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An Examination of the n-3 and n-6 
Polyunsaturated Fatty Acid Status of Wild 
and Farmed Atlantic Salmon (Salmo salar) 

D. A. Cronin, R. Powell and R. Gormley! 
Department of Food Science, Faculty of Agriculture, University College Dublin, Belfield, Dublin 4 

· I The National Food Centre, Teagasc, Dunsinea, Castlelaux:k, Dublin 15 

Abstract 
Salmon are a good dietary source of n-3 polyunsaturated fatty acids (PUFAs) such as 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) which may be effective in the 
prevention and treatment of ischaemic heart disease. This stody has shown that while n-3 
PUFA levels vary widely depending on the fat content of the fish, there was no significant 
difference between wild and farmed salmon as sources of these acids with both types 
producing around 1 g per 100 g of fish consumed. The ratio of n:3 to n:6 PUFAs was on 
average 6-fold higher in the flesh oil of wild salmon than in farmed fish duej9_the-use-0f 
Iinoleic acid (n-6) rich vegetable oil in the diet of the latter. PUFA analysis •of fat extracted 
from a range of feeds used in the production of a majority of the farmed fish st\Jdied showed 
them to be based mainly on n-3 fish oils with a relatively low incorporation of vegetable 
oil. The n"3 PUFA levels of salmon were found to be largely unaffected by smoking. 

Introduction 
It is now broadly accepted that fish oils, 
which are unique- sources of c,ertain n-3 
polyunsaturated fatty acicts (PUFAs), 
including eicosapentaenoic acid (BP A) and 
locosahexaenoic acid (DHA), may have a 
beneficial role to play in the treatment and 
prevention of cardiovascular diseases. In 
particular, ischaemic heart disease (lHD) is a 
major problem in modem western societies, 
and scientific interest in the possible 
protective effects of the fish oil n-3 PUFAs 
has been high since it was observed that 
Eskimos rarely suffered from IHD and that 
this was related to their high intake of 
seafood (Bang and Dyerberg, 1972; 
Dyerberg, Bang and Hjome, 1975). While 
numerous stucfies over the last decade or so 
have shown fish oils to have a favourable 

effect on serum triglyceride levels, blood 
pressure, clotting mechanisms and heart 
rhythm, their mode of action is still 
uncertain. Moreover; a large number of these 
studies have beeri criticised for not having an 
adequate control group (Homstra, 1989). 

In the context of providing advice to the 
public on the specific effects of diet on 
health, the most reliable evidence comes 
from carefully planned intervention studies. 
An important example is the large-scale 
study of Burr et. al. (1990) on men who had 
recovered from myocardial infarction, where 
a 29% reduction in two-year mortality was 
observed in subjects advised to eat oil fish 
two or three times a week over a control 
group not so advised .. Further trials are 
required, aimed in particular in establishing 
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optimal dietary levels of n-3 PUFAs which 
would provide protection against the 
development of IHD in the long tenn. In a 
recent review (Burr, 1991) concludes that the 
currently available evidence suggests that 
these levels may be supplied by moderate 
intakes of oily fish of the order of 300 g per 
week. However, this amount is considerably 
greater than the average weekly intake for 
adults in the UK, estimated at only 47 g 
(Offices of Population Censuses and 
Surveys, 1990). Since the Irish intake is 
probably fairly similar, it is clear that people 
should be strongly encouraged to eat more 
fish. 

Fatty fish such as mackerel, herring, 
salmon, sardines, etc. provide. the richest 
dietary sources of n-3 PUFAs. Many of 
these are only available fresh on a seasonal 

· basis, and while their processed counterparts 
are also excellent sources of n-3 PUFAs 

·(Fogerty and Svornos, 1987; Cronin and 
O'Sullivan, 1990), many consumers do not 
like these products. By contrast, fresh 
salmon is generally highly regarded and the 
rapid development of the farmed salmon 
industry in the last decade or so has increased 
the year-round availability of the fish at a 
cost that compares very favourably with the 
better cuts of red meat. While accurate data 
are difficult to obtain due to considerable 
seasonal variation in the availability of wild 
salmon, it is estimated that sales of farmed 
fish in Ireland are currently exceeding those 
of the wild type (fresh and smoked ) by 
about a factor of two. 

