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ABSTRACT 
 

Grape seed extract (GSE) is underestimated as an agricultural waste. In this work, GSE extract were 
obtained by ethanol. Antioxidant efficacy of ethanolic GSE extract at levels of 100, 200, 400 and 600 ppm were 
studied. Samples of soybean oil mixed with GSE extract were intermittent heated at 180±5°C for 4 hr / day, for 
5 consecutive days and has been assayed for stabilization of soybean oil against control (antioxidant free 
sample) and 200 ppm Butylated hydroxitoluene (BHT) containing sample. Results exhibited the efficiency of 
GSE at level up 100 ppm in reducing the changes in the physical properties of soybean oil during the heating at 
180±5°C, whereas changes were lower than that of the control and the sample containing 200 ppm, also the 
GSE at the same mentioned levels reduced the changes in the chemical properties of soybean oil. With 
regarding to the oxidative stability of soybean oil, the GSE treated sample (with the same levels) revealed good 
oxidative stability parameters peroxide value (PV), Thiobarbituric acid (TBA) value and Rancimat induction 
period) as compared with the other samples, also the calculated oxidative stability parameters (protection factor 
and calculated oxidative stability at ambient temperature i.e. Induction, Expired and Shelf-life months) were 
higher than that of the control, BHT treated samples, while the sample treated with 100 ppm GSE revealed 
lower physical and chemical quality properties than BHT treated sample. It was concluded that Grape seed 
extract (GSE) at 200 ppm and higher levels can effectively protect soybean oil during the heating at 180 ± 5°C. 
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Introduction 
 

Vegetable oils and fats are recognized as important components of our diet. They provide essential fatty 
acids, which are precursors of important hormones, such as prostaglandins and control many physiological 
factors such as blood pressure, cholesterol level and there productive system Walisiewicz-Niekbalska et al., 
(1997). Lipid peroxidation is responsible for the quality deterioration of oils and fats Kazuhisa, (2001). Due to 
these changes, consumers do not accept oxidized products and industries suffer from economic loss Che Man 
and Tan, (1999). The oils with higher contents of unsaturated fatty acids, especially polyunsaturated FA, are 
more susceptible to oxidation. In order to overcome the stability problems of oils and fats, synthetic 
antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and ter butyl 
hydroquinone (TBHQ) have been used as food additives. But, recent reports revealed that these compounds may 
be implicated in many health risks, including cancer and carcinogenesis Hou, (2003) and Prior, (2004). 
Therefore, the most powerful synthetic antioxidant (TBHQ) is not allowed for food application in Japan, Canada 
and Europe. 

Similarly, BHA has also been removed from the generally recognized as safe (GRAS) list of compounds 
Farag et al., (1989). Due to these safety concerns, there is an increasing trend to replace these synthetic 
antioxidants with natural ones, which, in general, are supposed to be safer. The effectiveness of different natural 
sources in stabilizing vegetable oils has been previously studied. Anwar et al. (2003) evaluated the effect of 
natural lecithin on the stability of borage oil. Shahidi et al. (1992) investigated the stabilization of canola oil 
with canola meal. Also, fruits, vegetables, nuts, seeds and barks are being investigated for their antioxidant 
potentials Pratt and Hudson, (1990).Grape skins and seeds produced in large quantities by the winemaking 
industry are increasingly used to obtain functional food ingredients Shrikhande, (2000) and Yilmaz and 
Toledo,(2006). Grape seed is a better source of antioxidative constituents than skins of grape/wine byproducts. 
Functional ingredients of grape seed include several flavonoids with a phenolic nature such as monomeric 
flavanols, dimeric, trimeric and polymeric procyanidins, and phenolic acids Saito et al., (1998) and Guendez et 
al., (2005). The antioxidant activity of grape seed phenolic compounds is closely associated with activity against 
various cancer types, cardiovascular diseases and several dermal disorders Yilmaz and Toledo, (2004). 

