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Abstract
The high temperature used during frying, in the presence of oxygen and water, induce important chemical

changes of the oils, namely by oxidation, polymerization and hydrolysis, which generate a large number of
compounds have negative effect on human health. This research aims to study effect of BHA and type of fried
material on physical and chemical changes of cottonseed oil during frying up to 42hr. Cottonseed oil was a good
frying, if it is fresh produced because it has all requirements for frying oil. Refractive index, dark color, flow
time, acidity and T.B.A. values of oil increased with increasing static heating and frying time up to 42 hr.
Peroxide value increased in the first hours then fluctuated up to 42 hr of stating heating and frying. lodine value
decreased with increasing static heating and frying time. BHA had little effect on the stability of cottonseed oil
during static heating and frying of potato or fish. BHA increased the induction period from 6 to 18 hr during
static heating. Results revealed that the total physical and chemical changes during frying fish are higher than
that during frying potato. Static heating and frying decreased the unsaturated fatty acids and increased the
saturated fatty acids of cottonseed oil. The change of polyunsaturated fatty acids to saturated fatty acids was
lower in frying than in static heating. Decreasing of linoleic acid during frying fish was more than of potato
frying. Fried food had effect on rate of change, which happened in oil during frying. T.B.A. value, iodine value,
acidity were good indicators for changing, which takes place during frying. Peroxide value is not suitable for
assessment of changes during static heating or frying. There is no single method suitable for study physical and

chemical changes in oil during frying.
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Introduction

Fried foods have desired flavor, color and
crispy texture, which make deep fat fried very
popular to consumers (Boskou et al., 2006). Many
different types of edible fat and oils are available for
frying purposes; these include the animal fats (i.e.
lard and tallow) and vegetable oils such as palm oil,
rapeseed oil (Low erucic acid), olive oil, soybean oil,
cottonseed oil and corn oil (Rossel, 2001b). The
choice of frying oil depends on many factors such as
availability, price, flavor and stability. Resistance to
oxidation during prolonged exposure to high
temperature is one the main properties that industrial
frying oil should posses (Kochhor and Gertz, 2004).
The high temperatures used during frying, in the
presence of oxygen and water induce important
chemical changes of the oils, namely by oxidation,
polymerization, cyclization and hydrolysis (Paul and
Mittal, 1997 and Saguy and Dana, 2003). Frying
temperature and time, frying oil, antioxidants and the
type of fryer affect the hydrolysis, oxidation and
polymerization of the oil during frying. This work
aims to study the physical and chemical changes of

cottonseed oil during frying and the effect of food
and antioxidant on this deterioration.

Materials and methods
Materials:

Potato: Potato was peeled and cutted to strips 8
x0.8 c¢cm, then fried in batches every batch contains
240 — 250 gm.

Fish: Fish were prepared, packaged and stored
at -20°C until frying.

BHA: BHA imported from Tunis (produced by
Sotuchoc Company). A definite weight was
dissolved in diethyl ether and mixed with oil then the
solvent was removed. The final concentration of
BHA in oil was 0.02%.

Static Heating: Three liters of cottonseed oil
with or without BHA were heated at 180 °C in frying
kettle for 7 days in rate of heating 6 hour every day.
Samples were taken every 3 hours and stored at -
20°C until analysis.

Frying: Frying kettle was filled with 3 Liter of
oil. 240 -250 g of prepared potatoes were fried at 180
°C for 12 min. The frying continued for 42 hr at rate
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of heating 6 hr. per day. Samples were taken every 3
hr., then stored at -20°C until analysis. The above
steps repeated for oil treated with BHA 0.02%>
Frying fish was done according to the above steps
except frying time was 8 min.

Methods:

Referactive Index, Acid value, Peroxide value
and lodine value were determined according to
A.O.A.C. (2000).

Color: Color was determined according to the
method described by Farag (1995).

Flow time: Flow time was determined
according to the method described by Balogun
(1988).

