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Oxidation Process Affecting Fatty Acids and Cholesterol in Fried

and Roasted Salmon

Maider Echarte,” M. Angeles Zulet,* and Iciar Astiasaran*'

Departamento de Bromatologia, Tecnologia de los Alimentos y Toxicologia and Departamento de Fisiologia
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Salmon was processed by three different culinary techniques: pan-frying with olive oil, pan-frying
with soya oil, and roasting. Roasting did not modify the fat content from that of raw samples. Frying
increased the fat content 2-fold, with no difference between samples fried with different oils. Total
cholesterol oxidized products (COPs) were 0.74, 2.98, 3.35, and 7.38 ug/g fat in raw, fried with olive
oil, fried with soya oil, and roasted salmon, respectively, which represent 0.01, 0.08, 0.09, and 0.15%
of cholesterol. A significant correlation (r = 0.902, < 0.01) was found between acidity index and
total COPs. The most abundant COPs were 7-ketocholesterol, which appeared in all the samples,
and cholestanetriol (one of the most citotoxic COP), which appeared only in cooked samples (1.05—
1.33 ug/g fat). All cooked samples supplied more w-6 polyunsaturated fatty acids (PUFAS) than raw
samples and showed higher w-6/w-3 ratios. Roasted salmon showed the lowest w-3 content and the
highest PUFASs/(SFAs)-C18:0 and MUFAs+PUFAS/(SFAs-C18:0) ratios.
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INTRODUCTION

During the last few years, there have been many
studies about the beneficial effects of consuming fish
in the diet. These advantages have been related with
the fat composition of fish which is rich in long-chain
w-3 fatty acids, particularly eicosapentaenoic fatty acid
(EPA) and docosahexaenoic fatty acid (DHA). Diets with
a high content of these w-3 fatty acids (w-3 PUFAS) may
reduce not only the risk of cardiovascular diseases but
also the risks of hypertension and arthritis (1—3). High-
fat fish species, which are the main supply of w-3 PUFAs
in the diet, also show significant cholesterol content. The
two types of compounds, w-3 fatty acids and cholesterol,
are lipids highly susceptible to oxidation giving rise to
free radicals. These compounds have been related with
aging and different diseases, such as cancer, diabetes,
Parkinson’s disease, and Alzheimer’s disease (4, 5).

There are some research studies indicating that high
intakes of cholesterol oxides (or cholesterol oxidized
products, COPs) from food can increase plasma COP
levels (6). Also, intestinal absorption of COPs from the
diet (7—9) has been demonstrated in animals. The
relationship between oxidized lipoproteins and athero-
sclerosis has been widely studied. Staprans et al. (10)
suggested that the consumption of food with oxidized
lipids may be an important factor for atherosclerosis.
Staprans et al. (11), in a work carried out in low-density
lipoprotein receptor (LDLR)- and apolipoprotein-E-
deficient mice, demonstrated that oxidized cholesterol
in the diet accelerates fatty streak lesion formation.
There is no direct evidence yet in humans that oxy-
sterols contribute to atherogenesis, but oxysterols are
present in human atherosclerotic plaque and are sug-
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gested to play an active role in plaque development;
even the oxysterol:cholesterol ratio in plaque is much
higher than that in normal tissues or plasma (12).
Moreover, numerous reviews have been written con-
cerning other undesirable biological properties such as
cytotoxicity, mutagenicity, and carcinogenesis (13—16).

