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Abstract
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Effect of addition 6% of linseed oil (designated L06), 6% and 10% of fish oil (R06 and R10) to feed on
the fatty acid spectrum of common carp (Cyprinus carpio L.) was investigated. The basic feedmixture
which was used as a control variant (K — 34% protein; 9% fat) and the three with oil addition (L06, R06
and R10) were fed to carp fingerling (43.25 g average weight) for 60 days — from 23 April to 20% June.
Before that the fish were fed for 2 month by whey grain and commercial feed for carp fingerling in
pond fish-culture (KP feed mixture — 33% protein; 5% fat) at daily feeding rate 1.5% of actually fish
mass. This procedure was intended to create feeding conditions closest to those witnessed in market
fish farmed in ponds during the vegetation season nevertheless the spectrum of fatty acids present in
the fish muscle at the experiment’s beginning did not fully correspond to what was observed in carps

living in ponds and fed by cereals.

An addition of 6% of linseed oil to the feed lowers the content of the oleic acid and MUFA and, at
the same time, it boosts the contents of the a-linoleic acid, n-3 PUFA and the general PUFA in the meat
of carp fed on mixtures thus enriched. Additions of 6% and 10% of fish oil to the feed for common
carp increases the content of the eicosapentaenoic acid. The 10% addition proved beneficial for also
the ratio of n-3/n-6 PUFA. The high content of the docosapentaenoic acid and the general PUFA in
the meat of fish as early as the beginning of the experiment resulted in a smaller number of signifi-
cant changes in the spectrum of fatty acids (particularly the docosahexaenoic acid, PUFA and n-3/n-6
PUFA) found in the fish meat of the L06, R06 and R10 experimental variants.

common carp, fatty acid spectrum, fish oil, linseed oil

A freshwater fish farmed most often in the Czech
Republic is the common carp (Cyprinus carpio L.). In
the recent years the CR production of the carp has
stabilized at about 17 thousand tons a year. Europe-
wide the carp production has been declining con-
tinuously during the last 7 years (by 10% between
2001 and 2007) (source: CR Ministry of Agricul-
ture, MZe, 2008). The producers thus have to seek
for new methods capable of increasing the demand,
methods aimed to develop more sophisticated carp
products.

A contemporary trend towards healthy lifestyle
offers new opportunities to find markets for food-
stuffs whose content of specific substances prevents
the civilization diseases or at least diminishes their
incidence. Thanks to its large content of polyunsat-
urated acids (PUFA), omega n-3, particularly the ei-
cosapentaenoic acid (EPA) and the docosahexaenoic
acid (DHA), the meat of fish is one of the foodstuffs
proved beneficial to human health. PUFA n-3 has
an anti-atherosclerotic effect (Rudel at al., 1998).
Lunn and Theobald (2006) reported positive effect
of n-3 PUFA also in the treatment of other disea-
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ses such as arthritis, nephritis, multiple sclerosis,
asthma and skin diseases. To prevent the civilization
diseases in humans, WHO (2003) recommended
(with special emphasis on the ischemic disease of
heart, diabetes and cardiovascular disorders) that
the share of fat in food be reduced to 15% to 30% of
the overall daily energy intake. Out of this amount
of fat the saturated fatty acids should represent
less than 10%; the trans-fatty acids less than 1% and
the quantity of PUFA should keep between 6% and
10%. The remainder of the daily energy intake from
fats should be taken from MUFA, the monounsatu-
rated fatty acids. The quantities of PUFA n-3 and n-6
should range from 1% to 2%, or 5% to 8%, respec-
tively, of the entire amount of fat ingested.

The composition of fatty acids encountered in
the fish muscle is affected primarily by the compo-
sition of fatty acids found in what the fish feed on
(Henderson and Tocher, 1987; Sargent et al., 2002).
In the Czech Republic the carp is produced almost
exclusively through fish-farming in ponds where
the fish receive additional feed in the form of ce-
reals. However, fish kept on high-sacharide diet tend
to develop a larger content of the oleic acid (C18:1
n-9) in the muscle (Farkas et al., 1978, Schwarz et al.,
1988). Csengeri and Farkas (1993) and Steffens and
Wirth (2007) compared the spectrum of fatty acids
encountered in carp farmed in ponds with diffe-
rent intensities of farming. They reported a decrease
of the n-3 PUFA content in the muscle of common
carp receiving additional cereal feed as compared to
that found in carp living exclusively on natural feed.
Vacha et al. (2007) disclosed an insignificant effect
of overwintering on the content of PUFA in mus-
cle. Takeuchi et al. (1978), Runge et al. (1987), Stef-
fens et al. (1995) and Hadjinikolova (2004) investi-
gated a targeted change in the spectrum of fatty acids
in the meat of common carp induced by keeping
the fish on diet with additions of different kinds of
oils and fats, mainly with reliance on increased doses
of PUFA and n-3 PUFA.