The purpose of this work was to estimate the efficiency of Grape seed powder extract to protect sunflower 
oil against oxidative deterioration during heating at 180±5°C. 
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Materials and Methods 
 
Materials: 

 
Refined, bleached and deodorized (RBD) soybean oil was obtained from Arma Food Industries 10th of 

Ramadan City, Egypt. White grape (Vitis vinifera L.) By-product (skins and seeds) was obtained from Ganklees 
factory "Wady El-Natroon"-Alexandria Governorate, Egypt. All chemicals and reagents used in the analytical 
methods (Analytical grade) were obtained from either Sigma Chemical Co. (St. Louis, MO, U.S.A.) or El-
Gamhouria Trading Chemicals and Drugs Co., Egypt. 

 
Methods: 
 
Preparation of Grape Seed Extract (GSE): 
 

Preparation of grape seed extract (GSE) was carried out according to the method described by Li et al., 
(2008). 
 
Addition of Antioxidants to the Oil: 
 

The experiment was designed to include control, antioxidant free soybean oil (SO) soybean oil with 200 
ppm BHT (SO + BHT),while the GSE ethanolic extract was added to the oil with the following levels 100, 200, 
400 and 600 ppm and named as, SO+GSE1, SO+GSE2, SO+GSE3 and SO+GSE4, respectively. 
 
Oil Heating Process: 
 

The intermittent heating process was done according to the procedure of Tsuzuki, et al.,(2010). In this 
procedure a soybean oil (750g) and various oil samples mixed with GSE, were placed in a stainless steel pan 
fryer (50cm diameter and 30cm height) provided with thermostat to control in the heating temperature, 
individually to a temperature of 180±5°C. The various oil samples were heated continuously at 180±5°C for 4 
hr. every day, for 5 consecutive days. At certain periods of heating (4, 8, 12, 16 and 20 hrs), aliquots from the oil 
samples were removed and stored at 5°C until analyzed. 

 
Analytical Methods: 

 
Physical Quality Properties: Refractive index at (40°C) and smoke point were estimated according to the 

procedures of the AOCS (2011). Relative viscosity value was determined using an Ostwald viscometer 
according to the method described in AOCS (2011). 
 
Chemical Quality Properties: 

 
Acidity %, Iodine Value and Oxidized Fatty Acid (OFAs) Content: Acidity %, iodine value and oxidized 

fatty acid (OFAs) content were estimated by procedures described in AOAC (2011), while polar components in 
tested samples were measured by the method of Waltking and Wessels (1981). 
 
Oxidative Stability Properties: 
   

Peroxide value evaluation was taken according to the AOAC (2011) and thiobarbituric acid (TBA) value 
was carried out according to the method of Pearson (1976). While, rancimat induction period measurements are 
carried out according to Tsaknis et al. (1999) by using a Rancimat Methrom instrument (Ud. CH-9100 Herisau, 
Switzeland, Model 679) at 100°C and 20 l/hr air flow. Protection factor was calculated by the method of De 
Leonardis et al. (2007). 
 
Antioxidant activity: 
 

The antioxidant activity was adopted from Alam et al. (2013) with slight modification. Different 
concentrations of the samples of earth worm paste of red worm and African night crawler were pre-pared in 
methanol in five concentration (40, 80, 120, 160, 180 and 200 ppm). DPPH solution was prepared in methanol 
by adding 0.0025 gin order to get the final concentration of DPPH 25 ppm. 0.5 ml of each concentration in 
methanol was added to 3.5 ml of DPPH solution. The mixture was shaken and incubated for 30 min in the dark 
at room temperature. The absorbance was read at 517 nm by using the spectrophotometer. The control sample 
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was pre-pared by following the same method without the sample. Ascorbic acid was used as positive control 
standard. Inhibition of DPPH free radical in percent was evaluated according to the formula: Inhibition (%) = 
[(A control- A sample)/A control] ×100, where A control represents the absorbance of the control reaction 
(containing all reagents except the test compounds), B control represents the absorbance of test samples. L 
ascorbic acid was used as positive control. 

