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Abstract

Deep fat frying is an important method of food preparation. Chemical reactions occur during frying and give rise to formation 
of complex products and oxidized fatty acids which are absorbed by the food. The objective of this study was to assess the effect of 
repeated heating on the peroxidative quality of the frying oils by measuring the Thio Barbituric Acid Reactive Substances “TBARS” 
content in fresh, heated and repeatedly heated studied oils (sunflower, cottonseed and mixed oils). Results revealed that the deterio-
rative effect of heat as indicated by the TBARS level in oil, increases by increasing the duration of oil use. The repetition of heating is 
much more destructive than the continuous use of the oil. Sunflower oil can tolerate heating better than cottonseed and mixed oil. It 
is recommended that frying is better to be avoided. Repeated use of the oil for frying must not occur even with short periods of use. 
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Introduction 

Fat and oils are heated at high temperatures during baking, grilling and frying; however, deep fat frying is the most common method 
of high temperature treatment. Deep fat frying is a popular food preparation method produces the desirable fried food flavour, golden 
brown colour and crisp texture. Because of the great consumption of frying oils and fat, the effect of high temperature on oils and fat is of 
major concern both for product quality and nutrition [1]. Fast food and snacks which absorb substantial amounts of frying oils are being 
increasingly consumed [2] as they provide an appealing and quick option for those who have little time to dedicate to the preparation 
and/or consumption of their meals [3]. Fried foods contribute a significant proportion of the total fat consumed in the Western world [4]. 
In the U.S., in 1994, approximately 12 billion pounds of fat and oils were used with 5.5 billion pounds used for frying and baking. Fried 
snack foods accounted for 2.9 billion pounds of oil, whereas 2 billion pounds were used for frying in restaurants [1]. In Egypt, the deep-
fried vegetable patties (Taamiah, Falafel, bean cake) form the staple food item in the diet and widely available at street level from vendors 
[5]. However, due to the absence of suitable frying oil quality sensor for restaurant situation, it is difficult to implement any regulation 
against the use of deteriorated frying oils [6]. 
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Oxidation of lipids in food has received considerable attention because of possible adverse health effects related to consumption of 
oxidized lipids. The rate of lipid oxidation depends on a number of factors, including the polyunsaturated fatty acids content and the pres-
ence of antioxidants such as α-tocopherol [7]. In fact, polyunsaturated fatty acids are particularly susceptible to oxidation by free radicals 
during the storage, cooking and frying of foods, the potential risk of exposure to lipid degradation products is likely to have increased 
[2]. Also, it has been found that regular intake of foods with saturated fat raises the risk of coronary heart disease and the total mixed 
fat intake is associated with a higher incidence of the nutritionally linked cancers e.g. distal colon [8]. Many studies have been reported 
on the quality of continuously heated oils and fats, at high temperatures for many hours but reports on the domestic frying of foods are 
limited [9]. 

Aim of the Study

The aim of this work is to study the effect of heating on the formation of thermal oxidative products in different types of heated oils 
(the most widely used oils in Egypt).

Materials and Methods

A pilot study (cross sectional descriptive study) was carried out among females in Mansoura Faculty of Medicine. The questionnaire 
about the type of oil used in frying included 1200 females of different social categories (400 doctors, 400 employees and 400 workers). 
Table 1 shows the frequency of oil use by different female categories in Mansoura Faculty of Medicine.

Doctors (n = 400) Employees (n = 400) Workers (n = 400) Total (n = 1200)
Corn oil 30 (7.5%) 10 (2.5%) 10 (2.5%) 50 (4.17%)

Cottonseed oil 120 (30%) 150 (37.5%) 90 (22.5%) 360 (30%)
Mixed oil* 30 (7.5%) 170 (42.5%) 230 (57.5%) 430 (35.83%)
Olive oil 10 (2.5%) 0 0 10 (0.83%)
Palm oil 0 0 0 0

Soybean oil 0 0 0 0
Sunflower oil 210 (52.5%) 70 (17.5%) 70 (17.5%) 350 (29.17%)

Table 1: The frequency of oil use by different female categories in Mansoura Faculty of Medicine.

