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This study analysed the effect of the type of production on the nutritional and health value of common carpmuscle tissue, especially
lipid-related indexes. The muscle tissue of common carps originating from three types of fish farms with different technological
levels (i.e., intensive, low-intensive, and semiextensive) was studied. The type of production technology, especially the intensive
breeding technique, has been shown to have a significant effect on dry weight, total protein, and total fat content in the common
carp muscle tissue under study. The muscles of fish originating from these farms were characterised by the highest values of the
mentioned indicators, which amounted to 24.6%, 18.74%, and 1.58%, respectively, for dry matter, protein content, and total fat
content. The type of feed used in intensive, low-intensive, and semiextensive common carp breeding has been proven to have a
highly significant effect on the fatty acid profile. As regards unsaturated fatty acids, monounsaturated fatty acids were dominant
in all cases. The muscle tissue of fish cultured in farms with a semiextensive technological level was characterised by the highest
content of unsaturated fatty acids. Moreover, the ratio of polyunsaturated fatty acids to saturated fatty acids was, in this case, the
most favourable. Dietary indices of atherogenicity (AI) and thrombogenicity (TI) were studied as well. In all analysed cases, the
values of these indices were very favourable and several times lower than for other animal fats.

1. Introduction

Consumption of fish in Central and Eastern Europe is still
insufficient, which is a consequence of consumers’ unsatis-
factory knowledge and prices. Greater demand for this type of
food is observed among people with university education and
in circles where eating fish is a family tradition [1]. However,
it is beyond doubt that increasing attention is being paid
to food quality, both in Poland and elsewhere. The quality
of fish muscle tissue, in terms of both the qualitative and
the quantitative characteristics, including its nutritional value
and chemical composition of muscles, can be modified by
changing breeding conditions and, more specifically, feeding
technologies.

Considerations of the pro-health effect of food must
take into account the important role of animal origin fat,
including polyunsaturated fatty acids and cholesterol in
human nutrition. Fish, which is a food unmodified over
the centuries and which can be regarded as one of humans’
prime foods, is a valuable source of those nutrients [2, 3].
The spectrum of health-promoting effects of n-3 PUFAs on
the cardiovascular system is very broad. Numerous studies
have demonstrated that the consumption of a large number
of foods providing a source of these acids, inter alia the
application of a Mediterranean diet that is rich in fish,
contributes to a reduction in the risk of the incidence of
coronary heart disease and cardiac insufficiency. Moreover,
the effectiveness of PUFAs in the course of coronary heart
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disease and cardiac insufficiency and in the prevention
of atrial fibrillation attacks was also confirmed. Experts
agree on the nutritional recommendations concerning the
consumption of PUFAs. In 2004, the International Society
for the Study of Fatty Acids and Lipids recommended that
500mg EPA and DHA should be consumed on a daily
basis to prevent the occurrence of ischaemic heart disease.
Similar recommendations were issued by the European Food
Safety Authority (daily intake of 250mg EPA and DHA for
adults (EFSA 2010)) as well as by German, Austrian, and
Swiss nutritional associations (DGE/ÖGE/SGE 2008) [4].
Polyunsaturated fatty acids play an extremely important role
in the proper functioning of the human body. They provide
a substrate for the synthesis of eicosanoids, that is, tissue
hormones that regulate the functions of other hormones
and neurotransmitters [5]. Fish fat abounds in C22:6 n-3
docosahexaenoic acid (DHA), C20:5 n-3 eicosapentaenoic
acid (EPA), and C18:3 n-3 linolenic acid, whose beneficial
effect on human health has been corroborated by research
[6]. Much has been said about the benefits resulting from
the consumption of polyunsaturated fatty acids in the context
of the primary and secondary prevention of ischaemic heart
disease; however, the most interesting studies are those
probing the relationship between the diet and the risk of the
occurrence of depression. Sánchez-Villegas et al. [7] studied
the relationship between the consumption of lipids and the
incidence of depression in the Mediterranean population.
An increased risk of depression occurrence resulting from
the increased consumption of trans-isomers of unsaturated
fatty acids was demonstrated. At the same time, a weak
negative correlation was observed between the consumption
of MUFAs and PUFAs and the occurrence of such mental
disorders. A sufficient supply of good quality fat has a
protective effect on the human circulatory and nervous
system. Fish muscle tissue also supplies large amounts of
vitamins B, A, and D, and its proteins are easily absorbable
and have a beneficial amino acid profile [8, 9].

