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ABSTRACT

The effecls of feeding on fresh or fried (12 or 24 hrs. ) cotton seed oil (CSO)
and sunflower seed oil {SUN}; pure or mixed with 5 or 15% rape seed (LEAR) oil were
sludied in rats. The results of the present work showed that there were non significant
changes in the levels of serum triglycerides and total cholesterol of rais fed on the
fresh unheated oils either pure or mixed. On the other hand, significant increases
were seen in serum lriglycerides by using CSO mixed with 15% LEAR oil and in
serum tolal cholesterol of SUN oil + 5% LEAR oil, while significant decrease was
observed in case of SUN oil mixed with 5% LEAR ¢il fried for 12 hrs. . compared to
the pure fresh unheated CS0O. Concerning oil fried for 24 hrs. . there were marked
significant increases in serum triglycerides by feeding on pure CSO and SUN oil or
that mixed with 5 and 15% LEAR oil and in serum total cholesterol in case of pure or
mixed C50 with 5 and 15% LEAR cil.

The enzyme aclivity of aspariate amino transferase (ASAT) in the serum did
not change significanlly by feeding on unheated or fried oils either pure or mixed. On
the other hand, serum alanine amino lransferase (ALAT) activity showed significant
increase in case of the unheated pure SUN oil. Pure SUN oil and mixed with 5%
LEAR oil fried for 12 hrs. . showed significant decrease, while significant increase was
seen in case of pure SUN oil, fried for 24 hrs. Concerning the serum alkaline
phosphatas activity (ALP). It was not affected significantly by feeding on the unheated
fresh oils either pure of mixed except CSO + 15% L:EAR oil which showed significant
increase. While il was increased significanily in case of C50 mixed with 5% LEAR oil
and the SUN oil either pure or mixed with 15% LEAR oil fried for 12 hrs. . Oils fried for
24 tys. | exhibited significant increase in serum ALP in case of pure CSO and CS0 +
5% LEAR oil. while significant decrease was observed in case of CS0 + 15% LEAR
oil as well as in pure SUN oil.

However, feed efficiency ratio revealed no significant increases in the rats
fed on the fresh unhealed oils except lhat fed on CSO mixed with 15% LEAR oil and
SUN oil mixed with 5% LEAR oil which exhibited high feed efficiency ratio. Meanwhile,
the feed efficiency ratios of oils fried for 12 or 24 hrs. . Whether pure or mixed did not
change significantly except CSO mixed with 5% LEAR oil which exhibited low feed
efficiency ratio.

The results also indicated a significant increase in the weight of lhe liver of
rats fed on unheated SUN oil pure or mixed with 5 or 15% LEAR oil. Concerning oils
fried for 12 hrs. . SUN oil mixed with 5 and 15% LEAR oil showed significant increase
in the liver weight. However, significant increases were seen liver weighl in case of
CS0 + 5% LEAR oil and SUN oil + 15% LEAR oil afler 24 hrs. . frying. Meanwhile,
there were no significant differences in the weight of the kidney in the different groups
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except significant increase in CSO + 15% LEAR oil fried for 12 brs. . and CSO + 5%
LEAR oil fried for 24 hrs. .

INTRODUCTION

The world's annual production of oils and fats is aboutl 48 million tons
from which nearly 80% is extracted from plant sources. The main source of
the edible oil in Egypt is cotton seed il which is either produced locally or
imported. Local production does not cover more than 50% of consumption.
This great shortage of edible oils requires for other oil sources. The large
scale production of rape seed oil may be feasible in these areas, and
accordingly the partial solution of the problem of edible oils in Egypt. On the
other hand, such product is cheaper and more suitable in nutrition from a
hygienic point of view for its low content choiesterol. Use rape seed oil
attracted the attention of some investigators.

Heating of fats brings about measurable changes in their chemical
and physical characteristics. Heat is applies in processing for food
manufacture, such as during hydrogenation of oils with a catalyst, and in
frying for meal preparation (Perking and Lambonic, 1998). Partially
hydrogenated products generally contain substantial quantities of geometric
and positional isomers of the original unsaturated fatty acids (Alexander,
1981; and Liu and Huang, 1995). During deep fat frying, when the fat is used
repeatedly, oxidative and themal effects result in the formation of many
volatie and non wolatile products, some of which are potentially toxic,
depending on the level of intake {Alexander, 1981; and Liu and Lee, 1998).

