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The effects of non-fried and fried virgin olive and sunflower oils on rat liver microsomal com-
positional features have been investigated. In addition, plasma antioxidants (a-tocopherol and
ubiquinone 9) were investigated as well as the possible oxidative modifications suffered by
virgin olive and sunflower oils during the frying process. The frying process decreased the con-
tent of a-tocopherol and phenolics in the oils and increased total polar materials. Sunflower oil
was affected to a greater extent than olive oil. In rats, the intake of fried oil led to higher levels
of lipid peroxidation and a lower concentration of plasma antioxidants. Microsomal fatty acid
and antioxidant profiles were also altered. It seems that a strong relationship exists between the
loss of antioxidants and the production of toxic compounds in the oils after frying and the extent
of the peroxidative events in microsomes, which were also different depending on the fat
source. The highly unsaturated sunflower oil was less resistant to the oxidative stress produced
by frying and led to a higher degree of lipid peroxidation in liver microsomes in vivo than virgin
olive oil.

Virgin olive oil: Sunflower oil: Fried oil: Lipid peroxidation: Rat

Fats and oils are heated at high temperatures during
baking, grilling and pan-frying; deep-fat frying is the
most common method of high-temperature treatment
(Warner, 1999). Deep-fat frying is a popular food prepa-
ration method because it produces desirable fried food
flavour, golden-brown colour and crisp texture. Frying
has little or no impact on the protein or mineral content
of food, whereas thermal stressing of polyunsaturated
fatty acid (PUFA)-rich culinary oils according to routine
frying or cooking practices generates high levels of cyto-
toxic aldehydic products, arising from the fragmentation
of conjugated hydroperoxydiene precursors. Several com-
pounds produced from the thermally induced autoxidation
of PUFA are readily absorbed from the gut into the sys-
temic circulation in vivo (Grootveld et al. 1998). Since
such aldehydic products are damaging to human health, it
has been indicated that the dietary ingestion of thermally,
autoxidatively stressed PUFA-rich culinary oils promotes
the induction, development, and progression of cardiovas-
cular diseases (Grootveld et al. 1998).

The high temperature and short transit time of the frying
process causes less loss of heat-labile vitamins than other
types of cooking. For example, the vitamin C concentration
of French fried potatoes is as high as in raw potatoes, and
thiamin is well retained in fried potato products as well as
in fried pork meat (Fillion & Henry, 1998). Although some
unsaturated fatty acids and antioxidant vitamins are lost
due to oxidation, fried foods are generally a good source
of vitamin E (Fillion & Henry, 1998). Because of high
consumption of frying oils and fats, the effect of high tem-
peratures on these oils and fats is of major concern both for
product quality and nutrition (Paul & Mittal, 1997; Fillion
& Henry, 1998; Warner, 1999).

It is well known that dietary fat sources strongly influ-
ence several biochemical variables both in plasma and in
biological membranes (Mataix et al. 1998; Quiles et al.
1999a; Ramı́rez-Tortosa et al. 1999). Virgin olive oil has
been shown to modulate the damage caused by endogenous
and exogenous oxidative stress (Ramı́rez-Tortosa et al.
1998; Quiles et al. 1999a; Svegliati Baroni et al. 1999).
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Adaptations of microsomes in relation to dietary fat type
have been reported (Huertas et al. 1991a,b; Quiles et al.
1999b). The importance of fatty acids resides in the finding
that biological membranes adapt their composition accord-
ing to that of dietary fat (Yamaoka et al. 1988; Charnock
et al. 1992; McMillin et al. 1992; Barzanti et al. 1994;
Stillwell et al. 1997; Quiles et al. 1999c). Virgin olive
oil is particularly rich in antioxidant molecules and it is,
together with sunflower oil, one of the most frequently
used fat sources in Europe. These two edible oils compete
in the market and it is important that physicians and con-
sumers possess more information about the influence that
these oils may have on human health.