Thiobarbituric acid value (TBA): Thiobarbituric acid
value was determined according to the method
described by Sidwell et al. (1954).

Fatty acid composition: fatty acid esters were
prepared according to the method described by
IUPAC (1979), then separated and determined by
using GLC (perkin-Elmer, 2B Sigma Type).

Results and discussion

Fresh cottonseed oil:

The results in Table 1 and Table 6 revealed that
cottonseed oil used in this research is nearly good
frying oil. It has peroxide value 4.45, acidity percent
less than 0.4%, iodine value 107.01, lauric acid
below 3% and linolenic acid below 3%. As result
cottonseed oil used in this research has most of all
specifications which required for frying oil (Russel,
2001a).

Deterioration in cottonseed oil during static
heating:

Results in Table 1 revealed that refractive
index, dark color and flow time (as measured for
viscosity) increased with increasing time of static
heating. Oxidative and chemical changes in frying
oils increase free fatty acids, foaming, color and
viscosity (Min and Lee, 1996).

Results revealed also that BHA had no effect on
color and viscosity of cottonseed oil during static
heating up to 42 hr. The results indicated that there is
no difference in refractive index between oil treated
with BHA and oil without BHA up to 12 hr of static
heating. Samples treated with BHA had lower
refractive index than sample without BHA from 15
hr up to 42 hr of static heating. On the other hand,
peroxide value increased with increasing heating

time and reached to around 5.6 after 6 and 18 hrs for
oil without BHA and with BHA respectively.
(Mohamed, 1991) reported that peroxide value is
useful as an indicator of oxidation at the initial stage
only. Peroxide value fluctuated after 6 hrs. for
cottonseed oil without BHA, and after 18 hrs. for
cottonseed oil treated with BHA up to 42 hr. for both
treatments. The resulting hydroperoxides are
unstable and decompose to secondary oxidative
products (Rossell, 2001b). Analysis of products such
as hydroperoxide at one point during the frying
process provides little information in the start of
process only, since their formation and
decomposition fluctuate quickly and are not easily
predicate (Abdulkarim et al., 2007).

We can also noticed from results T.B.A. value
increased with increasing heating time for both
samples treated with BHA or without BHA.
Cottonseed oil with BHA had lower T.B.A. value
than cottonseed oil without BHA up to 21 hrs.
Acidity percent increases with increasing heating
time. There is no differences could be detected
between sample treated with BHA and sample
without BHA. Hydrolysis is a major chemical
reaction that takes place during deep fat frying
(Rossan et al., 1999). lodine value decreased
gradually with increasing heating time for both
samples, but there is marked change in iodine value
from 33 hr to 36 hr heating time. This decrease in
iodine value could be attributed to the destruction in
double bonds by oxidation and polymerization
(Varela and Ruiza, 1998).

Finally, BHA has a little effect on the stability
of cottonseed oil during static heating. BHA
increased the induction period from 6 to 18 hr. The
results are in a good agreement with that reported by
Augustin and Berry (1983). The results in Table 2
showed the total changes after 42 hrs of static
heating. The total changes for cottonseed oil after 42
hrs of static heating were 0.95, 6.01, 29.01,0.031,
0.99 and 266.89 for acidity, T.B.A. value, refractive
index, color and flow time, respectively.

Meanwhile, the total changes for cottonseed oil
treated with BHA were 0.95, 5.86, 28.88, 0.025, 0.97
and 263.89 for acidity, T.B.A. value, refractive
index, color and flow time, respectively. Results in
the same Table revealed that cottonseed oil treated
with BHA had the lower values than untreated
cottonseed oil. We could noticed BHA had slight
effect on physical and chemical changes in
cottonseed oil during static heating for 42 hrs.
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Effect of BHA and potato frying:

Data in Table (3) indicated that acidity, T.B.A.
value, refractive index, color and flow time increased
with increasing frying time up to 42 hrs for both
samples of cottonseed oil treated with BHA or
without BHA. On the other hand iodine value
decreased with increasing frying time. Peroxide
value fluctuated in both samples between increasing
and decreasing during frying period. The results are
in good agreement with those reported by Mohamed
(1991).

