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SUMMARY

Two hundred and forty growing albino rats, of three weeks old were
allotted into 12 equal groups each of 20 rats and specified for 2 separate
experiments performed for testing oil quality and frying and each
extended for 6 weeks. Six rat groups were assigned for experiment I of
which the first group was taken as the control and fed on the diet
supplemented with 10% corn oil. The other five groups were set for
fresh sunflower oil-, cottonseed oil —, palm oil-, hydrogenated palm oil-
and butter fat- treatments. In experiment II the same kinds of fat used in
Exp. | were tested after being fried using the remained six rat groups.
Each of the six groups in experiment II was divided equally into two
subgroups in order to test two frying periods 2&4 h. The performance
efficiency, biochemical and histopathological parameters were traced in
order to compare among the different fat sources and test the effect of
frying on fat quality, nutritional value and animal health. The results
showed that rats fed on fresh sunflower oil- and cottonseed oil-diets
showed the best gain and used the food at the best rate of conversion
(3.03 &3.16) while hydrogenated palm and corn oils resulted in retarded
growth and inefficient food conversion (3.79 &3.56). Statistically the
organ weight did not differ among the oils used except in case of
sunflower oil which showed the smallest liver weight. Serum lipid

114



Assiut Vet. Med. J. Vol. 49 No. 97, April 2003

profile of rats showed that the consumption of corn and palm oils
resulted in highest levels of triglycerides, total cholesterol and LDL-
cholesterol and high HDL- cholesterol concentrations while sunflower
and cottonseed oil groups had the most optimal lipid profile. Frying
caused several chemical alterations, decreases in the degree of the
unsaturation and increases in the formation of malonaldehyde and
benzo(a)pyrene contents especially in corn and cottonseed oils. Rats fed
on 2 h- used corn, hydrogenated palm and butter fats gained poorly and
inefficiently utilized food and also they were greatly affected by frying
for 4 hours. Highly elevated levels of serum total cholesterol, LDL-
- cholesterol and total cholesterol/HDL-cholesterol ratio was observed
with 2&4 h- fried palm oil and 4h-fried hydrogenated palm oil. Liver,
kidneys and heart showed normal histological structures especially in
fresh and used frying sunflower and cottonseed oil-groups. In contrast,
hydrogenated palm oil was the only oil caused clear histopathological
changes ranged from slight inflammatory reactions (with fresh oil) into
degenerative and fibroid changes (fried one). Conclusively, sunflower
oil can be considered the best oil for human health used as a salad oil or
cooking oil.

Key words: Fat quality, frying, biochemical parameters, Rats,
nutritional value.

INTRODUCTION

The importance of diet in both health and disease has long been
recognized. Recently, diets are being designed in an attempt to promote
health and modify different diseases. Nutrients are being considered for
their ability to improve health and not just avoid deficiencies.

Oils and fats play an important role in human nutrition because
they are sources of concentrated energy and of the essential fatty acids.
In addition lipids improve the palatability of foods and serve as a vehicle
for the delivery and absorption of fat-soluble nutrients. Body fat or
adipose tissue helps to protect vital organs and provides a vital reserve to
meet demands when other energy sources are unavailable.

Edible fats, both of animal and vegeTable origin, consist
primarily of triglycerides of fatty acids which are usually of either 16 or
18 carbon atoms and may be saturated, unsaturated, or polyunsaturated.
Animal fats also contain cholesterol, either free or combined with a fatty
acid as a cholesterol ester. VegeTable oils have no cholesterol but
contain plant sterols which are poorly absorbed by the animal body and,
in fact, interfere with the absorption of cholesterol.
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The richest source of fat in the diet is the vegeTable oils (such as
that of corn, sunflower seed, and cottonseed, olive and vegeTable
shortenings) or the animal fats (such as lard and butter). Dietary fat is
consumed in a fresh state or used in cooking or frying of foods.

Young children need dietary fat and cholesterol to sustain growth
and to maintain a healthy body (Vergroesen and Crawford, 1989).
Adults, on the other hand, are advised to consume a diet containing
lower total fat, especially saturated fat and cholesterol, which are linked
to an increased risk of cardiovascular diseases. There was considerable
evidence that the type of dietary fat could affect plasma cholesterol
concentration and lipoprotein metabolism (Terpstra et al., 2000).
Saturated fat is often found in animal products, such as meat, dairy
products, and in certain vegeTable products, such as coconut, palm
kernel oil and hydrogenated shortenings, and margarines. Saturated fatty
acids vary in their degree of cholesterol influences. The saturated fatty
acids (12, 14 & 16 C) elevated the circulatory levels of plasma LDL-
cholesterol (Spady ef al., 1993 and Lambert et al., 1996), a major risk
factor for atherosclerosis, with the exception of stearic acid which exerts
its hypocholesterolemic effect by its rapid conversion to oleic acid in the
body (Bonanome and Grundy, 1988 and Khachadurian, 1990)

Hydrogenated oils contain considerable amounts of trans fatty
acids which were recently shown to have adverse effects on the blood
cholesterol profile ( Mensink and katan, 1990 ; Nestel et al., 1992 ).

Conversely, consumption of n-6 and n-3 polyunsaturated fatty
acids were associated with decreased blood pressure and serum
cholesterol (Connor and Connor, 1990; Iacono and Dougherty, 1993).
Plant fats are predominantly polyunsaturated fatty acids. Two are
essential for human, these are linoleic acid (18: 2ng) and a-linolenic acid
(18 : 3n3) ( Simopoulos et al., 1991 and Connor et al., 1992 ). Linoleic
acid is the most prevalent PUFA and is the predominant FA in safflower,
sunflower, corn, cottonseed, soybean and sesame oils.