Furthermore, Laser and Agerhm (1989} showed that, three of the
several mutagenic compounds which formed during frying were carcinogenic
in animal studies and that creatine was imporant precursor. Creatine was
partly converled to creatinine depending on the frying time and temperature.
Thus, the mare creatinine that was formed and the brower the crust, the more
mutagenic activity was found in the crust of the beef steaks. They also
concluded that, frying under nommal conditions (180°C for 3 min / side} will
result in low mutagenicity, a good flavour and also in a low weight loss, which
is important for the tendemess and juiciness of a beef steak.

However, Kok et al (1988) and Narasimhamurthy and Raina {1999a)
reported that long term feeding of thermally oxided oils increased the activity
of catalyst while decreased the activity of hepatic some other hepatic
antioxidant enzymes in rats. These changes may be ralated to severa! factors
like heating and frying conditions, extent of peroxidation, duration of feeding
and nature of fat.

an the other hand, fong term feeding of heated and fried oils may not
cause any deleterious effect on growth, plasma and tissue lipid profile of rats
as the conditions employed for heating / frying were not too drastic and the
oils were not heated abused (Narasimhamurhy and Raina, 1999b).

Recently Battino et al {2002) found that feeding fried oil changes
antioxidant and fatty acid patten of rat and affects rat liver mitochondrial
respiratory chain components.
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Since even practical processing and frying conditions can produce
some nutritionally undesirable products an effort should be made to minimize
the accurmulation of these in our dietary fats.

MATERIALS AND METHODS

Experimental animals :

Male albino rats of sprange Dawely strain with an average weight of
80 gm. were used in the present experiment. They were fed stock diet for a
week before starting the experimental investigation. The rats were then
divided into 18 groups each of 8 rats for each diet. All animals were kept
under constant experimental conditions for 30 days.

Oils :

Completely refined cotton seed oil (CS0O} and sunflower seed oil
{SUN) used for this study were obtained from Mansoura Qil and Soap
Company.

Cancla oil [Low Erucic Acid Rape (LEAR)] or rape seed oil used for
blending procedures was obtained from Food Technology Department, Cairo
University.

Animal grouping:

1- Pure cotton seed oil (control).

2- Cotton seed oil (CSO) after 12 hrs. frying.

3- Cotton seed oil (CS0) after 24 hrs. frying.

4- 95% CS0 + 5% LEAR oil (unheated).

5- 25% CS0O + 5% LEAR oil after 12 hrs. frying.
§- 95% CSO + 5% LEAR ail after 24 hrs. frying.

7- 85% CSO + 15% LEAR @il unheated.

8- 85% CS0 + 15% LEAR cil after 12 hrs. frying.
9- 85% CS0 + 15% LEAR oil after 24hrs. frying.
10- Pure sunflower seed oil (SUN) unheated

11- Sunflower seed oil (SUN) after 12hrs frying.

12- Sunflower seed oil {SUN) after 24hrs frying.

13- 95% SUN oil + 5% LEAR oil unheated.

14- 95% SUN oil + 5% LEAR oil after 12hrs frying.
15- 95% SUN oil + 5% LEAR oil after 24hrs frying.
16- 85% SUN oil + 15% LEAR oil unheated.

17- 85% SUN oil + 15% LEAR oil after 12hrs frying.
18- 85% SUN oil + 15% LEAR oil after 24hrs frying.

Blending Procedures :

* Catton seed oil (CSQ) and LEAR oil were blended as ¢

B (1) 95% CSO + 5% LEAR olil.

B (2) 85% CSO + 15% LEAR oil.

* Sunflower seed oil (SUN) and LEAR oil were blended as :
B (3) 95% SUN + 5% LEAR oil.

B (4) 85% SUN + 15% LEAR oil.
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Frying process :

Two kilograms of cotton seed oil (CS0O); and kilogram of sunflower
seed oil (SUN), were used in the frying process, at 160°C+5 for 6 hours daily
for 4 consecutive days. After frying, the oil was left fo cool overnight and one
hundred grams of oil were taken for biological evaluation and kept in brown
glass bottles and stored in a deep ~ freezer at - 20°C.