In light of the previous studies we investigated the
effects of dietary fried virgin olive and sunflower oils
with regard to the corresponding non-fried ones on the
composition of rat liver microsomes. In addition, plasma
antioxidants were investigated, as well as the oxidative
modifications to virgin olive and sunflower oils that
occurred during the frying process.

Materials and methods

Frying procedure

Two domestic deep-fat fryers with 3·5 litre A vessels
ð260 £ 192 £ 348 mmÞ were used for frying. The fryers
were filled with 3 litres virgin olive or sunflower oil and
heated at 1808C for 15 min. Four cycles of 15 min frying
were used with 2 h rest periods between each frying
cycle. For the analytical determinations of the oils, samples
were preserved after each frying cycle (15, 30, 45 and
60 min fried oils) and a sample from the non-fried oil
was also retained. Frying procedures were repeated with
six samples for each oil type. For the animal study, the
diet was made using non-fried oil for the non-fried diet
groups and oil fried for four cycles of 15 min (60 min
fried oils) for the fried-oil dietary groups. All the oil
samples were filtered and stored in a freezer at 2208C
before analysis. Table 1 shows the lipid profile of the
edible oils used for the frying procedure.

All chemicals and solvents of highest grade available
were acquired from Sigma (St Louis, MO, USA) and
Merck (Darmstadt, Germany).

Analytical determinations in the oil samples

Extra virgin olive oil (European Economic Community,
1991) and sunflower oil were purchased in a local super-
market. The fatty acid profile of oil samples was measured
by GLC as described by Lepage & Roy (1986). A portion
of each sample (50ml) was weighed precisely into a glass
tube and dissolved in 2 ml methanol–benzene (4:1, v/v);
50mg fatty acid 13:0 and 9mM-butylated hydroxytoluene
were added to the samples as internal standard and anti-
oxidant respectively. Acetyl chloride (200ml) was slowly
added, then tubes were closed and subjected to methano-
lysis at 1008C for 1 h. After the tubes were cooled in
water, 5 ml 0·43 M-K2CO3 solution was slowly added to
stop the reaction and neutralize the mixture. The tubes
were then shaken and centrifuged, the benzene upper

phase was removed and transferred to another glass tube
to be dried under N2 and resuspended to a volume of
100ml hexane. A GLC Model HP-5890 Series II (Hewlett
Packard, Palo Alto, CA, USA) equipped with a flame ion-
ization detector was used to analyse fatty acids as methyl
esters. Chromatography was performed using a 60 m long
capillary column, 32 mm i.d. and 20 mm thickness, impreg-
nated with Sp 2330e FS (Supelco Inc., Bellefonte, CA,
USA). The injector and the detector were maintained at
250 and 2758C respectively; N2 was used as carrier gas
and the split ratio was 29:1. Temperature programming
(for a total time of 40 min) was as follows: initial tempera-
ture 1608C for 5 min, 68C/min to 1958C, 48C/min to 2208C,
28C/min to 2308C, hold 12 min, 148C/min to 1608C.

The concentration of a-tocopherol in the oil samples was
determined by HPLC with a Beckman in-line Diode Array
Detector, model 168 (Fullerton, CA, USA), a Water
(Milford, MA, USA) 717 plus auto sampler and a Beckman
Ultrasphere 5mm silica column ð250 mm £ 4·6 mmÞ: The
absorbance of the eluates was monitored at 292 nm. The
flow rate was 2 ml/min and the eluent was methanol–
water (99:1, v/v). Samples were treated according to
Ueda & Igarashi (1990). Tocopherol peaks were identified
by predetermining the retention times of individual tocopherol
standards and results expressed as tocopherol equivalents.

Total phenolics were extracted from the oils according
to the method described by Vázquez-Roncero et al.
(1973). The concentration of total phenols was estimated
with the Folin–Ciocalteau reagent using caffeic acid as
standard. Total polar components were determined accord-
ing to Dobarganes et al. (1984).