Common carp, like the rainbow trout, is popular in
many regions of Europe and it is one of the freshwater fish
with a high nutritional value. Numerous studies of breeding,
particularly the feeding of common carp, have shown the
significant effect of the type of feed on the slaughter yield
and quality of common carp muscle tissue, especially the
content of protein, total fat, mono- and polyunsaturated fatty
acids, and cholesterol [10, 11]. Therefore, this study attempted
to determine the effect of the type of production on the
nutritional and health value of common carp muscle tissue,
especially the lipid-related indexes. The particular role of
the common carp in human nutrition was confirmed by an
experiment conducted by Adamkova et al. (2011) [12], who
studied the effects of the incorporation of common carps
into the diet as an element of secondary prevention in people
suffering from ischaemic heart disease. Two representative
groups of people (a test group and the control group) were
subjected to testing. In the diet of the first one, 200 g of a fillet
of common carp fed with a mixture with increased n-3 PUFA
content (439 ± 146mg/100 g of the fillet) was incorporated.
The total energy consumption in both groups was the same.
The results of laboratory tests carried out after four weeks

of the experiment clearly indicated the positive effect of
the consumption of common carp in the event of CVDs.
Plasma lipid levelswere significantly improved in the group of
patients who had fish incorporated into their diet compared
to the control group. A reduction in the total cholesterol
level by 27% was demonstrated, with a decrease by 2% in the
control group (𝑝 < 0.001). LDL cholesterol level decreased
by 26% as compared to 4% (𝑝 < 0.001); the TG value in the
plasma decreased by 26% as compared to 3% (𝑝 < 0.001). An
increase in HDL cholesterol level by 30% in relation to 10%
was observed (𝑝 < 0.001). Based on a POLKARD–SPOK
study, Filipiak and Opolski [13] indicate the occurrence of
disturbances in lipid metabolism in 78% of the population of
patients at high risk of death due to CVDs. The data suggests
that it is beneficial to enrich the diet with polyunsaturated
fatty acids to improve the values of blood serum lipidogram
through an increase in the consumption of common carp,
particularly in Central European countries.

2. Material and Methods

Material from five fish farms in different locations in Poland
was used in the study; the production technology applied in
them was intensive (I) in 2 farms, low-intensive (NI) in 1
farm, and semiextensive (SE) in 2 farms. In order to avoid
the effect of climate on the growth of common carps, which
are poikilotherms, samples were taken fromponds situated in
various parts of the country. Most farms were characterised
by single-season production. Only one of the farms, with
a semiextensive technological level, carried out multiseason
production. Of the mentioned types of farms, three types of
ponds were noted: commercial and fattening fish bins (I),
only commercial (NI), and commercial I recreational and
angling (SE). The stocking density in the farm applying the
intensive production technology was 1,600 fish/ha, in the
ponds with the low-intensive technological level was 1,315
fish/ha, and for the semiextensive productionwas 600 fish/ha.
Particular farms were distinguished by production at a level
of 1,002.5 kg/ha, 993 kg/ha, and 659 kg/ha, respectively, for
the intensive, low-intensive, and semiextensive technological
levels. On average, the weight of common carps harvested in
the farm with intensive production technology was 1,159.5 g
per fish; common carps harvested from the ponds with the
low-intensive production technology had an average weight
of 1,523 g per fish, whereas those from ponds characterised by
semiextensive production technology had an average weight
of 1,424 g per fish. The following types of feed were used in
different farms:

(i) Cereal mixture—wheat, barley, and rye in the ratio of
3 : 1 : 1 or only fishing bait in semiextensive farms.

(ii) Cereal mixture (wheat, barley, and rye in the ratio of
2 : 1 : 1) or a cereal mixture (maize + wheat and barley in the
ratio of 1 : 3) in low-intensive production technology.

(iii) Granulate Aller-Aqua, which comprises dried dis-
tiller grain, sunflower protein concentrate, soybean protein
concentrate, fish meal, poultry meal, blood meal, feather
meal, rapeseed oil, wheat, triticale, rape, soybean, vitamins,
minerals, and amino acids, in intensive production technol-
ogy.
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Altogether, 75 fish were taken for the study, 15 consumer
common carps of the 𝑆 grade (0.8–1 kg) and𝐷 grade (1-2 kg).
The fish were then killed, boned, and stored at −18∘C.

In order to conduct a chemical analysis, a 5 cm wide
boneless and skinless section was taken from a frozen fillet
from the ventral to the dorsal side. The next stage involved
grinding and homogenisation of a sample in a homogeniser
(Type PRO350 BIOEKO, time: 40 minutes, speed: 11,000
RPM).