*Mixed oil is a blend of sunflower oil and cottonseed oil. It is the most used by street vendors in Egypt [5].

Then, the most commonly used oils (sunflower, cottonseed and mixed oils) were chosen for the study and were prepared by deep 
frying potato chips in the fresh oil in aluminium containers for different periods (1/4, 1/2 and 1 hour) and also repeatedly used (2, 3, 4 
times; 1/4 hour each and 2 times; 1/2 hour each) without any topping up (without replenishing the oil in the fryer with fresh oil) under 
conditions corresponding to the normal household frying practices (domestic frying). 

The effect of heating on oils was determined by assessment of the Thio Barbituric Acid Reactive Substances “TBARS” in the fresh and 
heated studied oils [10,11].

Statistical analysis was done by using the Statistical Package for Social Science (SPSS) program. Non significant when p > 0.05. Signifi-
cant when p ≤ 0.05. Highly significant when p ≤ 0.01. Extremely significant when p ≤ 0.001.
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Results 

The effect of heating on oils (comparison of the TBARS content in fresh and heated studied oils) is shown in table 2. The effect of repeti-
tion of heating on oils (comparison of TBARS content in repeatedly heated oils) is shown in table 3. Comparison of the TBARS content in 
sunflower, cottonseed and mixed oils is shown in table 4. Comparison between the three studied oils is shown in table 5. 

Fresh H 1/4 H 2/4 H 3/4 H 4/4 H 1/2 H 2/2 H 1
Mean 1.15 1.54 5.72 7.15 9.06 2.92 6.92 4.07
SD ± 0.029 0.15 0.088 0.038 0.059 0.075 0.106 0.007

Minimum 1.121 1.33 5.61 7.127 8.99 2.813 6.77 3.991
Maximum 1.171 1.7 5.81 7.213 9.12 2.973 6.999 4.147

t 4.78 8.12 10.1 20.1 5.1 9.5 7.1
P 0.017 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Table 2: The statistical comparison of the TBARS content (nmol/ml) in the fresh and heated sunflower oil (H1/4 means heated once for 
15 minutes. H2/4 means heated twice; each 15 minutes. H3/4 means repeatedly heated thrice; each 15 minutes. H4/4 means repeatedly 
heated 4 times; each 15 minutes. H1/2 means heated once for 30 minutes. H2/2 means heated twice; each 30 minutes. H1 means heated 

once for one hour).

Fresh H 1/4 H 2/4 H 3/4 H 4/4 H 1/2 H 2/2 H 1
Mean 5.53 6.31 9.45 12.72 16.66 9.57 12.08 10.47
SD ± 0.023 0.14 0.92 0.15 1.69 0.18 0.068 0.004

Minimum 5.412 6.123 9.321 12.57 17.21 9.33 11.99 10.41
Maximum 5.812 6.473 9.521 12.91 17.6 9.76 12.14 10.51

t 5.22 8.95 10.23 12.19 8.1 10.1 9.1
P 0.014 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Table 3: The statistical comparison of the TBARS content (nmol/ml) in the fresh and heated cottonseed oil (H1/4 means heated once  
for 15 minutes. H2/4 means heated twice; each 15 minutes. H3/4 means repeatedly heated thrice; each 15 minutes. H4/4 means  

repeatedly heated 4 times; each 15 minutes. H1/2 means heated once for 30 minutes. H2/2 means heated twice; each 30 min.  
H1 means heated once for one hour).

Fresh H 1/4 H 2/4 H 3/4 H 4/4 H 1/2 H 2/2 H 1
Mean 1.5 5.62 7.54 11.45 11.72 5.98 7.55 6.95
SD ± 0.13 0.23 0.16 0.51 0.86 0.026 0.27 0.003

