Effect of frying process of some vegetables on Physical and Chemical characteristics of Cottonseed and canola oils.
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Abstract
Canola and cottonseed oils were used in frying eggplant, potato and squash at 180 oC in the presence of air for a total period of 12 hours at 2 hours per day.  Changes in some physical and chemical characteristics as well as fatty acid composition were determined.  The results showed a gradual increase in peroxide value (P.V.) in all oil samples. Cottonseed oil showed a higher increase in P.V. than canola oil. Also, the T.B.A. value was increased gradually as frying time increased in all samples. The oil samples remaining after 12 hours of frying eggplant showed the highest increase in T.B.A. values than oil samples of potatoes and squash. 
The obtained results showed that a gradual increase in the acid value (A.V.), saponification value (S.V.), C10:0, C12:0, C14:0, C16:0, C18:0, TSFA and ratio of C18:2: C18:1 with increasing frying time. In contrast, a gradual decline was observed in the iodine value (I.V.), C16:1, C18:1, C20:1, C22:1, TMUFA, C18:2n-6, C18:3n-3, TPUFA, TUFA as well as ratio of TUFA: TSFA. Furthermore, oxidation tests (P.V. and TBA.) used in this study revealed that TBA is consider as more reliable indicator to determine the degree of oxidation in heated oils and measuring the frying fat deterioration . Finally, it was suggested that canola oil had adequate deep frying characteristics like cottonseed oil.
INTRODUCTION
Frying is still a popular cooking method in home and in many restaurants. Even with the emphasis on low fat diets, people are still found of fried foods because of their crispy texture and desirable fried food flavour. Oxidation, hydrolysis, polymerization and cracking are a various chemical reactions occur during the frying process. These reactions affected on the physical and chemical characteristics as well as changes in fatty acid composition of vegetable oils. During frying complex chemical and physical changes occur under these conditions, causing fat deterioration which may reach a point where the flavour, odor, colour, nutritional value and safety of the food may be affected (Edward, 1967; Smith, et al. 1986; Iskandar, 1991 and 1992). This work aims to investigate the changes of physical, chemical and fatty acid composition of canola and cottonseed oils during frying.
MATERIALS AND METHODS:
Oil and vegetable samples:-
         The two samples of some vegetable oils used in this study were cottonseed and canola oils. The cottonseed oil was obtained from Alexandria Oil & Soap Company, Alexandria – Egypt. Canola oil was purchased from the Food Science and Technology Center, Ministry of Agriculture, Giza – Egypt. All oil samples are of refined grade and engaged in the production of various fried products such as eggplant (Solanum melongena), squash (Cucurbita pepo) and potato (Solanum tuberosum). The vegetables used in this study were obtained from the Farm of Faculty of Agriculture, Sohag University.
Frying conditions: 

        Frying of eggplant, squash and potato was conducted in separate aluminum casseroles (20 cm in diameter, 15 cm in height, and 1.5 kg of oil in capacity). The process was performed intermittently two hours daily, for a total period of 12 hours at 180 oC.  Oil samples after each treatment were withdrawn and kept in brown glass bottles at – 10 oC for subsequent analysis. The temperature was controlled by using an ordinary thermometer. The vegetables used were peeled manually and cut into slices before frying. The colour of fried vegetables was used to indicate the end point of frying process (Weiss, 1970 and Iskander, 1992). The frying conditions used in this study are shown in Table (1).
	Kind of vegetable
	Frying conditions

	
	Temp. oC
	Time (Min.)

	Eggplant, slices

        (diameter 5 cm & thickness 0.5 cm)

Squash, slices 

        (diameter 5 cm & thickness 0.5 cm)

Potato, slices 

        (diameter 5 cm & thickness 0.5 cm)
	180

180

180
	4

4

4


Analytical methods:- 
Physical properties of investigated oils:

Viscosity and Refractive index (RI):

The viscosity of investigated vegetable oils was detected according to the Brookfiled method (Brookfield Viscometer, Brookfield Engineering Labs Inc. MA, USA) cited in AOCS Official method Ja 10-87(1998) and AOAC (2000). The refractive index (R.I.) was tested according to the method as cited in the AOCS Official method Cc-25 (1998). An automatic refractometer was used and the results were standardized at 25 Co for vegetable oils.