There was a growing concern that habitual intake of large
quantities of PUFA, when insufficiently protected by antioxidant (Vit
E), might induce atherosclerosis and carcinogenesis and this probably
because they were very susceptible to peroxidation and production of
free radicals (Kok er al, 1994 and Fang et al., 1996). Fortunately,
vegeTable oils containing unsaturated FAs also have large amount of Vit
E. ~
The vegeTable oils are now used widely for deep frying. Because
of the association between heart diseases and saturated fats (FAO, 1978),
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there is an increased tendency for the more unsaturated oils, or blends of
them, to be marketed. The frying of fats, and especially the highly
unsaturated ones, results in thermoxidative and hydrolytic alterations.
The deterioration of lipid is correlated with its content of the unsaturated
FAs (Gere, 1982; Dobarganes et al., 1988; Cuesta et aql., 1991 and
Arroyo et al., 1992). Furthermore, the rate of oxidation depends on
factors such as temperature, frying time, antioxidant content and kind of
fried food (Goburdhun and Jhurree, 1995; Tyagi and Vasishtha, 1996).

Heating causes several chemical alterations, e.g., elevation in the
level of free FAs, changes in peroxide value, decrease in the degree of
unsaturation and antioxidant content, and the formation of polymers
resulting in a decreased nutritive value of the oils (Kishida, et al, 1990;
Warner and Mounts, 1993). As a consequence of the production of these
decomposition products certain oils could present toxicity, possibly
affecting development and growth, as has been reported in rats (Billek,
1985; Lopez-Varela et al., 1995 a; Sanchez-Muniz et al., 1997).

Cuesta et al (1993) reported that disappearance of
polyunsaturated FAs during the frying process has been considered the
primary cause of the hypercholesterolaemia observed in animals that
consume oils used repeatedly for frying potatoes and which undergo a
considerable degree of alteration. Frying was considered to be a source
of all trans-FAs which reported to raise cholesterol in blood (Mensink
and Katan, 1992; Lopez-Varela and Sanchez-Muniz, 1997).

In spite of this most studies suggested that, in moderately heated
oils, the suspected toxic components were not present in significant
- quantities, and combined with an, otherwise, adequate diet, these oils
had only limited or no detrimental effects when fed to animals (Hemans
etal., 1973 and Izaki et al., 1984).

The present study was designed to test the feeding of four
commonly used oils (corn, sunflower, cottonseed and palm oils),
hydrogenated palm oil and butterfat as diet ingredients for rats. The
testing was performed on the fat-sources as it is marketed or after being
fried in the laboratory. The fats were added to the diet at the rate of 10%
and continued to be fed for 6 weeks. The performance efficiency,
haematological and histopathological parameters were traced in order to
compare among the different sources and test the effect of frying on fat
quality, nutritional value, and animal health.
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MATERIALS and METHODS

1. Animal and management:

Two hundred and forty male albino rats (Rattus norvigicus) of 3
weeks-old, weighing approximately 75 g, were procured from Helwan
breeding farm, Cairo, Egypt and housed in 12 separate clean cages. The
animal house was kept under the ambient temperature and humidity and
the animals received a photoperiod of 12 h light cycle. As the rats were
brought to the animal house, they were kept for a preliminary period of
one week and fed on a corn oil-supplemented diet to familiarize the
animals with the feeding devices and environment. Thereafter, they were
allotted into 12 equal groups each of 20 rats and specified for two
separate experiments performed for testing oil quality and each extended
for 6 weeks. The rats were fed on ad-libitum basis and clean water was
continuously available. Body weight gain and feed intake rate were
recorded weekly throughout the experiment, in addition to the health
condition, biochemical parameters, and pathological lesions if any.

2. Diet preparation:

A corn oil-diet was formulated to satisfy the needs recommended
and stated by NRC (1978) for growing rats. The optimal level of energy
density in the diet was achieved by adding 10% of corn oil to the basal
ingredients and considered as the control one. In the other experimental
diets the energy density was achieved by using other fat sources
nominated to be tested. The composition of the control diet is shown in
Table (1).

The fats and oils used in the experimental diets are the sources
commercially available for human consumption. To avoid the possibility
of rancidity and spoilage the diet ingredients were mixed daily and with
the fresh oils.

3. Experimental design:

The biological testing of oils and fats quality was designed to be
performed in two separate experiments. The first was planned to trace
the effect of oil addition and kind on health and biochemical profiles of
rats, while the second experiment was to study the effect of frying on the
quality of the oil, its nutritional value, and effect on rat health. Samples
of the fresh and fried oils were stored for analysis.
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3.1. Experiment 1:

Of the twelve rat groups, six were assigned for this experiment of
which the first group was taken as the control and fed on the diet
supplemented with a local highly reputed corn oil. The other five groups
were set for fresh sunflower oil-, cottonseed oil-, palm oil-,
hydrogenated palm oil (margarine)-, and butter fat (ghee)-treatments. In
estimating the energy value of the different oil-diets the nominated oils
were considered to contain the same energy (8 Kcal ME/ g fat).

_Table 1: The composition of the control (corn oil -) diet

Ingredient Percent j
Physical compesition |
Ground yellow corn 50.55
Soybean meal 19.15
Meat and bone meal 6.00
Wheat bran 13.50
Corn oil 10.00
Sodium phosphate, monobasic 0.30
Potassium chloride 0.15
DL-methionine 0.25
Mineral and vitamin premix 0.10
Calculated chemical composition & energy value
Crude protein 18.01
Methionine & cystine 0.54
Lysine 0.89
Calcium 0.68
Phosphorus 0.45
Metabolizable energy (Kcal/kg) . 3238

* MUVCO poultry mineral and vitamin premix.

