (2000).    
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Chemical properties:  
 
Free fatty acids % (as oleic acid) the method used was adopted from IUPAC (1987), peroxide 

value was estimated by procedures described in A.O.A.C. (2000), the malonaldehyde compound 
content (mg/kg oil) was determined by using the procedure of Pearson (1976). While polymer 
components % in tested samples were measured by the method of Wu and Nawer, (1986).  
 
Statistical Analysis: 

 
Samples from three repetitions of frying at each temperature were collected and were analyzed in 

triplicate. Data were analyzed by single factor analysis of variance (ANOVA). Statistically significant 
differences between means were determined by Duncan’s multiple range tests. Statistically significant 
differences were determined at the P<0.05 level, as reported by Snedecor and Cochran (1994). 

 
Results and Discussion 

 
Oxidative stability of RBD oils and their blends:  

 
It is well known that the oxidative state of the edible oils is highly significant correlated with their 

purity and composition, as well as their healthy safe quality criteria. The changes occurring in the edible 
oils during the oxidation are complex and variable, producing numerous types of decomposition 
products and altering the functional quality of these oils. In addition, the knowledge about the oxidative 
state of the edible oils providing an idea for the expectation of their shelf-life and susceptibility to the 
oxidative rancidity during storage and processing as well as for their possible uses for edible or 
industrial purposes (Anwar et al., 2003). 

The rancimat induction period measurements are carried out on the fresh and fried edible oils in 
order to provide a quick induction of the trends in resistance to the oxidative rancidity as well as of the 
shelf-life of oils. 

The oxidative stability of chosen oils and their blends used in this investigation was measured and 
the obtained results were recorded in Table (1).  
 
Table 1: Oxidative stability of chosen oils and their blends 

Oils & blends IP at 110° (hrs.) IP in months  (Validity period) 
Palm olein  23.94 12.76 
Sunflower  9.50 5.06 
Soybean 5.14 2.74 
Commercial sample 9.94 5.30 
SF: SO (75:25%) 7.84 4.18 
PO: SF (60:40%) 12.94 6.90 
PO: SO (60:40%) 11.64 6.20 
PO: SF: SO (60:30:10%) 13.86 7.39 

   Where IP: indication period.   
 
It could be noted that, palm olein showed markedly the highest stability among the tested oils with 
values of 23.94 for induction period (IP) and 12.76 for validity period compared to soybean oil which 
showed the lowest stability (IP 5.14 hrs). IP of (PO: SF: SO) sample was 13.86 hrs, followed by (PO: 
SF) sample was (IP 12.94 hrs) followed by (PO: SO) was (IP 11.64 hrs), while IP of SF: SO and 
commercial sample were 7.84 and 9.94 hrs, respectively. It could be concluded that the high valability 
of oxide resistance for PO could possibly arise the oxide-stability of any oil blended with PO. This is 
clearly seen for SO that have lowest stability (5.14) as alone, but when blended with PO at showed high 
stability of (11.64). Also, this improving of IP obviously shown for PO + SF oil rather than with SF 
alone. The highest value of IP was realized for oil blends of PO+SF+SO with comparable value with 
PO+SF and PO+SO. The values of IP at month should the same trend of results obtained by IP at hrs. 
However, the reducing value of IP for SF and SO is related to the unsaturation degree in fatty acids of 
such oil sample. In general, from the tabulated results it is so clear that the blending process of oil with 
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PO has improved the qualities stability to be fit for the frying process. These results are in agreement 
with Mariod et al. (2005); Naghshineh et al. (2010) and Ramadan (2013). They stayed that blending of 
SBO with other oils could improve the overall properties as well as oxidative stability. 

