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ABSTRACT 

In this study, sesame seed was firstly roasted at 216.8°C for 19.3 minutes and its oil was 

then extracted. Commercial Frying Oil (CFO) was blended by 10, 20, and 30% Roasted 

Sesame Oil (RSO) and used in deep-fat frying to prepare potato chips. The process was 

performed daily at 180oC for 1 hour, in five consecutive days. Frying performance of the 

oils was evaluated by the measurement of parameters such as peroxide value, Oxidative 

Stability Index (OSI), Total Polar Compounds (TPC) and fatty acids profile. The results 

showed that roasting had a great positive influence on phenolic compounds content (21 

times) and oxidative stability (3.6 times) of sesame oil. During frying, the level of TPC 

increased significantly as an increasing rate of 27, 22, 21, 23.2, and 29% was obtained for 

RSO-10%, RSO-20%, RSO-30%, CFO-Tert-ButylHydroQuinone (TBHQ), and CFO, 

respectively. The OSI significantly decreased and, in the fifth day of frying, CFO-TBHQ 

had the highest OSI of 10.6 hours followed by RSO-30% (8 hours). By increment in RSO 

concentration, the antioxidant capacity of frying oils was elevated, although commercial 

frying oil containing TBHQ exhibited higher activity than RSO-30%.  
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INTRODUCTION 

Frying is one of the oldest processes to 

prepare foods such as meat, fish, and 

vegetables (Velasco et al., 2009). During 

frying, foods absorb an appreciable amount 

of the oil (up to 40% of fried food), so the 

frying oil quality is a major factor in quality 

and nutritional value of fried products 

(Houhoula and Oreopoulou, 2004; 

Mallikarjunan et al., 2010). Since frying is 

usually conducted at high temperatures (180-

200 
o
C), both oil oxidation and hydrolysis 

could take place during the frying operation 

(Stier, 2001). Usually, tocopherols present in 

the vegetable oils are sufficient to protect 

them against oxidation at environmental 

temperature. However, at high temperature of 

deep-fat frying, antioxidants with high 

efficiency are required to delay oil 

degradation. Therefore, synthetic antioxidants 

such as Butylated HydroxyAnisole (BHA), 

Butylated HydroxyToluene (BHT) and Tert-

ButylHydroQuinone (TBHQ) are commonly 

used in commercial frying oils (Awashti, 

2000). Recent studies have shown that these 

compounds might have several adverse 

effects on human health and cause some 

diseases like cancer (Barlow, 1990). Thus, 

finding a novel natural alternative antioxidant 

could be important to deal with the problem 

(Shahidi, 1997). Salih AL-Janabi et al. (2013) 

introduced squeezed grapes residue as a 

natural antioxidant in frying oil. They 

observed that the antioxidant activity of 

grapes pomace was similar to BHT. It is also 

reported that eggplant peel extract play a key 
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role in enhancement of the oxidative stability 

of sunflower oil during deep-fat frying 

(Basuny et al., 2013). Moreover, Jaswir et al. 

(2000) found that rosemary and sage 

oleoresins could be effective antioxidants 

protecting refined bleached deodorized palm 

olein against oxidative deterioration during 

frying. 

Sesame seed (Sesamum indicum L.) is one 

of the main oil seeds and contains more than 

40% oil. Sesame oil requires little or no 

winterization and can be used directly 

without refining (Fukuda et al., 1986). Some 

health beneficial functions such as decreasing 

blood lipids and arachidonic acid level, 

estrogenic activity, providing anti-

inflammatory functions, exhibiting 

antimutagenic activity, increasing antioxidant 

ability and γ-tocopherol bioavailability are 

reported for sesame oil (Wu, 2007; Fukuda et 

al., 1986). High oxidative stability of sesame 

oil compared with other vegetable oils is due 

to the large quantity of endogenous 

antioxidants (Yoshida and Takagi, 1997). 

Sesame oil could be used in either food or 

cosmetic products due to its high oxidative 

stability and other favorable properties 

(Borchani et al., 2010). It is demonstrated 

that the antioxidant activity of both roasted 

and unroasted sesame oils were remarkably 

higher than other common vegetable oils 

(Hemalatha and Ghafoorunisa, 2007). A rapid 

increase in oxidation rate was shown in 

soybean and rapeseed oils while both roasted 

and unroasted sesame oils were very stable 

during storage in an open dish at 60°C 

(Fukuda and Namiki, 1988). Before oil 

extraction, seed roasting improves sesame oil 

yield and quality (Akinoso et al., 2010). 

Roasted sesame oil is more stable to 

oxidation than unroasted type because of 

increment in concentration of lignans 

compound (Kim, 2000, Hassanein, 2010). 