The spectrum of fatty acids encountered in the fish
meat is affected by also other factors. Fajmonova
et al. (2003) investigated the effect that the carp sex
and the speed of the fish growth in ponds have on
the chemical composition of the meat and the spec-
trum of fatty acids found in the meat. As proved in
the investigation, the higher the speed of grow-
ing, the greater the amount of fat and dry matter in
the carp meat. The same trend was encountered in
the volume of MUFA, while the volume of PUFA
and the n-3 to n-6 ratio were diminishing. The au-
thors also reported an insignificant effect of the sex
on the chemical composition and the spectrum of
FA in the carp meat. In common carp the compo-
sition of fatty acids in the fat is not substantially in-
fluenced by its sex or the kind of hybrid (Buchtova
et al., 2007). Fauconneau et al. (1995) describe twice
or three times greater activity of enzymes synthesiz-
ing the fatty acids in cyprinoids bred in water 2°C
to 10°C than in fish living in water 20°C to 30°C.
Farkas et al. (1980) proved that the common carp

can develop increased levels of fatty acid saturation
in a few hours if exposed to colder environment,
while Geri et al. (1995) reported a lower level of n-
3/n-6 PUFA in carp bred in natural conditions than
in fish of the same category bred in intensive aquac-
ulture of warmed-up water. The effect that the water
bloom attributable to the blue-green algae present
in the breeding environment may have on the con-
tents of fatty acids in carp muscle is specified in pub-
lication by Mares et al. (2009).

MATERIALS AND METHODOLOGY

In spring 2007 (23 April to 20 June) an experimen-
tal recirculation facility on the premises of the De-
partment of Fishery & Hydrobiology was used to
conduct a feeding test aimed to investigate the ef-
fect that additions of linseed oil and fish oil have on
the range of fatty acids in the meat of common carp.
Four mixtures of feed were prepared from a basic
feeding mixture made according to a uniform re-
cipe (34% of protein and 9% of fat) modified by addi-
tions of 6% linseed oil (designated L06) and 6% and
10% of fish oil (R06 and R10, respectively). The re-
ference variant (K) relied on the basic formula of
feed, without any oil additions. All the variants were
passed through three repeated tests. The formula-
tions, chemical compositions and the spectrum of
fatty acids that the experimental feed mixtures con-
tained are specified in table T and table TI.

The experiment was carried out in glass tanks
large enough to accommodate 60 liters of water,
connected to a recirculation circuit and a system of
aeration. The flowrate through the tanks was set at
1.51.s7%. The time schedule of lighting was adjusted
so that 14 hours of light were followed by 10 hours
of darkness. With the experiment in progress,
the physical and chemical parameters of the envi-
ronment in the tanks were as follows:

e O, saturation: 97.6-64.9%
e pH:7.41-7.86

e temperature: 21.2-23.7°C
e N-NH,":0.26-0.73 mg.1"!
e N-NO,:0.04-0.22mg.]"
e P-PO**:0.03-0.17mg.1"!

Each tank was populated with 29 carp finger-
lings (Cyprinus carpio L.) whose average weight was
43.25g a piece. The fish, production crossbreeds of
the Po-L x ROP lines, was bred at the Rybnikdrstvi Po-
hotelice, a. s. (a pond-management company). For 60
days, after having been placed to the testing tanks
and before the test was actually launched, the fish
was being offered wheat grain upgraded by an addi-
tion of KP feed mixture (33% NL, 5% T), a prepara-
tion designed to improve the natural feed of finger-
lings kept in ponds. The overall quantity of the feed
thus daily added to each tank represented 1.5% of
the aggregate weight of its fish population. This pro-
cedure was intended to create conditions, feeding
and others, closest to those witnessed in market fish
farmed in ponds during the vegetation season. Just
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1: Componental and biochemical composition of tested feeds (% of wet matter)

Component K L06 R 06 R 10
Fish meal 16 16 16 16
Rapeseed meal 18 18 18 18
Soybean meal 12 12 12 12
VITEX 10 10 10 10
Whey 3 3 3
Wheat pollard 4 4 4 4
Wheatmeal 30 30 30 30
Lecitin
AMINOVITAN 2 2 2 2
Linseed oil supplement - 6 - -
Fish oil supplement - - 6 10
Dry matter 91.6 91.7 93.0 92.6
Crude fat 9.1 17.8 17.3 19.0
Crude protein 33.8 31.7 32.1 29.5
BE [k].g']* 18.69 20.5 20.65 20.8

*by Steffens (1989)

IT: Fatty acid spectrum of tested feeds and oils (% of total FA)