Analytical determinations in rats

Thirty-two male Wistar rats (Ratus novergicus) initially
weighing 80 to 90 g (supplied by the Laboratory Animal
Service of the University of Granada) were allocated to
four groups of eight per cage and maintained on a 12 h
light–dark cycle with free access to food and drinking
water. The present study lasted 8 weeks during which the

Table 1. Fatty acid composition (g/100 g oil) of the non-fried experi-
mental oils†

(Mean values with their standard errors for six oil samples)

Virgin olive oil Sunflower oil

Fatty acid Mean SE Mean SE

16 : 0 9·8* 0·04 6·3 0·01
16 : 1n-7 0·6* 0·01 0·1 0·01
18 : 0 3·9 0·02 4·4 0·01
18 : 1n-9 76·7* 0·05 31·2 0·04
18 : 2n-6 6·8* 0·01 55·9 0·03
18 : 3n-3 1·1* 0·01 0·4 0·01
20 : 1n-9 0·3* 0·01 0·2 0·01
20 : 2n-6 0·2* 0·02 0·1 0·01
20 : 4n-6 0·1* 0·01 0·7 0·01
20 : 5n-3 0·1 0·01 0·1 0·01
22 : 4n-6 0·1* 0·01 0·3 0·01
24 : 0 0·1 0·02 0·1 0·02

Mean values were significantly different from those of sunflower oil: *P,0·05.
† For details of analytical procedures, see p. 58.
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rats were fed on semisynthetic and isoenergetic diets with
the following composition (g/kg diet): casein 267·0, starch
135·3, sucrose 452·9, edible oil 80·0, mineral supplement
36·8, vitamin supplement 10·0, cellulose 18·4, choline 0·9,
methionine 3·0. Mineral and vitamin supplements were
designed according to the AIN-76 criteria (American Insti-
tute of Nutrition, 1977). Groups only differed in the type of
edible oil used for their diet. One group was fed on non-
fried virgin olive oil, another group was fed on fried virgin
olive oil, the third group was fed on non-fried sunflower oil
and the fourth group was fed on fried sunflower oil. The
fried oils used for the animal experiment were 60 min fried
oils according to the procedure described earlier.

At the end of the experiment, the rats were killed by
decapitation at the same time of the day (between 12.00
and 13.00 hours) to avoid circadian fluctuations. The proto-
cols were approved by the Ethical Committee of the
Interministerial Commission of Science and Technology.
Animals were handled according to the guidelines for
care and use of laboratory animals of the Spanish Society
for Laboratory Animal Sciences.

Blood was collected in EDTA-coated tubes, and plasma
obtained by centrifugation at 1750 g for 10 min. All
samples were stored at 2808C until analysis. Liver micro-
somal membranes were isolated following Fleischer et al.
(1979) as previously described (Huertas et al. 1991a).
The protein concentrations of microsomal samples were
determined according to the method of Lowry et al.
(1951), using bovine serum albumin as a standard.

The fatty acid profile of liver microsomes was measured
by GLC as described by Lepage & Roy (1986) for the oil
samples.

The ferrous oxide–xylenol orange method was used for
determining hydroperoxides. Hydroperoxide levels in rat
liver microsomes were assayed according to the principle
of the rapid peroxide-mediated oxidation of Fe2+ to Fe3+

under acidic conditions (Nourooz-Zadeh et al. 1994) using
triphenylphosphine, an agent that avoids artifactual colour
generation in samples, which might contain substantial
quantities of loosely available Fe. Briefly, microsomes
(0·1 mg) were incubated at 378C for 30 min with and without
1 mM-triphenylphosphine. Ferrous oxide–xylenol orange
reagent was added to each sample and incubated again at
378C for 30 min in a shaking water-bath. After centrifugation
(2000 g for 5 min) the absorbance of the supernatant fractions
was monitored at 560 nm. Lipid hydroperoxides were
measured as baseline levels and after an induction with
2,20-azobis (2-aminidinopropane) dihydrocloride. Micro-
somal thiobarbituric acid-reactive substances were deter-
mined according to Orrenius et al. (1977).