Extremely high oxidative resistance of 

roasted sesame oil is associated with the 

presence of lignans such as sesamolin and 

sesamin, sesamol, tocopherols and Maillard 

reaction products (Lee et al., 2010).  

The objectives of the present study were: 

(1) To evaluate the effect of roasting process 

on sesame oil characteristics; (2) To apply 

Roasted Sesame Oil (RSO) as a source of 

natural antioxidants at different 

concentrations into commercial frying oil to 

conduct a five-day intermittent frying, and (3) 

To evaluate the effect of frying cycles on the 

chemical (free fatty acid content, peroxide, 

anisidine, totox and conjugated diene values, 

oxidative stability, fatty acids composition 

and Total Polar Compounds (TPC) content, 

and phenolic compounds content ) and 

physical (color) properties of RSO-enriched 

frying oil during the process. 

MATERIALS AND METHODS 

Materials 

Brown sesame seeds (Sesamum indicum, 

L.) were purchased from local market. 

Commercial frying oil (consisting of 50% 

sunflower oil and 50% palm olein) without 

any antioxidant was supplied from Nahangol 

vegetable oil factory (Brujen, Iran). A 

variety of potato, Agria, was prepared from 

Garmabad (Isfahan, Iran). All solvents and 

chemicals used were of analytical grade and 

obtained from Merck Company (Darmstadt, 

Germany). 

Preparation of Roasted Sesame Oil 

Sesame seed was firstly cleaned, washed 

and dried at room temperature. The seeds 

were roasted at 216.8°C for 19.3 minutes 

using Binder
® 

heating oven (model FD 115, 

600×480×410 mm, Germany) with free air 

circulation. The roasting condition was 

obtained in pretests considering the color 

and stability of roasted sesame oil, as 

responses, using Response Surface 

Methodology (RSM) (Borjian et al., 2015). 

The roasted sesame seeds were finally 

pressed using Oil-Love instrument (model 

SE-6, Korea) to obtain Roasted Sesame Oil 

(RSO). To remove fine particles, the oil was 

finally centrifuged (model Nuve, NF2000, 

Turkey) at 4,500 rpm for 10 minutes.  
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Frying Oils Formulation 

Roasted Sesame Oil (RSO) was blended 

into commercial frying oil (without any 

added natural or synthetic antioxidant) at 

concentrations of 10, 20 and 30% (w/w). 

One sample of commercial frying oil 

containing only 70 ppm TBHQ was also 

used as commercial frying oil. The control 

sample was the frying oil. 

Preparation of Potato Slices and Frying 

Condition 

In order to prepare slices, potatoes were 

washed, peeled, and sliced. The blanching of 

the slices was performed in hot water at 

85°C for 3.5 minutes. They were then dried 

to moisture content of 60% at room 

temperature and normal air flow. Each oil 

sample, about 1.5 L, was placed in a deep 

rotary fryer with 1.5 L capacity. The batches 

of potato slices (30 g) were put into the hot 

oil (175±5°C) and fried for 3 minutes. Total 

time of frying process for each oil sample 

was one hour a day for ten batches. In 

purpose of reusing the oil next day, it was 

collected, cooled and stored in a dark and 

cool place. The procedure was continued for 

five sequential days and oil sampling was 

carried out in all five days of frying. Right 

after sampling, the oil was frozen and stored 

under a nitrogen atmosphere at -18°C to 

prevent changes in its chemical composition.  

Chemical and Physical Analysis of RSO 

and Frying Oils 

The methods described by American Oil 

Chemists’ Society (AOCS, 2004) were used 

for determination of the peroxide value (Cd 

8-53), free fatty acids content (Cd 3d-63), 

anisidine value (Cd 18-90), Oxidative 

Stability Index (OSI) (Cd12b-92) and diene 

conjugates content (Ch 5-91). Total polar 

compounds were determined using the 

method developed by Schulte (Schulte, 

2004). Oil color in terms of Hunter Lab 

values (L*, a*, b*) was determined using 

Lovibond
® 

Tintrometer (Model PFXi-995, 

UK). Total phenolic compounds content was 

measured using Folin-Ciocalteau reagent as 

described by Capannesi et al. (2000). A 

calibration curve was constructed using 

methanolic solutions containing gallic acid 

at concentrations between 0.04 and 0.7 mg 

mL
-1

 (y= 0.0011x+0.1494).  