The dry weight was determined by drying samples to a
constant mass, in accordance with the guidelines of AOAC
[14]. Total ash was determined by drying, carbonising, and
incineration [14]. Total protein content (nitrogen ×6.25) was
determined by the Kjeldahl method [15].

Fat was extracted in accordance with the procedure pro-
posed by Folch et al. [16]. Two-gram homogenised samples
of muscle tissue were homogenised with 20ml of methanol
for 1 minute and with 40ml of chloroform, also for 1 minute.
The homogenate was filtered through a degreased filter. The
remainderwaswashedwith 60ml ofmixture ofmethanol and
chloroform at a ratio of 2 : 1.The filtrate was then washed with
40ml of chloroform and 20ml of methanol and combined
with 0.88% of sodium chloride at 25% of the filtrate volume.
The mixture was shaken and left overnight for the layers
to separate. The upper layer was collected with a vacuum
pump and rejected. The lower layer was a lipid extract. A
mixture of water and methanol in a ratio of 1 : 1 was added
to it, in two replicates, in an amount of 1/4 of the amount of
filtrate, and its top layer was each time discarded. The lipid
extract was filtered through calcined sodium sulphate (VI)
on a degreased filter and the solvent was then distilled off.
The remainder was weighed in accordance with AOAC 2002
guidelines [17].

Methyl esters of fatty acids were prepared by themodified
method developed by Peisker [18]. A 0.5 g sample of fat
was put into an ampoule, 2 cm3 of methylating mixture
(methanol : chloroform : concentrated sulphuric acid, at a
ratio of 100 : 100 : 1 (v/v/v)) was added, and the ampoule
was sealed. The ampoules were heated in a water bath for
two hours at 100∘C. The fatty acids were analysed by gas
chromatography on a 6890N Agilent Technologies chro-
matograph under the following conditions: capillary column
with internal diameter of 0.32mm, length 30m (Supelcowax
10 liquid phase, film thickness of 0.25 𝜇m), injector (split
50 : 1) (flow rate of 10ml/min), injector temperature of 225∘C,
detector temperature of 250∘C, and column temperature of
180∘C. Fatty acids were identified through a comparison of
retention times of the standards (a mixture of 37 acids) and
peaks in the test sample.

The gross calorific value (𝑊𝐵- kcal/100 g) of breeding
common carp muscle tissue was calculated using physical
energy equivalents from the following formula:𝑊𝐵 = 5.65 ∗
𝐵+9.45∗𝑇+4.15∗𝑊 [kcal/g], where𝐵 is the protein content
in a sample, g/100 g; 𝑇 is the fat content in a sample, g/100 g;
𝑊 is the carbohydrates content in a sample, g/100 g; 5.65, 9.45,
and 4.15 are physical energy equivalents for proteins, fats, and
carbohydrates, respectively, kcal/g.

The net calorific value (𝑊𝑛- kcal/100 g) of the carcasses
was calculated using Atwater net equivalents, from the

following formula:𝑊𝑁 = 4 ∗ 𝐵 + 9 ∗ 𝑇 + 4 ∗𝑊 [kcal/g] [19],
where 𝐵 is the protein content in a sample, g/100 g;𝑇 is the fat
content in a sample, g/100 g;𝑊 is the carbohydrates content
in a sample, g/100 g; 4, 9, and 4 are Atwater net equivalents for
proteins, fats, and carbohydrates, respectively, kcal/g. When
the calorific values 𝑊𝐵 and 𝑊𝑁 were expressed in kJ/100 g,
a conversion factor of 1 kcal = 4.19 kJ was applied. Since
common carp muscle tissue contains only trace amounts of
carbohydrates; this energy component was left out of the
calculations [19].

The dietary atherogenic index (AI) and thrombogenic
index (TI) were estimated with the formulae developed
by Ulbricht and Southgate [20]. The atherogenic index
was calculated from the formula AI = C12:0 + 4 C14:0
+ C16:0/∑PUFA n-6 + ∑PUFA n-3 + ∑MUFA, where
C12:0, C14:0, and C16:0 are the content of saturated acids:
lauric, myristic, and palmitic (%); ∑PUFA n-6 are the total
polyunsaturated fatty acids n-6 (%);∑PUFA n-3 are the total
polyunsaturated fatty acids n-3 (%); ∑MUFA are the total
monounsaturated fatty acids (%). The thrombogenic index
(TI) was calculated from the formula TI = C14:0 + C16:0 +
C18:0/(0.5 ∗ C18:1) + 0,5 (MUFA-C18:1) + (0,5 ∗ PUFA n-
6) + 3 ∗ PUFA n-3 + (PUFA n-3/PUFA n-6), where: C14:0,
C16:0, and C18:0 are the content of saturated acids: myristic,
palmitic, and stearic (%); MUFA is monounsaturated fatty
acid; PUFAn-6 are polyunsaturated fatty acids n-6 (%); PUFA
n-3 are polyunsaturated fatty acids n-3 (%).