Since the diet of farmed fish differs from 
that of its wild free-roaming counterpart, it 
is of interest to know if this affects the 
status of farmed salmon as a source of n-3 
PUFAs. Data from Norway (Thomassen and 
Austreng, 1986) and from Canada. (Roch, 
Tesar and Patterson, 1988) indicate that 
where most of the oil used in the salmon 
feeds was from fish, there was little 

difference in the composition of lipids in 
wild and farmed salmon. The purpose of the 
present study on wild and farmed Irish 
salmon was two-fold: (a) to compare the two 
types of fish as so.urces of dietary n-3 
PUFAs and (b) to examine the n-6 PUFA 
composition of the flesh oils of farmed 
salmon, in relation to that of oils extracted 
from a range of proprietary feeds used to 
produce the fish. The n-6 PUFAs - mainly 
linoleic acid (LA) - arise through the 
incorporation of vegetable oils in the fish 
feed and are known to affect the n:3/n:6 
ratios of fish. Relatively little published 
infonnation is available on the n:3/n:6 ratios 
of fish in general. 

Heam et al. (1987) have shown that the 
n:3/n:6 ratio may vary by a factor of 15-fold 
in an examination of 41 wild species found 
in the coastal waters of the Eastern United 
States. Farmed carp, rainbow trout and eels 
were all found to have lower n:3/n:6 ratios 
than their wild counterparts (Suzuki et al., 
1986), while a similar conclusion was 
reached by Van Vliet and Katan (1990) in a 
study which included trout, eels and a small 
sample of salmon. 

Experimental 
Fish samples 
A total of 30 separate salmon samples were 
examined comprising the following: 
a) Thirteen farmed fish supplied as . 

frozen vacuum-packed sides, which were 
accompanied with samples of the 
proprietary pelleted feeds us«<! in their 
production; 

b) Five cutlets of farmed salmon purchased 
at random from retail outlets; 

c) Twelve cutlets of wild salmon supplied 
from various locations around Ireland. 

Sample preparation 
After thawing out, salmon sides were placed 
on a fonnica slab and two narrow strips, 2.5 
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cm in width, were cut from each end of the 
side. A third strip was obtained from the 
centre of the side. Skin and bones were 
removed from the three strips using a sharp 
knife and the three sections of flesh were 
then minced using a meat mincer, 
thoroughly mixed and used for analysis. 
Material for analysis from both the wild and 
farmed salmon cutlets were obtained by 
mincing the whole cutlets after first 
removing the skin and bones as outlined 
above. 

Fat extraction 
Total lipid content was determined after 
extraction with chloroform-methanol (2:1) as 
described by Hubbard et al. (1977). 
Extraction of the fat was facilitated by 
grinding the sample (10 g) with acid-washed 
sand using a mortar and pestle. Oil samples 
were stored in nitrogen-flushed sealed vials at 
-18°C. 

Samples .of fat for fatty acid analysis 
were extracted from pelleted feeds by 
grinding the latter with chloroform, filtering 
through a Whatman No. 1 filter paper, 
followed by evaporation of the solvent on a 
steam bath. 