Fatty Acids Profile 

Fatty acids profile was determined using 

gas chromatography (Youngling Acme 6000 

series, Korea). The fatty acid methylation 

was carried out according to the AOAC 

method (969/33). Fatty acid methyl esters 

were separated on a CPSIL 88 (50 m×0.25 

mm×0.2 µm) capillary column fitted with 

Flame Ionization Detector (FID) according 

to the AOCS method (Ce 1e- 91). The 

carrier gas, Helium, was used at a flow rate 

of 0.8 mL min
-1

. Column temperature was 

fixed at 175°C. Detector and injector 

temperatures, injection volume and split 

ratio were 260°C, 250°C, 1 µL and 1:100, 

respectively. 

Statistical Analysis 

All determinations were accomplished in 

duplicate and data were subjected to 

Analysis Of Variance (ANOVA) using SAS 

software (version 9.1.3). The Least 

Significant Difference (LSD) was performed 

to evaluate means at significance level of 

95%. 

RESULTS AND DISCUSSION 

Roasting Effect on Sesame Oil 

Characteristics 

Roasting process affected chemical and 

physical properties of sesame oil. As shown in 

Table 1, Free Fatty Acid (FFA) percentage 

increased significantly after roasting process. 
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Table 1. Chemical and physical properties of crude and roasted sesame oil.
a
 

 Sesame oil Roasted sesame oil 

Free fatty acid ( % as oleic acid) 

Peroxide value (meq O2/kg oil)  

0.10±0.00
a
 

0.16±0.00
b
 

0.13±0.00
b
 

0.19±0.02
a
 

Color value L* 87.76±0.91
a 

39.96±0.07
b
 

Color value a* -6.51±0.19
b
 24.86±0.02

a
 

Color value b* 20.61±0.13
b 

28.94±0.20
a 

Phenolic compounds  

(%, As gallic acid equivalent)  

0.035±0.00
b 

0.73±0.00
a
 

Total polar compounds (%) 7±0.00
b 

12±0.00
a 

Oxidative stability index at 110°C (h) 10.03±0.07
b 

36.28±0.19
a 

a
 Means within a row with different letters are significantly different (P< 0.05). 

 

However, FFA content was lower than the 

minimum acceptable value of 0.21% 

recommended for sesame oil by the Codex 

Alimentarius Commission (Abayeh et al., 

1998). Abou-ghariba et al. (2000) found that 

FFA was significantly increased in sesame 

seed oil with roasting process. The increase in 

FFA of the oil might be attributed to thermal 

decomposition of TriAcylGlycerol (TAG). 

During roasting, Peroxide Value (PV) was also 

insignificantly increased because of high 

temperature of the process. It was observed 

that PV increased slightly from 0.16 to 0.19 

meq O2/kg oil, which might be because the 

lipid oxidation occurred throughout roasting 

(Table 1).  

L
*
 value of oil color significantly decreased 

while a
*
 and b

*
 values increased over roasting 

(Table 1). This means that roasting process 

caused an increase in the dark, red, and yellow 

units of oil color. This can be due to the 

browning reactions (such as Maillard reaction 

and caramelization), oxidation, phospholipids 

degradation, polymerization and other 

chemical changes occurring at the high 

temperature of the process (Manzocco et al., 

2000). Some products originating from 

TriAcylGlycerol (TAG) oxidation are polar 

compounds. Moreover, the products of 

browning reactions, which would accelerate at 

temperatures above 180
o
C, are also kind of 

polar compounds (Lee et al., 2004). This 

might be the reason that polar compounds 

increased from 7% in sesame oil to 12% in 

roasted type during roasting (Table 1).  

After roasting process, total phenolic 

compounds of sesame oil were considerably 

increased 20.8 times (Table 1). In plants, 

phenolic compounds are naturally present in 

bound form and roasting at high temperature 

could lead to cleave and release of phenolic 

compounds (Jeong et al., 2004). Farhoosh et 

al. (2013) found that sesame oil had the 

highest content of total tocopherols and 

phenolic compounds among three 

antioxidative oils; sesame seed, rice bran, and 

bene hull oils. Jannat et al. (2010) observed an 

increase of 82% in phenolic content of sesame 

seed after roasting process. It is reported that 

sesamol, a potent phenolic antioxidant, 

increased over roasting process (Yoshida and 

Takagi, 1997). In fact, total phenolic 

compounds content in seed oils is an important 

factor because this parameter is well correlated 

with oil shelf-life and particularly its resistance 

to oxidation (Cheikh-Rouhou et al., 2006). As 

expected, roasting resulted in a marked 

increase (about 3.6 folds) in oil stability and 

the OSI was elevated from 10 hours in sesame 

oil to 36 hours in RSO (Table 1). Kim (2000) 

has reported that roasted sesame oil had 

greater storage stability than unroasted ones. 