Minimum 1.321 5.321 7.32 10.81 11.99 5.95 7.322 6.913
Maximum 1.613 5.867 7.712 11.99 12.71 6.01 7.96 6.993

t 9.1 11.1 13.1 13.5 9.3 11.17 10.1
p < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Table 4: The statistical comparison of the TBARS content (nmol/ml) in the fresh and heated mixed oil (H1/4 means heated once for  
15 minutes. H2/4 means heated twice; each 15 minutes. H3/4 means repeatedly heated thrice; each 15 minutes. H4/4 means repeatedly 
heated 4 times; each 15 minutes. H1/2 means heated once for 30 minutes. H2/2 means heated twice; each 30 minutes. H1 means heated 

once for one hour).
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Fresh H 1/4 H 2/4 H 3/4 H 4/4 H 1/2 H 2/2 H 1
Mean 1.5 5.62 7.54 11.45 11.72 5.98 7.55 6.95
SD ± 0.13 0.23 0.16 0.51 0.86 0.026 0.27 0.003

Minimum 1.321 5.321 7.32 10.81 11.99 5.95 7.322 6.913
Maximum 1.613 5.867 7.712 11.99 12.71 6.01 7.96 6.993

t 9.1 11.1 13.1 13.5 9.3 11.17 10.1
p < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Table 4: The statistical comparison of the TBARS content (nmol/ml) in the fresh and heated mixed oil (H1/4 means heated once  
for 15 minutes. H2/4 means heated twice; each 15 minutes. H3/4 means repeatedly heated thrice; each 15 minutes. H4/4 means  
repeatedly heated 4 times; each 15 minutes. H1/2 means heated once for 30 minutes. H2/2 means heated twice; each 30 minutes.  

H1 means heated once for one hour).

Sunflower oil Cottonseed oil Mixed oil
H4/4 H2/2 H4/4 H2/2 H4/4 H2/2

Mean 9.06 6.92 16.66 12.08 11.72 7.55
SD ± 0.059 0.106 1.69 0.068 0.86 0.27

Minimum 8.99 6.77 17.21 11.99 11.99 7.322
Maximum 9.12 6.999 17.6 12.14 12.71 7.96

t 12.21 3.21 5.1
P < 0.001 0.011 0.002

Table 5: Statistical comparison of TBARS content in the repeatedly heated oils for four times; each 1/4 hour (H 4/4) and the repeatedly 
heated oils two times each 1/2 hour (H 2/2).

Sunflower oil Cottonseed oil Mixed oil
H4/4 H 1 H4/4 H 1 H4/4 H 1

Mean 9.06 4.07 16.66 10.47 11.72 6.95
SD ± 0.059 0.007 1.69 0.004 0.86 0.003

Minimum 8.99 3.991 17.21 10.41 11.99 6.913
Maximum 9.12 4.147 17.6 10.51 12.71 6.993

t 15.1 4.23 6.12
P < 0.001 0.005 < 0.001

Table 6: Statistical comparison of TBARS content in the repeatedly heated oils for four times; each 1/4 hour (H 4/4) and the  
oils heated once for one hour (H 1).

Sunflower oil Cottonseed oil Mixed oil
H 2/2 H 1 H 2/2 H 1 H 2/2 H 1

Mean 6.92 4.07 12.08 10.47 7.55 6.95
SD ± 0.106 0.007 0.068 0.004 0.27 0.003

Minimum 6.77 3.991 11.99 10.41 7.322 6.913
Maximum 6.999 4.147 12.14 10.51 7.96 6.993

t 25.5 16.1 2.91
P < 0.001 < 0.00 0.025

Table 7: Statistical comparison of the TBARS content in the repeatedly heated oils for two times; each 1/2 hour (H 2/2) and the  
oils heated once for one hour (H 1).
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Discussion

The role of dietary fat and oils in human nutrition is one of the important areas of concern and investigation in the field of nutritional 
science. The findings of these investigations have wide ranging implications for consumers, health care providers and nutrition educators, 
as well as food producers, processors and distributors. New evidence concerning the benefits and risks associated with aspects of dietary 
fat is constantly emerging in both the scientific literatures and the popular media. At times, controversies about these findings evolve [12].

Deep fat frying is an important, ubiquitous, and highly versatile process, which has been used since antiquity to cook a wide spectrum 
of products. Its unique contribution to sensory characteristics, together with the relatively low cost of large-scale frying, has made fried 
foods the staples of the ever-growing late 20th century fast food industry [4]. 

The use of oil remains one of the most popular methods for the preparation of foods. This is particularly true in Egypt and the majority 
of the Arab world where falafel (a deep-fried vegetable patty) forms the staple food item in the diet and is widely available at street level 
from vendors [5].