Fatty acid analysis 
Fatty acid methyl esters (FAMEs) were 
prepared from the extracted salmon flesh and 
feed oils by saponification with methanolic 
KOH, followed by esterification of the alkali 
salts of the fatty acids with a methanolic 
HCl/boron trifluoride mixture (IUPAC 
Method 2.301, 1979). FAME analysis was 
carried out on a gas chromotograph fitted 
with a flame ionisation detector using a 
home-made glass support coated open 
tubular (SCOT) capillary column (30 m x 
0.6 mm i.d.) coated with Silar lOC 
stationary phase. Hydrogen (4 ml/min) was 
used as the carrier gas and the column was 
temperature-programmed (150-230°C) at 

30/min from injection of the sample. Peak 
areas were quantified using a Spectra-Physics 
SP4100 computing integrator and the 
identities of the major fatty acids present in 
the fish oils were confirmed by matching 
their retention times with those of authentic 
standards. 

Results and Discussion 
Data on flesh oil contents and on the 
concentrations of EPA and DHA therein for 
wild and farmed salmon are presented in 
Tables 1 and 2. To facilitate a comparison 
between the two types of fish as dietary 
sources of n-3 PUFAs, the weights of the 
latter per 100 g of fish -consumed are also 
given. 

Flesh oil content and composition 
Tables 1 and 2 clearly show that flesh oil 
levels primarily determine the n-3 PUFA 
status of individual samples of wild and 
farmed salmon. Total fat contents varied 
widely within both types of fish from 2.4-
14.5% (mean 7.08%) for wild and from 3.7-
12.12% (mean 6:5%) for farmed salmon. 

SS 

Fat contents of wild salmon show 
considerable seasonal variation being highest 
in summer and lowest in winter. There is 
also an overall decrease in fat content with 
increase in age and size of the fish. Lipid 
reserves are reduced during maturation due to 
the energy expended in the spawning 
migration (Love, 1980). 

Both seasonality and fish maturity also 
have a strong influence on fat levels in 
farmed fish. For example, data on farmed· 
Norwegian salmon (Blokhus, 1986) have 
shown fat contents of 10-11 % during May in 
mature or maturing fish which had decreased 
to 5-6% by November. 

In contrast to the wide spread in fat 
levels, the n-3 PUFA contents of the 
extracted oils showed considerably less 
variation and were also quite similar for 
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TABLE 1: Total lipid and n-3 PUFA content of wild sabnoh 

% Total Total n-3 

% Oil in % EPAb in % DHAcin n-3 PUFAs PUPA (g) 

Sample• flesh oil oil in oil in 100 g fish 

1 6.35 4.70 13.10 17.80 1.13 
2 6.25 4.50 14.80 19.30 1.21 
3 6.80 4.50 11.10 15.60 1.06 
4 2.40 5.40 17.SO 22.90 0.55 
s 4.10 6.50 IS.SO 22.00 0.90 
6 14.50 6.40 10.50 16.90 2.45 
7 4.00 5.60 15.90 21.50 0.86 
8 8.25 6.60 14.90 21.50 1.77 
9 3.30 6.80 11.60 18.40 0.61 
10 8.86 4.20 9.50 13.70 1.21 
11 !0.45 4.20 12.10 16.30 1.70 
12 9.70 5.00 9.90 14.90 1.45 

Mean 7.08 5.36 13.03 18.40 1.24 
s.d. 3.49 0.99 2.63 3.05 0.54 

•t-10: Cutlets from 10 different sources; 11-12: Whole sides 

bEPA. = Eicosapentaenoic acid 

COHA = Docosahexaenoic acid 

farmed and wild fish. The EPA <:ontent of 
wild salmon ranged from 42-6.8% and in 
farmed fish from 4.4-6.6%, while the 
respective ranges for DHA were 9.5-17.5% 
and 9.3-14.5%. High oil content in fish was 
not in general associated with higher levels 
of EPA and DHA in the oil. 

In order to compare wild and farmed 
salmon as dietary sources of n-3 PUFAs on 
an "as .e::ten" basis, the weights of the latter 
per 100 g of fish consumed were calculated. 
For both types the ranges of n-3 PUPA 
levels were large, closely reflecting the wide 
variation in fat contents. In wild fish the 
range was from 0.61-2.45 g/100 g with an 
average of 1.24 g (s.d. =0.54), while farmed 
salmon ranged from 0.6-2.0 g/100 g with an 
average of 1.03 g (s.d. 0.38). 