The relatively high oxidation stability of RSO 

may have resulted from increment in total 

phenolic compounds content and the 

production of antioxidants like sesamol and 

sesaminol and other compounds such as 

sesamin and sesamolin over roasting process. 

A study showed that sesamol greatly 

prevented thermal decomposition of methyl 

linoleate (Lee and Choe, 2008). It is also 

reported that seed roasting affected total 
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Table 2. Changes in peroxide, anisidine and Totox values of different oil blends during frying.
a
 

 Day CFO b CFO+10%RSO c CFO+20%RSO d CFO+30%RSO e CFO+TBHQ f 

PV 

(meq 

O2/kg
 

oil)  

0 0.00±0.00
Fd 

0.18±0.00
Ec 

0.24±0.03
Fb 

0.42±0.01
Ea 

0.00±0.00
Dd 

1 5.43±0.29
Aa 

4.36±0.10
Bb 

2.56±0.05
Ac 

1.74±0.03
Cd

 2.78±0.03
Bc 

2 4.12±0.03
Bb 

4.69±0.02
Aa 

2.4±0.01
Bd 

2.04±0.01
Be

 3.21±0.04
Ac 

3 2.65±0.06
Db 

4.40±0.03
Ba

 2.04±0.04
Cc 

2.71±0.15
Ab

 2.69±0.02
Bb 

4 3.58±0.03
Cb 

3.73±0.02
Ca 

0.77±0.02
Ee 

1.11±0.08
Dd

 2.37±0.07
Cc 

5 2.13±0.17
Ea 

2.36±0.04
Da 

1.03±0.08
Db 

0.99±0.04
Db

 2.10±0.27
Ca 

AV
 g

 

 

0 10.28±0.32
Fc 

10.85±0.09
Fb 

11.00±0.14
Fb

 11.97±0.14
Fa 

10.17±0.08
Fc 

1 16.82±0.08
Eb 

19.46±0.81
Ea 

16.87±0.98
Eb

 16.26±0.13
Eb 

12.26±0.24
Ec 

2 23.32±0.03
Dc 

28.84±0.57
Da 

24.36±0.24
Db 

21.76±0.45
Dd 

16.26±0.15
De 

3 28.31±0.32
Cc 

38.56±0.14
Ca

 29.21±0.16
Cb 

28.24±0.43
Cc 

20.44±0.02
Cd 

   4      35.05±0.60
Bb 

46.08±0.40
Ba

 34.28±0.74
Bbc 

33.39±0.29
Bc

 25.96±0.34
Bd 

5 40.83±0.02
Ab 

52.21±0.09
Aa

 38.72±0.31
Ac 

38.47±0.15
Ac 

31.09±0.05
Ad 

Totox 0 10.28±0.32
Fc 

11.21±0.09
Fb

 11.49±0.07
Fb 

12.81±0.17
Fa

 10.17±0.08
Fc 

1 27.68±0.67
Ea 

28.19±0.60
Ea 

21.99±0.87
Eb 

19.75±0.06
Ec

 17.83±0.28
Ed 

   2 31.57±0.10
Db 

38.23±0.53
Da 

29.16±0.26
Dc 

25.94±0.62
Dd

 22.68±0.07
De 

3 33.62±0.45
Cb 

47.38±0.04
Ca 

33.30±0.07
Cb 

33.66±0.12
Cb

 25.83±0.07
Cc 

4 42.22±0.67
Bb 

53.54±0.34
Ba 

35.83±0.70
Bc 

35.61±0.46
Bc

 30.70±0.48
Bd 

5 45.10±0.32
Ab 

56.93±0.01
Aa 

40.78±0.14
Ac 

40.45±0.24
Ac

 35.30±0.49
Ad 

a
 A-F: Means within a column with different letters are significantly different (P< 0.05). a-f: Means within a 

row with different letters are significantly different (P<0.05). 
b
 Commercial Frying Oil; 

c
 Commercial Frying 

Oil+10% roasted sesame oil; 
d
 Commercial Frying Oil+20% roasted sesame oil; 

e
 Commercial Frying 

Oil+30% roasted sesame oil; 
f
 Commercial Frying Oil+Tert-ButylHydroQuinone, 

g
 p-Anisidine Value. 

phenolic levels of sesame oil as well as 

almond oil. The changes in TPC led to the 

changes in antioxidant activities of seed oils 

(Lin et al., 2016). 