Generally, heat, pH, light, oxygen, water activity, and
the presence of unsaturated fatty acids are the major
factors that influence COP formation during processing
or storage. Although the formation pathways of certain
COPs still have not been fully clarified (17), it is known
that the main COPs are formed during cholesterol
autoxidation in C7 and C5—C6 positions and in side
chain (C20, C25). Amounts of COPs in foods can
frequently reach 1% of total cholesterol and occasionally
10% or more (18). Tai et al. (19), in a review about the
content of COP in foods, concluded that the most-
processed products containing cholesterol are suscep-
tible to form COPs, with heating being the most common
causative factor. Fish included in the diet generally are
subjected to some type of culinary process involving
heating, as a result of which the lipid oxidation is
favored. Modifications in the fatty acid profiles by
different culinary technologies, such as deep fat frying
or cooking with steam, have been studied in some fish
species (20—24), but few references can be found in
relation to COP formation in fish. Paniangvait et al.
(25), in a study about the presence of COP in foods,
concluded that this aspect should be taken into account
in relation to the safety of consumption of some prod-
ucts.

The aim of this work was to analyze the oxidation
process suffered by fatty acids and cholesterol in one of
the highest fat fish species (salmon) commonly present
in the diet, as a consequence of two current culinary
techniques: pan frying and roasting. Also, the influence
of different oils (olive and soya) was studied.
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Table 1. Fatty Acids Content (g/100 g Fat) of the Olive
Oil and Soya Oil Used to Cooking

fatty acid g/100 g fat olive oil soya oil
lauric 12:00 0.02 0.02
(0.00; 4.98) (0.00; 2.91)

myristic 14:00 0.12 0.16
(0.01; 4.98) (0.06; 6.58)

palmitic 16:00 10.74 9.72
(0.11; 0.98) (0.06; 0.64)

palmitoelaidic 16:00t 0.02 0.02
(0.00; 1.19) (0.00; 2.91)

palmitoleic 16:1 0.14 0.11
(0.01; 7.74) (0.01;9.51)

stearic 18:0 2.93 4.25
(0.05; 1.83) (0.02; 0.54)

oleic 18:1 71.08 21.52
(0.93; 1.31) (0.19; 1.03)

elaidic 18:1t 0.10 0.09
(0.01; 6) (0.02; 22.09)

linolelaidic 18:2t 0.04 0.11
(0.00; 12.73) (0.05; 43.23)

linoleic 18:2 8.83 57.32
(0.14; 1.54) (0.60; 1.04)

arachidic 20:0 0.48 0.33
(0.03; 5.77) (0.17; 49.82

linolenic 18:3 0.67 8.31
(0.03; 4) (0.12; 1.44)

behenic 22:0 0.23 0.34
(0.02; 9.06) (0.08; 24)

arachidonic 20:4 0.02 0.02
(0.00; 1.19) (0.01; 48.36)

brassidic 22: 1t 0.04 0.04
(0.00; 1.19) (0.00; 2.91)

erdcic 22:1 0.16 0.17
(0.00; 1.19) (0.04;2.91)
eicosapentaenoic 22:5 0.53 0.18
(0.01; 1.25) (0.00; 3.53)
docosahexaenoic 22:6 0.04 0.03
(0.01; 11.99) (0.00; 2.80)

MATERIALS AND METHODS

Sample Preparation. Salmon was purchased from a local
supermarket and cut into slices around 1.5 cm thick. Fish
slices were divided into four portions, and one of them was
analyzed immediately. Two of them were fried at 180 °C during
4 min (2 min for each side) in a conventional frying pan (17.5-
cm internal diameter and 4-cm depth) with 30 mL of olive oil
and 30 mL of soya oil, respectively. The samples were
introduced into the frying pan when the oil had reached the
specified temperature, which was controlled by a digital
thermometer (Fluka 51).The fourth portion was roasted with
45 mL of olive oil in an oven at 200 °C during 30 min. Table
1 shows the fatty acid profiles of the oils used as obtained by
gas chromatography (GC).

Analytical Procedures. Moisture. Moisture content was
calculated by drying the samples according to 1SO 1443 (26).

Total Fat. Total fat was determined with an extraction
technique using petroleum ether prior to hydrolysis (27).

Acidity Value. Acidity value was determined using method
1SO 1740 (28).