It could be also seen from Table (3) cottonseed
oil treated with BHA had lower flow time than
untreated cottonseed oil up to 15 hrs.

The total amount of T.B.A. value changes after
12, 24, 36 and 42 hr were 1.66, 4.01, 5.00 and 6.73
and 1.40, 3.75, 4.65 and 6.57 for cottonseed oil
without BHA and cottonseed oil treated with BHA,
respectively. Finally, we can concluded that BHA
had slight effect on physical and chemical changes
on cottonseed oil during frying potato up to 42 hrs.
Results are in a good agreement with that reported by
Augustin and Berry (1983). BHA may be volatile
during first period of frying as result it had weak
effects (Berger, 2005).

Effect of BHA and fish frying:

Results in Table (4) showed that acidity, T.B.A.
value, refractive index, color and flow time increased
with increasing frying time up to 42 hrs for both
treatments. lodine value decreased with increasing
frying time up to 42hrs for both treatments. Peroxide
value fluctuated in cottonseed oil treated or untreated
with BHA up to 42 hrs. Cottonseed oil treated with
0.02% BHA had lower T.B.A. value than untreated
oil up to 21 hrs of frying. The amount of T.A.B.
value changes after 12, 24, 36 and 42 hrs were 1.39,
4.47, 6.34 and 8.05 and 1.30, 4.48, 7.47 and 8.02 for
cottonseed oil without BHA and cottonseed oil
treated with 0.02% BHA, respectively. There are no
differences between sample treated with BHA and
untreated sample in acidity, peroxide value,
refractive index, color and flow time up to 42 hrs.
These results revealed that BHA had slight effect on
changes of cottonseed oil properties during fish
frying. This may be due to volatilization of BHA in
the first period of frying (Berger, 2005).

Total changes in chemical
properties:

Results in Table (5) revealed that the total
changes after 42 hrs of frying fish higher than total
changes after 42 hrs of frying potato for cottonseed
oil treated or untreated with BHA.

This may be due to transfer of polyunsaturated

fatty acids from fish to cottonseed oil, as result the

physical and

changes in cottonseed oil larger and faster during
frying fish than during frying potato up to 42 hrs.
Presence 0.02% BHA decreased the amount of
increasing T.B.A. value from 6.73 to 6.57 and from
8.05 to 8.02 for frying potato and fish, respectively.
BHA had slight effect on physical and chemical
changes during frying (Augustin and Berry, 1983).

Fatty acid composition:

The fatty acid composition, effect of static
heating, type of fried materials and BHA were
investigated. The obtained results are shown in Table
(6). Fresh cottonseed oil composed of 4:0 (0.3%);
12:0 (0.16%); 16:0 (18.71%); 16:1 (0.04%); 18:0
(2.54%); 18:1 (27.08%); 18:2 (47.81); 18:3 (1.72%)
and 20:0 (0.57%). The results are in a good
agreement with those reported by Mohamed (1991)
and Salunkhe et al. (1992).

There is a marked decrease in lenoeic acid and
marked increase in stearic and palmitic acid with
static heating or frying. Results are in a good
agreement with those reported by Che-Man and Tan
(1999).

Results revealed that both static heating and
frying decreased the unsaturated fatty acids and
increased the saturated fatty acids in cottonseed oil.
This decrease in unsaturated fatty acids could be
attributed to the destruction of double bonds by
oxidation and polymerization (Varela and Ruiza,
1998).