Three types of diet containing 95% or 85% of cofton or sunflower
seed oils unheated or fried oils (for 12 or 24 hrs. ) used as either pure oils or
mixed with 5% or 15% rape seed il (LEAR oil} were used as indicaled in the
following table :

Table (1} Compasition of experimental Diets {gm%;) :

Ingredient Diet | Diet Il Diet I}
9 {Fresh control] {12h frying) __{24h frying)
asein (3} 13.3 | 13.3 13.3 |
L-methicnine 0.3 0.3 0.3
Fiber | 40 4.0 40
Corn starch 40.0 40.0 [ 40.0
Sucrose 224 22.4 224
alt mixture (b) 4.0 4.0 4.0
Vit. Mixture (c} 1.0 | 1.0 1.0
Catton seed oil 15.0
B (1) 15.0
B (2) 15.0
Sunflower seed oil 15.0
B (3) L 15.0
B (4) 15.0
13.3% casein equal protein. B (1} = 95%C8Q + 5% LEAR oil.
According to Briggs and Willlam B (2) = 85%CS0 + 15% LEAR oil.
(1963). B (3) » 95%SUN + 5% LEAR oll.
. According 1o AQLAC. (1975) B (4) = 85%SUN + 15% LEAR oll.
ach dlet include 3 treatments of oil.
- Frash (unfrying) pure.
- After 12 hours of frying.
- After 24 hours of frying. _J

At the end of expression period rats in all treated groups were killed
by sudden blade stroke. Immediately the animals were dissected for the
excision of liver and kKidney. These organs were quickly cleaned and
weighed. Blood samples were collected and centrifuged for serum
separation.

Biochemical determinations:

Trglycerides in the serum were determined according to the method
of Fossati and Prencipe {1982).

Total cholesterol in the serum was determined according to the
enzymatic method of Allain et al {1974).

The determination of the activities of aspartate amino transferase
(ASAT) and alanine amino transferase (ALAT) in the serum were carried out
according to the procedures accomplished by Reitman and Franke! (1357,
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The determination of serum Alkaline phosphatase (ALF) was done
according to the method of Belifed and Goldberg (1971).

The data were analyzed statistically using student’s t-test according
to Bailey (1959).

RESULTS
1- Serum triglycerides:

Table {2} showed thal the mean values of serum triglycerides of rats
fed unheated oils either pure or mixed revealed no significant differences
comparing with the fresh pure CSO. For cils heated for 12 hrs. serum
triglycerides level exhibited highly significant increase in rats fed 85% CSO
mixed with 15% LEAR oil and low significant decrease in rats fed 95% SUN
ol mixed with 5% LEAR oil. Concerning rats fed frying oils for 24 hrs. . highly
significant increased was shown in case of C50 pure or mixed (in the ratio of
5 and 15% LEAR oil) and SUN oil mixed (5 and 15% LEAR oil). Meanwhile
pure SUN oil shows low significant increase.

2- Serum total cholesterol :

The results presented in table (2) revealed that serum total
cholesterol of rats fed unheated oils pure or mixed showed no significant
differences in comparison with pure unheated CSO. However, simitar results
were obtained in rats fed fried oils except low significant increase shown in
rats fed 95% SUN oil + 5% LEAR oil fried for 12 hrs. . and rats fed CSO pure
and mixed with 5% LEAR oil fried for 24 hrs. . On the ofher hand, high
significant increase was shown in rats fed 85% CS0 + 15% LEAR oil fried for
24 hrs. .

3- Serum ASAT, ALAT and ALP :

The data in table (3) illustrated non significant changes in the serum
levels of ASAT enzyme in all groups of rats whether fed on unheated oils or
olls frying for 12 or 24 hrs. , either pure or mixed. For ALAT, table (3) shows
that feeding on pure mixed unheated and frying CSO either heated for 12 or
24 hrs. . have no significant decreases in serum ALAT levels. Meanwhile,
feeding on pure SUN oil unheated or heated for 24 hrs. showed significant
increase while SUM oil pure or mixed with 5% LEAR oil and heated for 12
hrs. showed significant decrease.