K L06 R 06 R10 Fish oil Linseed oil
Cl14:0 1.59 0.70 4.60 5.24 8.06 0.08
Cl6:0 19.24 11.50 19.52 19.51 20.19 5.07
Cl6:1n7 2.33 1.07 4.83 5.56 7.88 0.09
C18:0 3.65 4.42 3.82 3.82 4.04 5.10
C18:1n9c 19.38 22.26 14.38 13.72 9.70 24.71
C18:1n7 2.86 1.90 2.97 3.17 3.34 1.08
C18:2n6¢ 37.75 27.37 21.46 17.16 1.62 16.99
C18:3n6 0.07 0.02 0.14 0.17 0.25 0.00
C18:3n3 3.94 26.47 3.12 231 1.04 46.56
C18:4n3 0.49 0.22 2.04 2.45 3.91 0.01
C20:1 1.27 0.65 1.44 1.48 1.64 0.19
C20:4 n6 0.25 0.12 0.68 0.81 1.20 0.00
C20:4n3 0.13 0.06 0.49 0.59 0.92 0.00
C20:5n3 2.90 1.30 9.84 11.67 18.18 0.02
C22:4 n6 0.00 0.01 0.05 0.07 0.11 0.00
C22:5n6 0.20 0.15 0.20 0.19 0.17 0.09
C22:5n3 0.57 0.25 1.54 1.80 2.68 0.00
C22:6n3 3.38 1.53 8.88 10.28 15.07 0.01
SFA 24.48 16.61 27.95 28.59 32.29 10.25
MUFA 25.84 25.89 23.64 23.94 22.56 26.06
PUFA 49.68 57.50 48.41 47.47 45.15 63.69
Total n-6 38.28 27.67 22.51 18.38 3.35 17.08
Total n-3 11.40 29.83 25.90 29.09 41.80 46.60
n-3/n-6 0.30 1.08 1.15 1.58 12.50 2.73

SFA - C14:0; C16:0; C18:0 MUFA - C16:1 n7; C18:1 n9c; C18:1 n7; C20:1 PUFA - C18:2 n6c; C18:3 n6; C18:3 n3; C18:4 n3;
C20:4 n6; C20:4 n3; C20:5 n3; C22:4 n6; C22:5 n6; C22:5 n3; C22:6 n3 Total n-6 — C18:2 n6¢; C18:3 n6; C20:4 n6; C22:4 n6;
C22:5 n6 Total n-3 — C18:3 n3; C18:4n3; C20:4 n3; C20:5 n3; C22:5n3; C22:6 n3
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before the experiment commenced and in 10-day
intervals after the actual weight of the fish popula-
tion was monitored and the daily doses of feed were
adjusted accordingly.

The feed dose always represented 2.5% of weight
of the tank populations and the fish was given
the feed in 3 daily batches (at 8:00 a.m.; 1:00 p.m. and
6:00 p.m.). On the day when the fish was weighed,
no feed was provided.

On the day when the experiment was launched, 6
fingerlings were taken away to analyze the bioche-
mical composition of their muscle and the spectrum
of fatty acids found in it. The muscle thus sampled
was a vertical strip cut in front of the dorsal fin, al-
ways from the left fillet, free from ribs and skin.
On the day when the experiment was terminated
the same analysis as that carried out at the experi-
ment’s outset was performed on 6 fish out of each
variant and on the feeds used in the experiment.

Lipids for FA analyse were extracted using a me-
thanol-chloroform solution according to Folch et al.
(1957). The spectrum of fatty acids was analyzed by
the method of capillary gas chromatography us-
ing HP 4890, a chromatograph by Hewlett-Pac-
kard, USA, and DB-23, a capillary (open-tube) column
sized 60m x 0.25mm x 0.25 pm). The column outlet
was connected to a Flame-Tonizing Detector (FID).
The standard used was Supelco 37 Component
FAME Mix (Supleco, USA, purchased from Labi-
com, CR). The temperature program chosen was as
follows: T,=100°C, t,=3 min, 10 °C/min, T,=170°C,
t,=0min, 4 °C/min, T,=230°C, t,= 8 min, 5 °C/min,
T,=250°C, t,= 15 min. The injector temperature was
270°C; the FID temperature was 280°C. Nitrogen
was used for the carrier gas.

The dry matter obtained from the samples was
measured gravimetrically at 105 °C until the weight
stopped diminishing. The content of nitrogenous
substances was examined by the Kjehldal method
while the total fats were examined by the Soxhlet
method through diethyether extraction of the sam-
ples for 10 hours.

The statistic significance of results was assessed
by the multiple comparison procedure accord-
ing to Scheffe, using the UNISTAT 5.1 program. In
the result table the statistically significant differen-
ces (P > 0.05) observed between the measured va-
lues are identified by lowercase superscript (X?) and
the highly significant differences (P > 0.01) appear as
the uppercase superscript (X2).

RESULTS AND DISCUSSION

Throughout the experiment the fish meat did not
exhibit significant changes in the contents of dry
matter. The values measured ranged from 21.4%
to 25.5%, the initial values included. Feeding diets
higherin proteins (29.5% to 33.8%) increased the pro-
tein content in the meat of all the fish variants - var.
L06 (P > 0.05), var. K, RO6 and R10 (P > 0.01).

At the experiment’s beginning the content of fat
in the fish meat was higher (6.8%) than what was ob-

served in fish living in natural environment and eat-
ing solely the natural feed (Steffens and Wirth, 2007;
Vicha et al., 2007). Fat content of 7% in the wet tis-
sue corresponds to the level found in carps living in
pondsand partially fed by added cereals as described
by Kminkovié etal. (2001) and Fajmonova etal. (2003).
Steffens and Wirth (2007) reported the fat content of
only 3.4% in the meat of carp bred in pond and fed by
added cereals. In contrast, Vicha et al. (2007) found
the fat content in the meat of fish bred under compa-
rable conditions to be 9.7% to 13.3%, in dependence
on the cereals employed. Low level of fat in the “K”
feed mixture used in the experiment translated itself
into a reduced content (P > 0.05) of fat in the meat of
this fish variant. The contents of fat encountered in
the meat of other fish variants were lower than what
was measured at the test beginning, but the figures
lacked statistical significance. The spectrum of fatty
acids present in the fish muscle at the experiment’s
beginning did not fully correspond to what was ob-
served in carps living in ponds and fed by cereals as
described by Csengeri and Farkas (1993), Steffens
and Wirth (2007), Kminkova et al. (2001), Fajmo-
nova et al. (2003), Buchtovi et al. (2007), Steffens and
Wirth (2007) and Vacha et al. (2007).

