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Table 1- Fatty acid compositions of oils (%)

Fatty acids - _OiI type - - -
Sunflower oil Soybean oil Canola oil Frying oil
Total SFA 11.46+0.18 16.92+0.02 8.00+0.19 16.75+0.24
Palmitoleic  (C16:1) 0.09+0.02 0.14+0.04 0.20+0.03 0.17+0.01
Oleic (C18:1) 22.78+0.14 21.86+0.02 61.91+0.25 38.46+0.06
Gondoic (C20:1) 0.24+0.06 ND 3.63+0.31 0.69+0.02
Total MUFA 23.11+0.18 22.00+0.04 65.74+0.40 39.32+0.06
Linoleic (C18:2) 65.33+0.19 54.74+0.05 22.00+0.51 43.00+0.04
Linolenic (C18:3) 0.08+0.01 6.30+0.07 4.21+0.08 0.89+0.02
Total PUFA 65.41+0.19 61.04+0.08 26.21+0.51 43.89+0.04
Total USFA 88.52+0.26 83.04+0.09 91.95+0.65 83.21+0.07

1- Values represent the means of three replications £SD

2- Abbreviation: SFA, saturated fatty acid; MUFA, monounsaturated fatty acid;
PUFA, polyunsaturated fatty acid;USFA, unsaturated fatty acid.

(pASSLS 5 Jlad (5auss] (Y1 9 Sl olas) (R0l 2 0599 (b Alide glajlasd o waus] 3 sas palie -F Jgua
Table 2- Peroxide values in different samples during heating period (meqO2/kg)

Frying time (h)

Treatment
1 4 7 10
Sunflower oil 2.74+0.18A 5.15+0.195° 4.54+0.14% 7.29+0.28%
Soybean oil 2.76+0.17Ad 6.73+0.197° 6.05+0.074¢ 7.27+0.09%
Canola oil 1.65+0.068¢ 3.244+0.27°¢ 5.96+0.08B2 5.12+0.138P
Frying oil 1.66+0.1084 3.7240.25¢¢ 4.26+0.08"° 4.96+0.1782

1- Values represent the means of three replications £SD.

2- Means with different letters (A, B, C,...) within a column (oil type) indicate significant differences (P<0.05)
3- Means with different letters (a, b, c,...) within a row (frying time) indicate significant differences (P<0.05)
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Table 3- Anisidine values of different samples during heating period

Frying time (h)

Treatment
1 4 7 10
Sunflower oil 11.30+0.248d 17.87+0.994¢ 21.24+1.018° 27.56+0.7652
Soybean oil 13.26+0.704d 18.71+1.10%¢ 29.51+0.504° 32.22+0.594¢
Canola oil 8.06+0.88% 12.32+0.30¢ 17.51+0.73% 19.33+0.49P2
Frying oil 8.72+0.50¢ 16.21+0.72B° 17.17+0.32%° 22.53+1.28%

1- Values represent the means of three replications £SD.

2- Means with different letters (A, B, C,...) within a column (oil type) indicate significant differences (P<0.05)
3- Means with different letters (a, b, c,...) within a row (frying time) indicate significant differences (P<0.05)
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Table 4- Totox values of different samples during heating period

Frying time (h)

Treatment
1 4 7 10
Sunflower oil 16.78+0.208¢ 28.16+1.34B¢ 30.33+1.28B° 42.14+1.0182
Soybean oil 18.72+0.88A¢ 32.18+0.914¢ 41.060.37° 46.761048"2
Canola oil 11.37+0.89¢¢ 18.79+0.27P¢ 29.43+0.608° 29.57+0.33P2
Frying oil 12.04+0.70%¢ 23.65+1.20<° 25.69+0.48° 32.45+1.02¢

1- Values represent the means of three replications £SD.

2- Means with different letters (A, B, C,..) within a column (oil type) indicate significant differences (P<0.05)
3- Means with different letters (a, b, c,..) within a row (frying time) indicate significant differences (P<0.05)
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Table 5- Acrylamide contents in fried potatoes under different condition (ug/kg)

Oil heated in different times (h)

Treatment 1 2 = 0
Sunflower oil 71.80+1.55Ad 285.31+8.80Bc  692.03+5.25Bb 963.34+1.01Ba
Soybean oil 72.80+0.78Ad  301.98+10.53Ac  792.81+5.37Ab  1055.51+29.75Aa
Canola oil 57.40+1.39Cd 143.2745.58Dc ~ 320.40+4.64Cb  394.06+3.57Da
Frying oil 60.11+0.51Bd 190.82+1.24Cc  340.21+33.97Cb  464.99+12.28Ca

1- Values represent the means of three replications £SD.