Chemical characteristics of investigated oils:
Acid value (AV), Iodine value (IV) and Saponification value (SV):
The acidity of the investigated samples was examined according to the method described in the AOCS official method Cd-3d-63 (1998) and was calculated in terms of free fatty acids percentage as oleic acid. The iodine value defined as a number of grams of iodine required to saturate 100 grams of the oil sample. It was determined by the Hanus methods as described as in the AOCS official method Cd 1-25 (1998). The saponification value was investigated as outlined in the AOCS official method Cd3-25 (1998). It was calculated as milligrams of KOH required to saponify one gram of oil sample.

Peroxide Value (PV) and Thiobarbituric acid (TBA):

This characteristic was tested according to the AOCS method Cd8-53 (1998) and AOAC (2000). The peroxide value was reported as milliequvalents of peroxide per kilogram sample. The TBA value was determined as outlined in the AOCS official method Cd 19-90 (1998). TBA value reported as mg malonaldehyde / kg sample. 
Fatty acids composition: 
Fatty acids of standard and samples were converted to methyl ester using etheral solution of diazo-methane. According to Vogel (1975) fatty acid were dissolved in 0.5 ml of anhydrous diethyl ether and methylated by drop wise addition of diazomethane solution until the yellow colour. The mixture was then left at room temperature for 15 min and the solvent was evaporated in a water bath maintained at 60 Co. The methyl ester of fatty acids, were dissolved in pure chloroform and an aliquots of this solution were subjected to GLC analysis. 
RESULTS AND DISCUSSION:-

Effect of frying on viscosity:-

Data presented in table (2) demonstrate the effect of frying time, kind of vegetable as well as type of oil on the viscosity of cottonseed oil and canola oil. It could be noticed that the viscosity increased of gradually as frying time the oil increased. The oxidation process and polymerization of canola oil was accompanied by viscosity increased (from 57 to 114.8 mPa.s), while cottonseed oil viscosity increased from 44.8 to 82 mPa.s.). On the other hand, it was observed that the viscosity of oil samples that remained after frying eggplant in cottonseed oil for 12 hour was higher (82.00 mPa.s.) than that of potatoes (74.00 mPa.s.) and squash (71.9 mPa.s.). In addition, it was noticed that potatoes slices were found to affect the viscosity of canola oil samples more markedly than other vegetables. Three variations may be attributed to differences in chemical composition of the studied vegetables as well as type of oil (Iskander, 1992). Results tn table (2) indicated also, that the rate of increase depending on the kind of vegetable used in frying as well as the type of oil. 
Effect of frying on Refractive Index (R.I.):-

Concerning the effect of frying on the R.I. the results presented in table (2) showed that the refractive index of the studied oil samples decreased gradually with increase in frying time. The rate of decreasing depends on the kind of vegetables used in frying as well as oil brand. The decrease in R.I. was attributed to the polymerization which could have occurred during heating at high temperature (Aziz, 19882, and Mohamed, 1988). Also, the chemical modification such as isomerization of unsaturated fatty acids from action of both heat and atmosphere oxygen on the present fatty acids and glycerides (Guillaumin, 1971).
Effect of frying on acid value  (A.V.):-

Acid value (A.V.) was used to assess frying oil degradation and is related to fried food quality (Fritch, 1981; Melton rt al., 1994). Acid value could be used as an indicator to show whether the hydrolysis process in control (Saguy, et al., 1996). High acid value is not accepted in any commercial product because of the strong off-flavor caused be the degradation products of the free fatty acids during frying (Melton, et al., 1994; Yaghmur, et al. 2001). 