So, this work aimed to study the effect of heating on oils mostly used in Egypt.

Because of concern about the types of changes that take place in fat during oxidative and thermal deterioration and the effects the 
deterioratives could have on the consumer, many chemical and biological studies have been carried out. Experimental findings indicate 
that the potential danger to the consumer is relative to the severity of the overall treatment of the fat [13]. Malonaldehyde (TBARS) mea-
surement is one of the oldest and most frequently used tests for measuring the lipid peroxidation of fatty acids because of the simplicity 
of the test, it has been widely applied to measure the lipid peroxidation [14].

Results of this study showed that there is an increase in the TBARS content of the studied heated oils which was more rising on increas-
ing the duration of heating. It was found that the TBARS content of sunflower and cottonseed oils increased significantly in oils heated 
for 1/4 hour (P < 0.05) and extremely significantly in oils heated for 1/2 hour and one hour (P < 0.001). In mixed oil, TBARS increased 
extremely significantly (P < 0.001) in different durations of heating in comparison to the fresh oil. These results coincide with those ob-
served in other studies on heated sunflower oil. TBARS content of sunflower oil heated for 48 hours at constant temperature 110˚C was 
490 µmol/Kg compared to 8 µmol/kg in fresh oil [15]. 

Fresh H 1/4 H 2/4 H 3/4 H 4/4 H 1/2 H 2/2 H 1
Comparison of sunflower oil versus cottonseed oil

t 18.47 22.22 26.1 35.1 4.31 33.1 40.5 72.1
p < 0.001 < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 < 0.001

Comparison of sunflower oil versus mixed oil
t 2.35 14.5 9.5 8.1 3.12 32.1 2.12 35.1
p < 0.011 < 0.001 < 0.001 < 0.001 0.008 < 0.001 0.014 < 0.001

Comparison of cotton seed oils versus mixed oils
t 18.1 3.51 9.5 2.71 3.7 16.1 15.1 52.1
p < 0.001 0.003 < 0.001 0.012 0.002 < 0.001 < 0.001 < 0.001

Table 8: Statistical comparison of TBARS content in the studied.
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Results of the present study coincide also with those observed in other studies. It was found that the TBARS content of cottonseed oil 
heated for 5 and 60 minutes was 0.201 and 0.712 nmol/ml respectively compared to 0.132 nmol/ml in the fresh oil. While sunflower oil 
heated for 5 and 60 minutes contained TBARS 0.170, and 0.647 nmol/ml respectively compared to 0.101 nmol/ml in the fresh oil [16]. It 
was also found that the repeatedly heated cottonseed oil in restaurants contained 98.9 ± 51.75 nmol/gm TBARS in contrast to 9.1 ± 3.69 
nmol/gm in the fresh oil [17].

Results of the present work showed also that the repeatedly heated oils showed extremely significant increase (P < 0.001) in TBARS 
content in contrast to the fresh oils. Moreover, increasing the times of repetition of heating causes more rising in the level of TBARS in oils. 
During comparison of repeatedly heated oils four times; each 1/4 hour (H4/4) to those repeatedly heated twice; each 1/2 hour (H2/2), 
the former showed significant increase in TBARS content in all the studied oils (Table 4). During comparison of repeatedly heated oils four 
times; each 1/4 hour (H4/4) to those heated once for one hour (H1), the former showed significant increase in TBARS content in all the 
studied oils. Also, comparison of repeatedly heated oils twice; each 1/2 hour (H2/2) to those heated once for one hour (H1), the former 
showed significant increase in TBARS content in all the studied oils.

These results indicate that repetition of heating increases the level of TBARS more than the continuous heating. These results agree 
with previous study that predicted that repeated heating is more damaging to the oil more than continuous heating [18].

Alternative heating and cooling is more damaging than continuous heating. This may be explained by that at a high temperature 
(during continuous heating) the water is lost more quickly producing a steam blanket over the frying kettle and protect the fat against 
atmospheric oxygen [13]. FAO also stated that the continuous heating provides a protective water vapour blanket that protects against 
oxidation [12].