Analyses of ubiquinone 9 and a-tocopherol in micro-
somes were carried out according to Lang & Packer
(1987), by HPLC with in-line Diode Array Detector,
model 168 (Beckman Instruments, Inc.). Plasma ubiqui-
none 9 and a-tocopherol were assayed by the same
HPLC apparatus described earlier according to MacCrehan
(1990).

Statistical analysis

Each value obtained is the mean with its standard error of

six samples for oils or eight samples for rats. Differences
among periods of time were analysed by one-way
ANOVA. All variables were tested for normality and
homogeneous variance by Levene test. When a variable
was found not to be normally distributed it was log-trans-
formed before analysis. Duncan’s test was performed post
hoc to evaluate differences among groups. P,0·05 was
considered significant. Data were analysed using SPSS
statistical software package (SPSS for Windows, 9.0.1;
SPSS Inc. Chicago, IL, USA).

Results and discussion

It is very important to assess the oxidative degradation of
fats and oils, because free-radical initiated oxidation is
one of the main causes of rancidity in fats and oils,
which results in the alteration of major quality control vari-
ables such as colour, flavour, aroma and nutritional value
(Donelly & Robinson, 1995).

Oxidative injury is assumed to play a crucial role in the
development of several chronic diseases, including CHD
and cancer (Halliwell & Gutteridge, 1999). Dietary fatty
acids can influence the susceptibility of cells to oxidative
stress, perhaps due to changes in cell membrane fatty
acid composition (Battino et al. 1999). Moreover, since
some aldehydic products are damaging to human health
(Grootveld et al. 1998), the ingestion of thermally stressed
PUFA-rich culinary oils may promote some pathologies.

Concerning the effect of frying on the alterations pro-
duced to the experimental oils in the present study, Table
2 shows the proportion of total PUFA, and the contents
in a-tocopherol, total phenolics and total polar materials
present in the oils. Non-fried oils showed a typical PUFA
profile (Gunstone et al. 1994), with much higher levels
in sunflower oil compared with virgin olive oil. We did
not find changes in PUFA content after frying (Table 2).
These results agree with the proposed model of a short-
time, low-impact frying procedure, in which large changes
in the lipid profile, typical of deeply over-fried oils (where
multiple hydrolysis, cyclation and oxidation reactions take
place) were avoided. In the present study, we focused on
changes in the antioxidant content of the oils induced by
frying.

Sunflower oil had a higher content of a-tocopherol than
virgin olive oil (Table 2). These values significantly
decreased in both oils after 60 min of frying. However,
the response was different depending on the oil. Sunflower
oil lost 201·2 and virgin olive oil 127·03 mg a-tocopherol/
kg. These losses of tocopherol are in agreement with other
studies (Barrera-Arellano et al. 1997) and suggest that vita-
min E is being used to protect the oils against the thermal
damage.

It was not possible to detect total phenolic compounds in
sunflower oil. For virgin olive oil, 150 mg was determined
for the non-fried oil (Table 2). The frying procedure
reduced the content of phenolics in virgin olive oil after
each frying cycle until a final reduction, after 60 min
frying, to about 50 % of the initial value. Phenolic com-
pounds are part of the unsaponifiable fraction of virgin
olive oil; they have a great importance for flavour, shelf-
life and resistance against oxidation (Gutfinger, 1981;
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Tsimidou et al. 1996) and they are very liable to being lost
over time as a consequence of hydrolytic or oxidative pro-
cesses during storage (Cortesi et al. 1995; Cinquanta et al.
1997). Their concentrations in oils differ widely depending
on the variety, location, maturity and other factors (Amiot
et al. 1986; Cinquanta et al. 1997). The frying procedure
probably reduced the content of phenolics as a result of
thermal destruction or because of their use in the protection
of the oils against the oxidative insult.