Data presented in table (3) demonstrate the effect of frying time, kind of vegetable as well as type of oil on the A.V. of canola and cottonseed oils. It could be noticed that the A.V. increased gradually as frying time of the oil increased, the rate of increase depending on the kind of vegetable used as frying time of the oil increased, the rate of increase depending on the kind of vegetable used as well as type of oil. The gradual increase in AV could be attributed to the effect of heat treatment which can cause hydrolysis of triglycerides (Moharam and Osman, 1982; Iskander, et al. 1985b; Augustin, et al. 1988 and Rossel,  2001).
On the basis of acid value it can be observed from the results in table (3) that the eggplant slices were found to affect the acidity of oil samples more markedly than potato and squash samples. These variations may be attributed to the differences in the chemical composition of the studied vegetables and the accelerating effect of moisture content of vegetables on glycerids splitting and free fatty acid formation (Weiss, 1970; Swern; 1979 and Iskander, 1992).   

Generally, the results revealed that the acidity development confirm the finding of Fritsch (1981) and Iskander et al., (1985a) that lipolytic rancidity is not a major problem in fats and oils hence they reported that the amount of free fatty produced by hydrolysis during frying operation is too small to affect the quality of the food. The adverse effects are due to oxidation. Because the determination of F.F.A. by titration does not differentiate between acids formed by oxidation and those formed by hydrolysis, the increase in F.F.A. is a poor measure of frying of deterioration.  
Effect of frying on iodine value (I.V.) and saponification value (S.V.):-

Data given in table (3) illustrate the changes that took place in the degree of unsaturation, as shown by change in iodine value (I.V.), of canola and cottonseed oils used in frying eggplant, potatoes and squash. It could be noticed that the I.V. decreased gradually in all oil samples during frying. In contrast, the saponification value (S.V.) was increased in all oil samples as heating or frying time increased. The rate of change in S.V. (either decrease or increase) was affected by frying time, kind of vegetable and oil brand used in frying process. The increase in S.V. during frying could be attributed to the formation of fatty acids which differ in their degree of unsaturation or to the distribution of double bonds (Moharam and Osman, 1982; Iskander, et al. 1985b and Augustin, et al. 1988). In addition, results in table (3) also inidicated that the highest decrease in I.V. was observed in oil samples remaining after 12 hours of frying squash. On the other hand, the oil sample remaining after 12 hours of frying eggplant recorded the highest increase in the S.V. In contrast the oil sample remaining after frying squash showed the lowest increase in the S.V. This variation in either I.V. or S.V. may be due to the differences in frying process. The increase in S.V. during frying could be attributed to the formation of new fatty acids which have a lower molecular weight, usually due to presence of lower fatty acids (Williams, 1966; Moharram and Osman, 1982 and Ibrahaim, 2000).
Effect of frying on peroxide value (P.V.) and thiobarbituric acid value (TBA):-

Oxidative rancidity is the principal problem in fats and oils. Two determinations, peroxide value (as indicator of primary oxidation) and thiobarbituric acid ( as indicator of secondary oxidation) are employed in this study to determine the extent of autoxidation and thermal in canola and cottonseed oils caused by heating during frying eggplant, potatoes and squash. Data given in table (4) showed the changes that took place in peroxide value (P.V.) and thiobarbituric acid value (T.B.A.) of canola and cottonseed oils due to heating during frying some vegetables. Generally, it was noticed that P.V. increased gradually in all oil samples (either canola or cottonseed) due to frying at 180 oC. Further increase occurred in P.V. as heating or frying time proceeded till 10 hours then decreased. The rate of change in P.V. value (increase or decrease) depending on the kind of vegetable used in frying as well as the type of oil. The results obtained in table (4) clearly show a difference between the two studied oils. While cottonseed oil showed a rapid increase in P.V. from 9.40 to 16.20, 15.70 and 14.20 meq. peroxide/Kg after 12 hours of frying eggplant, potatoes and squash, respectively. For the canola oil, the results in the same table showed a slight increase in the P.V. value from 1.82 to 1.99, 2.10 and 1.89 meq. peroxide/Kg after 12 hours of frying eggplant, potatoes and squash, respectively. 