Frying Performance of the Oils with 

RSO 

Free Fatty Acids Content 

Figure 1 shows FFA percentage in the 

blends during five-day frying. FFA index, as 

an indicator of oil quality, can lead to 

unpleasant taste and flavor in oils and fried 

products. However, it is not a reliable 

parameter for evaluation of frying oil 

degradation, because FFAs formed due to oil 

hydrolysis could be volatilized and converted 

to other decomposition products (Manzocco et 

al., 2001). FFA content in fresh oils ranged 

from 0.04-0.14% as the control and RSO-30% 

frying oils had the lowest and highest level of 

FFA, respectively. Since RSO contained 

0.13% FFA, by increment in RSO content, the 

FFA percentage of fresh frying oils has been 

also increased. The FFA content of the blends 

increased gradually over 5 days of frying (P< 

0.05). Hydrolysis, the major chemical reaction 

during deep frying, occurs when food is fried 

in hot oil. In the presence of food moisture, as 

steam or water, triglycerides are hydrolyzed to 

FFA, monoglycerols, diglycerols and glycerol 

(Abou-ghariba et al., 2000). 

Peroxide, Anisidine and Totox Values 

Table 2 represents peroxide, anisidine and 

totox values of the oil blends over frying 

days. Hydroperoxides, the primary products 

of lipid oxidation, are unstable compounds 

formed from fatty acids throughout oil 

oxidation. In all oil samples, the peroxide 
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Figure 1. Free fatty acids content of frying oils during five consecutive frying days. CFO; 

CFO+10%RSO; CFO+20%RSO; CFO+30%RSO, and CFO+TBHQ are defined in the text and 

under Table 2.  

 
value was increased during the first two days 

of frying and then decreased over third and 

fourth day of frying. An initial sharp 

increase in PVs was observed in which the 

highest and lowest values belonged to the 

control (5.34) and RSO-30% (2.04 meq 

O2/kg) samples, respectively (P< 0.05). 

During frying, a fluctuation in peroxide 

value of the blends was observed which can 

be due to the fact that hydroperoxides are 

unstable under frying temperature and 

decompose while they are formed due to oil 

oxidation (Debnath et al., 2012). 

Therefore, complementary Anisidine 

Value (AV) measurement was also 

conducted to determine the amount of 

aldehydic secondary oxidation products, 

which can be used as marker to determine 

the degree of hydroperoxides degradation. 

AV was increased significantly (P< 0.05) in 

all oil samples over frying. At the end of the 

process, the sample containing 10% roasted 

sesame oil showed the highest value of AV, 

whereas the lowest value belonged to 

commercial sample containing synthetic 

antioxidant. Since the measurement of 

primary and secondary oxidation products is 

not alone reliable, totox value (2 PV+AV) 

was used to show both post and future 

degradation profile of each sample. The 

lower the totox value, the better the oil 

quality (Kim, 2000). The totox value was 

increased significantly in all oil samples 

during five-day frying. The commercial 

sample showed the lowest and the sample 

containing 10% had the highest totox value 

at fifth day of frying. At the final day, totox 

value of CFO, RSO-10%, RSO-20%, RSO-

30% and CFO-TBHQ reached 45.10, 56.93, 

40.78, 40.45, and 35.30, respectively. The 

results showed that TBHQ, a strong 

synthetic antioxidant, was the most effective 

additive to reduce oil oxidation. Totox value 

was decreased with increase in RSO 

percentage, implying that RSO has an 

antioxidant activity and protective effect 

against hydroperoxides formation and 

decomposition. The control sample showed 

lower value than that of the oil containing 

10% RSO, while the blends containing 20 

and 30% RSO possessed higher oxidative 

stability than that of the control sample 

(Table2). 

Conjugated Diene Value (CDV) 

The changes in CDV of oil blends over 

frying are shown in Figure 2. During oil 

oxidation, reaction of non-conjugated double 
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Figure 2. Changes in conjugated dienes content (K232) of frying oils during five consecutive 

frying days. CFO; CFO+10%RSO; CFO+20%RSO; CFO+30%RSO, and CFO+TBHQ are defined 

in the text and under Table 2.  

 

bonds of linoleic acid with oxygen produces 

more resistant conjugated ones which can be 

used to measure oil oxidation (Koh et al., 

2011). In fresh oils, by increase in content of 

RSO, the CDV was increased, which might 

be due to the presence of conjugated dienes 

in RSO resulting from roasting process. All 

samples showed a significant increase in 

CDV during five-day frying. Although the 

sample with TBHQ had the lowest value 

(5.16%) at the end of the process, RSO-30% 

exhibited the lowest increment rate (47.4%). 

Jeong et al. (2004) indicated that the use of 

sesame lignans, as natural antioxidants, led 

to a reduction in production of conjugated 

dienes. Lee et al. (2010) also showed that 

sesamol, abundant in roasted sesame oil, had 

an antioxidant capacity similar to TBHQ and 

reduced CDV in sesame pressed oil and lard. 