Model of nutritional conditions typical of a pro-
duction pond (cereals + additional feed mixture) re-
turned lower values of the FA spectrum of fish meat
at the experiment’s beginning (Table I11) for the pal-
mitic-oleic acid (C16:1 n-7) and the oleic acid (C18:1
n-9) as compared to the values reported in litera-
ture - Kminkova et al. (2001), Fajmonovi et al. (2003)
and Buchtovi et al. (2007). Conversely, higher va-
lues were reached for the linoleic acid (C18:2 n-6),
the eicosapentaenoic acid (C20:5 n-3) and the do-
cosahexaenoic acid (C22:6 n-3) as compared to what
was published by Csengeri and Farkas (1993), Kmin-
kova et al. (2001), Fajmonov3 et al. (2003), Buchtova
et al. (2007) and Steffens and Wirth (2007). The oc-
currence of general saturated fatty acids (SFA) in
the meat of fish subjected to the experiment corre-
sponds to values reported by Kminkovi et al. (2001),
Buchtovi et al. (2007) and Vécha et al. (2007). Early
in the experiment the MUFA values in the fish meat
were found lower, while the PUFA, n-3 PUFA, n-6
PUFA and n-3/n-6 PUFA were observed higher than
those published for fish from production ponds by
Csengeri and Farkas (1993), Kminkovi et al. (2001),
Fajmonova et al. (2003), Buchtovi et al. (2007), Stef-
fens and Wirth (2007) and Vacha et al. (2007).

When fed on the reference feed, the fish of this
variant developed almost no change in the spectrum
of fatty acids. Only the C20:1 group of FA exhibited
reduction (P > 0.05) as related to the initial value, at-
tributable to the feed provided.

The figures observed for the a-linoleic acid
(C18:3 n-3) were, contrarily, greater. The increase of
the a-linoleic acid in the fish meat of the LO6 variant
reached 5.7 times the value measured at the experi-
ment’s beginning (the percentage rose from 1.42%
to 8.13%). A similar trend of growing contents of
the a-linoleic acid in the salmon meat was reported
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T11: Fatty acid spectrum (% of total FA) and biochemical composition of carps fillet at the beginning and after 60 days of experiment

FA Start K L06 RO06 R10
C14:0 2.18 +(0.32ABCab 1.89 +0.28A8a 1.46 +0.36" 2.66 +0.445¢b 2.83 +0.96¢>
C16:0 18.79 + 0.29ABab 19.74 + 0.644 17.09 +1.19®> 19.16 + 1.1948% 18.98 + 2.49A8a
Cl6:1n7 5.75+0.712 4.72 +0.85% 3.60 +0.884P 472 +0.65% 5.59 +1.125
C18:0 4.49+0.21 4.87+0.31 5.20+0.92 4,77 +£0.73 4,52 +0.44
C18:1n9c 29.58 +3.224 26.04 + 2.38A8b 25.52 + 2.4]ABab 22.48 +1.76% 23.45 + 3.95A80
C18:1n7 3.64+0.14* 3.72+0.12~ 3.09+0.16"8 3.57+0.14* 3.76 +£0.492
C18:2n6¢ 14.21+2.17 17.10+£0.59 17.89+2.16 16.57 £2.06 14.78 + 1.66
C18:3n6 0.15+0.01 0.15+0.05 0.20+0.10 0.14+0.03 0.15+0.03
C18:3n3 1.42+0.214 1.71+0.124 8.13+1.938 2.01+0.284 1.91 +£0.47~
C18:4n3 0.57 £0.10%8 0.39+0.07A 0.40 +£0.084 0.81+0.17® 0.87+0.27®
C20:1 3.53 £0.414 2.74 +0.28780 2.36 +0.258 2.53 +0.24"b 2.41 +£0.308b
C20:4 n6 2.01+0.27 1.90+0.35 1.50+0.58 1.50+0.46 1.49 £0.55
C20:4n3 0.42 + 0.067Babe 0.30 £0.0442 0.40 + 0.03ABb 0.49 +0.078b¢ 0.53 £0.178¢
C20:5n3 3.64+0.48* 3.63 £0.45* 3.43+0.93~ 5.91+0.47" 6.25+2.088
C22:4n6 0.02 +0.02 0.03 £0.03 0.02 £0.01 0.01+0.00 0.02 +£0.02
C22:5 n6 0.02+0.01 0.01+0.00 0.01+£0.01 0.01+0.00 0.01+0.01
C22:5n3 1.21 +0.0548 0.94+0.14~ 0.92+£0.174 1.33+0.17® 1.33+0.48"
C22:6n3 8.39+0.18 10.13+2.24 8.76 +2.66 11.35+2.58 11.12+4.27
SFA 25.47 +0.19% 26.50 +0.84* 23.75 + 1.75° 26.59 +1.522 26.33 +3.73%
MUFA 42.49 +3.322 37.21 +3.25% 34.57 +3.47° 33.29+2.53b 35.22 + 5.802
PUFA 32.04 £ 3.3042 36.30 +3.30ABb 41.68 +2.758¢ 40.12 + 1.18Bbc 38.46 + 9.43ABabe
Total n-6 16.40+2.30 19.19+0.70 19.63 +1.65* 18.22 +1.62 16.45 +2.09°
Total n-3 15.64+1.012 17.11 +£2.74 22.05 +3.02° 21.90 £2.512 22.01 +1.84b
n-3/n-6 0.97 +0.08* 0.89+0.122 1.14+0.21% 1.22 +£0.24% 1.34+0.15°
Composition of carps fillet (% of wet matter)