Total polar components represent a good marker of the
total alteration of the oil and in fried oils are the breakdown
products due to the frying process (Melton et al. 1994).
Total polar components increased in both experimental
groups after frying (Table 2). The highest value and incre-
ment for each frying time were found in sunflower oil; this
effect is common in very unsaturated oils (Takeoka et al.
1997).

It is possible to conclude that frying virgin olive and
sunflower oils affected the antioxidant content of both
oils and induced the appearance of toxic compounds but
in a different way depending on the oil. Thus, although
both oils lost tocopherol after frying, the loss from sun-
flower oil started after 15 min and for virgin olive oil
after 45 min of frying. This difference, together with the
fact that sunflower oil lost, in absolute terms, a higher
amount of a-tocopherol, may be important since it suggests
that virgin olive oil resisted the frying procedure better.
This is consistent with its lower level of total polar
material. Such results lead us to hypothesize that the
intake of these fried oils could differentially affect several
aspects of metabolism. Thus, we fed rats for 8 weeks with
the non-fried or the 60 min fried oils to study oxidative
stress in liver microsomes.

Dietary intake did not change significantly among the
groups. Body weight was similar for all the groups
throughout the present study and the weight of the liver
was not affected by the experimental treatments (results

not shown). Fig. 1 shows the proportion of different fatty
acid fractions in microsomal membranes of the rats. The
type of oil or the thermal treatment did not affect the pro-
portions of total saturated fatty acids (calculated by sum-
mation of the following fatty acids: 12:0, 14:0, 16:0,
18:0, 20:0 and 22:0) in rat microsomes (Fig. 1(A)),
which is in accordance with studies describing that this is
a very stable fraction of fatty acids (Quiles et al. 1999a).
Animals fed on non-fried or fried virgin olive oil had a
higher proportion of total monounsaturated fatty acids
(calculated by summation of the following fatty acids:
16:1 n-7, 18:1 n-7, 16:1 n-9, 18:1 n-9 and 24:1 n-9)
(Fig. 1(B)). Frying did not affect virgin olive oil-fed ani-
mals but decreased the level of monounsaturated fatty
acids in sunflower oil-fed animals. Animals fed on sun-
flower oil reached the highest values of n-6 PUFA (calcu-
lated by summation of the following fatty acids: 18:2 n-6,
20:2 n-6, 20:3 n-6, 20:4 n-6 and 22:4 n-6) (Fig. 1(C)).
Frying only affected sunflower oil-fed rats with an increase
in this fatty acid fraction. Frying did not change the pro-
portion of n-3 PUFA (calculated by summation of the fol-
lowing fatty acids: 20:5 n-3, 22:5 n-3, 22:6 n-3), but
animals fed on virgin olive oil had a higher amount than
those fed sunflower oil (Fig. 1(D)).

Fig. 2 shows the levels of thiobarbituric acid-reactive
substances and hydroperoxides in rat liver microsomes.
Animals fed on the non-fried virgin olive oil showed
lower levels of thiobarbituric acid-reactive substances
than those fed non-fried sunflower oil (Fig. 2(A)). Feeding
fried oil led to higher levels of thiobarbituric acid-reactive
substances in both groups although sunflower oil-fed ani-
mals reached the highest value. In regard to baseline
hydroperoxides (Fig. 2(B)), fried oils led to microsomes
with a higher content of these compounds than non-fried
oils. For 2,20-azobis (2-aminidinopropane) dihydrocloride-
induced hydroperoxides (Fig. 2(C)), no differences were
found between animals fed on the non-fried oils and a

Table 2. Effect of frying on the proportion of polyunsaturated fatty acids, the content of a-tocopherol, total phenolics and total polar com-
ponents in virgin olive oil and sunflower oil{

(Mean values with their standard errors for six oil samples)