The statistical analysis was performed using Statistica 12
software, with the 𝑡-test for samples independent fromgroups
at 𝑝 ≤ 0.05.

3. Results

An analysis of the composition of common carpmuscle tissue
fromfish farms of three types has shown adistinct effect of the
method of feeding on the nutritional and energy value of the
meat. Common carpmuscle tissue from a farmwhich applied
the intensive breeding technology had the highest calorific
value (gross: 182 kcal; net: 102 kcal) followed by the material
from farms where semiextensive production technology was
applied (116 and 91 kcal, resp.). The lowest calorific value
was recorded for the muscle tissue of common carp bred
by the low-intensive technology; the gross calorific value of
the product was 109 kcal and net calorific value was 88 kcal
(Table 1). The net calorific value is an especially important
parameter for living organisms; it is the amount of energy
actually used by an organism for life processes. The muscles
of fish fed by the intensive method also contained the highest
percentage of dry matter (24.6%), protein (18.74%), and fat
(1.58%) in the carcass, which obviously has its effect on the
calorific value. Moreover, the content of dry matter is closely
connected with the amount of fat in muscle tissue, as it is a
component whose form does not change significantly during
drying. Muscle tissue of fish from low-intensive breeding
contained the lowest level of fat of all the samples: 0.56%.The
dry matter content was 22.31% and the total protein content
was 18.32% (Table 1). Despite the similarity of the feed used
in low-intensive and semiextensive farms (cereal mixtures),
the higher protein content in fish muscle tissue from the
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Table 1: Calorific value and basic chemical composition in muscle tissue of common carp samples under study.

Production technology
Item Intensive (𝑛 = 30) Low-intensive (𝑛 = 15) Semiextensive (𝑛 = 30)
Gross calorific value (kcal/100 g) 𝑥 182 109 116
Gross calorific value (kJ/100 g) 𝑥 764 458 487
Net calorific value (kcal/100 g) 𝑥 102 88 91
Net calorific value (kJ/100 g) 𝑥 428 370 382

Dry matter (%) 𝑥 24.6a 22.31b 21.98b

SD 0.34 0.82 0.81

Total protein (%) 𝑥 18.74a 18.32a 17.94a

SD 0.63 0.43 0.33

Total fat (%) 𝑥 1.58a 0.56b 1.49a

SD 0.96 0.11 0.68

Total ash (%) 𝑥 1.01a 1.11a 1.02a

SD 0.03 0.24 0.07
a,aThe same letters in a row denote the absence of significant statistical differences between mean values at 𝑝 ≤ 0.05. a,bDifferent letters in a row denote the
presence of significant statistical differences between mean values at 𝑝 ≤ 0.05.

first type of breeding could be an effect of an addition of
maize in the feed.This cereal contains similar levels of protein
to other species, but it was an additional component of the
feed, thereby increasing its consumption by fish. Regardless
of the feed or production technology, monounsaturated fatty
acids dominated in common carp muscle tissue (Table 2).
A statistical analysis of the content of monounsaturated
fatty acids has revealed significant differences in the content
of MUFA in muscle tissue of common carp from farms
where intensive and low-intensive production technologies
were applied (Table 2). Oleic acid (C18:1 n-9) dominated
among monounsaturated fatty acids in all cases. Only for
C15:0 pentadecanoic acid were the differences not statis-
tically significant. Statistically significant differences have
been demonstrated between all of the fatty acids in the
profiles of monounsaturated fatty acids in muscle tissue of
fish which were given natural feed and bred by low-intensive
technology. A comparison of intensive and semiextensive
farms did not reveal any statistically significant differences
for C20:0 eicosanoic acid. There were some statistically
significant differences between the other fatty acids, which
were significantly affected by differentiating fodder and high-
protein mixtures, enriched with animal fats and natural plant
feed (Table 2).