Total Polar Compounds (TPC) Content 

Once oil is exposed to frying condition, 

polar compounds such as short chain fatty 

acids, aldehydes and ketones are produced. 

Thus, the measurement of TPC is the most 

important and reliable test for evaluating oil 

degradation. Many European countries have 

established that the level of 25-27% TPC is 

the threshold point for discarding heated 

cooking oil (Koh et al., 2011). Figure 3 

shows the percentage of polar compounds in 

the frying oils over the process. Since RSO 

contained 12% TPC (Table 1), it was 

observed that by increment in RSO content, 

TPC level of fresh frying oils has been also 

increased (P< 0.05). TPC level increased 

significantly throughout the five consecutive 

days of frying. In the last day, the range of 

TPC level was 10.5-11.5 and an increase 

rate of 27, 22, 21, 23.2, and 29% was 

obtained for RSO-10%, RSO-20%, RSO-

30%, CFO-TBHQ, and CFO, respectively.  

Color 

Table 3 shows the color changes of the oil 

samples during five-day frying. Frying oil 

color has been usually used as a tool to 

evaluate the oil quality; however, it has not 

been found to be an effective index for oil 

discard. As previously discussed, roasting 

process made sesame oil to be darker in 

color. Therefore, addition of RSO in fresh 

blends caused a marked decrease in L
*
 and 

increase in a
*
 and b

*
 values, as RSO-30% 

had the lowest L
*
 (68.5) and highest a* (5.4) 

and b* (41.6) values. Over frying, all 
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Figure 3. Changes in total polar compounds content of frying oils during five consecutive frying days. 

CFO; CFO+10%RSO; CFO+20%RSO; CFO+30%RSO, and CFO+TBHQ are defined in the text and 

under Table 2.  

Table 3. Color changes of the frying oils over five consecutive frying days.
a
 

Color 

values 

Day CFO b CFO+10%RSO c CFO+20%RSO d CFO+30%RSO e CFO+TBHQ f 

L* 0 91.83 ±0.05
bA

 82.66 ±0.11
cA

 75.24 ±0.03
dA

 68.59 ±0.08
eA

 92.51 ±0.04
aA

 

1 91.51 ±0.18
aAB

 80.68 ±0.71
bB

 72.53 ±0.32
cB

 62.84 ±0.03
dB

 91.71 ±0.08
aB

 

3 91.01 ±0.04
aB

 79.68 ±0.56
bC

 71.91 ±0.10
cC

 62.44 ±0.29
dB

 91.26 ±0.10
aB

 

5 90.31 ±0.02
aC

 77.53 ±0.54
bD

 69.38 ±0.03
cD

 60..96 ±0.12
dC

 90.25 ±0.05
aC

 

a* 0 -9.90 ±0.01
dD

 -6.21 ±0.02
cD

 -0.36 ±0.01
bD

 5.40 ±0.02
aD

 -9.92 ±0.03
dD

 

1 -9.47 ±0.05
dC

 -5.08 ±0.13
cC

 1.85 ±0.07
bC

 8.79 ±0.02
aC

 -9.59 ±0.03
eC

 

3 -9.02 ±0.02
dB

 -4.70 ±0.02
cB

 2.03 ±0.03
bB

 9.47 ±0.01
aB

 -9.19 ±0.03
eB

 

5 -8.72 ±0.01
dA

 -3.91 ±0.05
cA

 3.16 ±0.02
bA

 10.44 ±0.03
aA

 -8.92 ±0.06
eA

 

b* 0 19.81 ±0.01
dD

 33.72 ±0.02
cD

 41.14 ±0.01
bA

 41.67 ±0.03
aA

 19.82 ±0.23
dD

 

1 22.38 ±0.01
dC

 35.98 ±0.33
cC

 40.60 ±0.33
aB

 39.42 ±0.45
bB

 21.96 ±0.02
eC

 

3 24.36 ±0.01
dB

 36.57 ±0.02
cB

 40.66 ±0.16
aB

 39.01 ±0.03
bC

 22.37 ±0.01
eB

 

5 24.90 ±0.01
dA

 37.01 ±0.37
cA

 39.82 ±0.02
aC

 38.44 ±0.16
bD

 24.25 ±0.03
eA

 

a
 A-D: Means within a column with different letters are significantly different (P< 0.05). a-e: Means within a 

row with different letters are significantly different (P<0.05). 
b
 Commercial Frying Oil; 

c
 Commercial Frying 

Oil+10% roasted sesame oil; 
d
 Commercial Frying Oil+20% roasted sesame oil; 

e
 Commercial Frying Oil+30% 

roasted sesame oil; 
f
 Commercial Frying Oil+Tert-ButylHydroQuinone,. 