Total unsaturated/ total saturated fatty acid ratio
decreased with heat treatment of cottonseed oil. The
change of unsaturated fatty acids to saturated fatty
acids was lower in frying than static heating Table
(6). This may be due to moisture in foods creates a
steam blanket over the fryer and reduces contact with
air (Dana et al., 2003 & Kochhar and Gertz, 2004).
Decreasing of lenoleic acid in fish frying more than
in potato frying.

The total unsaturated fatty acids decreased from
76.65% to 74.28 and 71.39% during frying potato
and fish in cottonseed oil without BHA, respectively.
Meanwhile, the total unsaturated fatty acids
decreased from 76.65% to 73.36 and 71.82% during
frying potato and fish with addition 0.02% BHA to
cottonseed oil, respectively.

There is no marked effect for BHA during
frying. The results are in a good agreement with
those reported by Augustin and Berry (1983).
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Table 1. Effect of BHA and static heating on physical and chemical properties of cottonseed oil.

Treatments Without BHA With 0.02% BHA
. L . . . Flow - . . . Flow
Properties Acidity = Peroxide T.B.A.  lodine Refractive * . Acidity  Peroxide T.B.A. lodine Refractive * .
: Color time ; Color time
(%) value value value index (%) value value value index
Time hr (Sec) (Sec)
0 0.27 4.45 0.25 107.01 1.4838 0.23 79.37 0.27 4.45 0.25 107.01 1.4838 0.23 79.37
3 0.29 4.07 0.76 106.02 1.4848 0.25 137.06 0.31 4.37 0.77 106.83 1.4848 0.25 135.13
6 0.32 5.64 1.13 106.31 1.4858 0.26 159.19 0.32 5.18 0.94 106.47 1.4858 0.26 157.22
9 0.33 6.51 1.38 104.87 1.4868 0.28 177.27 0.33 511 1.18 104.95 1.4868 0.28 176.15
12 0.34 5.14 1.6 103.21 1.4878 0.31 209.41 0.34 5.33 1.16 103.48 1.4878 0.33 191.3
15 0.35 4.18 1.93 101.59 1.4928 0.35 216.03 0.35 5.48 1.62 100.19 1.4918 0.36 213.45
18 0.39 4.35 2.65 100.5 1.4958 0.38 222.03 0.39 5.57 2.6 99.13 1.4938 0.39 226.22
21 0.38 4.84 2.78 97.53 1.4991 0.51 242.18 0.45 5.1 2.72 95.31 1.4958 0.52 246.01
24 0.51 5.71 3.02 95.51 1.5038 0.55 256.36 0.5 4.55 3.04 94.78 1.4998 0.55 255.12
27 0.56 7.64 4.18 94.58 1.5048 0.62 266.4 0.54 5.12 3.34 93.56 1.5038 0.63 264.34
30 0.66 9.19 3.65 93.76 1.5058 0.7 273.31 0.66 4.76 3.64 92.87 1.5048 0.71 277.33
33 0.79 7.98 4.05 92.48 1.5068 0.76 287.22 0.63 4.38 3.94 91.89 1.5058 0.76 286.18
36 0.91 6.31 5.29 86.72 1.5078 0.9 317.01 0.9 5.82 4.15 87.18 1.5078 0.91 313.44
39 1.13 5.81 5.84 83.43 1.5128 1.14 323 1.14 5.85 5.02 85.33 1.5078 1.12 321.2
42 1.22 5.24 6.26 78 1.5148 1.22 346.26 1.22 6.24 6.11 78.13 1.5098 1.2 343.26
*Color: As absorbance at 450 nm. **Flow time: By using Ostwald.
Table 2. Effect of BHA and heating time on total*** physical and chemical properties of cottonseed oil after 42 hrs of static heating
Properties With out BHA With 0.02% BHA
Acidity (%) 0.95 0.95
T.B.A. value 6.01 5.86
lodine value 29.01 28.88
Refractive index 0.031 0.026
Color* 0.99 0.97
Flow time (Sec)** 266.89 263.89
.*Color: As absorbance at 450 nm. **Flow time: By using Ostwald. ***total = (amount of change after 42hrs — amount of change in zero time).
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Table 3. Effect of BHA and potato frying on physical and chemical properties of cottonseed oil.