The gradual increase in the P.V. could be attributed to the accelerating effect at high temperature in the presence of oxygen on thermal oxidation and peroxide formation. Similar trend was reported by June (1981); Gunstone and Norris (1983); Lorusso et al., (1983); Iskander, (1991, and 1992); and Yaghmur et al., (2001). On the other hand, the decrease on P.V. can be explained on the basis that at high temperatures, the rate of decomposition of peroxides and hydroperoxides is higher than the rate of their formation (Moharram and Osman 1982; Iskander et al., 1985b; Iskander, 1992).
Concerning the aldehyde development as shown by the thiobarbituric acid (T.B.A.) which is considered as a more reliable indicator of oxidative rancidity (Jacobson, 1967 and Ganguli & Jain, 1973), the results presented in table (13) showed that the T.B.A. values varies with the kind of vegetable used in frying , the nature of oil undergoing the heat treatment and the frying period. Generally, it was noticed that the T.B.A. value increased gradually as heating or frying time increased in all samples. This increase in T.B.A. value due to increase in absorption at 532 nµ could reflect increases in shorter chain dienals and malonaldehydes which are not as pleasant in flavour (Jacobson, 1967).

On the other hand, the oil samples remaining after 12 hours of frying eggplant (table 13) showed the highest increase in T.B.A. values than oil samples of potatoes and squash. This variation may be due to the differences in chemical constitutes of vegetable samples used in frying. Iskander, (1992), obtained similar results. Results in table (13) also revealed that although the initial value of T.B.A. was lower in cottonseed oil samples (0.78 mg. malonaldehyde/Kg) than canola oil ones (1.42) it was noteworthy that the increase in T.B.A. value was higher in cottonseed oil than canola oil samples at the end period of frying. This variation might be due to the difference in glycerids structure, which depends on the oil source.
Effect of frying on fatty acid composition:-
Data given in tables (5) and (6) showed the change in fatty acid composition of cottonseed and canola oils due to heating at 180 oC during frying some vegetables for 6 and 12 hours. The results obtained revealed that heating caused a gradual increase in C10:0, C12:0, C14:0, C16:0, C16:1, C18:0 and TSFA with increasing frying time. In contrast, a gradual decline was observed in C18:1, C20:1, TMUFA, C18:2n-6, C18:3n-3, TPUFA, TUFA as well as ratios of TUFA: TSFA and C18:2: C18:1. Similar trend was reported by Lorusso et al., (1983); Leszkiewicz and Kasperek, (1988) and Iskander, (1992). The rate of either increase or decrease was dependent on the type of oil, frying time as well type of vegetable used in frying. The decrease in C18:2n-6, C18:3n-3 and TUFA could be attributed to the autoxidation and thermal oxidation, hence the change in the degree of unsaturation. These results are in accordance with those reported by Swern, (1979); Leszkiewicz and Kasperek, (1988) and Hui, (1996).
Table (2):  Changes in the refractive index (R.I.) and viscosity of canola and cottonseed oils during frying some vegetables at 180 oC. for 4 minutes. 
	Frying oils of different vegetables
	Frying Time 

(Hrs)

	Cottonseed oil
	Canola oil
	

	SQ.
	PO.
	EG.
	SQ.*
	PO.*
	EG.*
	

	R.I.
	Viscosity
	R.I.
	Viscosity
	R.I.
	Viscosity
	R.I.
	Viscosity
	R.I.
	Viscosity
	R.I.***
	Viscosity**
	0.00

