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Abstract

Contents of fatty acids in filets of unfrozen (control), boiled, fried, roasted and boiled in a small amount of water humpback
salmon, collected from a wholesale market in Krasnoyarsk city (Siberia, Russia) were analyzed. Special attention was paid to essen-
tial polyunsaturated fatty acids of @3 family: eicosapentaenoic, 20:5@3 (EPA) and docosahexaenoic, 22:6w3 (DHA). Heat treatment
in general did not decrease content of EPA and DHA in humpback, except a modest reduction during frying. Cooked humpback
appeared to be the valuable source of essential ®3 PUFAs, namely EPA and DHA. It was hypothesized that the absence of signif-
icant reduction of PUFAS’ contents in red flesh of fishes of Salmonidae family during heat treatment may be due to a high level of
natural antioxidants which formed in the course of evolution as adaptation to their ecological niche.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

In last decades polyunsaturated fatty acids (PU-
FAs) of 3 family have been recognized to be essen-
tial components of humans’ diet. These acids,
particularly eicosapentaenoic, 20:503 (EPA) and doco-
sahexaenoic, 22:6m3 (DHA), appeared to play a key
role in ontogenesis, especially neural development,
functioning of cardiovascular system and immune sys-
tems (e.g., Broadhurst et al., 2002; Lauritzen, Hansen,
Jorgensen, & Michaelsen, 2001). Regular consumption
of food with appropriate content of EPA and DHA
provides prevention and treatment of depressions,
cardiovascular and some other diseases (e.g., Arts,
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Ackman, & Holub, 2001; Okita et al., 2002; Silvers
& Scott, 2002).

Aquatic ecosystems are known to be the main source
of PUFAs in Biosphere, thereby humans obtain princi-
pal part of EPA and DHA consuming fish, aquatic
invertebrates and macroalgae (Arts et al., 2001). Mean-
while, unsaturated fatty acids are more susceptible to
oxidation than their saturated analogues and PUFAs
content in aquatic species was demonstrated to decrease
during storage and cooking (Candella, Astiasaran, &
Bello, 1998; Ohshima, Shozen, Usio, & Koizumi, 1996;
Sant’Ana & Mancini-Filho, 2000; Tarley, Visentainer,
Matsushita, & de Souza, 2004). Nevertheless, it was
found that PUFAs level remained unchanged in some
kinds of products under certain ways of treatment
(Candella et al., 1998; Montano, Gavino, & Gavino,
2001). Thereby, kind of fish species and way of cooking
may be determinant factors for content of the essential
fatty acids in consumed products.


mailto:glad@ibp.ru

M.1 Gladyshev et al. | Food Chemistry 96 (2006) 446451 447

The goal of our study was to determine PUFAS’ con-
tents in humpback salmon (Oncorhynchus gorbuscha)
after four ways of cooking.

2. Materials and methods
2.1. Fish samples

Commercially available frozen fish were collected at a
local wholesale market at the same time from three trade
firms in Krasnoyarsk city (Siberia, Russia). They were
caught somewhere in Far East of Russia, and we do
not know whether the fish were from the same stocks
or locations nor how long and under what conditions
they were held before being brought to the market,
thereby we collected fish from different firms to random-
ize the sample. Nevertheless, these free firms are most
respectable and large in Krasnoyarsk and they follow
all the Federal Standards of storage of fish before the
selling. The fish were held at the market prior to being
sampled during about three days, under —6 to —8 °C.
Fish, collected from the market, were held in refrigera-
tors under —20 °C before the following treatment. Three
fishes from each provider were used in each analysis, i.e.,
nine fishes were sampled under each treatment: control
(unfreezing), boiling, frying, roasting and boiling in a
small amount of water. Thereby, 45 samples from 45
fishes were analyzed. Muscle tissues (filets) under dorsal
fin were taken as the samples. The tissues were thawed
under room temperature during about an hour prior
to analyses. All skin was removed from the muscle tissue
prior to analyses.

2.2. Heat treatments

Common ways of heat treatment were used: boiling
under temperature 85-90 °C during 10-15 min, boiling
in a small amount of water under 85-90 °C during 10—
15 min, frying in sunflower oil under 150-170 °C during
15-20 min and roasting under 250-280 °C during 15—
20 min. Before the roasting, fish were fried in sunflower
oil during 3 min, no water was added. Sunflower oil was
used because it is the most common oil in Russia.