3.2. Experiment 11:

In this experiment the same kinds of fat, used in experiment I,
were tested after being fried experimentally. Laboratory frying was
performed so as to simulate home use, and the pan-frying period varied
from 2 to 4 h at approximately 205C using potato sticks as the frying
food. The 4h - treatment was effected in two 2 h-periods separated by 24
h of unuse.

The six rat groups were assigned respectively for the corn,
sunflower, cottonseed, palm, hydrogenated palm oils and butter fat. Each
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of the six rat groups was divided equally into two subgroups in order to
test the two frying periods 2 & 4 h.

In formulating the six fat-diets the fried oils were incorporated, at
the level of 10%, in a diet having the same physical and chemical
composition as that in experiment I.

4. Sampling:

At the end of the experiment and after an overnight fast, five rats
from each group were individually weighed and slaughtered for blood
and tissue sampling.

4.1. Blood:

From each slaughtered animal a sample of about 5 ml blood was
collected into a clean and dry centrifuge tube, left to clot at room
temperature, and then centrifuged at 3000 r.p.m. for 30 minutes. The
clear supernatant serum was harvested and kept frozen at —20°C for
further measurements.

4.2. Tissues:

Liver, kidneys, and heart were excised, blotted and weighed then
sampled. The tissue specimens were fixed in a buffered formaline for
24h, trimmed and then transferred into 70% alcohol for histopathological
examination. In addition, samples of liver were kept frozen for the
determination of hepatic lipids and enzyme activities.

5. Estimations:
5.1. Oil quality tests:

The identity and edibility of the tested oils and fats were
evaluated by determining the iodine, saponification, acid and peroxide
values using A.O.A.C. (1985) methods. Individual fatty acids of fresh
and fried oils were determined by gas liquid chromatography according
to Farag ef al. (1992). Concentration of the decomposition products ,
benzo(a)pyrene and malonaldehyde, formed in the fried oils was
measured using methods described by Dunn and Fee (1979) and
Woyewoda et al. (1986) respectively.

5.2. Biochemical parameters:

Enzymatic colorimetric assays were employed with serum to
determine triglycerides (Eggstein and Kuhlmann, 1974), total cholesterol
(Trinder, 1969), HDL-cholesterol (Burnstein et al, 1970), LDL-
cholesterol (Bergmenyer, 1985) and phospholipids (Zilversnit and
Davis, 1956). Liver functions were traced by determination of the serum
enzymes; alkaline phosphatase (Kind and King, 1954) and aspartate and
alanine aminotransferases (Reitman and Frankel, 1957); and estimating
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the serum total protein following Peters (1968). The serum albumin was
determined according to Doumas et al. (1971), while globulin was
estimated using the equation: Globulin = total protein — albumin.
5.3. Histopathological studies:
Tissue specimens were embedded in paraffin wax, sectioned at 5
um, and stained with haematoxylin and eosin (H & E) for general
histopathological examination using light microscope.

6. Statistical analysis:

The effect of diet (oil type), duration of oil consumption and their
possible interaction on body weight, feed efficiency ratio, serum lipid
profile and liver function were analyzed by using MANOVA according
to Gomez and Gomez (1983).

RESULTS and DISCUSSION

The effect of fats and oils, fresh or used, on animal performance,
liver function, and blood chemistry was exploited. The oils tested were
five of plant origin (corn, sunflower, cottonseed and palm and
margarine) and the sixth was of animal origin (butter — ghee). The
results for each of the tested parameters were discussed for both the
fresh (Exp. I) and fried (Exp. II) oils under the same title in order to ease
the realization of frying effect .

I- Performance
1- Feed intake

In experiment I maintaining the experimental animals on diets
containing 10% oil or fat showed a rate of food intake from 414.8 g in
butter fat — diet to 531.8 in palm oil-diet throughout the 6 weeks of
feeding (Table 2). Comparing the intake of the groups (2-6) with that
of group 1 (Corn oil-group), it was found that while the sunflower and
cottonseed groups nearly equated that of the control group , palm oil
addition increased the intake by 15% and the hydrogenated palm oil or
butter fat reduced it by 12 & 14% respectively. The results of other
researchers are more conflicting in spite of using many oil and fat
sources. Some found an improving effect of margarine on the feed intake
of rats and the olive oil had a reducing effect (Maccoll et al, 1996) while
others found no significant differences between sunflower oil and animal
fat (Ziemlanski et al., 1985; Biermat and Grajeta, 1997), linseed,
sunflower and fish oils (Rustan er al., 1992), coconut; olive; palm and
sunflower oils (Calleja ef al., 1999) and between olive oil, high oleic
sunflower oil and fish oil (Ruiz — Gutierrez et al., 1999).
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Frying the oils in experiment II did reduce the feed intake but the
effect varied from one source to another. Frying for two hour had a clear
negative effect in the palm oil — diet group where the intake was reduced
by about 10% while the effect in the other groups did not exceed 4.5%.
The decreasing effect was more clear as the frying time increased with a
reduction reaching a highest degree (17.7%) with palm oil and followed
by hydrogenated palm oil (15.3 %) and corn (10.4%). The registered
effects of frying on feed intake in other studies differed from a
significant lowering effect with oxidized palm oil (Owu et al., 1998) and
repeatedly used sunflower oil (Sanchez — Muniz et al., 1992); to a non
significant one with discontinuously (15 times) used oils (Lopez-Varela
and Sanchez-Muniz, 1997).