 
Statistical Analyses: 
 

All the determinations were carried out in triplicate. Significant differences (p< 0.05) were calculated 
using Duncan’s multiple range test, following a previously reported method of Steel and Torrie (1980). 

 

Results and Discussion 
 
The refractive index is considered one of the most important physical characteristics, as it is useful for 

estimating the degree of their saturation their purity and observing the progress reaction such as catalytic 
hydrogenation, oxidation and isomerisation. Since the GSE protect the oil from oxidation (Jayaprakasha et al. 
2001). 

Table 1 shows that refractive index values of tested samples were gradually increased with increasing the 
heating time, but the control (antioxidant free sample) has had the highest value at each heating period. On the 
other hand, the refractive index value decreased with increasing GSE level, while the sample containing BHT 
had values higher than that of control sample, but these values were lower that of SO + GSE1 sample which 
contrast with the situation with the other GSE containing samples since they exhibited lower refractive index 
values at each heating period which decreased gradually with increasing the GSE level from 200, 400 and 600 
ppm. Therefore, samples containing GSE at 200 ppm and above exhibited lower refractive index values as 
compared with control sample and BHT containing sample which give lower refractive index value than the 
sample containing 100 ppm. 

 
Table 1: Changes in Refractive index of Soybean oil treated with different levels of GSE compared to crude soybean oil and 

soybean oil treated with BHT during heating at 180±5°C 
Treatments SO SO+BHT SO+GSE1 SO+GSE2 SO+GSE3 SO+GSE4 

Heating periods (hr) 
0 1.4669 1.4669 1.4669 1.4669 1.4669 1.4669 
4 1.4678 1.4685 1.4687 1.4683 1.4676 1.4645 
8 1.4726 1.4700 1.4718 1.4697 1.4691 1.4672 
12 1.4761 1.4756 1.4757 1.4741 1.4736 1.4687 
16 1.4815 1.4779 1.4810 1.4775 1.4754 1.4726 
20 1.4841 1.4800 1.4821 1.4798 1.4791 1.4750 

 
Table 2 reveals that the relative viscosity values of tested samples increased with increasing the heating 

time at 180±5°C, but the control (antioxidant free sample) has had the highest value for each heating period. On 
the other hand, these values decreased with increasing GSE level, while the sample containing BHT had values 
higher than that of control sample. These values were lower that of SO + GSE1 which contrast the situation in 
the other GSE treatments since they exhibited lower refractive index values at each heating period which 
decreased gradually with increasing the GSE level from 200 to 600 ppm. The viscosity values at the end of 
heating process for SO + GES1, SO + GSE2, SO + GSE3 and SO + GSE4 were 1.921, 1.918, 1.914 and 1.911 
times, respectively. With regards the relative viscosity of the tested samples, the relative flow time which 
reflects the magnitude of oil viscosity and is generally considered as an adequate indicator of the resistance to 
the oil flow affecting by the reactions which may be occurred in it Jayaprakasha et al. (2001). It follows the 
same trend of refractive index values. This means that the highest level of GSE added to soybean oil induced the 
least change on soybean oil viscosity. 

 
Table 2: Changes in Relative viscosity of Soybean oil treated with different levels of GSE compared to crude soybean oil 

and soybean oil treated with BHT during heating at 180±5°C 
Treatments SO SO+BHT SO+GSE1 SO+GSE2 SO+GSE3 SO+GSE4 

Heating periods (hr) 
0 1.439 1.439 1.439 1.439 1.439 1.439 
4 1.547 1.511 1.531 1.526 1.522 1.510 
8 1.661 1.651 1.662 1.653 1.632 1.621 
12 1.723 1.712 1.716 1.712 1.677 1.660 
16 1.898 1.883 1.881 1.876 1.848 1.790 
20 1.932 1.915 1.921 1. 918 1.914 1.911 