Intensive fish production enables one to provide fish with
the right amount of feed as well as to achieve the desired
dietary value of the finished product. The study found that
common carp muscle tissue bred by this model is signifi-
cantly richer in essential polyunsaturated fatty acids (PUFAs)
(Table 2). An analysis of the fatty acid profile of muscle tissue
of the common carp under study shows a large content of
PUFA in muscles of all the fish (Table 2). C18:2 n-6, C20:5 n-
3, C20:4 n-6, and C22:6 n-3 acids dominated among PUFAs
in all samples. A comparison of fish from intensive and
low-intensive breeding farms showed statistically significant
differences in the content of fatty acids in most cases. No
differences were observed in the content of the following

fatty acids: C18:4 n-3, C20:1 n-9, C20:1 n-7, C20:3 n-3, C20:4
n-3, and C20:5 n-6. Not many significant differences were
found between the fatty acid contents in common carp
muscle tissue from the two extreme types of fish farms:
intensive and semiextensive. Only for C18:2 n-6 or C20:1
n-9 acids were no statistically significant differences found.
Only two cases with no statistically significant difference
were identified in an analysis of common carp muscle tissue
by the low-intensive and semiextensive method. Those were
the content levels of fatty acids C20:2 n-9 and C22:6 n-3
(Table 2). It can be concluded from the results of the statistical
analysis of the fatty acid profile of fish muscle tissue from
three types of fish farms that the type of feed has a great
effect on its composition. The contents of various profile
components vary from one fish type to another. There are
some other cases with no differences between them, but only
on the farms where intensive and low-intensive production
technology was applied. This arises from the similarity of
feed used in these fish ponds and the small number of
results with no statistically significant differences between
farms: I-SE, LE-SE, which clearly shows the differences in
the nutritional value of the feed and translates into the
material composition. Regardless of the type of common carp
production technology, the fish fat contained saturated and
unsaturated fatty acids at a beneficial ratio (Figure 1). The
ratio was 0.84 in common carp caught on intensive farms,
0.74 in the low-intensive ones, and 0.87 in semiextensive ones.
An examination of the fatty acid profile in common carp
muscles has shown that they are not only a source of PUFA
n-3 and PUFA n-6; the values of AI and TI are considerably
lower than for other animal fats (Figure 2). For example, the
atherogenic index for cow milk is ca. 3-4. The values for
fish muscle tissue are 0.43, 0.54, and 0.35 for intensive, low-
intensive, and semiextensive technology, respectively. For
the samples of muscles under study, the values were 0.46,
0.65, and 0.84 for intensive, low-intensive, and semiextensive
breeding, respectively.
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Table 2: Fatty acid profile in muscle tissue of common carp under study (%).

Production technology
Fatty acids Intensive (𝑛 = 30) Low-intensive (𝑛 = 15) Semiextensive (𝑛 = 30)
Saturated fatty acids
C14:0 1.59a 1.44b 0.84c

C15:0 0.3a 0.22a 0.1b

C16:0 19.02a 21.65b 18.3c

C17:0 0.28a 0.19b 0.13c

C18:0 5.05a 5.58b 6.40c

C20:0 0.11a 0.08b 0.11a

C22:0 0.19a 0.03b 0c

Total ratio UFA 26,54 29,19 25,88
Monounsaturated fatty acids
C14:1 0.09a 0.08b 0.04c

C16:1 n-7 8.65a 10.29b 8.17c

C17:1 0.37a 0.25b 0.15c

C18:1 n-9 33.87a 39.99b 45.61c

C18:1 n-7 3.55a 2.96b 2.52c

C20:1 n-11 0.38a 0.32a 0.16b

C20:1 n-9 2.28a 2.1a 2.24ab

C20:1 n-7 0.10a 0.09a 0.05b

C22:1 n-11 0.37a 0.09b 0.06c

C22:1 n-9 0.14a 0.07b 0.05c

Total ratio MUFA 49,8 56,24 59,05
Polyunsaturated fatty acids
C18:3 n-3 3.03a 2.06b 0.71c

C18:4 n-3 0.73a 0.52a 0.14b

C20:3 n-3 0.15a 0.14a 0.07b

C20:4 n-3 0.36a 0.28a 0.14b

C20:5 n-3 2.59a 1.34b 0.73c

C22:5 n-3 0.85a 0.38b 0.27c

C22:6 n-3 2.20a 0.96b 0.84b

Total ratio n-3 9,91 5,68 2,9
C18:2 n-6 10.59a 7.13b 9.92a

C18:3 n-6 0.32a 0.24b 0.37c

C20:3 n-6 0.44a 0.25b 0.33c

C20:4 n-6 1.55a 0.85b 1.06c

C22:5 n-6 0.14a 0.14a 0.22b

Total ratio n-6 13,04 8,61 11,09
Ratio n-3/n-6 0,74 0,66 0,26
C20:2 n-9 0.41a 0.29b 0.28b

Total ratio PUFA 23,36 14,58 15,08
a.aThe same letters in a row denote the absence of significant statistical differences between mean values at 𝑝 ≤ 0.05. a.bDifferent letters in a row denote the
presence of significant statistical differences between mean values at 𝑝 ≤ 0.05.