2- Weight gain and feed conversion:

Feeding the animals on diets satisfying NRC (1978)
requirements and supplemented with 10% fat substance of different
sources and for 6 weeks induced a body weight gain ranging from 112 g
in the hydrogenated palm oil-diet to a maximum of 1659 g in the
sunflower oil-diet. Expressing the figures in rounded figures and
considering the gain of corn oil as 100 the other oils scored an extra gain
of 22.9 % in sunflower oil, 17.5 % in cottonseed oil, 15.4% in palm oil
while hydrogenated palm oil and butter fat reduced the gain by 17.3 and
9.9% respectively. The higher weight gain was also obtained with the
consumption of sunflower oil when compared with lard (Biernat and
Grajeta, 1997) and fish oil (Ruiz — Gutierrez et al., 1999). On the other
hand it cased the animal to gain less weight than those on the other oil-
diets, butter; palm stearin; coconut; rapeseed; and olive oil (Trautwein
et al., 1997 and Calleja et al., 1999). No differences in the rat weight
gains connected with the type of fat were noted by Rustan et al. (1992)
and Romijn et al. (1998).

Feed conversion indices calculate the amount of food in grams
consumed for each gram of gain and eventually point to the efficiency of
utilization and conversion in body tissues. The two oils, sunflower and
cottonseed, showing the best gain used the food at the best rate of
conversion (3.03 and 3.16 respectively) while the oils showing retarded
growth (hydrogenated palm oil and butter fat) inefficiently converted the
food (3.79 and 3.40). It is interesting to note that palm oil increased the
growth rate due to an increase in feed intake and showed a feed
conversion rate as low as butter fat. Corn oil in spite it was taken as the
control it did not get high score in feed conversion (3.56) in addition to
the modest growth.
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Using the oils after frying for 2 hours had a slight decreasing
effect on body weight gain starting from 4.7 % in butter fat to 8.0 % in
corn, the only more significant effect was in the palm oil which reached
to 13.1%. When the frying time was increased to 4 h, the decreasing
effect on body gain .was also nearly duplicated in corn, sunflower and
cottonseed oils, triplicated in butter and quadruplicated in hydrogenated
palm oil, while it did not add any reducing effect in palm oil.

Johnson et al. (1956), Rice et al. (1960) and Nwanguma et al.
(1999) reported that thermal oxidation of corn oil led to a definite
growth—depressing action while margarine base stock gave only slight
growth depression, and was noted with butter fat (Johnson et al., 1956;
Rice et al., 1960). Johnson et al. (1956) also found that this effect was
not a permanent one as animals that were changed to a normal diet
quickly recovered and grew to maturity. The growth—depressing effect
appeared to be multiple in nature and may be due to an irritation of the
intestinal tract, causing diarrhea, disturbance of normal metabolism, and
possibly due to an enzyme — inhibiting or vitamin — destroying effect .

Also Sanchez-Muniz et al. (1997) reported that rats fed diets
containing a repeatedly used frying sunflower seed — oil had significant
~lower weight gain and might be related to its lower feed intake or lower

feed efficiency (Lopez Varela et al, 1995a). Nielsan et al. (1985)
pointed that almost all amino acids react with primary and secondary
products of oxidized lipids, thereby decreasing the digestive utilization
of AAs which may affect weight gains.

This was in contrast to the findings by Izaki et al. (1984), Kok et
al. (1988) and Hageman (1991) in which no effect on body weight gain
was observed in fried palm oil.

It could be concluded that corn, hydrogenated palm oil and butter
fat are the oils which have the disadvantage of reducing growth and all
the oils are greatly affected by frying for 4 hours except that of
sunflower.

Frying in addition to decreasing the rate of body gain increased
the feed cost of gain. The increase in cost in 2h — frying varied from an
insignificant value 0.03g in sunflower oil to 0.2g food/g gain in
hydrogenated palm oil. The effect was more clear in 4 h — frying in all
diets except that of sunflower oil (0.1g) where it differed from0.30 to
0.50 g with the highest figure also in the hydrogenated palm oil.

3- Relative organ weights:
The relative weight of the organs in case of feeding fresh oils
differed from 2.97% in sunflower oil to 4.20% in hydrogenated palm oil
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for liver, 0.60% in sunflower to 0.76% in corn for kidney and 0.29% in
sunflower to 0.35% in corn for heart.

Statistically the organ weight did not differ among the oils used
except in case of sunflower oil which showed the smallest liver weight.
Trautwein et al. (1997) reported that livers of hamsters fed on the butter
and palm stearin diets were significantly heavier after 5 w compared
with that of coconut and sunflower oil-fed hamsters but after 7 w no
differences in liver weight existed between the diets. Also, higher liver
weights and liver weights as a percentage of body weight was observed
by Terpstra et al. (2000) in the olive oil — fed hamsters than in those fed
with palm oil or maize oil, although this effect was not statistically
significant for the maize — oil group.

Frying did increase the weight of organs but by decimals of one
unit percent (except sunflower oil 1.02) in liver and hundredths of one
unit percent in kidney (except hydrogenated palm oil 0.1, butter fat 0.13)
and heart. Increasing the time of frying did not make any great
differences except in hydrogenated palm oil in liver, cottonseed and
hydrogenated palm in kidney and palm oil in heart. Rodriguez et al.
(1984) did not find any significant difference in the liver weight and
hepatosomatic index of rats fed olive oil or palm oil used in frying.
While Sanchez—Muniz ef al. (1992, 1997) noted that rats fed sunflower
oil and olive oil used several times for frying displayed a higher
hepatosomatic index than those fed 1% or 2™ used frying sunflower and
olive oils, respectively.

Thermally oxidized corn oil (Nwanguma ef al., 1999) and heated
cottonseed oil (Rice et al., 1960) caused significantly higher relative
liver weights than the fresh oils. long—term feeding of heated oils led to
increases in organ weights, especially in the liver (Izaki ef al., 1984 and
Kok et al., 1988) while shorter periods of feeding (4w) showed no
changes in liver weights (Hageman et al., 1991 and Lop'ez — Varela et
al., 1995).