Peroxide Value. Peroxide value was determined using
method 1SO 3960 (29).

Qualitative Extraction of Lipids. Total lipids were extracted
using chloroform/methanol (2:1, v/v) according to the Folch et
al. (30) procedure for the analysis of fatty acids and COP.

Fatty Acids. Fatty acid composition was determined by GC.
BFs/methanol was used for the preparation of fatty acid methyl
esters (23). An automatic Perkin-Elmer Autosystem XL model
GC fitted with an SP-2560 fused silica capillary column (100m
x 0.25 mm x 0.2 um) (Supelco, Inc., Bellefonte, PA) and flame
ionization detection was used. The temperature of the injection
port and detector was 220 °C, and the oven temperature was
increased from 165 °C to 220 °C at a rate of 4 °C/min. The
carrier gas was hydrogen. Peaks were identified by comparison
of their retention times with those of standard mixtures
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(Sigma, St. Louis, MO, 99% purity specific for GC), and their
areas were automatically integrated using nonadecanoic acid
methyl ester (Sigma) as the internal standard.

Cholesterol. The cholesterol content was calculated accord-
ing to the method of Kovacs et al. (30) by GC. A Perkin-Elmer
Autosystem with an HP1, (30 m x 0.25 mm x 0.1um) packed
with Supelcoport (Supelco, Inc., Bellefonte, PA) was used. The
oven temperature was 260 °C. The temperature of the injection
port and detector was 285 °C. Hydrogen was the carrier gas
used. Samples of 0.5 uL were injected. Cholesterol standards
(Sigma), with concentrations ranging from 0 to 3 mg/mL in
chloroform, were used, and to each was added 1 mL of a
cholestane (Sigma) solution in chloroform (2 mg/mL) as
internal standard. After analysis, the cholesterol/cholestane
area ratio was determined and a plot of cholesterol/ cholestane
area ratio versus cholesterol/cholestane weight ratio was
obtained. By referring to this standard curve, the amount of
cholesterol of the unknown sample was calculated. A Perkin-
Elmer Turbochrom program was used for the cholesterol
quantification.

COP. Extraction of Lipids and Saponification. Saponifica-
tion was made according to the method of Guardiola et al. (33).
Approximately 1 g of fat was added to a flask containing 1 M
KOH in methanol and kept at room temperature during 22 h
to complete the cold saponification. The unsaponificable mate-
rial was extracted with diethyl ether. The whole organic
extract was washed with water and filtered through anhydrous
sodium sulfate. Then it was recovered in a round-bottom flask,
and the solvent was evaporated using a rotatory vacuum
evaporator at 30 °C.

Identification and Quantification. Oxysterols content was
determined by a Hewlett-Packard 6980 GC with 5973 mass
selective detector. GC—MS analyses were performed in Rtx-5
column (20 m x 0.18 mm x 0.2 um). Helium was used as the
carrier gas, and the chromatographic conditions were as
follows: initial column temperature at 80 °C, held for 1 min,
and programmed to 250 °C at a rate of 10 °C/min, and final
column temperature of 280 °C at a rate of 4 °C/min, and held
for 20 min. The injector temperature was 250 °C and the inlet
pressure was 23.2 psig; mass range, m/z = 50/550; solvent
delay was 20 min. Calibration curves were developed for five
cholesterol oxides (7-ketocholesterol, 7--hydroxycholesterol,
7-o-hydroxycholesterol, 5a,60-epoxycholesterol, and 25-hy-
droxycholesterol) and cholestanetriol. 19-Hydroxycholesterol
was used as the internal standard (IS). All these standards
were purchased from Sigma (St. Louis, MO). Figure 1 shows
the chromatogram resolution of standard mixture. Figure 2
also shows the chromatogram resolution of one of the analyzed
samples (roasted sample).