A summary of an analysis of variance 
comparing the five sets of measurements in 
Tables 1 and 2 for wild and farmed salmon is 

presented in Table 3. The data clearly show 
that apart from a slightly higher level of n-3 
PUFAs (arising mainly from DHA) in the 
oil from wild salmon, there was no 
significant difference between the wild and 
farmed salmon as dietary sources of n-3 
PUFAs. While relatively few comparative 
studies of this type have been carried out, the 
present findings are largely in agreement 
with data on Canadian salmon compiled by 
Roch, Tesar and Patterson (1988). Wild 
Pacific (Coho) salmon were found to have 1 
g/100 g and farmed fish approximately 0.9 
g/100 g. For wild and farmed Atlantic 
salmon the figures were 1.3 and 1.2 g/100 g 
respectively. 

n-3 PUFA levels in smoked fish 
To examine the effects of smoking on the n

. 3 PUF As, a single farmed fish was selected 
and divided into two sides, one of which was 
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TABLE 2: Total lipid and n-3 PUFAcontent of farmed salmon 

% Oil in % EPAb in %DHAcin 

Sample• flesh oil oil 

1 9.45 5.20 9.50 
2 9.80 5.20 10.10 
3 10.35 5.00 9.40 
4 12.25 5.50 10.80 
5 4.65 5.00 11.80 
6 4.65 5.10 1130 
7 5.15 4.40 11.30 
8 6.15 4.70 9.30 
9 9.45 4.60 9.90 
10 5.40 4.80 12.25 
11 4.90 5.00 10.20 
12 4.85 4.20 11.80 
13 4.95 4.80 14.50 
14 3.25 4.70 11.20 
15 3.70 4.70 11.60 
16 5.60 6.60 14.50 
17 5.70 4.50 11.30 
S* 7.80 4.40 10.60 
us 6.45 4.60 10.80 

Mean 6.48 4.92 11.21 
s.d. 2.59 0.53 1.50 

%Total 

n-3 PUFAs 

in oil 

14.70 
15.30 
14.40 
16.30 
16.80 
16.40 
15.70 
14.00 
14.50 
17.30 
15.20 
16.00 
19.30 
15.90 
16.30 
21.10 
15.80 
15.00 
15.40 

16.13 
1.74 

al-12: Whole sides for which feeds were analysed; 13-17: cutlets from retail outlets 
S and US: smoked and unsmoked sides from the same fish 
b£p A= Eicosapentaenoic acid 

cDHA = Docosahexaenoic acid 
*Not used in statistical analysis 

TABLE 3: Summary of statistical analysis of data from Tables 1 and 2 

% Fat 

%EPAa 

%DHAb 
%EPA+DHA 
n~3 PUF As g/100 g 

NS: No significant difference 

8EPA= Eicosapentaenoic acid 

bDHA = Docosahexaenoic acid 

Wild (mean) Farmed (mean) 

7.080 6.484 

5.366 4.922 

13.033 11.211 
18.400 16.133 
1.241 1.028 

*Significant difference at the.'5% but not at the 1 % confidence level 
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Total n-3 

PUFA (g) 

in 100 g fish 

1.39 
1.50 
1.49 
2.00 
0.76 
0.76 
0.81 
0.86 
1.37 
0.94 
0.75 
0.78 
0.96 
0.52 
0.60 
1.18 
0.89 
1.17 
0.99 

!.03 
0.38 

Siinificance 

NS 

NS 

* 
* 

NS 
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TABLE 4: Fat contents and n-3 PUFAs in fish feed samples 

% Oil in feed % Llnoleic %Total 

pellets (wet 
Sample weight basis) 