 

Change in saturated and unsaturated fatty acid of chosen oils; their blends and Trans F.A content 
before and after frying process: 
 
Fatty acids: 

 
As shown in Table (2), sunflower oil had the highest total unsaturated fatty acids content (88.19%) 

followed by soybean oil (83.90%), while palm olein contained comparable amounts of saturated and 
unsaturated fatty acids (55.77% and 44.23%, respectively). All individual oils investigated were 
completely free from TFAs, this finding agreed with those reported by Codex Standard Specifications 
(No. 210/1999); Pantzari and Ahmad (2004); Jin et al. (2008) and Guedes et al. (2014).  

Replacing soybean oil completely by sunflower oil as well as changing the percentages of F.As 
for each of palm olein and sunflower oil it was found to have different effects on fatty acids profile of 
the mentioned oil blend samples. Results in Table (2) indicated that blending of polyunsaturated oil 
with more saturated or mono-saturated oils is to adjust fatty acid levels to an optimal level, such as 
combining palm-olein with sunflower oil (Nor Aini et al. 1996). The decrease of total unsaturated fatty 
acids and increase saturated fatty acids for RBD oils and their blends after frying process may be due 
to polymerized in unsaturated fatty acids. These results indicate that blends with palm olein were less 
affected as noted by Kun (1990) who reported that palm olein improved the frying quality of other oils 
when it is blended with them. 

In generally, increased percentage of total saturated fatty acid and decreased the percentage of total 
unsaturated acids after the frying process, but the effect of addition of palm olein led to a decline effect 
frying process on unsaturated fatty acids in all the different oil blend samples. 
 
 Trans fatty acids (T.F.A): 

 
Data presented in Table (2) indicate that trans-fatty acids content increased gradually by increasing 

the time of frying process. At the initial of frying, the percentage of trans-fatty acids of chosen oil 
samples and their blends were zero, but this value changed to be 0.20, 0.42 and 0.64% at the end of 
frying for palm olein, sunflower and soybean oils respectively. 

Regarding oil blend samples the lowest trans-fatty acids was 0.27% in (PO: SF) at the end of frying 
followed by commercial sample, PO: SF: SO, PO: SO were 0.35, 0.36 and 0.48%, while the highest 
trans-fatty acids was 0.54 % for SF: SO oil blend sample. These results indicate that blends with palm 
olein were less affected as noted by Kun (1990). 

These results are in agreement with Talpur et al. (2009) whom reported that deep fat frying can 
lead to formation of trans-fatty acids and changes other chemical parameters like free fatty acids, 
peroxide value and iodine value of the fat used. The extent of deep frying can result in the formation of 
varied amounts of trans-fatty acids depending upon the frying temperature and the oil used. 
 
Table 2: Change in saturated and unsaturated fatty acid of chosen oils, their blends and Trans F.A content before 

and after frying process:. 
 
Oils and blends 

Total S.F.As Total U.S.Fs Trans FA 

Before 
frying 

After 
frying 

Before 
frying 

After 
frying 

Before 
frying 

After 
frying 

PO 44.23 46.33 55.77 53.47 ND 0.20 
SF 11.81 13.10 88.19 86.90 ND 0. 42 
SO 16.10 17.62 83.90 81.74 ND 0. 64 
Commercial sample 11.91 13.93 88.09 85.67 ND 0.35 
SF: SO (75:25%) 12.19 17.89 87.81 81.60 ND 0.54 
PO: SF (60:40%) 35.46 36.97 64.54 62.76 ND 0.27 
PO: SO (60:40%) 31.32 32.88 68.68 66.64 ND 0.48 
PO: SF: SO (60:30:10%) 30.93 33.91 68.73 65.73 ND 0.36 

Where ND: not detected S.F.As: saturated fatty acid U.S.F.As: unsaturated fatty acid F.A: fatty acid 



Middle East J. Appl. Sci., 7(1): 68-79, 2017 
ISSN 2077-4613 

73 

Physical and chemical properties of studied oils and their blends during frying process: 
 
Changes in refractive index during frying process: 

 
Refractive index (RI) is one of the most important physical parameters which used in the 

identification of fats and oils, as it is useful for estimation the degree of saturation of oils. Results in 
Table (3) illustrated that the RI of individual oils and their blends were increased gradually with 
increasing frying processing.  
 