I1- Oil quality:

Quality characteristics of the fresh oils and fats (Table 6) showed
them to be in accordance with the Egyptian standard (1993). Also from
this Table it is indicated that there were analytically measurable changes
due to oxidation, polymerization and hydrolysis (Cuesta, 1993; Lop'ez —
Varela et al., 1995; Sanchez —Muniz et al., 1997). These changes were
translated by increases in the acid, peroxide and saponification values
and decrease in the iodine value. The oils did not rank the same orders
for the all different chemical values, however, the used frying corn and
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cottonseed oils recorded the highest values and the butter fat had the
lowest ones. Steiner ef al. (1993) reported that heating impaired quality
in all 32 studied samples of vegeTable oils; non-refined olive and
sunflower seed oils were especially adversely sTable. In Egypt, Farag et
al. (1992) found that change in the chemical values indicating
deterioration, due to frying, were much higher for cottonseed oil than for
hydrogenated palm oil.

Quality of the used frying oils was more affected with extending
the time of frying to 4h. Chang ef al. (1978) reported that acidity % of
corn oil and hydrogenated cottonseed oil was increased gradually during
frying to 1.4% within 90 h and less than 60 h respectively. While Nolen
et al. (1967) found small but irregular increases in the free fatty acid
levels and peroxide value, and small in iodine values with the use of
partially hydrogenated soybean oils, cottonseed oil, and lard for frying
under practical restaurant — type frying conditions.

The concentration of benzo(a) pyrene and malonaldehyde
compounds in fresh oils increased with heat treatment .There was a
positive relationship between the frying time and the level of these
compounds in the used oils. After 4 hours of frying, the concentrations
increased by about 11.8, 10.5, 8.2, 6.7, 3.8 and 2.8% for corn, cotton,
palm, hydrogenated palm, sunflower and butter fat each than its
respective fresh oil. Howard and Fazio (1980) found that the highest
concentration (43.7 g/kg) of benzo(a)pyrene was in o0il from smoked
dried coconut, while sunflower seed and palm kernel oils contained 10.6
and 40.1 mg/kg, respectively. Serag El-Din (2001) reported that the
benzo(a)pyrene content of used-frying oils increased with the increase of
frying time and corn oil recorded higher values when compared with the
sunflower oil. Benzo(a)pyrene and malonaldehyde compounds have
been shown to be mutagens and carcinogens as reported by Plakunov et
al. (1987) and Hawkins ef al. (1990).

Table 7 shows that the fatty acid composition of fresh corn,
sunflower, cotton and palm oil is characterized by its high content of
total unsaturated FA; (89.05, 86.93, 87.39 & 80.71 %) while
hydrogenated palm oil and butter fat by its low content (61.71 and 71.62
% respectively). In all of these oils, Cys.; and Cg.; constitute more than
90% of the unsaturated fatty acids. The use of oils in frying resulted in a
change in the degree of unsaturation (decrease in unsaturated FAs and
increase in saturated FAs) reflected in a decrease of P/S ratio by about
60% in corn & sunflower oils after 4h.
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III- Blood biochemical parameters:

The recorded results in Table 4 are in agreement with that obtained
by Terpstra et al. (2000) who reported that the type of dietary fat could
affect total cholesterol concentrations and lipoprotein metabolism. Rats
fed on corn and palm oil-diets recorded the highest levels in serum
triglycerides, total cholesterol and LDL-cholesterol concentrations and
high level of HDL-cholesterol. Groot et al. (1988) found that
hypertriglyceridemia found in palm oil-fed animals was due to less
efficient catabolism and not to increased synthesis of plasma
triacylglycerol. In contrast, Purushothama et al. (1994) reported that the
palm oil had a favourable effect on the cholesterol metabolism similar to
unsaturated sunflower oil. Also the obtained data showed that sunflower
and cotton seed oil-fed rats had optimal lipid profile translated in a
lowered total serum cholesterol and LDL-cholesterol levels by about
30% and total cholesterol / HDL-cholesterol ratio (risk factor) by 60 %
when compared with the highest values recorded by corn and palm oils
and hydrogenated palm oil respectively. Butter fat was intermediate.
This coincides with that found by Trautwein et al. (1997), Romijn et al.
(1998) and Sarkkinen et al. (1998), while Sarkkinen et al. (1998) added
that the significant decrease in LDL-cholesterol with sunflower oil was
probably through cholesterol malabsorption with a compensatory
increase in cholesterol synthesis in addition to changes induced by
dietary fatty acid composition.

Abnormal alteration in levels of protein fractions (decrease in
albumin and increase in globulin) leading to significant decrease in
albumin/globulin ratio (0.21), which reflect liver injury, was observed
with hydrogenated palm oil and lesser by about 57% than that of
sunflower oil (0.49). The figures for asparatate and alanine
aminotransferase in the serum of rats fed palm and hydrogenated palm
oils and hydrogenated palm and corn were nearly double that found in
sunflower,corn and sunflower and butter fats respectively (Table 5).

Generally, the values of biochemical parameters recorded by
fried oils were less than that of fresh oils and this may be due to the
contribution of both hydrolysis by pancreatic lipase of the complex
molecules formed during heating and the poor absorption of the released
complex FA; to the reduced absorbability of fried fats (Yoshida and
Alexander, 1983 and Marquez-Ruiz et al., 1993). Also the decrease in
feed intake occurred with fried oils may also contribute to the
differences recorded between fried and fresh fats.
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The consumption of diets containing palm oil used in frying for 2
h induced highest serum total and LDL—cholesterol values and total
cholesterol/HDL- cholesterol ratio and alanine and aspartate
aminotransferases activities and exhibited a similar trend when fried for
4 h. Increasing the time of frying also had bad effect on the biochemical
parameters of the hydrogenated palm oil group while that of sunflower
and cottonseed oil fed — rat group showed the least effect at 2 or 4 hours

of frying.
IV Histopathological studies:

There was no detecTable histopathological changes in livers,
kidneys and hearts of rats fed on diets containing fresh oils except slight

~ inflammatory reactions were observed with corn oil, hydrogenated palm
oil and butter fats. Richter et al. (1996) reported that livers of rats fed on
sunflower oil -olive oil- or rapeseed o0il- supplemented diets showed
moderate non — degenerative fat infiltration of the hepatocytes while
heart and aorta appeared normal.