Data Analysis. Four samples were analyzed from each of
the four portions. Each parameter was determined four times
in each sample. Data shown in the tables are the means (n =
16) with standard deviations and coefficients of variations.
Statistical test one-way ANOVA and a Tuckey’s posteriori test
were used to analyze statistical differences between samples.
Correlations between different parameters were analyzed by
Pearson’s correlation coefficients (r). A significance level of p
< 0.05 was used for the study of differences between means,
and a significance level of p < 0.01 was used for Pearson’s
coefficients. Software used was SPSS version 9.0.

RESULTS AND DISCUSSION

In all cooked samples the sum of moisture and fat
kept quite constant (71—77%) and was similar to that
of raw samples (75%) (Table 2). Cooking with heating
caused not only the loss of water but also a significant
increase of fat in the fried samples. No significant
differences were found in the absorption of fat between
samples fried with olive oil and soya oil. Candela et al.
(23) when applying deep fat frying with sunflower oil
to the same fish species (salmon) did not find a signifi-
cant increase in the fat content. In that paper, sardines,
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Figure 1. GC/MS chromatogram of standard mixture of TMS-ethers of cholesterol and its oxidation derivatives. Peaks: 1, 7o-
hydroxycholesterol; 2, 19-hydroxycholesterol (1S); 3, 75-hydroxycholesterol; 4, 5a,6c epoxycholesterol; 5, cholestanetriol; 6, 25-

hydroxycholesterol; 7, 7-ketocholesterol.
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Figure 2. GC/MS chromatogram of a salmon sample roasted
at 200 °C during 30 min. Peaks: 1, 19-hydroxycholesterol (I.
S.; 2, 75-hydroxycholesterol; 3, cholestanetriol; 4, 7-ketocho-
lesterol.

another high-fat fish, showed a greater increment in its
fat content (from 4% in raw sample to 13.3% in fried
sample).

In roasted samples no significant modifications were
observed in the fat content, and the moisture decrease
was much less than that in fried samples. Comparing
the roasted salmon with the fried salmon the difference
in the fat content was about 10%, which implies a
difference in the calories supplied of around 90K cal/
100 g.

In relation to the cholesterol content, Table 2 shows
the obtained results expressed by mg/100 g sample and
mg/g fat. The cholesterol content in cooked samples,
especially in the case of fried samples, when it is
referred to fat (mg/g fat) was lower than that in raw
salmon. Probably the decrease of cholesterol in fat with
frying is due to the absorption of vegetable oil which
did not contain cholesterol in its composition. The
oxidation process which probably took place with frying
and roasting also could contribute to the decrease of
cholesterol content in these cooked samples. In roasted

samples this is probably the main cause for the choles-
terol decrease because the total fat content did not show
significant differences with reference to raw samples.
When the cholesterol content is referred to a 100 g
sample the supply by fried samples was higher (without
differences between samples fried with olive and soya
oils) than that of roasted samples.

Table 2 shows also the results obtained for acidity
index and peroxide values. Acidity index is one param-
eter that measures the free fatty acids produced during
the lypolisis, which is one of the processes that take
place during the fat alteration. The roasted samples
showed the highest acidity index, probably as a result
of the more drastic conditions of the process (200 °C and
30 min). Lypolysis favored the oxidation process which
affects, between other compounds, fatty acids and
cholesterol. The primary components from the oxidation
process are peroxides: unstable compounds which dis-
appear resulting in other oxidized products. The analy-
sis of peroxide values showed that none of analyzed
samples had detectable amounts of peroxides.