Table 3: Changes in Refractive index during frying process. 

Frying 
time 
(min) 

Oils and blends (w/w) 

LSD 
at 0.05 PO SF SO 

Commercial 
sample 

SF:SO 
(75:25) 

PO : SO 
(60:40) 

PO : SF 
(60:40) 

PO:SF 
:SO 

(60:30:10) 
Zero time 1.4645e 1.4722 b 1.4731 a 1.4652 c 1.4651cd 1.4643f 1.4650d 1.4635 g 1.226* 
30 1.4645 e 1.4751 a 1.4752 a 1.4654 c 1.4675b 1.4650d 1.4655c 1.4643 f 1.225* 
60 1.4651g 1.4771b 1.4775 a 1.4655f 1.4681c 1.4659e 1.4661d 1.4654f 1.223* 
90 1.4682d 1.4775b 1.4779a 1.4657g 1.4730c 1.4661f 1.4670e 1.4661f 1.369* 
120 1.4722d 1.4779b 1.4784a 1.4659h 1.4740c 1.4670g 1.4679e 1.4672f 1.369* 
150 1.4743d 1.4781b 1.4787a 1.4661h 1.4753c 1.4711e 1.4700f 1.4687g 1.500* 
180 1.4744c 1.4788a 1.4789a 1.4665g 1.4762b 1.4723d 1.4720e 1.4710f 1.369* 
210 1.4749d 1.4793b 1.4796a 1.4669h 1.4778c 1.4732e 1.4730f 1.4723g 1.500* 

Where In the same row values with different superscript are significantly different (P<0.05).  
LSD: Least significant differences.    * Significant differences      PO: palm olein oil   SF: sunflower oil       SO: soybean oil 

 
The increasing in refractive index of individual oils for palm olein, sunflower and soybean oil was 

found to be 1.4749, 1.4793 and 1.4796 respectively, after 210 min of frying. While the values of IR 
resulted higher values for oil blends of SF: SO, PO: SO, PO: SF and PO:SF:SO which showed 1.4778, 
1.4732, 1.4730 and 1.4723 of IR respectively. The increase in RI of frying oil with frying time is 
generally attributed to the formation of high molecular weight material e.g. conjugated and polymerized 
compounds. These results are in agreement with El-Anany (2007) and Ali (2010). These results indicate 
that blends of oils with palm olein was less affected on RI than other samples free of palm olein during 
frying process, this is probably due to the stability of palm olein, high content of saturated fatty acids 
and natural antioxidants as noted by Kun (1990). 

 
Changes in viscosity (cp.) of tested oils and their blends during frying process:  

 
The viscosity of the palm olein was found higher values among tested oils used for blending. 

Nevertheless, viscosity of all oils and their blends decreased with the increasing. The increase in 
temperature enhances the movements of the molecules and reduces intermolecular forces thus the layers 
of the liquid easily pass over one another and thus contribute in the reduction of viscosity (Siddique et 
al., 2015). Data presents in Table (4) show that the viscosity of oils and their blends increased gradually 
with increasing time of frying period. Table (4) show that palm olein had a higher value of viscosity 
compared to other oil samples. So, blends oil with palm olein had too higher value of viscosity compared 
to commercial sample or SF: SO blend may be attributed to that palm olein contains higher amount of 
saturated fatty acid compared to soybean and sunflower oils.  