Data in table (3) showed also that unheated 85% CSO mixed with
15% LEAR oil revealed significant increase in serum ALP leve! as compared
with the unheated pure CSO. Other unheated oils showed non significant
changes in serum ALP level.  Concerning oils heated for 12 hrs. . highly
significant increases were seen in CSO mixed with 5% LEAR ail, pure SUN
oil and SUN oil mixed with 15% LEAR oils, other oils showed no differences.
For oils heated for 24 hrs. CS50 whether pure or mixed (with 5 LEAR showed
significant increase. While 85% CS0 + 15% LEAR oil and pure SUN oil
showed significant decrease in serum ALP level.
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4- Feed efficiency ratio of tested oils:

Table (4) showed that either of unheated pure oils showed non
significant differences in the feed efficiency ratio, whereas oils containing
85% CSO + 15% LEAR oil and 95% SUN oil and 5% LEAR ail shawed
significant increases in feed efficiency ratio. Frying oils for12 or 24 hrs. .
revealed non significant increases for feed efficiency ratio except 95% CSO
mixed with 5% LEAR oil, heated for 24 hrs. which indicated (highly)
significant decrease.

5- Weight of liver and kidney:

The results in table (5) showed that diet containing unheated oils of
SUN qil pure or mixed (5 and 15% LEAR oil) caused significant increase in
the liver weight, while CSO pure or mixed did not affect the Jiver weight
significantly. Qil fried for 12 hrs. . did not change the liver weight significantly
except SUN oil mixed with 5 and 15% LEAR oil which showed very marked
significant increase in the fiver weight. However, the mixed oifs 95% {CSQO
+5% LEAR oil and 85% SUN oil + 15% LEAR oil} that heated for 24 hrs.
increased the liver weight significantly.

Concerning the kidney weight, all used unheated and frying oils
caused non significant decreases in the kidney weight except 85% SUN oil +
15% LEAR oils heated for 12 hrs. and 95% CSO + 5% LEAR oil heated for
24hrs which caused low significant increase.

Table {4) Feed Efficiency Ratio (FER) of rats fed the different cils.
Groups CcsO B(1} |B(2) SUN B (3) B (4)
Treatment (pure} | (85%) [{B5%) PUT®| (95)% | (B5%)
Lnheated oils {Zero) Control | N.S. * N.5. > N.5.
0.207 | 0.188 [0.218) 0210 | 0.224 0.184
After 12hr. frying NS. | NS [NS. | NS | NS N.S.
0073 | 0.009 0109 0.047 | 0.114 | 0.125
After 24hr frying N.S. =~ [NS. | NS | NS. N.S.
0.056 | 0.198 |0.026| 0.025 | 0.065 | 0.116
cso : Pure cotton seed oil.
B (1) : 95% CSO + 5% LEAR oil.
B{2) : 85% G50 + 15% LEAR oil.
SUN : Pure sunflower seed oll.
B (3} H 95% SUN + 5% LEAR oil
B (4} : 85% SUN + 15% LEAR oil
: Low significant at P < 0.5
- High significant at P < 0.01

As compared with the group fed pure unhgated CSO.
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DISCUSSION

Biological assay:

Much of the fat in our diet has been exposed to heat during
processing and in the preparation of foods during cocking. Over the years
there have been concern about changes taking place in heating fats and what
effects these derivatives might have on individuals consuming them. In view
of this, many feeding studies with experimental animals have been carried
out.

In the present study cotton seed oil (CSO) and sunflower seed oil
(SUN) alone or mixed with low curcic acid rape seed (LEAR) oil in different
ratios whether fresh or heated for 12 and 24 hours were fed to rats. The
effect of these oils on some serum parameters and on the weight of some
intemal organs (liver and kidney) was investigated.

* Effect of frying oils on serum triglycerides and total cholesterol levels:

It is quiet evident that unheated oils as pure or mixed with LEAR oil
showed non significant differences in serum triglycerides and serum total
cholesterol levels in comparison with fresh pure CSO. For frying oils heated
for 12 hours, triglycerdes were highly elevated in the sera of rats fed mixed
oils (85% CSO + 15% LEAR oil} and low significant elevation in rats fed 95%
SUN oil + 5% LEAR oil. Meanwhile serum total cholesterol was significantly
clevated only in rats fed SUN oil + 5% LEAR oit. However, rats fed frying oils
for 24 hours indicated significant increase in the serum triglyceride levels of
rats fed CSO or SUN oil either pure or mixed with LEAR oils in the ratios of
5% and 15%, as well as in serum total cholesterol in rats fed CSO pure and
mixed, but not in SUN oil.