The fatty acid profiles of raw salmon, salmon fried
with olive oil, salmon fried with soya oil, and roasted
salmon are showed in Table 3. From the quantitative
point of view the main fatty acids were palmitic, oleic,
eicosapentaenoic, and docosahexaenoic acids in all the
samples. Lauric, linolelaidic, arachidic, and behenic did
not have their contents modified significantly with
cooking. Palmitoleic and eicosapentaenoic fatty acids
decreased, whereas arachidonic and linoleic acids in-
creased, with frying and roasting. Docosahexaenoic acid
showed a little but significant increase with roasting,
which is difficult to explain when taking into account
that the olive oil used contained scarcely any of this
fatty acid (Table 1). Total PUFAs and MUFAs were
21.39 and 24.36; 21.23 and 21.43; 22.61 and 19.83; and
22.34 and 25.91, in fresh, fried with olive oil, fried with
soya oil, and roasted salmon, respectively. These results
showed that unsaturated fatty acids which are suscep-
tible to the oxidation process did not oxidize in a
significant way. The observed variations were probably
due to the vegetable oils used during frying (34).
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Table 2. Moisture, Fat, and Cholesterol Contents, Acidity Index, and Peroxide Values of the Different Analyzed

Samples?
cholesterol
salmon moisture % fat % mg/100 g sample mg/g fat acidity index peroxide value
raw 65.49d 9.762 53.34 5.47 2.152 -
(1.28; 1.96) (0.35; 3.64) (3.21;3.16). (0.13; 6.19)
fried with olive oil 55.572 19.54b 69.96¢ 3.58 2.64b -
(0.48; 0.87) (1.13; 5.80) (2.21; 3.16) (0.39; 14.6)
fried with soya oil 59.12b 17.97° 66.38° 3.69 3.48P -
(0.62; 1.05) (2.46; 14.24) (1.25; 1.89) (0.25; 7.31).
roasted 62.51¢ 8.572 40.922 477 7.63¢ -
(0.99; 1.59) (0.38; 4.47) (4.37; 10.68) (0.32; 4.20)

a Data are mean values, with standard deviations and coefficient of variation in parentheses. —, not detected. Different letters denote

significant differences among samples (p < 0.05) for every parameter.

Table 3. Fatty Acids Content (g/100 g Fat) of the Different Samples®

salmon fried salmon fried
fatty acid g/100 g fat raw salmon with olive oil with soya oil roasted salmon
lauric 12:00 0.082 0.082 0.072 0.062
(0.08; 2.13) (0.01; 14.61) (0.00; 4.66) (0.00; 6.60)
myristic 14:00 4.55¢ 4,13b¢ 3.87% 3.462
(0.19; 4.15) (0.24; 5.79) (0.08; 2.01) (0.34; 9.76)
palmitic 16:00 10.92ab 12.32¢ 11.77b¢ 10.252
(0.48; 4.36) (0.16; 1.30) (0.03; 0.22) (1.16; 11.34)
palmitoelaidic 16:1t 0.162 0.23b 0.162 0.152
(0.01; 6.13) (0.05; 20.30) (0.01; 7.59) (0.01; 7.23)
palmitoleic 16:1 5.37¢ 4,755 4.430 3.902
(0.27; 5.11) (0.10; 2.17) (0.04; 0.84) (0.43; 11.04)
stearic 18:0 2.012 2.620 2.58b 2.092
(0.08; 3.88) (0.02; 0.75) (0.02; 0.81) (0.25; 11.95)
oleic 18:1 11.412 13.49bc 12.2720 14.56°
(0.58; 5.07) (0.13; 0.96) (0.11; 0.87) (1.86; 13.03)
elaidic 18:1t 0.272b 0.44¢ 0.342b 0.212
(0.19; 68.76) (0.09; 20.169 (0.02; 5.99) (0.02; 8.81)
linolelaidic 18:2t 0.102 0.072 0.112 0.082
(0.01; 7.13) (0.02; 30.99) (0.02; 18.89) (0.04; 56.58)
linoleic 18:2 2.892 3.80° 5.20°¢ 4.96¢
(0.14; 4.99) (0.05; 1.39) (0.04; 0.80) (0.55; 11.15)
arachidic 20:0 0.152 0.192 0.192 0.152
(0.01; 8.47) (0.02; 12.19) (0.01; 7.36) (0.02; 15.98)
linolenic 18:3 0.88P 0.552 1.33¢ 1.35¢
(0.03; 3.26) (0.02; 3.67) (0.01; 0.56) (0.14; 10.56)
behenic 22:0 0.292 0.292 0.322 0.282
(0.02; 4.66) (0.94; 32.80) (0.11; 34.26) (0.09; 32.19)
arachidonic 20:4 0.112 0.15P 0.14b 0.18¢
(0.04; 4.04) (0.02; 12.86) (0.01; 8.18) (0.02; 11.69)
brassidic 22:1t 0.43° 0.57¢ 0.40°P 0.342
(0.02; 4.66) (0.02; 3.12) (0.01; 1.46) (0.03; 9.50)
erdcic 22:1 5.57b 0.572 0.552 5.36°
(0.28; 5.10) (0.02; 3.12) (0.01; 1.31) (0.84; 15.70)
eicosapentaenoic 22:5 8.75¢ 7.830 7.350 5.342
(0.50; 5.67) (0.19; 2.42) (0.06; 0.87) (0.43; 7.99)
docosahexaenoic 22:6 8.762 8.92 8.592 10.51P
(0.47;5.34) (0.90; 10.10)) (0.20; 2.29) (0.71; 6.78)