PUFA (g/100 g) a-Tocopherol (mg/kg)
Total phenolics

(mg/kg)

Total polar
components

(g/100 g)

Edible oil Frying time (min) Mean SE Mean SE Mean SE Mean SE

Virgin olive 0 8·3* 0·1 388·9* 9·2 150·1* 5·9 3·5* 0·1
15 8·3* 0·2 388·9* 13·4 121·4*† 3·7 3·6* 0·1
30 8·3* 0·1 375·4* 13·8 118·9*† 4·8 3·7* 0·1
45 8·4* 0·1 365·9*†‡§ 16·1 87·6*†‡§ 1·1 4·4*†‡§ 0·1
60 8·3* 0·1 276·9*†‡§ 50·7 73·4*†‡§k 3·5 4·6*†‡§ 0·2

Sunflower 0 57·8 0·1 1421·1 41·9 ND 4·8 0·12
15 57·4 0·2 1256·8† 28·1 ND 5·8† 0·2
30 57·1 0·2 1279·1† 15·3 ND 6·1† 0·1
45 56·9 0·5 1257·9† 20·2 ND 6·4† 0·1
60 57·7 0·4 1219·9† 19·3 ND 7·1†‡§k 0·3

PUFA, polyunsaturated fatty acids; ND, not detected.
Mean values were significantly different from those of sunflower oil for the same frying time: *P,0·05.
Mean values were significantly different from those at 0 min for the same oil: †P,0·05.
Mean values were significantly different from those at 15 min for the same oil: ‡P,0·05.
Mean values were significantly different from those at 30 min for the same oil: §P,0·05.
Mean values were significantly different from those at 45 min for the same oil: kP,0·05.
{For details of oils and procedures, see Table 1 and p. 58.
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Fig. 1. Effect of feeding virgin olive or sunflower fried oils for 8 weeks on the pro-
portion of: (A), saturated fatty acids; (B), monounsaturated fatty acids; (C), polyun-
saturated n-6 fatty acids; (D), polyunsaturated n-3 fatty acids in rat liver
microsomes. A, Non-fried oil; p, fried oil. For details of oils, diets and procedures,
see Tables 1 and 2 and p. 58. Values are means for eight animals with standard
errors shown by vertical bars. a,b,cMean values with unlike superscript letters were
significantly different (P,0·05).
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higher level in rats fed the fried sunflower oil was
observed.

The effects that feeding different fat sources with differ-
ent unsaturation degrees have on lipid peroxidation have
been well described in the past years. These studies led
to the conclusion that highly unsaturated fats are prone to
induce membrane lipid peroxidation (Huertas et al.
1991a,b; Ramı́rez-Tortosa et al. 1997; Mataix et al.
1998; Quiles et al. 1999c), as observed in the present
study for sunflower oil-rich diets. In addition, the results
from lipid peroxidation measurements confirm that the

loss of antioxidants and the increase in toxic compounds
in fried oils affected microsomal membranes, suggesting
that feeding fried foods may represent a direct source of
oxidative stress for the organism. In that sense, Liu &
Huang (1995) described an increase in tissue thiobarbituric
acid-reactive substances in rats fed on oxidized fried oil
compared with control rats.

In relation to microsomal lipid peroxidation, the pro-oxi-
dant effect of frying could arise from alterations in the lipid
profile of microsomal membranes or be due to the anti-
oxidant content of the animals. Animals fed on fried

Fig. 2. Effect of feeding virgin olive or sunflower fried oils for 8 weeks on the pro-
duction of: (A), thiobarbituric acid-reactive substances (TBARS); (B), baseline
hydroperoxides; (C), 2,20-azobis (2-aminidinopropane) dihydrocloride (AAPH)-
induced hydroperoxides in rat liver microsomes. A, Non-fried oil; p, fried oil. For
details of oils, diets and procedures, see Tables 1 and 2 and p. 58. Values are
means for eight animals with standard errors shown by vertical bars. a,b,cMean
values with unlike superscript letters were significantly different (P,0·05).