1 14.5 
2 15.0 
3 17.6 
4 16.2 
5 16.4 
6 22.1 

aEPA = Eicosapentaenoic acid 

bDHA = Docasahexaenoic acid 

acid (LA) 
in oil 

3.2 
4.1 
7.5 
7.0 
6.8 
1.9 

subjected to a standard smoking treatment 
(S) while the other was untreated (US). The 
analytical data (Table 2) indicated a very 
slight reduction in the n-3 PUFA content of 
the extracted oil. The overall PUFA levels 
were raised from 0.99 g/100 g in the 
unsmoked side to 1.17 g/100 g in -the 
smoked side, an increase which was mainly 
accounted for by a higher fat content .in the 
latter as a result of some loss of moisture 
during the smoking process. The minimal 
effect of smoking treatments on the n-3 
PUFAs of fish oils has also been 
demonstrated in mackerel (Bhuiyan, 
RatnayakeandAckman, 1986). 

Flesh oil composition offarmedfish 
An interesting feature of the present data was 
the relatively high level (mean 6%) of the n-
6-polyunsaturated fatty acid linoleic acid 
(LA) in the flesh oil of all tlie farmed 
salmon examined compared with that of the 
wild fish which at around 1 % was typical for 
the latter species. 

The LA content of oils from wild 
marine fish in general rarely exceeds 15% 
(Ackman, 1982). For comparison, the n-6 
(LA) and the n-3 (EPA+ DHA) contents of 
all the fish examined were compiled (Table 
5) and the n-3 : n-6 ratios were calculated. 

% EPA"in % DHAb in n-3 PUFAs 
oil oil in oil 

73 12.2 19.5 
6.6 13.6 20.2 
9.3 12.9 22.2 
5.7 9.9 15.6 
5.9 10.7 16.6 
6.4 10.4 16.8 

The latter ranged from 1.97-3.74 (mean 2.7) 
for farmed and from 9.7-2-5.4 (mean 17.5) 
for wild fish respectively. 

The presence of LA in farmed salmon 
flesh oil is due to the inclusion of vegetable 
oils in the formulated feeds used to produce 
these fish; Vegetable oils are commonly 
incorporated into fish feeds, presumably on 
grounds of cost, but also because it is 

claimed that some vegetable oils are more 
effective in facilitating the uptake of 
pigment from the feed into the flesh than 
certain pure fish oils (Blake, 1989). 
However, the higher the level of vegetable 
oil in the diet the more the fatty acid profile 
of the fish fat comes to resemble that of the 
vegetable oil and there is also a deterioration 
in both flavour and texture (Hardy, Scott and 
Harrell, 1987). 

The n-3 and n-6 fatty acid composition 
of the extracted oils from a number of 
commercial pelleted feeds used in the 
production of farmed salmon samples 1-12 
are presented in Table 4. The EPA and DHA 
contents of the oils and the presence of 
relatively high levels of the higher 
monounsaturated fatty acids (C20: 1 and 

c22,1 (cetoleic acid) were characteristic of 

oils from northern latitude fish such as 
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TABLE 5: The n-3:n-6 ratios of wild and fanned salmon 

% Linoleic % Total n-3 n-3:n-6 

acid (LA) in PUFAs in <EPAa+DHAbl 
Sample flesh oil flesh oil LA 

Wild 
I 156 17.80 11.4 
2 1.04 19.30 J8.5 
3 I.OS JS.60 J4.8 
4 0.90 22.90 25.4 
5 0.94 22.00 23.4 

z, 6 1.74 J6.90 9.7 
·( 

) 7 0.89 21:50 24.2 ,. 
8 1.04 21.50 20.7 
9 I.OJ J8.40 J8.2 
JO I.JO J3.70 J2.2 
u 0.86 J6.30 J8.9 
J2 1.25 J4.90 Jl.9 

Mean 1.12 J8.4 J7.5 

Fanned 
J 5.35 J4.70 2.75 
2 6.25 15.30 2.44 
3 5.55 J4.40 259 
4 5.82 J6.30 2.80 
5 6.35 J6.80 2:65 
6 6.80 J6.40 2.4J 
7 7.16 JS.70 2.19 
8 7.J2 14.00 1.97 
9 5.78 J4.50 2.51 
10 5.37 17.30 1.97 
11 6.05 15.20 2.51 
J2 6.85 J6.00 2.33 