4. Discussion

Themuscle tissue of common carp fed exclusively with cereal
mixtures or fishing bait (i.e., food of a simple composition,
without being enriched with animal protein or fat, therefore
having a lower nutritional value) contained the smallest
percentage of dry matter and protein. The percentage of
protein in all carcasses did not deviate from its mean content

in the muscle tissue of other fish species (13% to 25%) [21].
It is noteworthy that the protein of common carp, regardless
of the production technology, contains essential amino acids
in amounts much higher than in the standard protein [22].
This protein contains a higher percentage of amino acids such
as phenylalanine, leucine, isoleucine, threonine, methionine,
cystine, and valine, compared with beef, pork, or mutton
[21, 23]. From a nutritional point of view, the protein of
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Figure 1: Selected parameters of fatty acid profile of carp muscle
tissue under study.
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Figure 2: Selected parameters of fatty acid profile of carp muscle
tissue under study (ctd.).

this fish species is regarded as complete. The composition
of rainbow trout muscle tissue (another freshwater fish) is
similar. A deficit of essential amino acids in the human diet
has been shown to result in many adverse changes in the
body. A sufficient supply of valine helps to maintain the right
coordination of movements, the right body weight, function
of dendritic cells, and a feeling of hunger. A deficit of leucine
can lead to neurological disorders and a deficit of methionine
impairs body immunity [24].

It has been shown in a number of studies that the type
of feed given to fish affects the chemical composition of their

muscle tissue. The fatty acid profile, affected by the type of
feed, is very important in human nutrition. Unlike the meat
of slaughter animals, fish fat is also a rich source of vitamins
A and D [24]. Like marine fish, freshwater fish can be a rich
source of essential fatty acids; when included in the diet,
they supply the body with cardioprotective, hypotensive, and
antitumour substances [11, 25]. The availability of omega-3
fatty acids for different human tissues depends on the diet
and is of great importance both for their correct development
and for prevention and treatment of chronic diseases [26].
Similar observations were included in the paper by Grela
et al. [27], who analysed the composition of marine and
freshwater fish muscle tissue. Their muscle tissue was found
to contain the highest percentage of C16:0 palmitic (ca. 20%)
and C18:0 stearic acid, although the content of the latter in
the sampleswasmuch lower. Similarly, the highest percentage
of palmitic acid in the fatty acid profile was found in muscle
tissue of other freshwater fish of South Asia, rohu (Labeo
rohita) of the Cyprinidae family and Mozambique tilapia
(Oreochromis mossambicus) [28], as well as muscle tissue of
common carp from Lake Beyşehir in Turkey and rainbow
trout (15–18%) bred in Poland [24], which indicates that this
fatty acid dominates theMUFAprofile in fat of freshwater fish
regardless of the climate and season [29]. Monounsaturated
fatty acids reduce the level of “bad” cholesterol (LDL) and
increase the level of “good” cholesterol (HDL) in blood
[30, 31]. The same results were obtained in a study of the
common carpmuscle tissue composition conducted by Guler
et al. [29]. They also demonstrated seasonal variability of the
content of total fat in fish carcasses, with the highest content
observed in winter (4.45%).

The preparation given to the fish contained 56% of
protein and 11% of lipids. It is important to be able to model
the lipid profile of food because fats are the main high-
energy nutrient. It has been shown in numerous studies
that high consumption of fat and its improper composition
can stimulate the development of civilizational diseases. The
fatty acid profile, especially the proportion of saturated to
mono- and polyunsaturated acids, is of particular impor-
tance. Polyunsaturated essential omega-3 and omega-6 fatty
acids are not synthesised in the human body and theymust be
supplied with food [32, 33]. The group’s main representative
ones include 𝛼-linolenic acid (C18:3) of the n-3 family; it
is a precursor of C20:5 n-3 eicosapentaenoic (EPA) and
22:6 n-3 docosahexaenoic acid (DHA) and linoleic acid
(C18:2 n-6), a precursor of C20:4 n-6 arachidonic acid (AA)
[34]. Modelling of PUFA content of the muscle tissue of
freshwater fish is of interest to numerous researchers. A
similar experiment was conducted in the Czech Republic
by Mraz and Pickova (2011) [35] who also analysed three
systems of nutrition. In the first one, the fish had access to
plankton; in the second one, the fish had access to plankton
with the addition of cereals and rapeseed cake granules.
The fatty acid profile in the white muscles of fish was then
analysed. The muscles of fish which were not provided with
supplements were characterised by a high content of n-3
PUFAs (in particular EPA and DHA). The supplementation
with rapeseed cake granules resulted in the PUFAn-3 content
being at a moderate level.The addition of cereals led to a high
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content of oleic acid and a low content of n-3 polyunsaturated
fatty acids.