samples experienced a decrease in Lightness 

index (L
*
) while an increase in the redness 

index (a
*
) was observed. Darkening might 

be due to the solubilization of unsaturated 

carbonyl compounds or non-polar 

compounds from foodstuff into the oil. Also, 

changing the oil color to red (increase in a* 

value) can be loosely correlated to combined 

oxidized fatty acids and pyrolytic 

condensation products which were created 

during frying condition (Stier, 2001; Lalas, 

2008). The b* value for the samples of the 

control, commercial, and RSO-10% 

increased during frying, whereas it 

decreased for the samples containing 20 and 

30% RSO. Oil yellowness is usually 

attributed to combined hydroperoxides and 

aldehydes and can increase with progress in 

oil oxidation (Lalas, 2008). It seems that 

addition of RSO-20% and RSO-30% could 
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Figure 4. Changes in oxidative stability index (OSI) of frying oils during five consecutive 

frying days. CFO; CFO+10%RSO; CFO+20%RSO; CFO+30%RSO, and CFO+TBHQ are defined 

in the text and under Table 2. 

 

prevent oil oxidation and led to lower b* 

value of oil color compared to other 

treatments. 

Oil Stability Index  

Figure 4 shows the changes in OSI of oil 

samples over five-day frying. Before frying, 

the blends with higher content of RSO 

showed higher stability, although the oil 

containing TBHQ had the highest stability 

of 19.3 hours (two times higher than that of 

the control sample). In all samples, OSI 

significantly decreased during frying. 

Although the commercial oil with TBHQ 

had the best oxidative stability in the fifth 

day of frying, the blends containing RSO 

represented lower reduction rate.  

Fatty Acid Composition 

Fatty acid composition of the oil affects its 

nutritional value and oxidative stability 

(Debnath et al., 2012). Table 4 shows the 

fatty acid composition in the blends over 

five days of frying. In the fresh control, the 

main fatty acids were oleic, linoleic, 

palmitic and stearic acids, respectively. By 

higher content of RSO, the fresh blends 

showed a decrease in C16, but a slight 

increase in C18:0, C18:1 and C18:2. Frying 

process led to reduction in linoleic and oleic 

acids content, but increased the amount of 

saturated fatty acids, probably because of 

unsaturated fatty acids oxidation, which 

occured in all samples. Frying usually 

results in changes in unsaturated fatty acids 

and slight increase in saturated types 

(Alireza et al., 2010). 

CONCLUSIONS 

In this work, the findings revealed that 

roasting process caused a remarkable 

increment in total phenolic compounds 

content of sesame oil and resulted in its 

higher oxidative stability. The addition of 

roasted sesame oil, as a natural source of 

antioxidants, to frying oil prolonged its heat 

stability and shelf life, although TBHQ, as a 

strong synthetic antioxidant, showed higher 

antioxidant capacity compared to RSO 

added at maximum concentration (30% 

w/w) to the oil. It is observed that heat 

stability of the oil containing RSO at 10% 

was lower than that of the control sample 

which might be due to the presence of 

higher amounts of CDV, hydroperoxides, 

and other undesirable compounds formed in 

RSO during roasting. However, further 

studies are necessary for application of 
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Table 4. Fatty acids profile of the frying oils during five consecutive frying days.
a
 

Fatty acids (%) 

Blends Day 16:0 18:0 18:1 18:2 

CFO
 b
 0 22.46±0.04

aC
 4.36±0.00

cB
 35.37±0.03

dA
 35.00±0.00

cA
 

1 22.59±0.02
bC

 4.38±0.02
cB

 35.21±0.01
dB

 34.91±0.06
cA

 

3 23.17±0.06
aB

 4.41±0.02
cB

 35.17±0.04
cC

 34.84±0.01
cAB

 

5 23.61±0.04
bA

 4.55±0.02
dA

 35.05±0.07
dC

 34.34±0.04
bB

 

CFO+10%RSO
 c
 0 21.41±0.01

bC 
4.47±0.02

bB
 35.60±0.00

cA
 36.22±0.8

bA
 

1 21.47±0.03
cC

 4.50±0.01
bB

 35.02±0.02
eB

 35.68±0.03
bB

 

3 22.21±0.00
bB

 4.62±0.13
bA

 34.85±0.04
dC

 34.71±0.01
cC

 

5 22.45±0.12
cA

 4.65±0.04
cA

 34.81±0.04
eC

 34.69±0.01
bC

 