The acidity (as % oleic acid) is considered a good indicator for the hydrolysis extent takes place in oils 
before and during extraction procedures and processing Frega et al.(1999). Table 3 shows the changes occurred 
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in the acidity values (FFAs) of the control sample and antioxidant treated samples during heating the oil at 
180±5°C for 20 hrs. Data indicated that the acidity values of all samples increased with increasing the heating 
time, while at each heating time and the end of heating time the control sample exhibited the highest acidity 
value (3.613), followed by the samples containing 100 ppm GSE (SO+ GSE1) (2.125), while the other samples 
were exhibited a gradual decrement in the acidity values in the following decreased order SO+BHT, SO+GSE2, 
SO+GSE3 and SO+ GSE4, (2.161, 2.029, 1.181 and 1.034, respectively). 

 
Table 3: Changes in Acidity (FFAs) of Soybean oil treated with different levels of GSE compared to crude soybean oil and 

soybean oil treated with BHT during heating at 180±5°C 
Treatments SO SO+BHT SO+GSE1 SO+GSE2 SO+GSE3 SO+GSE4 

Heating periods (hr) 
0 0.152 0.152 0.152 0.152 0.152 0.152 
4 0.541 0.435 0.486 0.311 0.310 0.264 
8 0.750 0.690 0.721 0.460 0.416 0.370 
12 1.323 1.099 1.154 0.913 0.840 0.626 
16 2.974 1.435 1.631 1.147 0.973 0.875 
20 3.613 2.161 2.125 2.029 1.181 1.034 

 
BHT and GSE at levels of 200, 400 and 600 ppm may be reduce the hydrolysis of the triglycerides which 

result in low free fatty acid content and low acidity than the control sample and the sample containing 100 ppm 
GSE only with preference to the higher level of GS. This indicated that polyphenolic compounds in GSE may be 
decreased the oil hydrolytic rancidity. In this respect Ebrahimzadeh, et al. (2015)reported that mixing soybean 
oil with 200-800 ppm of organic solvent extract of U. dioica aerial parts decreased oil oxidation and the 
formation rate of TBA reacting substances at a level equivalent to that of synthetic antioxidant. Consequently, 
mixing oil with natural compounds of U. dioica may improve the quality of the oil during frying due to the role 
of flavonoids in oil peroxidation's inhibition. 

The iodine value is considered a good index for the unsaturation extent of fatty acids in oils. The GSE 
reduce the changes of iodine values by the same way which affects acidity which agrees with the results 
reported by Anwar et al. (2006).Table 4 illustrates the changes occurred in the iodine values of the control and 
antioxidant treated samples during heating the oil at 180±5°C for 20 hrs. Data indicated that the iodine values of 
all samples decreased with increasing the heating time, while at each heating time the control sample exhibited 
the lowest iodine value (from 130.21 at the initial zero time of heating to 101.12 after 20 hr.), followed by the 
samples containing 100 ppm GSE (SO+ GSE1), from 132.61 to 103.22, while the other samples exhibited a 
gradual increment in the iodine values after 20 hr. following decreased order; SO+BHT, SO+GSE2, SO+ GSE3 
and SO+ GSE4, (106.03, 104.80, 107.13 and 113.10 gI/100g oil, respectively).  

 
Table 4: Changes in Iodine of Soybean oil treated with different levels of GSE compared to crude soybean oil and soybean 

oil treated with BHT during heating at 180±5°C 
Treatments SO SO+BHT SO+GSE1 SO+GSE2 SO+GSE3 SO+GSE4 

Heating periods (hr) 
0 132.61 132.61 132.61 132.61 132.61 132.61 
4 128.52 130.32 127.91 129.28 131.44 131.50 
8 117.21 126.74 119.55 122.25 125.71 128.17 
12 109.43 120.23 110.38 115.15 120.12 122.51 
16 106.41 115.50 107.46 109.34 112.61 119.34 
20 101.12 106.03 103.22 104.80 107.13 113.10 