Similar literature reports have also pointed to freshwa-
ter fish as a valuable source of omega-3 fatty acids and
emphasised their significant role in the daily diet [36, 37].
Anothermethod formodifying the composition of fatty acids
is the application of the finishing feeding strategy. Since the
composition of fish muscles is highly variable, it would be
valuable if producers could produce raw material with a high
and repeatable level of n-3 polyunsaturated fatty acid content.
The difficulties primarily encountered by fish breeders who
intend to enrich the feed with components providing n-3
PUFAs include the increasingly rare use of fish oil as well as a
high price and low availability of algae and microorganisms.
For this reason, the possibility is being considered of the
application of finishing feeding developed with the following
inmind: species of carnivorous fish and those with amedium
fat content, such as the turbot (Psetta maxima), fatty fish
such as the Atlantic salmon (Salmo salar), and lean fish
such as the Atlantic cod (Gadus morhua) and the Murray
cod (Maccullochella peelii peelii) [38]. Supplementation serves
a significant role in nutrition. The content of n-3 HUFAs
(highly unsaturated fatty acids) can be increased with the
supplementation of ALA, taking advantage of the common
carps’ capacity for bioconversion of ALA into n-3 HUFAs
[35]. An effect of feed modification on the fatty acid profile
was studied by Menoyo et al. [39], who examined how an
addition or total substitution of feed with linseed oil will
influence the quality of muscle tissue of Atlantic salmon.
It has been shown that feed can be fully substituted with
linseed oil, with no effect on the productivity or sensitivity
of muscles to oxidation of lipids. Linseed oil affected the
metabolism of fatty acids in the liver, increasing the activity
of glucose-6-phosphate dehydrogenase and accumulation of
C20:4 n-6 eicosatetraenoic acid. This was accompanied by a
decrease in the concentrations of C20:5 n-3 eicosapentaenoic
and C22:6 n-3 docosahexaenoic acid in fish muscle tissue.
According to the analysis of factors affecting the distribution
of fatty acids within the muscle tissue of the common carp,
carried out by Mraz and Pickova (2011) [35], a fish fillet
is not uniform, and thus the distribution of fatty acids in
the muscles varies. The highest lipid content was noted in
the abdominal wall (approx. 30%) and in the red muscles
(16-17%), while the lowest was in the white dorsal muscles
(approx. 1-2%). The role of genetic factors must not be
omitted. It was demonstrated that the fatty acid content
of the muscle tissue is hereditary; moreover, there is a
positive correlation between the body size (body length and
weight) and the lipid content [40]. Consideration of the
effect of external factors on the quality of fish muscle tissue
should also take into account the climate. Çelik et al. [41]
examined the composition of muscle tissue of zander (Sander
lucioperca) and showed that a higher percentage of omega-
3 fatty acids were present in muscle tissue of fish bred in a
colder climate. Furthermore, Çağlak and Karsli [42] showed
seasonal influences not only on the lipid index of the edible
portion of zander, but also on higher content of aspartic acid,
glutamic acid, and lysine in muscle tissue of these fish in
autumn than in spring. Similar results were presented in a

study conducted by Guler et al. [29], where a significantly
higher omega-3 to omega-6 acid ratio was shown during a
spawning period as well as in spring and in autumn. Pleadin
et al. [43] investigated the impact of seasonal changes and the
location of breeding farms in theAdriatic Sea on the chemical
composition of sea brass (Dicentrarchus labrax) and sea
bream (Sparus aurata). The study was conducted in October
2012 and January 2013. They showed a significant influence
of seasonality on moisture content and fat content in fish
muscle tissue, while the location of farms did not significantly
influence the indicators.The value of these relations is similar
to other species of fish such as S. schall or T. lineatus, where
PUFA/SFA ratios are 0.4 and 1.7, respectively.The lower values
of the ratio of polyunsaturated to saturated fatty acids are
characterised by muscle tissue of species such as L. niloticus,
B. bajad, and O. niloticus [44].