Such results given in the present study are in good agreement with
those reported by Billek, G., (1980} as weil as with, Narasimhamurthy and
Raina (1999a) who recorded higher plasma cholesterol levels in heated oil
fed group of rats. In addition Liu and Lee (1998) observed that plasma
cholestero! concentration was highest in guinea pigs fed oxidized frying oil.
Furthermore Abdel Hamid et al. (1993} who reparted hyperlipidaemia and
hypercholesterolaemia by using boiled SUN oil.

These findings mean, that heating oils for prolonged time (either pure
or mixed), might result in different fractiosn of low molecular weight
compounds from such oxidized oils. Some of these compounds are mosl
toxic and can alter the metabolism of lipids. (Alexander, 1981 and Lambonie
et al., 1998).

However, contrast results were reported by Alfin Slater et al (1959)
who recorded depressed plasma cholesterol levels in female rats fed diet
containing heated fard oil and in male rats ingested heated CSO. In addition,
Liu and Lee (1998) and Narasimhamustly and Raina (1999) repoted low
levels of plasma triglycerides in rats and guinea pigs fed frying oils
respectively. Such differences may result from the difference conditions of the
experiments.
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* Effect of frying oils on serum ASAT and ALAT ievels :

Results shown in the present work indicated non-significant changes
in the sefurn levels of ASAT of rats fed the unheated and frying oils for 12 or
24 hours as compared with the group of rats fed the pure unheated CSO.

Meanwhile serum ALAT levels of unhealed oils indicated only
significant increase for pure SUN oil, whereas the other tested oils showed
non-significant differences as compared by the levels of ALAT given by pure
CSQ For frying oils all tested oils showed non-significant changes on the
levels of serum ALAT except those of SUN oil (pure and mixed with 5%
LEAR oil after 12hw frying) which indicated significant decreases as well as
highly significant increase for the pure SUN oil fried for 24 hrs.

Such findings reflect nearly that frying may affect hepatic function.
Qur results were more or less compatible with the results abtained by Galal,
et al (1992) which indicated thatcontinuous feeding for 10 weeks on diets
containing 15% SUN cil {gitber fresh ar used for frying) caused no significant
changes in ASAT and ALAT. On the other hand, they noticed a significant
decrease in serum in ALAT / ASAT ratio of rats that were fed SUN oil that
was used for frying for 48 hours, They suggested that such significant
decrease in ASAT / ALAT ratic was proposed as an additional means of
detecting hepatitis regardless of the absolute transferase values.

* Effect of frying oils on serum ALP levels:

Present dala illustrated that unheated sample containing 85% CSO +
15% LEAR cil showed significant increase in serum ALP as comapred with
those of unheated pure CSO. The other unheated e¢ils shewed non-significant
differences for the levels of serum ALP. Qils heated for 12 hours gave highly
significant increase in serum ALP for samples containing 95% CSQ +5%
LEAR oil, pure SUN oil and 85% SUN oil + 15% LEAR oil. Whereas the other
tested oils indicated no differences as compared with those given pure CSO.
For oils heated for 24 hours, the samples containing pure CSO or 95% CS0
+ 5% LEAR oil, showed higher levels for serum ALP, Samples containing
85% CSO +15% LEAR oil or pure SUN oil showed fairly decreases in serum
ALP, whereas those containing SUN oil + 5 or 15% LEAR oil indicated non-
significant changes.

However, Morgado el al (1998) found that the degree of fat
hydrogenation and the trans fatty acid content of the diet affect the fatty acid
compisition of membranes and the amount and the activity of some
membrane enzymes.

Such disturbances in serum ALP activity was more pronounced in
CSO pure or mixed with 5% LEAR ol fried for 24brs. and indicates, in
addition to the disturbed lipid profile, to impaired liver function.