2.3. Analysis

To measure moisture content filets from the same fish
individuals of about 10-15 g of wet weight were taken
and dried until constant weight under temperature
105 °C.

A fixed volume of an internal standard solution (19:0,
nonadecanoic acid) was added to each sample. The sam-
ples were kept at —20 °C until further analysis. Lipids
were extracted with chloroform:methanol (2:1, v/v) three
times simultaneously with mechanical homogenization

of the tissues with glass beads. The combined lipid
extracts were filtered, dried by passing through anhydrous
Na,SOy4 layer and evaporated at 35 °C. The lipid extract
was subjected to acidic methanolysis to prepare fatty
acid methyl esters (FAME) as described previously
(Gladyshev et al., 2000). FAME were analyzed on a
gas chromatograph equipped with a mass spectrometer
detector (GCD Plus, Hewlett-Packard, USA) and a
30 m long x 0.25 mm internal diameter capillary column
HP-FFAP. The column temperature program was as
follows: from 100 to 190 °C at 3 °C/min, 5 min isother-
mally, to 230 °C at 10 °C/min, and 20 min isothermally.
Other instrumental conditions were as described else-
where (Gladyshev et al., 2000). Peaks of FAME were
identified by their mass spectra compare to those in the
data base (Hewlett—Packard, USA) and to those of avail-
able authentic standards (Sigma, USA). Positions of dou-
ble bonds in fatty acids were determined by GS-MS of
FAME dimehyldisulphide adducts and dimethyloxa-
zoline derivatives of FA prepared as described previ-
ously (Sushchik, Gladyshev, Moskvichova, Makhutova,
& Kalachova, 2003).

2.4. Statistics

Student’s t-test and single-factor ANOVA were used
for analysis of data. ANOVAs of essential PUFA’s con-
tents and ratio were carried out by the conventional way
(Campell, 1967) as follows. Control (unfrozen fish) and
the four variants of heat treatment were taken as the five
levels of factor. Total, residual and between levels sums
of squares (s.s.) were calculated. Importance degree of
the factor investigated

f+ = (between levels s.s./total s.s) - 100%

and the variance ratio, F were calculated. If £, > 50%
and F > F (at 0.05 or 0.01 probability levels, according
to Fisher’s test at the degrees of freedom v; =4 and
vo» =40, i.e., 5 levels of factor and 45 samples), it means
that importance of the factor investigated (effect of the
heat treatment) was higher than that of all the other fac-
tors and statistically significant, i.e., variations of FA
content within each of the variants were small and neg-
ligible, but differences of means between the variants
were high and significant at P probability level.

3. Results

Variations in moisture content in all fish samples
were less than 10%. Minimum moisture value was char-
acteristic of fried fish (63.9 + 0.53%) and maximum
moisture was found for boiled fish (70.3 £ 0.75%). Mois-
ture contents of unfrozen, boiled in a small amount of
water and roasted fish accounted for 68.9 £ 0.35%,
67.1 £ 0.34 and 65.0 £ 0.91%, respectively.
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Table 1

Prominent fatty acid content (g/100 g of dry weight) in humpback salmon after different ways of heat treatment: mean values from nine samples * SE

(standard error)

Fatty acids Control (unfrozen) Boiled Fried Boiled in a small amount of water Roasted

14:0 0.207 + 0.054 0.235+0.184 0.145 +0.079 0.249 +0.148 0.266 + 0.105
15:0 0.028 = 0.009 0.033 £ 0.023 0.020 = 0.009 0.033 £ 0.015 0.037£0.013
16:0 0.832+0.218 0.964 = 0.391 0.726 £ 0.272 1.031 +£0.850 1.167 £ 0.319
16:107 0.237 £ 0.091 0.267 £ 0.150 0.152 £ 0.077 0.310 £ 0.278 0.215 % 0.082
16:204 0.013 +0.007 0.012 = 0.009 0.008 + 0.005 0.015+0.014 0.010 + 0.004
16:304 0.003 = 0.003 0.004 = 0.003 0.001 = 0.001 0.002 + 0.002 0.000