The use of sunflower and cottonseed oils in frying for 2h had no
detrimental effect on organ tissues and even with increasing the frying
hours, healthy tissues were observed. On the contrary, livers of rats fed
2-&4- h used frying corn oil and palm oil showed histopathological
changes e.g. hyperemia, inflammatory cell infiltration and kupffer cell
proliferation. The severity of injury increased with 4-h frying
hydrogenated palm oil where there were degeneration of the hepatocytes
and fibrosis. Shibayama (1992) reported that ingestion of heated and
oxygenated corn induced hepatic injury and might relate to liver cell
membrane damage due to active O2 radicals contained in heated and
oxygenated corn oil. Kidney and heart of 4 h — used frying hydrogenated
palm oil showed hyperemia and inflammatory cell infiltration.

From the results we can conclude that any oil had no symmetrical
effect on the different tested parameters and sunflower oil can be
considered the best for use as a salad or cooking oil.
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Table 2: Performance of rats fed diets containing fresh or used frying  oils, for 6 weeks

Frying Diets ( oil added as 10 % )
hours | Corn | Sunflower | Cottonseed | Paim | Hydrogenated palm | Butter fat
Feed intake (g)
0 482.0 503.5 502.7 531.8 424.8 414.8
2 461.2 480.9 492.8 475.8 4184 409.1
4 431.7 470.3 481.8 437.7 359.8 389.6
Weight gain (g)
0 135.5 165.9 159.2 156.3 112.0 122.1
2 124.6 157.0 149.5 135.8 104.9 1164
4 109.3 150.1 136.9 118.3 839 105.0
Feed conversion index
(g diet/ g gain) .
0 3.56 3.03 3.16 3.40 3.79 3.40
2 3.70 3.06 3.30 3.50 3.99 3.51
4 3.95 3.13 3.52 3.70 4,29 37

The com group (1)was considered the control for comparison.

Table 3: Liver, kidneys and heart relative weight (as a body weight ) in the different rat groups

Frying Diets (oil added as 10 %
Corn Sunflower | Cottonseed Palm Hydrogenated Butter
Hours palm fat
Liver
0 3.69+02 2.97+0.33** | 3.64+0.27 | 3.57+0.07 4.0240.18 3.8940.04
2 4.48 +0.07 3.99+0.19 | 4.08+0.17 | 4.21+0.02 4.69+0.33 4.69+0.14
4 43340.12 3.9940.18 | 4.2240.21 | 4.26+0.24 5.13+0.96** 4.3940.17
Kidney
0 0.76+0.03 0.6040.02 | 0.68+0.03 [ 0.68+0.02 0.75+0.01 0.70+0.28
2 0.83+0.04 0.69+0.05 | 0.71+0.01 |0.75+0.05 0.851+0.02 0.83+0.03
4 0.83+0.02 0.70+0.04 | 0.77+0.02 | 0.78+0.04 0.95+0.04 0.84+0.04
Heart
0 0.35+0.02 0.29+0.03 | 0.30+0.02 | 0.3040.02 0.32+0.03 0.30+0.01
2 0.33+0.03 0.32+0.01 | 0.32+0.02 | 0.31+0.01 0.34+0.04 0.3240.01
4 0.3240.01 0.30+0.01 | 0.31+0.03 | 0.35+0.03 0.35+0.03 0.3340.03
** Significant at p < 0.01
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Table 4: Effect of fat Source and frying on serum lipids in rats

Diets (Oil added as 10 % )

Frying
/ Corn Sanflower Cottonseed Paim Hydrogenated | Butter fat
hours palm
Triglycerides
(mg/dl)
0 199.6+2.07* 117.94131° | 173.1+2.04" | 204.0+1.43° 161.0+0.98° | 162.24+2.18"
2 198.8+1.19° | 109.8+1.37cd | 86.6+1.20° 93.242.08° 158.2+7.45° | 188.7+2.73°
4 107.141.76° 87.7+1.19° 117.0+1.52° | 96.710.88" 163.6+2.31° 86.1+1.22°
Phospholipids
(mg/dl)
0 109.4+1.00° 166.1+1.44° 103.8+1.09° | 111.1+1.22° 91.2+1.45° 195.2+1.13°
2 78.6+1.09° 148.8+1.04° 180.3+1.30° | 170.8+1.38° 75.3+1.31% 101.5+1.15°
4 73.7+1.36° 194,0+0.70° | 122.741.44% | 100.5+0.85° 92.3+1.24° 134.8+1.06°
Total
cholesterol
(mg/dl)
0 89.9+1.44* 61.2+1.43% 58.5+0.62° 84.4+1.76 72.5+1.36% | 77.3+1.64°
2 54.8+0.40° 47.8+1.82° 71.72.10° 79.132.04° 77.8+1.66° 63.3+1.43°
4 79.0+1.19% 67.2+1.08% 59.2+1.18° | 84.0+2.00° 97.1+2.18° | 64.6+1.51% |
HDL -
cholesterol
(mg/dl)
0 51.0+0.61° 52.4+0.36 40.5+0.78° 47.0+1.72° 20.4+0.38° 38.5+0.65"
2 39.5+0.63° 45.8+0.50° 46.3+0.50° 40.5+0.72° 45.8+0.49° 56.6+0.72°
4 29.4+0.63* 51.5+0.49° 34.6+0.83° 27.6+0.72° 36.8+0.50° 36.8+0.72%
LDL-
cholesterol
(mg/dl)
0 87.8+0.942 61.1+1.42° 58.4+0.63° 86.9+0.49° 72.4+1.36° 75.5+0.65"
2 54.3+0.40° 47.3+1.66° 71.7+2.10% 79.1+2.04¢ 77.8+1.82 63.3+1.43%
4 79.0+1.19° 57.2+1.08° 59.2+1.18° 84.0+2.00a 97.142.18° 64.6+1.51°
Risk factor
0 1.840.01° 1.2 40.16° 1.5+0.04° 1.8+0.08a 3.5+0.22° 2,0+0.04°
2 1.4+0.02% 1.0+0.04° 1.6+0.05° 2.0+0.04a 1.7+0.06° 1.3+0.03°
4 2.6+0.06° 1.310.03° 1.7+0.03° 3.0+0.04c 3.6+0.06° 1.8+0.07°