Dry matter 23.2 21.4 246 25.5 25.4
Crude fat 6.8 3.9b 4.6 4.8% 5.22b
Protein 15.4%2 19.08b 18.628> 19.1°%b 18.98b

SFA - C14:0; C16:0; C18:0 MUFA - C16:1 n7; C18:1 n9c; C18:1 n7; C20:1 PUFA - C18:2 n6¢; C18:3 n6; C18:3 n3; C18:4 n3;
C20:4 n6; C20:4 n3; C20:5 n3; C22:4 n6; C22:5 n6; C22:5 n3; C22:6 n3 Total n-6 — C18:2 n6¢; C18:3 n6; C20:4 n6; C22:4 n6;
C22:5n6 Total n-3 - C18:3n3; C18:4n3; C20:4n3; C20:5n3; C22:5 n3; C22:6n3

by Tocher et al. (2000). Turchini et al. (2007) found
the value of 34.2% in trench. These authors, how-
ever, used a higher addition of the linseed oil (about
10%) and the time of feeding was longer (12 and
19 weeks) than in our experiment. The above-men-
tioned facts considered, we can conclude that even
a higher level of the a-linoleic acid in the fish meet
could be reached by (1) increasing the amount of oil
in the feed mixtures, or by (2) longer time of feeding
the fish on a mixture containing a lower amount of
the linseed oil. Experimenting with non-carp fish,
Tidwell et al. (2007) reached 22.6% of the o-linoleic
acid in largemouth bass, while Mourente et al. (2005)
achieved in sea bass the percentage of 8.4% when
feeding the fish on a diet upgraded with 5% and 10%
of linseed oil for 12 weeks and 34 weeks, respec-
tively.

When compared with the initial values, the overall
profile of fatty acids in the LO6 fish variant demon-
strated significant reduction in the level of MUFA
(P > 0.05) and higher contents of PUFA (P > 0.01)

and n-3 PUFA (P > 0.05). The reduction observed
in the content of the oleic acid (P > 0.01) and the in-
crease found in the content of the a-linoleic acid
(P > 0.01) and PUFA (P > 0.05) in the L06 variant of
fish can be attributed to the addition of linseed oil
as evidenced by the significant difference between
these fatty acids and the values encountered in
the “K” reference fish variant fed on a mixture with-
out the oil addition.

Having comparatively assessed the effect that
the addition of the linseed oil and fish oil had on
the spectrum of FA in the meat of fish, we can con-
clude that the LO6 fish variant showed a slight de-
crease in the content of SFA (P > 0.05), particularly
as regards the myristic acid (C14:0) (P > 0.01) and
the palmitic acid (C16:0) (P > 0.05), as compared with
the RO6 and R10 variants. Similar results of the SFA
comparisons were reported for carp by Runge et al.
(1987) and for sea bass by Mourente et al. (2005).
Lower values (P > 0.01) than those found in the fish
variants fed on the fish oil were achieved also with
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the vaccen acid (C18:1 n7). In fact the same as
achieved with the palmito-oleic acid (P>0.01), but
only in comparison with the R10 variant. Difference
comparable with what was reported by Mourente
et al. (2005) and Runge et al. (1987) was observed in
these variants (P > 0.05) as regards the content of n-6
PUFA, where the LO6 variant reached a higher value.
Despite the lower content of n-6 PUFA, the R10 va-
riant, when compared with the L06 variant, did not
demonstrate a significant difference in the value of
n-3/n-6 PUFA. The meat of fish of the R06 and R10
variants contained more moroctic acid (C18:4 n-3)
(P > 0.01), eicosatetraenoic acid (C20:4 n-3) (P > 0.05),
eicosapentaenoic acid (P > 0.01), and docosapentae-
noic acid (C22:5 n-3) (P > 0.01) that what was found
in the LO6 fish variant. This finding has also been
confirmed by the results published by Runge et al.
(1987), Tocher et al. (2000), Mourente et al. (2005)
and Tidwell et al. (2007), all of whom tested the effect
that the fish oil and the linseed oil had on the spec-
trum of FA in fish.