17:0 0.023 +0.008 0.029 +£0.016 0.018 +0.007 0.032+0.018 0.031 +0.007
18:0 0.181 = 0.085 0.197 £ 0.052 0.324 £ 0.183 0.303 + 0.471 0.528 + 0.296
18:109 0.475 +0.159 0.509 + 0.240 0.473 +0.149 0.556 + 0.411 0.702 + 0.155
18:107 0.118 £ 0.061 0.131 £ 0.052 0.074 £ 0.034 0.143 £ 0.132 0.114 £ 0.028
18:206 0.069 + 0.022 0.092 +0.055 0.831 +0.482 0.096 + 0.053 0.624 +0.336
18:306 0.004 = 0.003 0.004 = 0.003 0.001 +0.001 0.007 + 0.005 0.004 + 0.002
18:303 0.058 £ 0.016 0.066 + 0.042 0.139 + 0.066 0.065 + 0.034 0.124 + 0.044
18:403 0.173 £ 0.068 0.198 £ 0.101 0.123 + 0.047 0.181 £ 0.071 0.151 £ 0.065
20:1o11 0.557 £ 0.208 0.608 +0.318 0.366 + 0.145 0.603 +0.294 0.445 +0.155
20:109 0.040 + 0.045 0.057 £ 0.049 0.063 £ 0.018 0.082 +0.034 0.080 +0.017
20:206 0.019 + 0.006 0.026 = 0.015 0.014 + 0.005 0.021 £ 0.009 0.019 + 0.007
20:303 0.009 *+ 0.002 0.010 = 0.004 0.006 = 0.002 0.010 + 0.005 0.007 = 0.002
20:406 0.025 +0.003 0.032 £ 0.005 0.019 + 0.004 0.031 +0.017 0.025 + 0.005
20:403 0.077 £ 0.025 0.096 = 0.037 0.059 +0.022 0.091 +0.045 0.070 + 0.025
20:503 0.536 + 0.121 0.621 = 0.195 0.383 +£0.148 0.590 +0.377 0.463 +0.161
22:1o11 0.796 = 0.380 0.840 = 0.566 0.586 + 0.227 0.878 +0.471 0.650 + 0.247
22:19 0.017 £0.019 0.093 + 0.145 0.029 + 0.014 0.046 £ 0.025 0.034 + 0.010
21:503 0.026 = 0.005 0.032£0.012 0.021 +0.007 0.030 +0.013 0.023 +0.009
22:506 0.009 * 0.004 0.014 +0.003 0.008 + 0.002 0.011 +0.005 0.009 + 0.004
22:503 0.110 +0.041 0.160 = 0.040 0.092 +0.031 0.149 +0.089 0.113 £ 0.036
22:6m3 1.056 + 0.152 1.411 +0.398 0.810 + 0.162 1.021 £ 0.271 0.961 + 0.240
24:1 0.115+0.036 0.141 = 0.049 0.085 +0.036 0.125 +0.062 0.089 +0.025
Total FA 6.018 = 1.140 7.156 £ 2.659 5.796 £ 1.835 7.020 £ 3.846 7.252 +1.884
»3/w6 16.2+ 0.9 159+1.2 22+%0.2 10.4£0.5 34+0.5

In all samples 58 fatty acids (FA) were identified.
Quantitatively prominent FAs are given in Table 1.
The two essential PUFAs, EPA and DHA, comprised
6.4-8.9% and 13.1-19.4% of the total, respectively.

Results of ANOVAs for effect of heat treatment on
contents of PUFAs and their ratio are given in Table
2. Respective means of the values for the five levels of
the factor investigated, i.e., for unfrozen, boiled, fried,
boiled in a small amount of water and roasted fish are
given in Table 1. In general, there was no significant
effect of the heat treatment on contents of EPA, DHA
and their sum: values of importance of the factor inves-
tigated, £, were less than 50% (Table 2). Meanwhile the

Table 2

Single-factor ANOVAs for content of PUFAs (g/100 g of dry weight)
and the ratio in humpback salmon after different ways of heat
treatment

PUFA Total s.s.  Between levels s.s.  f F

20:5w3 227.7 33.8 14.8 3.48
22:6m3 448.3 177.1 39.5 13.06
320:503 + 22:6m3  1096.8 341.70 31.1 9.05
Z03/w6 1908.8 1701.2 89.1 163.90"

* fe>50%, F> F,, and P <0.05 (see text for details).

way of treatment significantly affected the ratio m3/w6,
which is of a high dietetic importance (Table 2). The
ratio decreased in result of all the treatments compare
to that of unfrozen fish, especially during frying and
roasting (Table 1).