J. L. Quiles et al.62
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sunflower oil showed a higher proportion of n-6 PUFA and
a lower proportion of monounsaturated fatty acids than ani-
mals fed on the non-fried sunflower oil. These modifi-
cations may be sufficient to induce lipid peroxidation.
Moreover, differences in antioxidant concentrations were
also found. In plasma, a-tocopherol and ubiquinone con-
centrations were lower in rats fed on the two fried oils,
with no differences between oil types (Fig. 3). These
lower levels of plasma antioxidants confirm that a con-
dition of stress occurred in these animals. In that sense, it
has been previously described (Quiles et al. 1999b,c) that
during oxidative insults, ubiquinone and a-tocopherol
are mobilized from the plasma compartment (which
would behave as an antioxidant ‘reservoir’) towards the
sites that need additional antioxidant. In the present
study, such a hypothesis is supported by the lower levels
of both antioxidants found in plasma after fried oil dietary
administration.

However, the results on microsomal antioxidant concen-
trations (Fig. 4) were not as clear as those found in plasma
for the effect of frying, although for non-fried oils there
were no differences. There was a lower level of micro-
somal a-tocopherol in fried virgin olive oil-fed animals
compared with the non-fried oil groups, but there was no
difference between rats fed non-fried sunflower oil. For
microsomal ubiquinone 9 (Fig. 4(B)), similar values were

detected for animals fed on the non-fried oils. No changes
were observed after feeding fried sunflower oil, but fried
virgin olive oil led to animals with a higher concentration
of microsomal ubiquinone 9. The lack of a significant
effect of fried sunflower oil for a-tocopherol and ubiqui-
none might be due to too small sample size. As far as
we know, no studies have been conducted concerning ubi-
quinone levels and the intake of fried oils. In relation to a-
tocopherol, a decrease in several tissues has been described
in rats fed on diets based on a fried soyabean oil (150 g/kg
diet) (Liu & Huang, 1996) suggesting that fried oil intake
leads to a higher tocopherol catabolism or turnover in rats.
In the present study, only animals fed on fried virgin olive
oil showed such decrease but these animals showed a
higher level of ubiquinone 9 and the lowest degree of
lipid peroxidation. Nevertheless, the lower level of
plasma antioxidants found here agrees with the idea of an
increased antioxidant turnover induced by the fried oils.

In conclusion, fried edible oils fed to rats for 8 weeks
induced lipid peroxidation in liver microsomes compared
with the same non-fried oils. It seems that a strong relation-
ship exists between the loss of antioxidants and the pro-
duction of toxic compounds in the oils after frying and
the extent of the peroxidative events in microsomes,
which was also different depending on the fat source.
Thus, we found that the highly unsaturated sunflower oil

Fig. 3. Effect of feeding virgin olive or sunflower fried oils for 8 weeks on the
plasma content of: (A), a-tocopherol; (B), ubiquinone 9 in rats. A, Non-fried oil;
p, fried oil. For details of oils, diets and procedures, see Tables 1 and 2 and
p. 58. Values are means for eight animals with standard errors shown by verti-
cal bars. a,b,cMean values with superscript letters were significantly different
(P,0·05).
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resisted to a lower extent the stress produced by the frying
and led to a higher degree of lipid peroxidation in liver
microsomes than virgin olive oil. Apparently, the changes
produced in microsomal lipid profile together with altera-
tions in the levels of antioxidants defined the extent of
peroxidation.
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Quiles JL, Huertas JR, Mañas M, Ochoa JJ, Battino M & Mataix J
(1999b) Oxidative stress induced by exercise and dietary fat
modulates the coenzyme Q and vitamin A balance between
plasma and mitochondria. International Journal for Vitamin
and Nutrition Research 69, 243–249.

Quiles JL, Ramı́rez-Tortosa MC, Ibañez S, González A, Duthie
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