Treatments Without BHA With 0.02% BHA
. - . . . Flow - . . . Flow
Properties Acidity Peroxide T.B.A. lodine Refractive * . Acidity Peroxide T.B.A. lodine Refractive * .
. Color time - Color time
(%0) value value value index (%) value value value index

Time hr (Sec) (Sec)
0 0.27 4.45 0.25 107.01 1.4838 0.23 79.37 0.27 4.45 0.25 107.01 1.4838 0.23 79.37
3 0.36 5.95 0.75 102.78 1.4852 0.29 209 0.34 6.11 0.8 103.29 1.4857 0.29 207.13
6 0.41 7.3 1.14 101.6 1.4862 0.36 215.22 0.39 7.08 11 101.97 1.4862 0.36 213.46
9 0.42 7.95 1.15 99.29 1.4882 0.41 227.44 0.46 7.94 1.35 98.98 1.4882 0.41 225.33
12 0.48 8.28 1.91 97.42 1.4902 0.48 242.13 0.47 8.4 1.65 96.65 1.4912 0.48 241.42
15 0.46 8.52 211 95.9 1.4932 0.55 263.22 0.47 9.22 2.12 94.74 1.4932 0.55 261.36
18 0.49 9.18 2.99 92.6 1.4952 0.62 272.16 0.5 9.5 2.7 92.69 1.4952 0.62 279.44
21 0.54 9.45 3.28 92.6 1.4962 071  316.37 0.57 9.38 2.78 91.94 1.4972 0.71 315.11
24 0.57 7.54 4.26 89.7 1.4972 0.77 321.12 0.72 9.85 4 88.95 1.4982 0.77 333.04
27 0.74 9.9 4.54 87.36 1.4982 0.82 336 0.83 10.27 4.04 87.96 1.5002 0.82 341.12
30 0.82 11.41 5.03 84.78 1.5002 0.9 349.11 0.94 11.18 4.37 84.91 1.5022 0.9 352.03
33 0.94 13.7 5.2 82.85 1.5022 113 372.06 0.95 13.52 5.45 83.46 1.5032 1.12 370.12
36 1.17 12.81 5.25 80.74 1.5042 1.24 389.12 1.15 12.94 4.9 81.26 1.5052 124 387.44
39 1.43 11.14 6.04 78.78 1.5062 1.32 403.26 1.42 10.85 6.1 79.82 1.5072 1.33  400.18
42 1.57 10.94 6.98 75.57 1.5082 141 426.06 1.58 8.85 6.82 75.18 1.5082 14 428.05

*Color: As absorbance at 450 nm.

**Flow time: By using Ostwald.
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Table 4. Effect of BHA and fish frying on physical and chemical properties of cottonseed oil.

Treatments Without BHA With 0.02% BHA
. - . . . Flow - . . . Flow
Properties Acidity Peroxide T.B.A. lodine Refractive * . Acidity Peroxide T.B.A. lodine Refractive * .
. Color time . Color time
(%) value value value index (%) value value value index