To reveal a probable particular difference between a
pair of variants, which may be damped in overall ANO-
VA, pair analysis of PUFASs’ contents in control (unfro-
zen fish) and those in cooked fish using Student’s ¢ -test
was carried out. In general, the pair analysis confirmed
the results of ANOVAs: there were no significant differ-
ences between the control and boiled, boiled in a small
amount of water and roasted fish. Nevertheless, con-
tents of EPA and DHA in fried fish were significantly
lower, than those in unfrozen fish (Table 1): ¢ values
were 2.41 and 3.34, respectively, P < 0.01 under degree
of freedom 43 for both values.

4. Discussion
Thereby, among the ways of heat treatment, only fry-

ing resulted in statistically significant decrease in the two
essential PUFAS’ contents compare to unfrozen fish.
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Meanwhile, the decrease in the PUFA’s contents was
not quantitatively substantial (Table 1). To obtain offi-
cially recommended appropriate intake of EPA + DHA
for humans about 1 g per day (e.g., Ahlgren, Blomguvist,
Boberg, & Gustafsson, 1994; Arts et al., 2001), it is nec-
essary to consume 233 g of fried humpback, or 200 g of
roasted, or 187 g of boiled in a small amount of water,
or 167 g of boiled humpback. Hence, cooked humpback
is beneficial to human health.

We did not consider a possible decrease of PUFAs’
content in humpback due to freezing and storage in
the study. Nevertheless, it does not seem to be signifi-
cant. We can compare our data on unfrozen humpback
with those for fresh fish species from the same family
Salmonidae, available from the literature. For instance,
in fresh filets of Atlantic salmon (Salmo salar), maxi-
mum content of EPA was about 2.2 mg/g of wet weight,
DHA - 7.7 mg/g of wet weight and ratio of ®3/m6 was
3.3 (Torstensen, Froyland, Ornsrud, & Lie, 2004). The
average values for unfrozen humpback are 1.7 mg/g of
wet weight of EPA and 3.3 mg/g of wet weight of
DHA (see the moisture content and Table 1) in this
study. In dorsal muscles of rainbow trout (Oncorhynchus
mykiss) from several Canadian lakes and reservoirs
average concentrations of EPA ranged in 2.0-4.1 mg/g
of dry weight, DHA — 6.5-14.7 mg/g of dry weight
(Kainz, Arts, & Mazumder, 2004). For the unfrozen
humpback average contents of EPA and DHA in the
same units were 5.36 mg/g of dry weight and 10.56mg/
g of dry weight, respectively (transformed from Table
1). Hence, contents of PUFAs in the unfrozen hump-
back studied were practically equal to those in closely re-
lated fish species from the same genius Oncorhynchus.

It is interesting to compare PUFAS’ content in hump-
back with those in other products. In fried salmon (Sa/-
mo salar) total content of EPA and DHA was 1.7 g/
100 g of food, in fried sardine (Sardine pilchardus) —
0.88 g/100 g of food, in fried Spanish mackerel (Scomb-
eromorus commersoni) — 0.39 g/100 g of food (Candella
et al., 1998). According to our data in fried humpback
EPA and DHA content was 0.43 g/100 g of food, and
in boiled humpback — 0.60 g/100 g of food.

Per cent levels of EPA and DHA in humpback were
comparable with those in condiments, prepared from
salt-fermented Philippines shrimp alamang (Acetes
spp.) (Montano et al., 2001), in some processed edible
seaweeds (Sanchez-Machado, Lopez-Cervantes, Lopez-
Hernandez, & Paseiro-Losada, 2004), in claw and breast
meat of boiled blue crab (Callinectes sapidus) (Celik
etal., 2004), in common sole (Solea solea) (Gokce, Tasbo-
zan, Celik, & Tabakoglu, 2004), in liver oil of two ray-
fish species (Dasyatis brevis and Gymnura marmorata)
commercially captured in the Gulf of California (Nav-
arro-Garcia, Pacheco-Aguilar, Bringas-Alvarado, &
Ortega-Garcia, 2004) and in canned sardines (Sardinella
brasiliensis) (Tarley et al., 2004), but significantly higher

than in a small Brazil fish “pacu’’(Piaractus mesopotami-
cus) (Sant’Ana & Mancini-Filho, 2000). All the marine
products, mentioned above, were regarded to be suitable
items in the human diet concerning EPA and DHA con-
tent. Hence, cooked humpback is also a valuable source
of essential ®3 PUFAs, namely EPA and DHA.