a Data are mean values with its standard deviation and coefficient of variation in parentheses. Different letters denote significant

differences among samples (p < 0.05) for every parameter.

The oxidation process affected cholesterol in a more
significant way. Table 4 shows the results of the
analysis of different cholesterol oxides. Total oxides
increased from 0.74 ug/g fat in raw salmon to 2.98 in
fried with olive oil, 3.35 in fried with soya oil, and 7.38
ug/g in roasted salmon. The highest content of COP in
roasted samples was in agreement with the highest
acidity index shown by these samples. A significant
correlation (r = 0.902, p = 0.01) was found between
values of acidity index and total COP in the analyzed
samples. Total COP values represent 0.01, 0.08, 0.09,
and 0.15% of cholesterol in raw salmon, salmon fried
with olive oil, salmon fried with soya oil, and roasted
salmon, respectively. Pie et al. (35) found that in egg
powder, butter cakes, and cookies, cholesterol oxides
represented 0.16% to 1.47% of cholesterol. Zanardi et

al. (36) and Ghiretti et al. (37), studying different
products such as mortadella, sausage, and coppa, found
an average cholesterol oxidation ranged from 0.02% to
0.18%.

Roasted samples showed at the same time higher
COP and cholesterol contents than those of fried samples
which could be explained by two facts: the lowest
proportion of fish fat in fried samples in which the
vegetable oil absorbed at high level did not supply
cholesterol, and the lowest intensity of cholesterol
oxidation process during frying.

Oshima et al. (38), when analyzing cholesterol oxides
in fish products popular in Japan (salted—dried, boiled—
dried, and smoked), found that 7-3-hydroxycholesterol
and 7-ketocholesterol were the most prominent. Jeong-
Hee et al. (39) cooking saury (a fish with a high content
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Table 4. Cholesterol Oxidized Products (ug/g fat) of the Different Analyzed Samples?

Echarte et al.

7-keto- 0-epOXy- 25-hydroxy- 7-o-hydroxy- 7--hydroxy- total
salmon cholestanetriol cholesterol cholesterol cholesterol cholesterol cholesterol oxides
raw 02 0.742 nd nd nd 02 0.74
(0.04; 5.51)
fried with 1.0520 1.93v nd nd nd 02 2.98
olive oil no data (0.45; 23.19)
fried with 1.76° 0.852 nd nd nd 0.742 3.35
soya oil (0.36; 20.7) (0.06; 7.73) (0.06; 7.82)
roasted .33P 3.35¢ nd nd nd 2.7° 7.38
(0.07; 4.91) (0.20; 5.86) (1.11; 4.13)

a Data are mean values with its standard deviation and coefficient of variation in parentheses. Different letters denote significant

differences among samples, (p < 0.05) for every parameter.