2.00

4.00

6.00

8.00

10.00

12.00

	1.4691

1.4690

1.4689

1.4684

1.4680

1.4680

1.4673
	44.8

56.0

67.1

69.0

70.8

68.2

71.9
	1.4691

1.4689

1.4687
1.4685

1.4682

1.4678

1.4676
	44.8

53.0

64.7

68.0

71.0

72.0

74.0
	1.4691

1.4690

1.4687

1.4683

1.4682

1.4680

1.4677
	44.8

57.3

61.1

65.0

69.0

74.1

82.0
	1.4685

1.4683

1.4681

1.4678

1.4675

1.4672

1.4666
	57.0

60.2

64.0

71.0

88.0

97.6

99.1
	1.4685

1.4682

1.4679

1.4676

1.4673

1.4669

1.4668
	57.0

58.9

68.0

86.0

93.0

107.7

114.8
	1.4685

1.4681

1.4680

1.4677

1.4675

1.4672

1.4667
	57.0

61.9

73.1

79.0

91.0

90.2

101.7
	


Where:

 * EG = Eggplant, PO = Potatoes, SQ = Squash.  

 ** Viscosity calculated as mPa.sec at 25 oC. 

 *** R.I.: Refractive Index, determined at 25 oC by Automatic Refractometer. 

Table (3):  Changes acid value (A.V.), Iodine value (I.V.) and saponification value (S.V.)  of canola and cottonseed oils during frying some vegetables at 180 oC. for 4 minutes. 
	Frying oils of different vegetables
	Frying Time

(Hrs)

	Cottonseed oil
	Canola oil
	

	SQ.
	PO.
	EG.
	SQ.*
	PO.*
	EG.*
	

	SV
	IV
	AV
	SV
	IV
	AV
	SV
	IV
	AV
	SV
	IV
	AV
	SV
	IV
	AV
	SV**
	IV**
	AV**
	0.00

2.00

4.00

6.00

8.00

10.00

12.00

	198.45

199.05

199.60

200.10

200.55

201.00

201.15
	103.00

99.00

97.00

95.10

94.00

93.70

92.50
	0.18

0.25

0.43

0.47

0.65

0.87

0.94


	198.45

198.75

199.50

199.80

200.25

200.75

201.20
	103.00

102.00

98.00

96.30

95.50

95.30

93.00
	0.18

0.21

0.41

0.52

0.68

0.91

1.04
	198.45

198.95

199.20

199.75

200.20

200.55

201.45
	103.00

101.00

99.20

97.70

96.00

95.80

94.10
	0.18

0.23

0.37

0.48

0.71

0.88

1.12
	191.80

192.00

192.80

194.00

195.00

195.80

196.50
	111.15

109.00

108.00

107.70

104.90

104.40

104.10
	0.53

0.55

0.60

0.69

0.74

0.80

0.98
	191.80

193.70

194.20

195.00

196.50

196.90

197.00
	111.15

110.00

107.00

106.70

105.00

104.80

104.70
	0.53

0.57

0.60

0.72

0.79

0.82

1.07
	191.80

193.00

194.00

196.00

197.00

197.45

197.70


	111.15

110.50

107.00

106.30

106.00

105.90

105.00


	0.53

0.58

0.63

0.79

0.83

0.88

1.38
	


Where: 

  * EG = Eggplant, PO = Potatoes, SQ = Squash. 