The spectrum of FA in meat of the R06 and R10
carp variants exhibited no significant differences at-
tributable to the different quantities of the added oil.
These variants only demonstrated differences when
compared with the initial values and with the re-
ference variant values. Neither the 6% nor the 10%
addition of fish oil resulted in a change in values of
any SFA compared with the initial values. When
compared with the reference group, however, both
the variants showed a significant increase (R0O6 -
P > 0.05; R10 - P > 0.01) in the myristic acid (C14:0).
This observation agrees with the results reported
by Runge et al. (1987), Mourente (2005) and Tidwell
et al. (2007) who found a higher content of the my-
ristic acid in fish fed on feed with fish oil. Hadjiniko-
lova (2004), conversely, reported a lower content of
the myristic acid in the meat of carp fed on mixtures
with the fish oil added than was found in the refe-
rence variant, despite the fact that feed mixture up-
graded by the fish oil contained more of this FA.
As regards MUFA, the feed mixture upgraded by
the fish oil caused a difference only in the FA (C20:1)
group. The R06 and R10 fish variants demonstrated
areduction in the contents of these FAs with a great
level of significance (P > 0.01). Beneficial effect of
the fish oil was proven by a significant (P > 0.05) lo-
wering of the value also in the “K” variant. Consi-
dering the other authors, only Takeuchi et al. (1978)
published data on the content of FA C20:1 in carp,
but the value reported ranged between 6% and
13.8% in dependence on the type of fish oil used.
The fish fed on mixtures of the R06 and R10 variants
demonstrated significant (P > 0.01) increase in con-
tent of the moroctic acid, eicosatetraenoic acid and
docosapentaenoic acid, but only when compared
to the values of the reference group of carp. Signi-
ficant difference (P > 0.01) from the reference vari-
ant as well as from the initial values was found in
the content of the eicosapentaenoic acid, namely for
the R06 and R10 variants. These results correspond
to what was published by Runge et al. (1987), Stef-

fens et al. (1995), Tocher et al. (2000) a Tidwell et al.
(2007). The feed mixture of R06 decreased the pro-
portion of MUFA (P > 0.05) and increased the pro-
portion of PUFA (P > 0.01) in the meat of these carps
as compared to the initial values. Just as is the case
with the increase (P > 0.05) in the content of n-3
PUFA in the meat of the R10 fish variant, the effect
that the fish oil could have on these changes is not
supported by any proof possibly leaning on a sig-
nificant difference between the observed values and
the reference variant. The beneficial effect of the fish
oil addition to the feed mixtures has been proven in
the n-3/n-6 PUFA parameter, where a significant
(P > 0.05) growth was observed in the R10 variant,
as compared to both the initial value and the refe-
rence variant. The same effect has been achieved by
Takeuchi et al. (1978), Runge et al. (1987) and Stef-
fens et al. (1995) who also added fish oil to mixtures
used to feed carp. These authors, however, reported
beneficial effect of the fish oil addition on also
the increase of the content of the docosahexaenoic
acid; moreover, the fish meat in their experiments
has achieved higher levels of the n-3/n-6 parame-
ter. This minor and insignificant rise in the values
observed in our experiment was caused by the high
content of the docosahexaenoic acid in the meat of
carp as early as at the experiment’s beginning. In this
case the 60-day simulation of the nutritious condi-
tions existing in the pond environment proved to be
insufficient to lower the contents of the FAs down to
the values reported by some of the authors, namely
by Csengeri a Farkas (1993), Kminkovi et al. (2001),
Fajmonova et al. (2003), Buchtovi et al. (2007), Stef-
fens a Wirth (2007) and Véacha et al. (2007).

CONCLUSION

1. An addition of 6% of linseed oil to the feed low-
ers the content of the oleic acid and MUFA
and, at the same time, it boosts the contents of
the a-linoleic acid, n-3 PUFA and the general
PUFA in the meat of carp fed on mixtures thus
enriched.

2. Additions of 6% and 10% of fish oil to the feed for
common carp increases the content of the eicos-
apentaenoic acid. The 10% addition proved be-
neficial for also the ratio of n-3/n-6 PUFA.

3. The high content of the docosapentaenoic acid
and the general PUFA in the meat of fish as early
as the beginning of the experiment resulted
in a smaller number of significant changes in
the spectrum of fatty acids (particularly the do-
cosahexaenoic acid, PUFA and n-3/n-6 PUFA)
found in the fish meat of the L06, R0O6 and R10
experimental variants.
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SUMMARY

A contemporary trend towards healthy lifestyle caused increased interest about foodstutts with posi-
tive influence to human health. Pollyunsaturated fatty acids omega n-3 (n-3 PUFA) which are highly
conteined in fish meal, can diminish an incidences or participated to treatment of some civilization
diseases. In the Czech Republic a carp is produced with using of system where a fish receive addi-
tional feed in the form of cereals. This system could has a negative influence to the fatty acid spec-
trum of carps fillets. If the cereals are feeded in high quantity, that can caused undesired effects of in-
ceasing the value of monounsaturated oleic acid (it has a negative inluence to organoleptic quality of
carps meat) and decreasing the n-3 PUFA value of carp muscle. Becouse of this there is requirement
from carp producers to finding a way how to restore the fatty acid spectrum of these fish to the values
of carps from ponds with naturaly feed or gross it up. The interferencing of FA spectrum of fish meat
by oils addition is already approved in service conditions with using intensive fish-farming. This tech-
nology wasn't still tested in semi-intensive fish-farming pond conditions. The influence of feed with
oils addition to the FA spectrum of carp isn"tstill described as good as to others intensive-farmed fish
(esp. trout, salmon, tilapia).