On the other hand, initial viscosity of blends oil (SF:SO), (PO: SO), (PO: SF), (PO: SF: SO) and 
commercial sample were 41.0, 48.5, 47.5, 47.0 and 42.0 cp, respectively before frying, while at the end 
of frying were 46.0, 49.0, 54.0, 51.5 and 49.0 cp. respectively. The rate of increasing viscosity the 
blends oil containing palm olein less than other samples free of palm olein, especially containing 
soybean oil and this is probably due to the stability of palm olein, the high content of saturated fatty 
acids and natural antioxidants. These results are in agreement with Kun (1990). This increasing in 
viscosity with increasing time of frying may be attributed to formation of polymers which resulted in 
formation of higher molecular weight compounds (Che-Man and Tan, 1999).These results are in 
agreement with Maskan (2003) who noted that viscosity of oils increased significantly during frying 
and was influenced by repeated frying. 
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Table 4: Changes in viscosity during frying process. 
Frying 
time 
(min) 

Oils and blends (w/w) LSD 
at 

0.05 PO SF SO 
Commercial 

sample 
SF:SO 
(75:25) 

PO : SO 
(60:40) 

PO : 
SF 

(60:40) 

PO:SF:SO 
(60:30:10) 

Zero 
time 

63.5Ad 44.0Eg 39.0Hg 42.0Ff 41.0Gg 48.5Bg 47.5Cf 47.0Dd 0.280* 

30 63.5Ad 44.5Df 39.0Gg 43.0Ee 41.0Fg 48.5Bg 48.5Be 47.0Cd 0.346* 
60 63.5Ad 45.5Ee 40.5Hf 43.5Fde 41.5Gf 49.0Bf 48.5Ce 47.5Dd 0.368* 
90 64.0Acd 45.5Ee 41.5He 43.5Fde 42.5Ge 49.5Be 48.5Ce 47.5Dd 0.442* 
120 64.5Ac 46.0Ed 42.5Hd 44.0Fcd 43.5Gd 50.0Bd 49.0Cd 48.0Dc 0.262* 
150 65.5Ab 47.5Ec 44.0Hc 44.5Gbc 45.0Fc 51.0Bc 49.5Cc 48.5Db 0.259* 
180 66.0Aab 49.0Db 45.5Gb 45.0Hb 47.0Fb 52.5Bb 50.5Cb 48.5Eb 0.299* 
210 66.5Aa 50.0Da 46.5Fa 46.0Ga 49.0Ea 54.0Ba 51.5Ca 49.0Ea 0.280* 
LSD 0.586* 0.419* 0.493* 0.602* 0.335* 0.259* 0.401* 0.470*  

Where: Mean values in the same row (as a capital letter) or column (as a small letter) with the same letter are 
not significantly different (P<0.05).      
LSD: Least significant differences.  * Significant differences     PO: palm olein oil     SF: sunflower oil         
SO: soybean oil 

 
Changes in Free fatty acids during frying process: 

 
During frying, oil is exposed to air and moisture at elevated temperatures resulting in hydrolysis 

of triacylglycerol. This causes the release of free fatty acids. The released fatty acids are more 
susceptible to thermal oxidation and cause off flavours and odours in the frying medium and fried foods 
Horuz and Maskan, (2015). Free fatty acids (FFAs) are the primary initial breakdown products resulting 
from triglyceride degradation the percentage of FFA is not linearly related to the degradation of the oil, 
so it should not be the only one index of the oil quality during process. As the result of heat, light, and 
oxidation, the FFAs are converted into a variety of other polar molecules.  

Results in Table (5) indicate that the free fatty acids of RBD oils and oil blend samples increased 
gradually with increasing frying time. The free fatty acids of RBD oils (palm olein, sunflower and 
soybean oil were 0.42, 0.49 and 0.53% respectively) after 210 min of frying was higher than oil blends 
(SF: SO, PO: SO, PO: SF, PO: SF: SO and commercial sample were 0.48, 0.40, 0.36, 0.39 and 0.38% 
respectively).  

These results are in agreement with Ali (2010) and Che- Man and Tan (1999). The rate of increase 
has been in the blends oil containing palm olein less than other samples free of palm olein, especially 
containing soybean oil and this is probably due to the stability of palm olein, the high content of 
saturated fatty acids and natural antioxidants. These results are in agreement with Kun (1990). 
 