 
Table 5 shows the changes occurred in the oxidized fatty acids content of the control and antioxidant 

treated samples during heating the oil at 180±5°C for 20 hrs. Data indicated that the oxidized fatty acids content 
of all samples increased with increasing the heating time, while at each heating time and after 20 hr. of the 
intermittent heating the control sample exhibited the highest oxidized fatty acids content (2.68%), followed by 
the samples containing 100 ppm GSE (SO+ GSE1) (2.43%), furthermore the other samples exhibited a gradual 
and little increment in the oxidized fatty acids content in the following decreased order; SO+BHT, SO+GSE2, 
SO+ GSE3 and SO+ GSE4, (2.22, 2.31, 2.16 and 2.04%, respectively).It is well known that the oxidized fatty 
acids content in the edible vegetable oils negligible or slight if they produced under good sanitary conditions. 
The OFAs content in the edible oils should not exceed 1% as recommended by Walla (1990), which achieved in 
our work by addition of BHT and GSE, especially with the high levels 200, 400 and 600 ppm. 

Table 6 shows the changes occurred in the polar compounds content of the control and antioxidant treated 
samples during heating the oil at 180±5°C for 20 hrs. Data indicated that the polar compounds content of all 
samples were a gradual highly increase with increasing the heating time while at each heating time the control 
sample exhibited the highest polar compounds. It has been reported that polar compounds content is considered 
a reliable indicator on state of the edible oils deterioration Gere (1982). The results took the same trend of the 



Middle East J. Agric. Res., 5(3): 333-339, 2016 
ISSN 2077-4605 

337 

other chemical quality properties which indicate that GSE can act as a good antioxidant in protecting soybean 
oil as reported by Lumley (1988). 
 
Table 5: Changes in Oxidized fatty acids of Soybean oil treated with different levels of GSE compared to crude soybean oil 

and soybean oil treated with BHT during heating at 180±5°C 
Treatments SO SO+BHT SO+GSE1 SO+GSE2 SO+GSE3 SO+GSE4 

Heating periods (hr) 
0 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.86 0.59 0.76 0.61 0.57 0.43 
8 1.91 1.25 1.65 1.40 1.33 1.26 
12 2.24 1.87 1.98 1.83 1.76 1.64 
16 2.43 1.99 2.20 2.12 1.89 1.78 
20 2.68 2.22 2.43 2.31 2.16 2.04 

 
Table 6: Changes in % Polar compounds of Soybean oil treated with different levels of GSE compared to crude soybean oil 

and soybean oil treated with BHT during heating at 180±5°C 
Treatments SO SO+BHT SO+GSE1 SO+GSE2 SO+GSE3 SO+GSE4 

Heating periods (hr) 
0 3.82 3.82 3.82 3.82 3.82 3.82 
4 4.21 4.65 4.61 4.45 4.35 4.80 
8 5.46 4.24 4.95 4.22 4.34 4.74 
12 7.07 5.16 5.74 5.84 5.19 5.84 
16 8.11 5.72 5.26 6.51 6.23 5.34 
20 9.43 6.21 7.57 7.66 6.78 5.56 

 
Peroxide value is known as an indicator of the extent of forming the hydroperoxides and peroxides. Also, 

the PV is a valuable measure of the early stages of rancidity occurring in food under ambient conditions. The 
GSE at level above 200 ppm reduce the PV during oil heating since it reduce the hydroperoxide formation and 
the consequence degradation of it to peroxides McGinely (1991).Table7 illustrates the changes occurred in the 
peroxide values (PV) of the control sample and antioxidant treated samples during heating the oil at 180±5°C 
for 20 hrs. Data indicated that the peroxide value of all samples was elevated increased gradually with 
increasing the heating time, as the result of the primary oxidation of fatty acid 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 the destruction of resulted hydroperoxides to form the secondary oxidation products during heating 
time. 
 