The experimental recirculation facility on the premise of the Department of Fishery & Hydrobiology
in MZLU Brno was used to conduct a 60 days long fiding test. There were tested 4 carpfeeds prepared
from a basic feed mixture formula (34% protein; 9% fat). This one was used like a reference variant
(designated K). The other variants were modified by additions of 6% linseed oil (L06) and 6% and 10%
of fish oil (R06 and R10). All of feed variant were passed trought three repetitions. Each of 12 pieces
of glass tank (60! capacity; 1,51.s7! flowrate) was populated with 29 carp fingerling (Cyprinus carpio L. -
production crossbreds of Po-L x ROP lines) whose average weight was 43.25g. The fish were fed for
60 days with wheat and comercial pondfeed for carp fingerling (33% protein; 5% fat) at daily feeding
rate 1.5% of actually fish mass in the tank. This procedure was intedned to create feeding conditions
analogous with fish from semi-intensive or intensive pond fish farming. After this period the fish were
adaptto experimental feeds and during the feedtest were fed with those diets at daily feeding rate 2.5%
of fish mass in each tank. In 10-day intervals during the course of experiment the fish were weighted
and the feeding rate was corected. On the day when the experiment was started and on its end 6 fin-
gerlings were taken away to analyze biochemical composition (dry matter, protein, fat) and fatty acid
spectrum of their muscle. The muscle thus sampled was a vertical strip cut in dorsal fin, always from
the left fillet, free from ribs and skin.

On the start of experiment the palmitic-oleic acid, the oleic acid and the MUFA values were found
lower, by contrast the linoleic acid, the eicosapentaenic acid, the docosahexaenic acid, then-3 and n-6
PUFA and the total PUFA values were found higher that was observed in carps from pond conditions
and described in scientific jurnals.

When fed on the reference feed, the fish of this variant developed minimal change in the fatty acid
spectrum (the content of the group FA 20:1 decreased as related to the initial tissue).

In contrast to the initial values, the content of the palmitic-oleic acid, the oleic acid, the 20:1 FA group
and the MUFA were significantly reduced in the muscle of the fish from L0O6 variant. The PUFA value
increase significantly as related to the initial and control tisuue too. The addition of linseed oil caused
significant increasing of the a-linoleic acid content (5.7 times the value measured at the beginning of
the experiment).

No significant differences were founded in the spectrum and profile of fatty acid if the muscles of
the fish from R06 and R10 variant were compared. These variants only demonstrated differences
when compared with initial and control values. Neither the 6% nor the 10% addition of fish oil re-
sulted in a change in values of any SFA in contrast to the initial values. The significant increasing were
observed in the moroctic acid, the eicosatetraenic acid and the docosapentaenic acid values in com-
pare both of variant with fish oil and the control tissue. Significant difference from the reference vari-
antas well as from the initial values was found in the content of the eicosapentaenoic acid, for the R06
and R10 variant too. The feed mixture of R06 decreased the content of MUFA and increased the con-
tent of PUFA in the meat of carps this variant as compared to the initial values. The n-3 PUFA value
of fish from R10 variant increased significantly in compare with control variant value. The n-3/n-6
parameter of these fish increased in compare with control variant and initial tisuue. It means, that in-
creasing the n-3/n-6 PUFA value was caused by adding 10% of fish oil. The change of this parameter
wasn't observed in the others variants.
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SOUHRN

Vliv ptidavku Inéného a rybiho oleje do krmiva na spektrum mastnych kyselin svaloviny
kapra obecného (Cyprinus carpio L.)

Moderni trend zdravého Zivotniho stylu mnoha lidi zptisobuje zvy3eny zdjem o potraviny s pozitiv-
nim vlivem na lidské zdravi. Polynenasycené mastné kyseliny fady n-3 (PUFA n-3), vysoce zastou-
pené v rybim mase, mohou omezit symptomy nékterych civiliza¢nich chorob ¢i se podilet svym G&in-
kem na jejich 1é¢bé. V podminkach CR se kapfi chovaji s vyuzitim prikrmovéani obilovinami, které
mohou negativné ovlivnit spektrum mastnych kyselin. Pokud jsou rybam piekladany ve vysokych
déavkach, dochézi k nezadoucimu jevu zvy3eni zastoupeni mononenasycené kyseliny olejové (C18:1
n-9), ktera vyrazné negativn& ovliviiuje i organoleptické vlastnosti masa, a naopak poklesu obsahu
n-3 PUFA oprotirybam, jez se Zivi vyhradné& pfirozenou potravou. Proto je snaha cilen& ovlivnit spek-
trum mastnych kyselin masa kaprt (zvy3enim zastoupeni PUFA, zvla3té pak fady n-3) vyuZzitim do-
tace krmiv oleji, vitdna producenty v CR i Evropé, kte¥i hledaji nové zpiisoby jak zvysit poptavku
po kaprovi, jehoz produkce v poslednich letech klesa. Ovlivnéni spektra mastnych kyselin masa ryb
pomoci riiznych oleju je jiz provozné vyzkouseno v intenzivnich chovech. V podminkach poloin-
tenzivniho chovu kapra v rybni¢ni akvakultu¥e nebyla tato technologie dosud ovéfena. Téz vliv pfi-
davku olejt do krmiva na spektrum mastnych kyselin kapra obecného neni popsan v takové mite
jako u jinych hospodafsky cennych druht ryb.