** AV: Acid value calculated as mg KOH/g. oil sample.

** IV:  Iodine value was reported as number of grams of iodine required to saturate 100 grams of oil.

** SV:  Saponification value calculated as mg. KOH require to saponify one gram of oil sample.
remaining after 12 hours of frying squash. This variation may be due to the differences in chemical composition of vegetables used in frying processes.
The saponification value (S.V.) increased gradually in all oil samples as heating or frying time increased. The rate of increase in S.V. was affected by frying time, kind of vegetable and oil brand used in frying process. The oil sample remaining after 12 hours of frying eggplant recorded the highest increase in S.V. In contrast, the oil sample remaining after frying squash for the same period of frying showed the lowest increase in S.V. The peroxide value (P.V.) and thiobarbituric acid (T.B.A.) are employed in this study to determine the extent of oxidation caused in the investigated oils. This variation in either P.V. or T.B.A. values may be due to the differences in chemical constituents of oil samples. Generally, the P.V. increased gradually in all oil samples (either canola or cottonseed) due to frying at 180 oC. The data clearly show (Table 3) a difference between the two oils. While cottonseed oil showed a rapid increase in P.V. from 9.40 to 16.20, 15.70 and 14.20 meq. peroxide/Kg after 12 hours of frying eggplant, potatoes and squash, respectively. For the canola oil, the results showed a slight increase in the P.V. value from 1.82 to 1.99, 2.10 and 1.89 meq. peroxide/Kg after 12 hours of frying eggplant, potatoes and squash, respectively. Also, the T.B.A. value increased gradually as heating or frying time increased in all samples. The oil samples remaining after 12 hours of frying eggplant showed the highest increase in T.B.A. values than oil samples of potatoes and squash. This variation might be due to the difference in glycerids structure which depends on the oil source. The effect of frying on the fatty acid composition of cottonseed and canola oils, the obtained results in tables (4 and 5)  indicated that the heating temperature during frying caused a gradual increase in C10:0, C12:0, C14:0, C16:0, C18:0, TSFA and ratio of C18:2: C18:1 with increasing frying time. In contrast, a gradual decline was observed in C16:1, C18:1, C20:1, C22:1, TMUFA, C18:2n-6, C18:3n-3, TPUFA, TUFA as well as ratio of TUFA: TSFA. So, the canola oil were accepted as a frying oil at 180 oC like cottonseed oil.
Table (4): Changes of peroxide value (P.V.) and thiobarbituric acid value (T.B.A.) of canola oil and cottonseed oils during frying of some vegetables at 180oC for 4 minutes.
	Type of vegetable
	Frying Time 

(Hrs)

	Squash
	Potatoes
	Eggplant
	Squash
	Potatoes
	Eggplant
	

	P.V.*
Canola oil                                                       Cottonseed oil
	

	9.40

12.20

12.70

14.90

15.50

16.90

14.20


	9.40

12.60

12.90

15.80

16.10

17.90

15.70
	9.40

13.20

13.80

15.75

17.00

18.80

16.20
	1.82

1.86

1.98

2.29

3.33

3.62

1.89
	1.82

1.87

2.10

2.23

3.25

3.51
2.10
	1.82

1.89

2.14

2.25

3.20

3.55

1.99
	0.00

2.00

4.00

6.00

8.00

10.00

12.00

	                  TBA**

	0.78

1.29
1.67

2.15

3.27

3.61

4.05


	0.78

1.11

1.59

1.93

3.85

3.98

4.19
	0.78

1.23

1.75

2.01

2.27

3.19

4.31
	1.42

1.55

1.79

2.14

2.48

3.01

3.59
	1.42

1.53

1.67

2.10

2.36

2.91

3.47
	1.42

1.56

1.92

2.08

2.23

2.78

3.63
	0.00

2.00

4.00

6.00

8.00

10.00

12.00


Where: * PV = peroxide value as meq. peroxide /Kg. sample

            **TBA = thiobarbituric acid value as mg. malonaldehyde /Kg sample and measured at wavelength 532 nm.  
Table (5): Changes in fatty acid composition* of cottonseed oil during frying of some vegetables at 180 oC for 4 minutes.
	Identified
Fatty  acids

%
	Fried oil samples

	
	Ctrl**
	0.0 hr.
	6 hr.
	12 hr.

	
	
	EG.**
	PO.**
	SQ.**
	EG.
	PO.
	SQ.
	EG.
	PO.
	SQ.