Table 7: Changes in Peroxide value (meq O2 /kg) of Soybean oil treated with different levels of GSE compared to crude 

soybean oil and soybean oil treated with BHT during heating at 180±5°C 
Treatments SO SO+BHT SO+GSE1 SO+GSE2 SO+GSE3 SO+GSE4 

Heating periods (hr) 
0 0.69 0.69 0.69 0.69 0.69 0.69 
4 7.36 5.42 6.12 5.11 4.38 3.35 
8 6.52 9.23 9.19 8.92 7.89 6.22 
12 5.11 9.57 9.25 12.30 9.75 9.13 
16 2.61 10.74 9.87 7.18 14.63 14.41 
20 1.84 6.17 6.24 5.73 5.63 5.11 

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

most predominate product of the secondary oxidation of fatty acids in food lipids. Therefore, the TBA value 
considered a good chemical quality criterion to identify the oxidative state of fresh edible oils and fats and to 
measure the oxidation extent which occurred Lalas (1998). 

From Table 8, it could be observed that the changes occurred in the Thiobarbituric acid value (TBA) of the 
control sample and antioxidant treated samples during heating the oil at 180±5°C for 20 hrs. Data indicated that 
the TBA values of all samples increased with increasing the heating time while at each heating time and after 20 
hr. of heating process, the control sample exhibited the highest TBA value (15.72 mg malonaldehyde / kg), 
followed by the samples containing 100 ppm OWC (SO+ GSE1) (12.18), while the other samples were 
exhibited a little increment  in the TBA values in the following decreased order SO+BHT, SO+GSE2, SO+ 
GSE3 and SO+ GSE4, (10.11, 11.21, 10.55 and 9.32, respectively). The TBA values of the GSE treated samples 
at level of 200, 400 and 600 ppm were kept lower than that of control, BHT and 100 ppm GSE samples which 
exhibited higher TBA values. This means that the GSE at the highest level protect the oil of oxidation and 
produce the lowest level of TBA reacting substance. 
Also, the induction period is a characteristic of oxidative stability of the edible oils and fats Anwar et al. (2006). 
The oxidative stability (induction period at 100°C) as a function of antioxidant level stated stark correlation 
between antioxidant effect and level of GSE added which in agreement with the finding of De Leonardis et al. 
(2007). Also, Khadejah et al. (2012). It was demonstrated that black grape seed extracts aqueous and alcoholic 
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in especial ethanolic (EGSE) are good scavengers for reactive oxygen species (ROS) and are a potential source 
of natural antioxidant that may be used in pharmaceutical or food industries. Table 9 shows that the oxidative 
stability (induction period at 100°C) increased gradually as the level of GSE added to the soybean oil increased 
from 200 to 600 ppm as compared to the control sample (antioxidant free) and the sample treated with synthetic 
antioxidant (BHT), while the sample containing 100ppm GSE exhibit lower oxidative stability parameters than 
these of BHT containing sample which result in increasing of the calculated parameters of oxidative stability 
(protection factor, induction period, Expired and shelf life at ambient temperature), also the sample containing 
GSE at level of 600 ppm exhibited the best oxidative stability parameters. 
 
Table 8: Changes in TBA values (mg malonadehyde/kg) of Soybean oil treated with different levels of GSE compared to 

crude soybean oil and soybean oil treated with BHT during heating at 180±5°C 
Treatments SO SO+BHT SO+GSE1 SO+GSE2 SO+GSE3 SO+GSE4 

Heating periods (hr) 
0 0.07 0.07 0.07 0.07 0.07 0.07 
4 2.15 1.12 1.85 1.75 1.59 1.13 
8 6.62 3.34 4.73 3.41 3.12 2.87 
12 8.13 5.92 7.45 7.12 6.89 5.17 
16 10.21 8.07 9.80 8.71 8.10 7.21 
20 15.72 10.11 12.18 11.21 10.55 9.32 

 
Table 9: Oxidative stability of Soybean oil treated with different levels of GSE compared to crude soybean oil and soybean 

oil treated with BHT during heating at 180±5°C 
Rancimat at 100oC SO SO+BHT SO+GSE1 SO+GSE2 SO+GSE3 SO+GSE4 
Induction period (hrs) 6.70 9.10 9.50 10.70 11.20 13.60 
Induction period (months) 3.71 5.04 5.27 5.93 6.21 7.45 
Expired (months) 9.94 13.50 14.09 15.87 16.62 20.18 
Antioxidant activity (%) 0.00 35.82 41.79 59.70 67.16 102.99 