Experiment byl uskute¢nén na recirkulaénim zafizeni Oddéleni rybéf¥stvi a hydrobiologie MZLU
v Brn& po dobu 3edeséti dni. Byly testovany ¢tyFi krmné smé&si vychazejici z jednotné zékladni re-
ceptury (34% protein; 9% tuk) — varianta kontrolni (ozna¢end K). Dal3i varianty byly pFipraveny pfi-
danim 6% Inéného oleje (L06), déle pak 6% a 10% rybiho oleje (RO6 a R10) k zdkladni smé&si. Experi-
mentalni diety byly testovany ve tfech opakovénich. Do 60l nadrzi s pratokem 1,51.s! bylo nasazeno
29 kusti kapiiho pladku (kfizenci linii Po-L x ROP) o pramé&rné hmotnosti 43,25g. Po aklimatizaci
na prostfedi nadrzi byla rybam po dobu 60 dni pfedkldddna p3enice s krmnou smé&si KP (33 % NL; 5%
T) v mnozstvi 1,5 % hmotnosti obsadky denné. Tento systém mél za ti¢el navodit u ryb kondi¢ni a vy-
zivny stav obdobny jako u ryb z polointenzivniho aZ intenzivniho rybni¢niho chovu. Po této dobé
byly ryby pfevedeny na experimentalni krmné smési a po startu vlastniho experimentu jim byla tato
krmiva pfedkldddna v mnozstvi 2,5% hmotnosti obsidky denné&. Na po¢étku a v 10dennich interva-
lech v pritb&hu pokusu byly ryby v rdmci kontrolnich odbé&rii vzorka vazeny a byla jim korigovina
denni krmnd davka. V den zagatku, v kontrolnich dnech a na konci pokusu bylo odebirano 6 kust
pltdku z kazdé varianty na stanoveni biochemického sloZeni (su3ina, protein, tuk) a spektra mast-
nych kyselin svaloviny. Ta byla odebirdna ve formé vertikdlniho pruhu masa z levé filety bez Zeber
akaze.

U ryb na poc¢éitku experimentu bylo zjist€no niz3i zastoupeni kyseliny palmito-olejové, olejové
a MUFA, naopak vy33i zastoupeni kyseliny linolové, eicosapentaenové, docosahexaenové, n-3, n-6
i celkovych PUFA oproti hodnotdm kaprii z rybni¢nich podminek znamym z v&deckych publikaci.
Pfedklddani kontrolni varianty krmiva vyvolalo u ryb minimélni zmé&nu spektra mastnych kyselin
masa (sniZeni zastoupeni skupiny MK 20:1 oproti vstupni hodnoté). Zkrmovéni smé&si L06 zptiso-
bilo prtikazné snizeni obsahu kyseliny palmito-olejové, olejové a skupiny MK 20:1. P¥idavek Iné-
ného oleje zpusobil prikazné zvyseni zastoupeni kyseliny a-linolenové (5,7x v porovnéni se vstupni
hodnotou). V profilu mastnych kyselin do3lo u ryb této varianty k Zidoucimu snizeni obsahu MUFA
(v srovnani se vstupem) a zvySeni PUFA (oproti po&ate¢ni hodnot€ i kontroln{ varianté). P¥i vzajem-
ném srovnani krmiv s rznym obsahem rybiho oleje nebyl nalezen pritkazny rozdil ve spektru ani
v profilu mastnych kyselin masa ryb téchto variant. Rozdily jsou patrné aZz v porovnavani hodnotami
vstupu a kontrolni varianty. U ryb obou variant s rybim olejem nedo3lo oproti po¢ateénim hodnotam
kzmé&nam v zastoupeni nékteré z SFA. Pritkazné zvy3eni zastoupeni v porovnani obou variant s kon-
trolou bylo zjist€no u kyseliny moroktové, eicosatetraenové a docosapentaenové. Obsah kyseliny ei-
cosapentaenové se u variant s rybim olejem prtikazné zvysil oproti kontrolni variant€ i oproti vstup-
nim hodnotdm. U ryb varianty R06 bylo oproti po¢atku zjist€no snizeni MUFA a zvy3eni celkovych
PUFA. Zvy3eni zastoupeni n-3 PUFA bylo zjist€no u varianty R10. Hodnotan-3/n-6 PUFA v mase ryb
se pritkazné zvysila vlivem p¥idavku 10% rybiho oleje. U dal3ich variant nedo3lo k prakaznym zmé-
ném tohoto parametru.

kapr obecny, spektrum mastnych kyselin, rybi olej, Inény olej
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