Table 5. Sum and Ratios between Different Types of Fatty Acids in the Different Samples

fatty acid? raw salmon salmon fried with olive oil salmon fried with soya oil roasted salmon
3SFAs—C18:0) g/100 g sample 1.62 3.32 2.92 1.22
>MUFAs g/100 g sample 2.38 4.19 3.56 2.20
>PUFAs g/100 g sample 2.09 4.02 4.06 1.91
w6 g/100 g sample 0.29 0.77 0.96 0.44
w3 g/100 g sample 1.88 3.29 3.10 1.47
w6lw3 0.15 0.23 0.31 0.30
MUFA+PUFA/SFA-C18:0 2.76 2.47 2.60 3.77
PUFA/SFA-C:18:0 1.29 1.21 1.39 1.57
trans fatty acid 0.09 0.25 0.01 0.06

a SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

of eicosapentaenoic and docosahexaenoic fatty acids) by
microwave found that 25-hydroxycholesterol and choles-
tanetriol are formed by deep-fat frying. In our study,
a-epoxycholesterol, 25-hydroxycholesterol, and 7a-hy-
droxycholesterol were not detected. 73-Hydroxycholes-
terol appeared in only roasted salmon and in salmon
fried with soya oil. The most abundant COPs were
7-ketocholesterol which appeared in all samples, and
cholestanetriol, one of the most citotoxic COPs (40),
which appeared only in cooked samples.

Osada et al. (41) analyzed the cholesterol oxides
formed by heating and suggested that the influence of
coexisting fats should be taken into account, especially
the degree of unsaturation of fatty acids. Nawar et al.
(42) found that the presence of different compounds
(triacylglycerols and amino acids) not only influenced
the rate of cholesterol oxidation but also exerted differ-
ent influences on its oxidative pathway. These authors
pointed out that adding triacylglycerols (linoleate, stear-
ate, and oleate) favored the cholesterol oxidation and
increased the amount of epoxides. As we have seen in
our case, cholesterol epoxides were not originated with
the assayed treatments. Visiolo et al. (43) suggested that
the generation of oxidation products by individual fatty
acids is not directly related to their degree of unsatura-
tion and indicated that the differential contribution of
individual fatty acids should be taken into account. The
results obtained in this work did not show a clear effect
of the degree of unsaturated fatty acids in the choles-
terol oxidation. In this case the heating conditions had
more effect than the composition of fat.

Antioxidants content also could be taken into account
because of their capacity to inhibit COP formation (19).
In this work we did not analyze the antioxidant contents
of samples. In general, salmon (fresh salmon) does not
contain a significant amount of vitamin E; whereas the
nutritional information given by used oils showed that
the amounts of vitamin E were 20 mg/100 g for olive oil
and 16 mg/100 g for soya oil. This similar content of
o-tocopherol could be implicated in the similar total
oxides obtained in fried samples using different oils.

Table 5 shows the sums of and ratios between
different types of fatty acids with interest from the
nutritional point of view. In this table the results have
been expressed as fatty acids content per 100-g sample.
It can be observed that samples fried with olive oil
supplied higher contents of monounsaturated fatty acids
than samples fried with soya oil. All cooked samples
supplied more w-6 polyunsaturated fatty acids than raw
samples and showed higher w-6/w-3 ratios. Roasted
salmon showed the lowest w-3 content and the highest
PUFA/(SFA—C18:0) and MUFA + PUFA/SFA—C18:0
ratios. The amounts of trans fatty acids were not
significant in any sample.

In summary, it can be concluded that the studied
culinary processes favored the COP formation. Roasted
salmon showed better fatty acid ratios than fried
samples (fried with olive oil and fried with soya oil), but
at the same time it showed the highest formation of
COP.
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