 

Conclusion 
 

It could be concluded that grape seed extract at higher levels can effectively stabilize soybean oil as 
compared with BHT at its legal limit, since the higher grape seed extract levels(400 and 600 ppm) were superior 
in protecting soybean oil during the heating at 180 ± 5°C, since it improved resistance of soybean oil against 
thermal deteriorative changes Therefore, grape seed extract can be recommended as a potent source of 
antioxidants for the stabilization of fatty food systems, especially unsaturated vegetable oils. 

 

References 
 

A.O.A.C., 2011.Official Methods of Analysis of AOAC International. 18thed Published by the AOAC. 
International (revised edition), Gaithersburg, Maryland, U.S.A. 

A.O.C.S., 2011.Official Methods and recommended practices of the American Oil Chemists Society. (6th ed., 2ed 
printing), A.O.C.S. Champaign, Illinois, USA.AOAC International. 18thed. 

Alam, N.M., N.J. Bristi and M. Rafiquzzaman, 2013. Review on in vivo and vitro methods evaluation of 
antioxidant activity. J. Saudi Pharmaceutical., 21: 143-152. 

Anwar, F., A. Jamil, S. Iqbal and M.A. Sheikh, 2006. Antioxidant activity of some plant extracts for edible oils 
at ambient and accelerated conditions. Grasasy Aceites, 57(2): 189-197. 

Anwar, F., M.I. Bhanger and G. Kazi, 2003.Relationships of Rancimat and AOM values at varying temperatures 
for several oils and fats. JAOCS., 80(2): 151-155. 

Che Man, Y.B. and C.P. Tan, 1999. Effects of natural and synthetic antioxidants on changes in refined, bleached 
and deodorized palm oil in during deep-fat frying of potato chips. J. American Oil Chemists Society, 
76(3): 31-339. 

De Leonardis, A., V. Macciola, G. Lembo, A. Aretiniand A. Nag, 2007. Studies on oxidative stabilization of 
lard by natural antioxidants recovered from olive-oil mill wastewater. Food Chemistry, 100: 998-1004. 

Ebrahimzadeh, A.M., M. Gharekhani, M. Ghorbani and P. Dargany, 2015. Effect of extract of aerial parts of 
utricadioica (Utricaceae) on the stability of soybean oil. Tropical Journal of Pharmacceutical Research 
Janurary, 14(1): 125-131. 

Farag, R.S., A.Z.M.A. Badei and G.S.A. El Baroty, 1989. Influence of thyme and clove essential oils 
oncottonseed oil oxidation. J. American Oil Chemists Society, 66(6): 800-804. 

Frega, N., M. Mozzon and G. Lercker, 1999. Effect of free fatty acids on the oxidative stability of vegetable 
oils. J. American Oil Chemists Society,76: 325-329. 

Gere, A., 1982. Studies of the changes in edible fats during heating and frying. Die Nahrung, 26: 923-932. 



Middle East J. Agric. Res., 5(3): 333-339, 2016 
ISSN 2077-4605 

339 

Guendez, R., S. Kallithraka and D.P. Makris, 2005. Determination of low molecular weight polyphenolic 
constituents in grape (Vitis vinifera sp.) seed extracts: Correlation with antiradical activity. Food Chem., 
89: 1-9. 

Hou, D.X., 2003. Potential mechanism of cancerchemo prevention by anthocyanin. Current Advancements in 
Molecular Medicines, 3: 149-159. 

Jayaprakasha, G.K., R.P. Singh and K.K. Sakariah, 2001. Antioxidant activity of grape seed (Vitis vinifera) 
extracts on peroxidation models in vitro. Food Chem., 73: 285-290. 