	SFA**
Capric   C10:0
Lauric   C12:0
Myristic C14:0
Palmitic  C16:0
Stearic    C18:0
Arachidic  C20:0
	 0.13

 0.35

 0.70

23.20

 2.15

   -
	0.17

0.53

1.00

23.86

2.87

0.17
	0.21

0.54

0.99

24.08

2.61

0.13
	0.27

0.65

1.17

24.15

2.58

0.20
	0.93

1.23

2.41

25.50

3.11

1.43
	0.81

1.13

2.61

25.11

3.50

1.55
	0.94

1.23

2.65

25.21

3.41

1.37
	1.41

2.01

4.13

26.70

3.61

1.23
	1.61

2.03

4.00

26.20

3.77

1.11
	1.35

2.17

4.19

26.21

3.41

1.14

	Total SFA
	26.53
	28.60
	28.56
	29.02
	34.61
	34.71
	34.81
	39.09
	38.72
	38.47

	UFA**
MUFA**
PalmitoleicC16:1
Oleic          C18:1
Gadoleic   C20:1

Erucic       C22:1
	1.46

25.06

-

-
	1.27

24.85

0.13

-
	1.23

24.81

0.19

-
	1.37

24.11

0.17

-
	0.98

21.37

0.07

-
	0.89

21.11

0.13

-
	0.98

21.87

0.19

-
	0.19

20.48

0.11

-
	0.16

20.01

-

-
	0.21

19.81

0.09

-

	Total MUFA
	26.52
	26.25
	26.23
	25.65
	22.42
	22.13
	23.04
	20.78
	20.17
	20.11

	PUFA**
LinoleicC18:2n-6
LinolenicC18:3n-3
	46.85

00.10
	45.13

0.02
	45.11

0.10
	45.23

0.10
	42.91

0.06
	43.10

0.06
	42.11

0.04
	40.11

0.02
	41.09

0.02
	41.02

0.40

	Total PUFA
	46.95
	45.15
	45.21
	45.33
	42.97
	43.16
	42.15
	40.13
	41.11
	41.42

	Total UFA
	73.47
	71.40
	71.44
	70.98
	65.39
	65.29
	65.19
	60.91
	61.28
	61.53

	TUFA:TSFA
C18:2 : C18:1
	2.77

 1.87
	2.50

1.82
	2.50

1.82
	2.45

1.88
	1.89

2.00
	1.88

2.04
	1.87

1.93
	1.56

1.96
	1.58

2.05
	1.60

2.07


Where: * wt. % of total fatty acids.

             ** EG=Eggplant, PO=Potato, SQ=Squash and Ctrl =control (fresh sample).
             **SFA= Saturated fatty acids, UFA = Unsaturated fatty acids, MUFA= Monounsaturated fatty acids, PUFA= Polyunsaturated fatty acids. 

Table (6): Changes in fatty acid composition* of canola oil during frying of some vegetables at 180 oC for 4 minutes.
	Identified
 Fatty acids, %
	Fried oil samples

	
	Ctrl.**
	0.0 hr.
	6 hr.
	12 hr.

	
	
	EG.**
	PO.**
	SQ.**
	EG.
	PO.
	SQ.
	EG.
	PO.
	SQ.

	SFA**
Capric   C10:0
Lauric    C12:0
Myristic  C14:0
Palmitic C16:0
Stearic   C18:0
ArachidicC20:0
	 0.10