2- Means with different letters (A, B, C,...) within a column (oil type) indicate significant differences (P<0.05)
3- Means with different letters (a, b, c,...) within a row (frying time) indicate significant differences (P<0.05)
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Figure 2- Totox and Acrylamide correlation after
heating for 4 h.
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Figure 4- Totox and Acrylamide correlation after
heating for 10 h
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Figure 1- Totox and Acrylamide correlation after
heating for 1 h.
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Introduction: Acrylamide, also known as acrylic amide and prop-2-enamide, is a white, odorless,
crystalline, water-soluble solid, with the chemical formula (CsHsNO) and relative molecular mass
of (71.08). Acrylamide is classified by the International Agency for Research on Cancer (IARC) as
a probable human carcinogen. Acrylamide is formed in some foods such as potato chips, French
fries, and toast due to heating. French fries are one of the most popular products in the world; their
texture characteristics and special taste are attractive to customers. The sensory attributes of French
fries depend both on the raw material and technological parameters used for French fries
production. A factor affecting the flavor and texture of French fries is the frying (temperature, time,
and type of frying oil). They are widely consumed among teenagers and young people in the
community, which makes this age group more exposed to the dangers of acrylamide. The major
pathway leading to acrylamide formation in foods is a part of the Maillard reaction with free amino
acid (Asparagine) and reducing sugars through the decarboxylation of the Schiff base in a Strecker-
type reaction. Although the formation of acrylamide in foods has its major routes through
asparagine and reducing sugars, several other formation routes are suggested via Acrolein and
ammonia. Oil is one of the most important components in the preparation of French fries due to its
heat transfer and effects on taste. Due to the use of oil at high temperatures for a long time, the
deteriorative chemical processes of hydrolysis, oxidation, and polymerization occur. Finally,
various compounds such as aldehydes, epoxides, hydroxy ketones, and decarboxylated compounds
are formed; these compounds can be reacting with amino acids. Therefore, these compounds may
react with the asparagine in potatoes and increase the concentration of acrylamide in fried potato
products.

Material and methods: 15 kg of Agria potatoes were prepared from the (SPI) Institute. Four kinds
of oil (Sunflower oil, frying oil, and canola oil) were purchased from a chain store and soybean oil
prepared from Korosh food industries. 1.5 liters of oil were poured into the fryer, the temperature
reached 180°C and, stabilized. After 1 hour, 200 g of sliced potatoes (2x2x2 cm) was poured into
the hot oil. Frying time was 5 min. Heated oil and fried potatoes were sampled for testing. The fryer
remained on at 180°C. After 3 hours, the second sample of raw potatoes was fried for 5 min. The
third and fourth samples were prepared 3 hours apart. GC-ECD method was used for acrylamide
measurement. 2 g of sample and 20 ml of distilled water were poured into the Falcon tube. Then 3
ml of Carrez I, Il solution was added to the solution and centrifuged at 5000 rpm. The water layer
was discarded. Then 2 ml of hexane was added. The solution was centrifuged again. The hexane
layer was discarded. 10 ml of the remaining solution was extracted with potassium bromide, bromic
acid, and bromine water and injected into the GC. The fatty acid profile test was performed by
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ISIRI 13126 2 & 4 methods. ISIRI 4093 was used as a method for Peroxide value measurement.
Anisidine and totox values are determined by methods defined in ISIRI 4093 was calculated by the
ISIRI 4093 method. Data were verified by ANOVA variance analysis.

Results and discussion: According to the obtained results, values of total monounsaturated fatty
acids are canola oil (%65.74), frying oil (%39.32), sunflower oil (%23.11), and soybean oil
(%22.00). Also total polyunsaturated fatty was determined 65.41, 61.04, 26.21 and 43.99% for
sunflower, soybean, canola and frying oils respectively. Oils containing polyunsaturated fatty acids
(PUFAS) have less resistant to oxidation than monounsaturated fatty acids (MUFAs). Oxidative
stability decreases with increasing number of double bonds. Accordingly, oleic acid has the highest
thermal stability among unsaturated fatty acids, followed by linoleic acid and the lowest stability of
linolenic acid. The results of peroxide, anisidine, and totox values determination showed that
changes in these factors are affected by time (P<0.05). At most heating times, the highest values of
peroxide were observed in soybean oil, and the lowest values were observed in frying oil (P<0.05).
In all treatments by increasing of heating time, the amounts of anisidine and totox values increased
significantly (P<0.05). The results of statistical analysis of different treatments indicated that in
most heating times, the highest levels of anisidine and totox values and the lowest values were
observed in soybean oil and canola oil respectively. Increased Peroxide value indicates that the
level of the primary lipid oxidation products increased, which resulted in the formation of
hydroperoxides. Peroxide and anisidine values indicate the rate of oxidation reactions at the
beginning and the end of the process. In fact, the totox values simultaneously measures the amount
of peroxides and their degraded products and provides a better estimate of the progress of oxidative
degradation of oils and fats. Based on the results obtained from calculate of the totox value, the
oxidation ratio of the studied oils was as follows: Soybean oil > Sunflower oil > Frying oil > Canola
oil. According to the results, by increasing of heating time, the amounts of acrylamide in all
treatments increased significantly (P<0.05). Therefore, the highest amounts of acrylamide were
obtained in soybean oil and the lowest values were observed in canola oil (P<0.05). The correlation
coefficient between totox value and acrylamide at different heating time was as follows: In the first
hour of heating (R? = 0.967), in the fourth hour of heating (R? = 0.95), after 7 hours (R? = 0.646)
and in the tenth hour of heating was equal (R? = 0.98), respectively. It shows that the levels of totox
and acrylamide had a high correlation with each other and in fact the values of totox had a direct
effect on the values of acrylamide.

Conclusion: The amounts of unsaturated fatty acids are effective in the oxidation of oils, and this
effect is mostly due to double bonds. Oxidation of oils produces primary oxidation
(hydroperoxides) that are degraded and secondary oxidation products such as aldehydes, ketones,
and other might be produced. Secondary oxidation products in oil might be converted to acrylamide
precursors in food without the presence of sugars, and by increasing the production of these
products, more acrylamide might be formed. The results of this study showed that there is a high
correlation between acrylamide in fried potato samples with the totox values in the oils. Therefore,
the type of oil and heating duration influenced on formation of acrylamide in French fries.
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