There are two dietary indexes associated with the lipid
profile: the atherogenic index and the thrombogenic index.
Atherogenesis denotes the development of atherosclerotic
changes in blood vessels, which result in the development
of ischaemic heart disease. A negative lipid ratio in blood
speeds up atherogenesis. Thrombogenic components denote
particles which facilitate the formation of blood clots. Edible
fats are classified into two types: atherogenic (i.e., those
that favour the development of atherosclerotic changes) and
antiatherogenic (which have an antiatherosclerotic effect).
Most animal fats have an atherogenic effect due to the high
content of saturated fatty acids and cholesterol. The other
group includesmainly vegetable oils [45].Thismeans that the
fat has much higher antiatherosclerotic and cardioprotective
properties than milk fat and emphasises its pro-health value.
The thrombogenic index, which for milk ranges from 3.75
to 4.71, is another parameter which indicates the beneficial
properties of common carp fat [46]. The nutritional value
of the common carps tested, given indicators such as the
thrombogenicity index and the atherogenic index, was very
favourable, as was the case with commercially important
species of marine fish such as bream (Sparus aurata), sea bass
(Dicentrarchus labrax), dentex (Dentex dentex), and turbot
(Scophthalmus maximus) [47].

The findings suggest that the muscle tissue of common
carp and other freshwater fish can be a valuable replacement
for marine fish in the diet. It is a rich source of PUFA in
desired proportions. Moreover, there is a distinct, beneficial
effect of intensive technology of fish breeding on selected
parameters of lipid profile, the amount of components with
the cardioprotective action, total amount of fat, and the
associated content of fat-soluble vitamins. The differences
in results for samples obtained from various types of farms
arise from the type of feed given to the animals. The
feed given in the semiextensive technology was a cereal
mixture: wheat, barley, and rye in the ratio of 3 : 1 : 1, or
only fishing bait; in the low-intensive technology it was
a cereal mixture—wheat, barley, and rye in the ratio of
2 : 1 : 1—or a cereal mixture—maize + wheat and barley in
the ratio of 1 : 3. The fish were given industrial feeds in the
intensive production technology; these were made of the
following ingredients: yeast, wheat gluten, fish meal, krill
meal, fish oil, wheat, vitamins, minerals, and amino acids.



8 Journal of Food Quality

Their composition was much more diverse; it contained both
complete animal protein and plant protein. An addition of
fish oil in the right proportions, especially saturated fatty
acids, allows formodification of the composition of fatty acids
in the bodies of fed animals. Yeasts are used in animal feeding
as a source of vitamin B, some bioelements, enzymes, and
digestible protein. They have a beneficial effect on intestinal
flora and stimulate the growth and development of young
animals and their health and productivity [48].

5. Conclusions

(1) The type of production technology, especially intensive
breeding technique, has a significant effect on dry weight and
total fat in the common carp muscle tissue under study.

(2) The type of feed used in intensive, low-intensive, and
semiextensive common carp breeding has a highly significant
effect on the fatty acid profile. Regardless of the technology of
common carp breeding, fish fat has a beneficial proportion of
unsaturated (UFA) to saturated (SFA) fatty acids and is a rich
source of polyunsaturated fatty acids (PUFAs).

(3) Low values of atherogenic index (AI) and thrombo-
genic index (TI) of common carp fat indicate its antiath-
erosclerotic and cardioprotective properties, which are much
stronger than in milk fat. This confirms the pro-health
properties of fat in common carp muscle tissue.

(4) Owing to its nutritional and pro-health value, muscle
tissue of common carp, especially from intensive breeding,
can be a complete substitute formarine fish in the humandiet.
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64. Poznań, Termedia Wydawnictwa Medyczne, 2010.

[14] AOAC, Official Methods of Analysis, Association of Official
Analytical Chemists,Washington, DC, USA, 18th edition, 2005.

[15] AOAC, Official Methods of Analysis, vol. Gaithersburg, MD,
USA., Gaithersburg, MD, USA., 17th ed edition, 2000.

[16] J. Folch, M. Lees, and G. H. Sloane Stanley, “A simple method
for the isolation and purification of total lipides from animal
tissues,” The Journal of Biological Chemistry, vol. 226, no. 1, pp.
497–509, 1957.

[17] AOAC,Official Methods of Analysis, , method 996.06; Fat (Total,
Saturated, Unsaturated, and Monounsaturated), VA, USA, 17th
edition, 2002.

[18] Z. Zegarska, J. Jaworski, Z. Borejszo, and Z. Żegarska, “Ocena
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