* Feed efficiency ratio of tested oils:

The data given proved non significant changes for unheated pure
SUN oils whereas CSQ and SUN oil containing LEAR oil 15 and 5%
respectively indicated significant increasing levels for feed efficiency ratio.
Frying oils, for 12 hours proved remarkable dacreasing levels of feed
efficiency ratio, however, such levels were non significant as compared with
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those of pure CSG. Qils heated for 24 hours showed lower significant [ave's
for feed efficiency for sample containing 95% CS0O + 5% LEAR oil. The other
tested oils showed non significant values of feed efficiency.

Such results revealed that unheated CSO and SUN oil that mixed
with 15 and 5% LEAR oil respectively are more valuable than pure CSO, The
results indicated also the decreasing volubility of mixed oils 95% CSO + 5%
LEAR that frying for 24 hrs. These findings agreed greatly with those of
Alexander (1978); De -Fielliettaz and Hermus {1985) and Narasimhamurthy
and Raina {1999a) who found no significant differences in the average feed
efficiency between groups of rats that received the oxidized fats or their
contrals.

However, when Kok et al. (1988) investigaled the canola (LEAR) oils
heated for 72 hecurs at 180°C with 3 periods of 8 hours found that the oxidized
oils catised no noticeable decrease in body weight gain and food intake.
Anyhow feeding animals with frying fats had shown biological effects ranging
from a slight depression in growth to very poor growth and diminished feed
efficiency.

These resulls were in agreement with Galal, ef al. (1992} whe found
that feeding adult albino rats on SUN cil which was used in frying potatoes at
180°C for 10 weeks lowered the feed efficiency of the diet by 60%. They
added that the relative feed efficiency of diet containing oil that has been
heated for 48 hours is less than 50% of the feed efficiency of the same diet
containing fresh ails.

Effect of frying oils feeding on weight of liver and kidney:
Weight of the liver:

Cotton seed oil either pure or mixed with rape seed oils, whether
unheated or fried, however, indicated non significant changes in the weight of
liver except CSO + 5% LEAR cil heated for 24 hrs. that exhibited significant
increasing weight of liver.

The results also showed that rats fed diets containing unheated pure
SUN oil or those mixed with rape seed oil in ratio of 5% and 15% have highly
significant increasing liver weights.

Concerning samples containing SUN oil mixed with 5 and 15% LEAR
oil (after 12 hrs. frying) and SUN oil + 15% LEAR il (after 24 hrs. frying),
they caused significant anlarged liver weight.

Similar results were also obtained by Billek (1980); lzaki and Fujiwara
(1981); De-Fielliettaz and Hermus (1985), Abdel Hamid et al (1993) and
Lambonic and Perkins {1996) by feeding on oxidized frying oils.

Such increment in liver may be attributed to the signs of
hyperilipiaema and hypercholestercllaemia observed previosly in the liver of
sheep fed on heated SUN oil Abdel Hamid et al (1993) or to the increased
fiver microsomal proteins recorded by Lambonic and Perkins (1996)
andLamkbonic et af. (1998).

However, the increased liver weight may be related to the alterations
in the desaturase activites of rat liver microsomes and the concomitant
changes in falty acid composition of these membrances induced by dietary
heated oils [Ruiz and Muriane (1992) and Morgado et al, (1998)].
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Weight of kidney :

The resuits revealed no significant differences in the weight of kidney
of the different groups of rats fed the unheated oils. The same was observed
for rats fed the heated oils for 12 and 24 hours except those fed diets
containing CSO mixed with 15 and 5% LEAR oil respectively which showed
fairly significant increased kidney weight comparing fresh pure CSO.

Those resulis are in accordance with those of De-Fielliettaz and
Hermus (1985} and Lambonic and Perkins {1896). Such changes in the liver
and kidney weights may reflect pathological changes in the fiver and kidney
as fatty necrosis (Alexander, 1978). However El-Zawahry, et al (1992)
reported pathological changes in liver of rats fed on high fat diet containing
SUN oil that has beed used for frying for 24 or 48 hours with or without
replenish ment.

Therefore, it can be concluded that :

1- The use of fresh oils whether pure or mixed is more healthy.

2- Conceming fresh oils used in the present study, it is valuable to use
mixture 2 (85% CSO + 15% LEAR oil} and 3 (95% SUN ail + 5% LEAR
oil) where they have higher feed efficiency ratios.

3- For frying oils, it is preferable to use pure CSO or that mixed with 5%
LEAR oil for no more than 12 hours.
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