Time hr (Sec) (Sec)
0 0.27 4.45 0.25 107.01 1.4838 0.23 79.37 0.27 4.45 0.25 107.01 1.4838 0.23 79.37
3 0.34 8.51 1.24 102.19 1.4872 0.34 206.12 0.34 8.24 11 101.98 1.4872 0.34 206.34
6 0.4 9.89 1.42 99.18 1.4902 0.43 259.03 0.4 9.19 1.42 98.91 1.4902 0.42 257.18
9 0.43 10.81 1.47 97.58 1.4927 0.48 272.11 0.42 10.53 1.45 97.93 1.4922 0.48 262.49
12 0.49 11.22 1.64 95.27 1.4942 0.58 319.46 0.49 11.47 1.55 95.49 1.4942 0.57 317.18
15 0.54 16.19 1.9 93.35 1.4962 0.67 332.17 0.52 11.85 1.64 93.61 1.4962 0.67 335.27
18 0.57 16.09 2.81 86.22 1.4982 0.75 342.23 0.6 14.63 2.22 86.17 1.4992 0.75 343.13
21 0.63 14.3 3.6 81.21 1.5012 0.83 379.33 0.65 16.15 3.27 81.2 1.5012 0.83 377.46
24 0.7 13.73 4.72 78.15 1.5042 0.93 388.13 0.7 16.69 4.73 78.11 1.5042 0.93 389.06
27 0.78 15.87 491 83.46 1.5067 1.08 413.06 0.79 17.43 4.27 76.23 1.5072 1.08 415.12
30 0.95 18.1 5.9 75.01 1.5102 1.19 442.27 0.95 16.69 6.53 74.64 1.5102 1.18 439.31
33 1.11 10.2 5.96 69.82 1.5132 1.21 468.41 1.12 13.19 6.39 69.62 1.5132 1.21 465.33
36 1.2 15.82 6.59 67.87 1.5162 1.34 513.19 1.2 11.05 7.72 67.39 1.5152 1.34 512.17
39 1.76 10.74 7.26 64.28 1.5382 1.45 536.06 1.76 8.98 8.26 64.11 1.5182 1.45 534.06
42 2.04 13.58 8.3 61.88 1.5582 1.56 612.36 1.69 11.77 8.27 61.73 1.5182 1.55 610.44

*Color: As absorbance at 450 nm.

**Flow time: By using Ostwald.
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Table 5. Effect of BHA and type of fried materials on total*** changes in physical and chemical Properties of
cottonseed oil after 42 hrs of heating.

Treatments 0.0% BHA 0.02% BHA
gﬁ’fge?iig;ate”als Potato Fish Potato Fish
Acidity (%) 1.30 1.77 1.31 1.42
T.B.A. value 6.73 8.05 6.57 8.02
lodine value 31.44 45.13 31.83 45.28
Refractive index 0.0244 0.0744 0.0244 0.0344
Color* 1.18 1.33 1.17 1.32
Flow time (Sec)** 346.96 532.99 348.68 531.07

*Color: As absorbance at 450 nm. **Flow time: By using Ostwald.
***total = (amount of change after 42hrs — amount of change in zero time).

Table 6. Effect of static heating, type of fried materials and BHA on fatty acids composition of cottonseed oil.

42 hr. static heating Frying for 42 hr

Fatty Fresh

Acids oil 0.00%  0.02% Potato Fish
(%) Sia Sia 000% 0020 _ 000% __ 0.02%
BHA BHA BHA BHA
Co 0 03 031 033 0.30 0.34 1.09 1.09
Ci: 0 0.61 1.45 0.97 0.63 0.49 1.99 1.99
Cus 0 0.62 2.08 1.06 0.50 0.41 1.07 0.86
Cis: 0 1871 22.66 23.89 19.90 21.10 19.97 20.15
Coe: 1 0.04 1.22 0.76 0.45 0.36 115 1.16
Cis: 0 254 4.94 6.61 417 4.22 3.94 3.87
Cus: 1 2708 2601 25,32 27.06 28.10 27.42 27.38
Cis: 2 4781 3925 39.04 45,60 43.72 42.14 42.11
Cus: 3 1.72 156 152 117 118 0.68 117
Cao: 0 0.57 0.52 0.50 0.22 0.08 0.55 0.22
:gitgsrated fatty 2335 31.96 33.36 2572 26.64 28.61 28.18
;’Cri'zfg‘t”rated fatty 76.65 68.04 66.64 74.28 73.36 71.39 71.82
Us. FA/S. FAratio  3.28 213 2.00 2,89 2.75 249 255
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