Results of the present work revealed that the TBARS content of fresh and heated cottonseed oils was significantly higher than the 
TBARS content of fresh and heated sunflower oils for comparable periods. The TBARS content of fresh and heated mixed oils was signifi-
cantly higher than the TBARS content of fresh and heated sunflower oils for comparable periods. The TBARS content of fresh and heated 
cottonseed oils was significantly higher than the TBARS content of fresh and heated mixed oils for comparable periods. This means that 
the cottonseed oil was exposed to the deteriorative effect of heating more than the mixed oil and the sunflower oil. These results coincide 
with previous research that detected high levels of TBARS in cottonseed oil heated for 5 or 60 minutes than in sunflower oil heated for 
comparable periods [16].

Based on the fact that sunflower oil contains more polyunsaturated fatty acids than cottonseed oil and taking into consideration that 
oxidation products of frying oil differ according to the fatty acid content of the oil and the oxidative stability of vegetable oils was tradi-
tionally related to the degree of unsaturation of their fatty acids [19], it may be predicted that heated sunflower oil contains more TBARS 
than cottonseed oil but results of this study revealed that sunflower oil contains TBARS less than cottonseed oil. This agree with the 
concept that fat high in monoenes may be considerably more toxic than more highly unsaturated fats when heated under the same condi-
tions [13] and also support the opinion that fatty acid unsaturation of dietary oils is not the only determining factor of the antioxidant 
capacity. Therefore, the optimal balance between the content of unsaturated fatty acids and natural antioxidants in dietary oils appear to 
be of major importance [20]. 

It was published that the degree of unsaturation of an oil has little, if any, effect on its smoke point (smoke point is the temperature 
at which smoke is first detected from the heated oil). Oils containing fatty acids of low molecular weight have lower smoke points than 
others of comparable fatty acids content. Moreover, recent work suggest that the benefits occurred by lowering polyunsaturated fatty 
acids could be lost if the levels of antioxidants such as tocopherols are reduced [19]. So, the present study agrees with Cabrini’s study who 
attributed the high total radical trapping antioxidant parameters in sunflower oil to the very high amount of α-tocopherol in the oil [21]. 
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Moreover, supplementation of the frying oil with vitamin E was found to increase the stability of the oil under prooxidant conditions 
and its intake increases the in vivo protection against lipid peroxidation [22]. So, in terms of thermal stability during frying, the overall 
results showed an improved behaviour and quality of the treated oils (mixed with antioxidant) than of the pure oils [23].

So, it must be taken into account that the evaluation of the frying performance of oil is a complicated task suggesting that more than 
one parameter should be measured to follow changes that take place in the oil. Clearly the fatty acid composition of the oil is not the only 
factor determining the frying stability of oil. The presence of minor components such as tocopherols in the oil as well as processing ef-
fects (temperature, addition of citric acid) and the frying practices used (addition of antifoaming agent, replenishing of the oil) all play an 
important role in influencing the stability of an oil [24]. During frying, changes take place in oil due to thermal degradation, oxidation, and 
hydrolysis. The rate of decomposition depends on the composition of the oil, the temperature and period of frying, whether continuous or 
intermittent frying is used, the type of food fried, and whether or not fresh oil is added to replenish the frying oil [25,26].

Conclusion

Assessing the effect of heating on oils by measurement of the TBARS content in the studied oils, revealed that the deteriorative effect 
of heat increases by increasing the duration of oil use (e.g. TBARS content of oils heated for 1 hour was more than that in oils heated for 
1/2 hour and much more than that in oils heated for 1/4 hour). Moreover, the repetition of heating was much more destructive than the 
continuous use of the oil (e.g. TBARS content of oils used for one hour frying session was less TBARS content of oils used for two ses-
sions; each 1/2 hour and was much less than TBARS content of oils used for four sessions; each 1/4 hour). It was shown also that heating 
increases the TBARS content in the cottonseed oil more than the mixed oil and the sunflower oil. So, it is concluded that frying is better 
avoided (especially for long periods) and repeated use of the oil for frying must be avoided even with short periods of use because re-
peated heating of the oil produced much more TBARS than the continuous heating. 
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