It is interesting to remark, that in a product of terres-
trial origin, muscles of Iberian pigs, per cent levels of
EPA and DHA were 10-20 times lower, than that in
humpback, although these pigs were specially reared in
pasture, characterized by high natural levels of linolenic
acid and these meat products were included in the diet
intended to improve plasmatic indicators of coronary
and vascular disease (Muriel, Ruiz, Ventanas, & Ante-
quera, 2002).

Besides content of PUFASs, ratio of sum ®3/w6 acids
is known to be of dietetic importance because it is the
key factor for balanced synthesis of eicosanoids in
organism (e.g., Steffens, 1997). According to current
WHO recommendations, daily ratio of ®3/w6 in total
human diet should be no higher than 1:5, i.e., 0.2 (e.g.,
Vujkovic, Karlovic, Vujkovic, Vorosbaranyi, & Jova-
novic, 1999). In tissues of marine fish the ratio on the
average varied from 5 to 10, and in freshwater fish —
from 1 to 4 (Ahlgren et al., 1994; Steffens, 1997). These
values are evidently higher, than recommended, but it
should be taken into account that in most part of other
products ®3/w6 ratio is substantially lower than
necessary.

In our study the ratio was about 16 in unfrozen fish
but was reduced during all heat treatments, especially
during frying (probably, due to sunflower oil). Other
authors also reported a decrease of ®3/w6 ratio in sal-
mon during frying from about 8.3 to 1.4, in mackerel
— from 8.3 to 0.2 and in sardines — from 14.4 to 0.2
(Candella et al., 1998). In boiled blue crab w3/w6 ratio
varied from about 3.2 to 2.3 (Celik et al., 2004) and in
canned sardines — from 2.2 to 0.2 (Tarley et al., 2004).
These values are close to those obtained for fried and
roasted humpback in our study.

One of the most prominent results of our study is
believed to be the absence of significant decrease of
EPA and DHA contents in humpback during heat treat-
ment, except the modest reducing during frying. Some
other authors reported a decrease of the PUFASs’ levels
in fish during grilling (Ohshima et al., 1996) and canning
(Tarley et al., 2004). This discrepancy may be due to dif-
ferences in ways of cooking (chopping, temperature, oil,
etc.), but also it may be species specific. For instance,
Candella et al. (1998) found that threefold decrease of
content of EPA and DHA in sardines and mackerel oc-
curred, while in salmon no significant changes in EPA
and DHA contents took place under the same way of
frying.

We hypothesize that in muscles of the salmon (Salmo
salar) and humpback, and probably in all species of
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Salmonidae family, there are high levels of natural anti-
oxidants in their red-colored flesh, which prevent PU-
FAs’ degradation during heat treatments. This
speculation has a reasonable biological and ecological
background. Salmonidae fishes come for reproduction
from seas into oligotrophic streams, where they die just
after the spawning and their carcasses provide the prin-
cipal food source (directly or via a food chain) for their
juveniles. Thus, for a month or two essential diet com-
ponents, including PUFAs, must be preserved in the car-
casses. Indeed, carcasses of salmonids (namely
humpback Oncorhynchus gorbuscha) were found to be
valuable source of ®3 PUFAs for stream inhabitants
(Heintz et al., 2004). Thereby, in the course of evolution
salmonids had to form specific biochemical adaptations
to their ecological niche. A high level of antioxidants
may be one of such adaptations.

5. Conclusion

Heat treatment in general did not decrease content of
EPA and DHA in humpback, except a modest reduction
during frying. Cooked humpback appeared to be the
valuable source of essential ®3 PUFAs, namely EPA
and DHA. It was hypothesized, that the absence of
significant reduction of PUFASs’ contents in red flesh
of fish of Salmonidae family during heat treatment
may be due to a high level of natural antioxidants which
formed in the course of evolution as adaptation to their
ecological niche.
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