/'~~ 
J3 5.J6 J9.30 3.74 1 . \ 

<(:,;' J4 6.09 J5.90 2.61 
J5 5.56 16.30 2.93 
J6 5.79 22.10 3.64 
17. 5.48 J5.80 .2.88 
us 6.42 15.40 2.39 

Mean 6.J 16.1 2.7 

aEPA = Eicosapentaenoic acid 

bnHA = Docosahexaenoic acid 
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capelin, herring or mackerel (Whitehead and 
Turrell, 1988). Linoleic acid was the only n-
6 PUF A present in significant amounts and 
the range found (1.94-7.5%) suggested a 
relatively low level of incorporation of 
vegetable oil in these particular feed samples 
- perhaps a maximum of 15% of an oil 
such as soya in the feed with the highest LA 
content. Thus, the present study has clearly 
shown that when the dietary fat supplied to 
farmed salmon consists mainly of fish oil, 
the presence of even a small amount of 
vegetable oil is strongly reflected in the body 
lipid, resulting in a significant lowering of 
the n:3/n:6 PUPA ratios by comparison 
with wild fish. Although we lack data on the 
flesh oil composition of farmed salmon fed 
exclusively on a vegetable-oil-free diet, we 
would tentatively suggest that measurement 
of n:3/n:6 PUFA ratios should .provide a 
relatively simple and reliable means of 
distinguishing samples of wild and .farmed 
salmon. 

Health benefit of wild and farmed salmon 
The present study has shown that both wild 
and farmed Atlantic salmon contain around 1 
g of total n-3 PUFAs per 100 g of fish and 
can, at a modest level of consumption, 
readily supply the currently recommended 
intake of 300-400 mg/day of these long
chain fatty acids. It is well established that 
n:3 and n:6 PUFAs can interfere with the 
metabolism of each other (Horrobin, 1983) 
and it is also suggested that the typical 
Western diet contains higher levels of n-6 
fatty acids and much lower levels of n-3 
acids than it should, based on man's 
evolutionary and genetic development and 
adaptation (Simopoulos, 1989). Thus, where 
a human diet is already adequately supplied 
with the key essential n:6 fatty acid LA from 
other sources, it could be argued that the 
lower n:3/n:6 ratios of farmed salmon would 

. make them less effective sources of dietary 

n-3 PUFAs than the wild fish. However, in 
the absence of proper dietary trials, it would 
not be justifiable to conclude from this that 
less beneficial effects to health would accrue 
from the consumption of farmed fish. For 
example, the ratio of n:3/n:6 PUP As in the 
diet which would provide optimal health 
benefits in the long term has not yet been 
definitively established. Moreover, some 
recent work is beginning to suggest that 
whole fish may produce desirable effects 
which are not achieved by ingesting a 
comparable amount of n-3 PUFAs in the 
form of fish oil supplements. In a ~tudy of 
mild! y hyperlipidemic males Cobiac et a I. 
(1991) have shown that while both fatty fish 
(mainly salmon) and fish oil produced 
comparable beneficial· changes in blood 
lipids and lipoproteins, only the whole fish 
improved haemostatic factors such as 
lowered fibrinogen and thromboxane levels 
and increased bleeding.time. 
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It .has also been shown recently (Nelson, 
Schmidt and Corash, 1991; Lindgren et al., 
1991) that when fresh salmon, as the only 
source of dietary n-3 PUFAs, were fed to 
healthy males, the changes observed in blood 
lipids and lipoproteins were generally similar 
to those reported for people consuming fish 
oil supplements. 
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