Kazuhisa, Y., 2001.Oils and fats. Reito, 76(883): 05- 409. 
Khadejah, A., A. Khawola and A.A. Asmaa, 2012 . Antioxidant and free radical scavenging effects of black 

grape seed (Vitis vinifera L). Second Scientific Conference – Science College – Tikrit University: 49-55. 
Lalas, S., 1998. Quality and stability characterization of Moringa oleifera seed oil. Ph.D. Thesis. Lincolnshire 

and Humberside University England, UK.. 
Li Hua, Wang, X., P. Li, Y. Li and H. Wang, 2008.Comparative study of antioxidant activity of grape (Vitis 

vinifera) seed powder assessed by different methods. Journal of Food and Drug Analysis, 16: 6: 1-8. 
Lumley, I.D., 1988. Polar compounds in heated oils. In: Frying of Food, Principles. Changes, New Aproaches 

(Ed. G. Varela, A. Bender and I.D. Morton), VCH publishers Ltd, London, pp: 166-173. 
McGinely, L., 1991. Analysis and quality control for processing and processed fats. In; Analysis of Oilseeds, 

Fats and Fatty Foods; J.B. Rossell and J.L.R. Pritchard, Eds., Elsevier Applied Sci. New York, pp: 460-
470. 

Pearson, D., 1976. General methods. In: The chemical Analysis of Foods, London: Longman Group Limited. 
Austria, pp: 6-26. 

Pratt, D.E. and B.J.F. Hudson, 1990. Natural antioxidants not exploited commercially. In: B. J. F. Hudson, 
(Ed.), Food Antioxidants. Amsterdam: Elsevier, pp: 171-192. 

Prior, R.L., 2004. Absorption and metabolism of anthocyanins: potential health effects. In: M. Meskin, W.R. 
Bidlack, A.J. Davies, D.S. Lewis and R.K. Randolph, (Eds.), Phytochemicals: mechanisms of action 
Boca Raton, FL: CRC Press, pp: 1-19. 

Saito, M., Hosoyama, H. and Ariga, T. 1998. Antiulcer activity of grape seed extract and procyanidins. J. Agri. 
Food Chem., 46: 1460-1464. 

Shahidi, F., P.K. Janitha and P.D. Wanasundara, 1992. Phenolic antioxidants. Critical Reviews in Food Science 
and Nutrition, 32(1): 67-103. 

Shrikhande, A.J., 2000. Wine by-products with health benefits. Food Res. Int., 33: 469-474. 
Steel, R.G.D. and J.H. Torrie, 1980. Principles and procedures of statistics. London: McGraw Hill, pp: 23. 
Tsaknis, J., V. Spiliotis, S. Lalas, V. Gergis and V. Dourtoglou, 1999. Characterization of Moringa oleifera 

variety Mbololo seed oil of Kenya. J. AgricFood Chem., 47: 4495-4499 
Tsuzuki, W., A. Matsuoka and K. Ushida, 2010. Formation of trans fatty acids in edible oils duringthe frying 

and heating process. Food Chemistry, 123: 976-982. 
Walisiewicz-Niekbalska, W., B. Kosmacinskaand B. Chmielarz, 1997. New trends in the processing of 

vegetable oils and animal fats for technical purposes. Pollena: Tluszcze, Srodki Piorace Kosmet, 41: 190-
194. 

Walla, D., 1990. Analytical control and evaluation of the edible vegetable oils. Austrian Standard, Vienna, 
Austria, 23: 6-28. 

Waltking A.E. and H. Wessels, 1981. Chromatographic Separation of polar and nonpolar components of frying 
fats. J. Assoc. of Chem., 64(6): 1329-1330. 

Yilmaz, Y. and R.T. Toledo, 2004. Health aspects of functional grape seed constituents. Trends Food Sci Tech., 
15: 422-433. 

Yilmaz, Y. and R.T. Toledo, 2006. Oxygen radical absorbance capacities of grape/wine industry byproducts and 
effect of solvent type on extraction of grape seed polyphenols. J. Food Compos. Anal., 19: 41-48. 