CFO+20%RSO
 d
 0 20.43±0.08

cC
 4.57±0.04

aB
 35.91±0.04

bA
 36.22±0.01

bA
 

 1 20.48±0.01
dABC

 4.59±0.04
aB

 35.55±0.04
bB

 36.02±0.02
bA

 

 3 20.51±0.01
cAB

 4.62±0.01
bB

 35.5±0.08
bB

 36.06±0.04
bA

 

 5 20.59±0.09
dA

 4.82±0.03
bA

 35.44±0.04
bC

 35.51±0.04
aB

 

CFO+30%RSO
 e
 0 19.00±0.07

dC
 4.58±0.01

aB
 36.58±0.01

aA
 37.18±0.03

aA
 

 1 19.08±0.05
eC

 4.63±0.02
aB

 36.51±0.01
aB

 37.11±0.06
aA

 

 3 19.27±0.03
dB

 4.90±0.02
aA

 36.28±0.05
aC

 36.67±0.00
aB

 

 5 20.46±0.02
cA

 4.93±0.01
aA

 35.81±0.01
aD

 35.74±0.04
aC

 

CFO+TBHQ 
 f
 0 22.51±0.06

aD
 4.46±0.05

bB
 35.37±0.00

dA
 34.39±0.04

dA
 

 1 22.76±0.05
aC

 4.49±0.01
bAB

 35.31±0.05
cB

 34.20±0.04
dAB

 

 3 23.22±0.00
aB

 4.56±0.05
bA

 35.20±0.03
cC

 33.89±0.01
dBC

 

 5 23.77±0.06
aA

 4.57±0.02
cdA

 35.14±0.05
cD

 33.60±0.04
cC

 

a
 A-D: Means within a column with different letters are significantly different (P< 0.05). a-e: 

Means within a row with different letters are significantly different (P<0.05). 
b
 Commercial Frying 

Oil; 
c
 Commercial Frying Oil+10% roasted sesame oil; 

d
 Commercial Frying Oil+20% roasted sesame 

oil; 
e
 Commercial Frying Oil+30% roasted sesame oil; 

f
 Commercial Frying Oil+Tert-

ButylHydroQuinone,  

roasted sesame oil to a frying medium. 
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 كردن سرخ طي در سرخ كردني روغن كيفي خواص برشته شده بر كنجد روغن اثر

  عميق

 م. برجيان بروجني، س. ا. ح. گلي، و م. قراچورلو

  چكيده

برشته شدند، سپس  C°8/216دقيقه در دماي  3/19در اين مطالعه ، ابتدا دانه هاي كنجد براي مدت زمان 

% با روغن سرخ كردني 30%،20%،10ه شده با نسبت هاي روغن آنها استخراج گرديد. روغن كنجد برشت

روز متوالي و هر روز  5تجاري مخلوط و در سرخ كردن عميق براي تهيه چيپس استفاده شد. اين فرايند براي 

انجام شد. كارايي سرخ كردن روغن ها با اندازه گيري پارامترهايي  C° 180به مدت يك ساعت در دماي 

اكسيداتيو، كل تركيبات قطبي و تركيب اسيدهاي چرب ارزيابي شد. نتايج نشان داد نظير پراكسيد، مقاومت 

برابر)  6/3برابر) و مقاومت اكسيداتيو ( 21كه برشته كردن تاثير بسزايي بر روي محتواي تركيبات فنوليك (

به ميزان مقدار كل تركيبات قطبي به صورت معني دار در طي سرخ كردن افزايش يافت و  روغن كنجد دارد.

درصد  30% و 20%، 10درصد به ترتيب براي روغن سرخ كردني تجاري حاوي  29%و %2/23، %21 ،%22، 27

روغن كنجد برشته شده، روغن سرخ كردني تجاري حاوي آنتي اكسيدان و روغن سرخ كردني تجاري به 

روز پنجم روغن  دست آمد. مقاومت اكسيداتيو به صورت معني دار در طي سرخ كردن كاهش يافت و در

حاوي  كردني تجاري سرخ ساعت) و پس از آن روغن 60/10سرخ كردني تجاري حاوي آنتي اكسيدان ( 

% روغن كنجد برشته شده بيشترين مقاومت اكسيداتيو را نشان دادند. از طرفي با افزايش ميزان روغن كنجد 30

افت. اگرچه روغن سرخ كردني تجاري برشته شده، ظرفيت آنتي اكسيداني روغن هاي سرخ كردني افزايش ي

 .% نشان داد30حاوي آنتي اكسيدان فعاليت بيشتري را نسبت به غلظت 
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