 0.04

 0.20

 5.82

 2.05

 0.72
	0.14

0.17

0.29

6.91

3.19

0.99
	0.37

0.38

0.56

6.99

4.43

0.97
	0.36

0.43

0.63

6.89

4.29

1.13
	0.41

0.29

1.22

6.86

4.11

1.61
	0.27

0.34

1.38

7.10

4.62

1.77
	0.32

0.47

1.43

7.37

4.57

1.98
	0.59

0.70

1.91

8.27

5.91

2.27
	0.51

0.59

1.88

8.91

5.93

2.13
	0.71

0.67

1.79

8.71

5.98

2.34

	Total SFA
	 8.93
	11.69
	13.70
	13.73
	14.50
	15.48
	16.14
	19.65
	19.95
	20.20

	UFA**
MUFA**
PalmitoleicC16:1
Oleic     C18:1
GadoleicC20:1

Erucic  C22:1
	 -

56.54

 1.72

 0.20
	0.09

55.30

1.34

0.37
	0.11

54.17

0.98

0.44
	0.19

54.53

1.27

0.29
	0.37

54.13

1.19

0.41
	0.41

54.00

0.71

0.37
	0.55

53.87

0.87

0.33
	0.69

52.95

0.59

0.27
	0.71

52.70

0.61

0.21
	0.89

52.83

0.60

0.19

	Total MUFA
	58.46
	57.10
	55.70
	56.28
	56.10
	55.49
	55.62
	54.50
	54.23
	54.51

	PUFA**
LinoleicC18:2n-6
LinolenicC18:3n-3
	25.81

 6.80
	25.33

5.88
	24.87

5.73
	24.09

5.90
	23.69

5.71
	23.50

5.53
	23.71

4.53
	22.20

3.65
	22.10

3.72
	21.70

3.59

	Total PUFA
	32.61
	31.21
	30.60
	29.99
	29.40
	29.03
	28.24
	25.85
	25.82
	25.29

	Total UFA
	91.07
	88.31
	86.30
	86.27
	85.50
	84.52
	83.86
	80.35
	80.05
	79.80

	TUFA:TSFA
C18:2 : C18:1
	10.20

 0.46
	7.55

0.46
	6.30

0.46
	6.28

0.44
	5.90

0.44
	5.46

0.44
	5.20

0.44
	4.09

0.42
	4.01

0.42
	3.95

0.41


Where: * wt. % of total fatty acids. ** EG=Eggplant, PO=Potato, SQ=Squash and Ctrl =control (fresh sample). **SFA= Saturated fatty acids, UFA = Unsaturated fatty acids, MUFA= Monounsaturated fatty acids, PUFA= Polyunsaturated fatty acids.
Finally, the results obtained recommended that canola oil had adequate technological quality as frying oil with vegetables as compared to cottonseed oil.
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الملخص العربى
 التغيرات الحادثة فى الخواص الطبيعية و الكيميائية و كذلك الاحماض الدهنية تم تقديرها فى هذه الدراسة  حيث استخدمت زيوت بذرة القطن و الكانولا فى قلى الباذنجان و البطاطس و الكوسة فى وجود الهواء و ذلك لفترة 12 ساعة بمعدل 2 ساعة كل يوم على 180 0م. النتائج المتحصل عليها بينت ان هناك زيادة تدريجيا فى رقم البيروكسيد فى كل عينات الزيت . و كان زيت القطن الاعلى زيادة بالمقارنة بزيت الكانولا. أيضا حامض الثيوباربيوتيرك ازداد تدريجيا بطول فترة القلى فى كل العينات موضع الدراسة و كانت عينات الباذنجان بعد 12 ساعة هى الاعلى فى رقم حامض الثيوباربيوتيرك بالمقارنة بعينات البطاطس و الكوسة. النتائج أيضا بينت ان ارقام الحامض و رقم التصبن تزداد تدريجيا و كذلك قيم الاحماض الدهنية  ك 10 و ك12 و  ك14 و  ك16 و  ك18 و الاحماض الدهنية المشبعة الكلية و النسبة بين احماض اللينوليك و اللينولنيك و ذلك بطول مدة القلى.

على العكس  كان هناك تناقص تدريجى فى الرقم اليودى و الاحماض الدهنية  ك16: 1   ك18: 1 ك20: 1 ك22: 1 و الاحماض الدهنية الكلية احادية عدم التشبع و النسبة بين ك18: 2ن-6  ك18: 3ن-3 و الاحماض الدهنية الكليةعديدة عدم التشبع الاحماض الدهنية الكلية عديمة التشبع و كذلك النسبة بين الاحماض الدهنية الكلية عديمة التشبع و الاحماض الدهنية الكلية المشبعة . لذا اختبارات التاكسد للزيوت ( رقم البيروكسيد و رقم   حامض الثيوباربيوتيرك( بينت ان اختبار حامض الثيوباربيوتيرك يعتبر هو الاكثر دقة كدليل لتقدير درجة الاكسدة فى الزيوت . 
و هنا نخلص الى انه يمكن استخدام زيت الكانولا كبديل لزيت بذرة القطن فى عمليات قلى الخضار.
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