Risk factor = serum total cholesterol /HDL — cholesterol.

Mean values within a row not sharing a common superscript letter were significantly

different: a, b, d

at p<0.05;catp<0.01.
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Table §: Proteins and enzyme concentration in the serum of rats

! Frying Diets (oil added as 10 % )
Corn Sunflower Cottonseed Palm Hydrogenated Butter fat
hours palm
Total
proteiu
(g/d}
0 13.63 + 0.10° | 14.07+0.09° | 12.77+0.10° | 15.29+0.13% | 18.47+0.09° | 16.31+0.09%
2 11,44+0.08° | 15.07 +0.13° | 17.39+0.13% | 15.89+0.08% 13.1140.10° 18.24+0.08°
4 14.45+0.09° | 14.93:0.12° | 12.56+0.09° 12.2240.11° 15.9610.09° 19.1040.11°
Albumin
(g/dD
0 321+ 0.12° | 4.61+ 023 | 3.60+ 0.24° | 3.47+ 0.20° 3.23+0.19° 433+ 0.15°
2 420+ 0.14° 430+ 028 | 4.24+035° 5.71+0.09% 4.67+0.21° 5.05+0.12°
4 659+ 0.15° 590+0.18° | 5.82+0.15° 6.36+0.11° 4.70+0.21° 5.46+027°
Globulin
(g/d1)}
0 9.28+ 0.08° | 9.47+0.21° | 9.17+0.29° | 11.82+0.33° | 15.25+0.18° 11.99+0.12b
2 7.24+0.16° 10.26+0.22° | 13.14+0.39° 10.18+0.12° 8.43+0.24° 13.1940.16°
4 7.86+0.21° 9.03+0.24° 6.74+0.15° 5.86+0.16° 11.26+0.17° 13.64+0.26°
A/G ratio
0 0.31+0.01° 0.49 +0.02° 0.39+0.03° 0.3040.04° 0.21+0.02% 0.36+0.01%
2 0.58+0.03% 0.53+0.08c | 0.3310.03b 0.55+0.01° 0.50+0.04° 0.3740.01°
4 0.82:+0.04° 0.53+0.05° 0.87+0.04° 0.9610.12° 0.42+0.03° 0.40+0.03°
Enzymes
un
AST
0 36.54+0.71° | 40.02+1.16 | 51.46+0.78° | 73.20+0.81° 67.841.18° 63.03+0.20°
2 60.12+ 0.76° | 45.50+1.19° | 52.28+ 1.58° | 87.92+0.30° | 8542+ 1.11° | 75.28+[.71% |
4 58.24+ 1.28° | 33.72+0.88° | 43.56+2.14" | 76.16+0.83° | 85.22+ 0.65° 57.30+ 1.00°
ALT
0 1448+ 0.81* | 9.56+0.44° | 10.88+ 0.55° | 13.64+0.40" 19.2+ 0.48° 8.78+ 0.72°
2 8.62+0.68" 9.22+0.69% | 10.48+0.42 14.62+0.76° 20.8410.23° 14.6240.41°
4 1620+ 0.47° | 8.34+044° | 8.18+0.56° 12.38+0.61° | 12.38+ 0.49° 3.44% 0.36°

A/G ratio = the ratio of albumin to globulin in blood serum .
AST = Aspartate aminotransferase
Mean values within a row not sharing a common superscript letter were significantly
different: a ,b,d at p<0.05; c at p<0.01.

ALT = Alanine aminotransferase .
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T'able 6: Chemical characteristics and carcinogen concentration in fresh and used frying oils and butter fat

Type of oil and frying hours

Analysis Corn oil Sunflower oil Cottonseed oil Palm oil Hydrogenated palm oil Butter fat
R 2 4 0 2 4 0 2 4 0 2 4 0 2 4 0 2 4
Acid value 076 | 080 | 085 | 079 | 076 | 082 | 076 | 0.79 | 084 | 073 | 0.76 | 0.79 | 075 | 0.78 | 080 | 0.72 | 0.74 | 0.74
(mg KOH/g) * + + + + + + + + + + + + + + + + +

— 0.11 [ 010 | 020 [ 007 | 019 [ 013 [ 011 [ 005 | 017 [ 010 [ 014 [ 042 [ 010 | 013 | 009 | 008 | 012 | 0.16
‘Peroxidevalue | 801 | 9.11 | 993 | 781 | 831 | 879 | 797 | 903 | 991 [ 763 | 830 | 852 | 7.72 | 852 | 857 | 752 | 7.82 | 8.04
(meg/Kg ) * + + + + + + + + + + + + + + + + +