Table 5: Changes in Free fatty acids during frying process. 

Frying 
time (min) 

Oils and blends (w/w) 
LSD 

at 0.05 PO SF SO 
Commercial 

sample 
SF:SO 
(75:25) 

PO : SO 
(60:40) 

PO:SF 
(60:40) 

PO:SF:SO 
(60:30:10) 

Zero time 0.05Ah 0.06Ah 0.06Ag 0.04Af 0.05Af 0.05Ag 0.02Af 0.02Af 0.048NS 
30 0.1Ag 0.15Ag 0.20Af 0.10Ae 0.13Ae 0.15Af 0.09Ae 0.07Ae 0.156NS 
60 0.15BCDf 0.20Bf 0.27Ae 0.10De 0.16BCe 0.20Be 0.15BCDd 0.10De 0.053* 
90 0.19CDe 0.25Abe 0.30Ae 0.15Dd 0.29ABd 0.24BCd 0.18Dcd 0.19CDd 0.048* 
120 0.25CDEd 0.31ABd 0.35Ad 0.22Ec 0.30ABCd 0.28BCDc 0.21Ec 0.24DEc 0.048* 
150 0.30CDc 0.38ABc 0.42Ac 0.30CDb 0.35BCc 0.32CDb 0.27Db 0.29Db 0.048* 
180 0.37CDb 0.44ABb 0.49Ab 0.35DEa 0.41BCb 0.37CDa 0.30Eb 0.32DEb 0.053* 
210 0.42Ba 0.49Aa 0.53Aa 0.38BCa 0.48Aa 0.40BCa 0.36Ca 0.39BCa 0.048* 
LSD 0.037* 0.036* 0.037* 0.035* 0.035* 0.037* 0.035* 0.036*  

Where: Mean values in the same row (as a capital letter) or column (as a small letter) with the same letter are not significantly 
different (P<0.05).      
LSD: Least significant differences.   * Significant differences     PO: palm olein oil     SF: sunflower oil      SO: soybean oil 

 
 
 



Middle East J. Appl. Sci., 7(1): 68-79, 2017 
ISSN 2077-4613 

75 

Changes in peroxide value during frying process: 
 
Peroxide value (P.V) is a widely-used method in monitoring the initial stage of lipid oxidation and 

reflects the concentration of peroxides and hydroperoxides.  
Table (6) presented the peroxide value of chosen individual oils and their blends during deep frying 

of potato.  
It could be observed that with increasing the frying time the P.V of all samples was gradually 

elevated with proportionally significant levels, indicating the occurrence of primary oxidation in fatty 
acids during the heating periods. After that, the peroxide value of all samples was decreased, the reaction 
in peroxide value of these oils could be attributed to that formed peroxides is destructed resulting hydro 
peroxides that converted to secondary oxidation products by continuing the heating time. 
 
Table 6: Changes in peroxide value (meq. O2/kg oil) during frying process.   

frying 
Time 
(min) 

Oils and blends (w/w) 
LSD 

at 0.05 PO SF SO 
Commercial 

sample 
SF:SO 
(75:25) 

PO : SO 
(60:40) 

PO: SF 
(60:40) 

PO:SF:SO 
(60:30:10) 