T 1.08 1075 | 076 | 098 | 1.11 | 889 | 1.03 | 1.4 | 0.85 | 1.02 | 098 | 1.15 | 090 | 0.87 | 1.12 | 097 | 0.85 | 091
Jodine value 116.50 | 117.20 | 114.63 | 115.83 | 114.25 [ 114.87 | 113.68 | 113.14 [ 111.28 | 114.87 | 114.61 | 114.98 | 96.06 | 96.06 | 95.34 | 94.58 | 94.36 | 94.18
(Hanus * * + + * * * * + + + + + * + + + +
“solution )
321 | 2890 | 385 | 217 | 312 | 355 | 249 | 286 | 258 | 296 | 317 | 289 | 2.89 | 255 | 327 | 238 | 249 | 3.09
“Saponification | 125.20 | 125.91 | 136.01 | 122.91 | 123.51 | 130.71 | 125.51 | 124.61 | 134.07 | 122.00 | 123.91 | 127.25 | 123.25 | 123.46 | 127.38 | 122.00 | 122.60 | 126.51
value
(mgKOlg) | + + + + + + * * + * + + + + + + * +

_,ﬁ 2.1 321 | 358 | 3.72 | 400 | 412 | 272 ] 320 | 342 | 295 | 3.11 | 351 | 289 | 3.15 | 420 | 224 | 2.87 | 3.8
Malonaldehyde | 697 | 743 | 856 | 672 | 740 | 8.06 | 674 | 741 | 832 | 951 | 697 | 742 | 653 | 686 | 731 | 650 | 6.82 | 7.20
(mg/kg ) + + + + + + + + + + + + + + + + + +
098 | 085 | 101 | 090 | 054 | 114 ] 074 | 095 | 099 | 1.14 | 077 | 049 | 0.81 | 073 | 1.10 | 1.07 | L11 | 096
Benzo(a) 098 | 103 | 119 ] 091 | 1.01 | 1,19 | 090 | 1.07 | 1.17 | 083 | 088 | 091 | 076 | 089 | 094 | 072 | 033 | 0.88
pyrene
(mg/kg) x + + + + + + + + + £ ¥ ¥ ¥ T " 7 T
o 0.16 | 017 | 021 | 020 | 014 | 021 | 022 | 015 | 023 | 014 | 020 | 022 { 011 | 019 | 010 | 013 | 020 | 0.19
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Table 7: Fatty acid composition of fresh and used frying oils and fats (g/100 g total fatty acid )

_Type of oil and frying hours

Fatty acid Corn oil Sunflower oil Cottonseed oil Palm oil Hydrogenated palm Butter fat
oil
0 | 2 | 4 o [ 2 | 4 0 | 2 [ 4 0| 2| 4 ol 2] 4] 0 2 4

Satarated
12:0 - 001 052 - 032 058)] - - 050|006 024 08| - 014 133| - 017 071
14:0 009 101 208|107 151 256 | 091 177 1.83 ] 072 079 296 | 129 2.15 3.46 [11.94 126 3.63
16:0 1031 11.93 1898 8.79 1323 16.30| 7.80 1544 15.95|14.14 1429 16.65|24.45 19.77 17.02|13.79 14.08 21.37
18:0 023 159 312 (129 301 908 390 515 581306 302 5551074 1200 13.96| 192 218 423
20:0 018 014 - | 129 0.86 047 |Traces Traces - | 030 024 - | 135 133 080 060 059 0.50
2:0 014 007 - |064 - - |Traces Tmaces - | 024 016 009|078 08 - | 046 050 0.30
Total 1095 14.75 2470 13.08 18.93 2899 | 12.61 22.35 24.09|18.52 18.74 26.08 | 38.61 3625 36.57 | 28.71 18.78 30.74

Unsaturated T
12:0 014 029 0261161 097 035| 520 588 830|048 056 065|272 444 293|066 075 091
14:0 2475 2012 1923|2840 25.80 27.00| 2237 20.59 18.44 | 24.87 2635 27.75|1520 1633 13.30[21.02 2599 18.75
16:0 64.16 64.84 55.81|56.91 5430 43.66| 59.82 51.18 49.17|56.13 54.35 4552|4347 4298 4720 |49.61 5448 49.60
18:0 - - - - - - - - - - - - - . - - - .
20:0 - - - - - - - - - - - - - - - - . -
22:0 - - - - - - - - - - - - - - - - - -
Total 89.05 8525 7530|8692 81.08 71.01| 8739 77.65 7591|8148 8126 73.92|61.39 63.75 6343|7129 81.22 69.26
U/S 813 578 305 | 665 428 245 ]| 693 347 3.15 | 440 434 283 | 1.59 1.76 1.73 | 248 432 225
P/S 586 440 226 | 435 287 151 | 474 229 204 (303 290 175|113 119 129 | 1.73 290 1.61

U/S = Unsaturated / saturated fatty acid ratio

P/S = Polyunsaturated / saturated fatty acid ratio
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1: Liver of rat fed dnyfre’sh co il shoe dilated central vein and
sinusoids with proliferation active of kupffer cells.

N, #

Fig.
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Fig. 2: Liver of rat fed on 2h fried hydrogenated palm oil showed
leucocytic inflammatory cellular infiltration in the portal area
associated with distended and newly formed bile ducts.

139



Assiut Vet Med. J. Vol. 49 No. 97, April 2003

Fig. 3: Kidny of rat fed on 4h. fried hydrogenated palm oil showed
basophilic casts in the lumen of the renal tubules in medullary
portion with dilatation of inter tubular blood capillaries.

\ g

Fig. 4: Heart of rat fed on 4h. fried hydrogenated palm oil showed
oedema with inflammatory cellular infiltration in the
endocardium.
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