Zero 
time 

0.5BCg 0.9Ag 0.1Df 0.5BCh 0.6BCg 0.3CDh 0.7ABh 0.5BCh 0.273* 

30 0.8Fg 2.3Df 5.8Ad 1.6Eg 2.3Df 2.8Cg 2.2Dg 3.2Bg 0.356* 
60 2.6Ef 4.5Ce 8.2Ab 3.1DEf 5.5Bc 4.5Cf 3.7Df 4.6Cf 0.600* 
90 4.7Fe 7.6Cc 10.5Aa 4.5Fe 9.6Ba 5.4Ee 4.4Fe 6.4De 0.391* 
120 6.8Dd 10.3Ab 8.3Bb 5.5Ed 7.4Cb 7.5Cd 5.4Ed 7.5Cd 0.340* 
150 8.5Dc 11.5Aa 6.4Ec 8.4Dc 5.3Fc 10.3Bb 6.7Ec 9.2Cc 0.340* 
180 10.1Cb 7.3Ec 5.7Fd 10.1Cb 4.1Gd 11.6Aa 8.3Db 10.5Bb 0.299* 
210 14.3Ba 6.1Fd 4.5Ge 15.6Aa 3.5He 9.1Ec 11.1Da 11.8Ca 0.305* 
LSD 0.335* 0.393* 0.526* 0.485* 0.445* 0.483* 0.528* 0.560*  

Where: Mean values in the same row (as a capital letter) or column (as a small letter) with the same letter are not significantly 
different (P<0.05).      
LSD: Least significant differences.   * Significant differences     PO: palm olein oil     SF: sunflower oil    SO: soybean oil 

 
Data revealed that the presence of palm olein with blend oils showed more stable oil samples 

which be observed in less formation of peroxide value comparing with individual oils and other blends 
oil samples free from palm olein. These results are in agreement with Mariod et al. (2005); Anwar et 
al. (2007); Ramadan et al. (2008) and Ramadan (2013). They reported that one  way  to improve  the  
oxidative  stability oils  is  by blending  with  oils  of  high-oleic  acid  contents  and/or  high  
antioxidant’s levels. 
 
Changes in Thiobarbituric acid (TBA) during frying process: 

 
Thiobarbituric acid (TBA) test is a condensation reaction between TBA and malonaldehyde, the 

most predominate product of the secondary oxidation of oil and measure aldehyde contents in oil, 
principally 2,4-dienals and 2-alkenals, produced from decomposition of hydroperoxides, which are 
formed during food lipids oxidation. Therefore, the TBA value considered a good chemical quality 
criterion to identify the oxidative state of edible oils and fats, and thus, it reflects the extent of stability 
degrees of any edible oil Lalas (1998). 

Table (7) shows the TBA values of all analyzed oil which significantly increased with increasing 
frying time. This finding could be explained by fact that less stable primary oxidative compounds (i.e, 
hydroperoxides) decompose further to form aldehydic compounds. Aldehydic compounds are 
secondary oxidation products formed during the oxidative rancidity of lipids. Aldehydic compounds 
account for almost 50% of volatile compounds formed during lipids oxidation of vegetable oils such as 
soybean oil (Przybylski and Eskin, 1988 and Che- Man and Tan, 1999). These results confirmed that 
frying oil blend sample of PO: SF showed 0.685 mg malonaldehyde / kg oil which be found to more 
resisting to oxidation at high frying temperature than the other frying oil samples, followed by frying 
oil blend sample of PO:SF:SO that seemed 0.723 mg malonaldehyde / kg oil. This observation could 
be due to the presence of a high concentration of total saturated fatty acid (30.82%) compared to the 
other frying oil samples, as shown in Table (2). At the end of frying process, the TBA were found to be 
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(0.649, 0.738 and 1.354 mg malonaldehyde / kg oil for palm olein, sunflower and soybean oils 
respectively, while the TBA values 0.995,  0.879,  0.685,  0.723 and 0.512 mg malonaldehyde / kg oil 
were observed for SF:SO, PO:SO, PO:SF, PO:SF:SO and commercial sample respectively. These 
results are in agreement with Sebedio et al. (1991).  
 
Table 7: Changes in TBA during frying process. 

Frying 
time 
(min) 

Oils and blends (w/w) 
LSD 
at 0.05 PO SF SO 

Commercial 
Sample 

SF:SO 
(75:25) 

PO: SO 
(60:40) 

PO: SF 
(60:40) 

PO:SF:SO 
(60:30:10) 

Zero 
time 

0.036a 0.005f 0.016d 0.010e 0.010e 0.020c 0.005f 0.030b 0.033ns 

30 0.182b 0.124d 0.194a 0.121d 0.138c 0.177b 0.109e 0.121d 0.010* 
60 0.190f 0.231d 0.350a 0.205e 0.288b 0.208e 0.201e 0.250c 0.010* 
90 0.205f 0.310c 0.456a 0.297c 0.391b 0.300c 0.230e 0.273d 0.016* 
120 0.221g 0.422c 0.631a 0.319f 0.520b 0.423c 0.335e 0.386d 0.013* 
150 0.308g 0.521d 0.877a 0.454f 0.721b 0.626c 0.485e 0.530d 0.013* 
180 0.452g 0.602d 0.950a 0.498f 0.863b 0.786c 0.526e 0.611d 0.015* 
210 0.649f 0.738d 1.354a 0.512g 0.995b 0.879c 0.685e 0.723d 0.016* 

In the same row values with different superscript are significantly different (P<0.05). 
LSD: Least significant differences. * Significant differences PO: palm olein oil SF: sunflower oil          SO: soybean oil 
 

Changes in polymer content (%) during frying process: 
 
The formation of polymeric material (polymer content %) one of the important changes in fat 

during frying period. The polymers are responsible for the increase of viscosity and refractive index in 
oils.  

Data presented in Table (8) indicated that the changes in polymer content% of RBD oils and oil 
blend samples during frying period of potatoes finger.  
 
Table 8: Changes in Polymer content (%) of oils and their blend during deep fat frying process. 

Frying 
Time 
(min) 

Oils and blends 

PO SF SO 
Commercial 

Sample 
SF: SO 
(75:25) 

PO:SO 
(60:40) 

PO :SF 
(60:40) 

PO:SF:SO 
(60:30:10) 

LSD 
at 0.05 

Zero 
time 

ND ND ND ND ND ND ND ND - 

60 0.1Dec 0.5BCDc 0.6BCc 0.0Fc 0.9Ac 0.7ABc 0.2EFc 0.3DEc 0.203* 
120 0.8EFGb 1.1CDb 2.1Ab 0.4Hb 1.7Bb 1.2Cb 0.9DEFb 1.0CDEb 0.252* 
180 1.5Ea 2.7BCa 3.4Aa 1.0Fa 2.9Ba 2.4Ca 1.9Da 1.8DEa 0.351* 
LSD 0.266* 0.163* 0.352* 0.133* 0.282* 0.441* 0.210* 0.163*  

Where: Mean values in the same row (as a capital letter) or column (as a small letter) with the same letter are not significantly 
different (P<0.05).     
 LSD: Least significant differences.  * Significant differences     PO: palm olein oil     SF: sunflower oil       SO: soybean oil 

 
Polymer content% values increased gradually during frying and were strongly correlated with 
prolonging the frying period. Initial value of polymer content% of oils and blends before frying was 
0.0%, this value changed to be 1.5, 2.7 and 3.4% at the end of frying for palm olein, sunflower and 
soybean oils respectively. While blends were the least affected the lowest value was 1% to commercial 
sample followed by PO: SF: SO was 1.8% then PO: SF was 1.9%, PO: SO was 2.4% and the highest 
value was 2.9% to SF: SO blends. These results are in agreement with Cuesta et al. (1993) and Takeoka 
et al. (1997) who reported that formation of dimers and polymers depends on the oil type, frying 
temperature, and number of frying. As the number of frying and the frying temperature increase, the 
amounts of polymers increased. 

In general, it could be concluded from the results obtained that oil blend samples containing palm 
olein is the most suitable oil blend which can be recommended for using it in deep-fat frying process 
taken into consideration covering all requirement found in WHO and FAO regarding limits of fatty acid 
composition in oil frying. Moreover, oil blend samples containing palm olein will significantly increase 
the oxidative stability of oil during frying process.  
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