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The objective of this study wasto compare the quality of meat from scaly and mirror varieties of local population carp
(Cyprinus carpio L.). The experiment was carried out with two of fish: cultivated in conventional system - the carp was fed
with 4.5 kg wheat per kg of fish growth and cultivated in organic system — the carp was fed with natural food from the ponds.
In comparison to the conventional systems, the meat obtained from organic cultivated carp (Cyprinus carpio L.), was with 0.2
— 0.4 more alkaline pH; 1.5 — 2.0% higher water holding capacity; 0.7 — 1.3% higher total lipid content; 2.4 - 4.1% higher
PUFAs concentration; 0.13 — 0.14 % higher lypolitical activity; 10.8 - 23.3% higher color redness (a*); 1.1 - 6.7% lower
brightness of the color (L*) and 52.7 - 72.7% lower color yellowness (b*). The organic cultivated fresh and grill carp meat
were assessed with 19 to 34% higher overall sensory scores resp. fish. The cultivation of carp in conventional system can be
successfully replaced by organic cultivation.

Keywords: Natural feed, fatty acid composition, sensory properties, water holding capacity, free fatty acids, lipid oxidation.

Introduction

A large part of world carp production belongs to
aquaculture, and the largest share (at about 80%)
belongs to China (Teng et al., 2007). Far behind it,
Indonesia, Vietnam, European Union, Russia,
Bangladesh and Brazil can be identified as major
producers. Throughout the European Union carp is a
traditional dish (Otles et al., 2010). Producers are
trying to diversify the supply by opening small
processing plants for semi-finished products (different
types of fresh or smoked carp) and products prepared
according to traditional recipes (Roberts et al., 1995).
The aquaculture industry of thermophilic freshwater
fish in Bulgaria is based on cultivation mainly of
common carp (Zaykov, 2008).

The aquaculture from local population carp
(Ciprinus carpio L. cultivated in different aquatic
systems may differ in terms of their growth,
metabolism nutritional value, dietary qualities and
technological properties of fish meat (Atanasov et al.,
2009; Buchtova et al., 2010). More research is
required to assess the impact of various technological
approaches aimed at increasing fish quality
(Nikolova, 2013).

Reproduction of carp is most often performed in
hatcheries. After hatching, the larvae are transferred

to small shallow pools or ponds with water rich in
plankton, a sufficient food for the young carp
(Zaykov, 2008). Thereafter the fish receive nutritional
supplements, most commonly from grain or other
mixed feed.

The carp is fishing yearly for direct consumption
or for re-stocking of ponds for angling (Tokur et al.,
2006). Most of the carp in Bulgaria is sold around St.
Nicholas day and, therefore, most often stored in
clean water, which improves the taste qualities before
sale (Zaykov, 2008). Fish with a length 30-50 cm and
weight 1.5 - 3.0 kg is most frequently offered on the
market (Koehn, 2004). In the conditions of European
climate, carp needed 3-4 years to reach these
dimensions (Driver et al., 2005). Carp breeding is
most frequently of a semi-intensive nature. Carp can
be grown in mono- and multicultural (together with
other freshwater species, such as pike, catfish or silver
carp) or as part of a wider range of agricultural
activities (Kestemont, 1995). The water basins, where
carp is bred, often play an important role in enhancing
biodiversity, water retention and flood protection
(Dudgeon et al., 2006; Lavado et al., 2006).

Intensive technologies for fish farming are
characterized by the following principles: growing
highly productive species with large stocking density;
feeding with a balanced feed without natural food; a

© Published by Central Fisheries Research Institute (CFRI) Trabzon, Turkey
in cooperation w ith Japan International Cooperation Agency (JICA), Japan


http://link.springer.com/search?facet-creator=%22Y.+Teng%22
http://www.sciencedirect.com/science/article/pii/S0308814605006485
http://www.sciencedirect.com/science/article/pii/S0269749105002630

396 D. K. Balev etal. / Turk. J. Fish. Aquat. Sci. 17: 395-403 (2017)

suitable hydrochemical regime; automation of
production processes; elimination of seasonality in
fish realization (Wetengere, 2011). These aquaculture
systems have been criticized because lead to reduction
of wild fish by changing its habitat (Naylor et al.,
2000).

In recent years, the organic aquaculture in
Europe and in particular in Bulgaria is developing
quickly (Otles et al., 2010). One possible reason is the
existing acute shortage of research concerning issues
in organic fish production (Otles et al., 2010). It is a
systematic study which would allow the development
of norms and technological standards for organic
aquaculture, taking into account the specificity of our
region and production, as are the recommendations of
the European Commission (Mente et al., 2011).

In organic production, fish of native species,
which is more adapted to growing conditions, is
preferred. A major aquaculture species from
thermophilic freshwater fish, cultivated in Bulgaria is
carp. For this reason, carp is the most suitable fish for
organic production methods (Atanasova et al., 2008;
Nikolova, 2013). It can be fattened in two-year and
three-year cycles. The standards for the organic
aquaculture in Europe require not less than 50% of
output to be at the expense of natural food that
develops in the water basins.

This study was aimed to survey the quality of
Bulgarian local population carp under cultivation in a
two-year cycle and compliance with the European
standards for organic aquaculture. The planning of the
organic production requires exact knowledge of the
species’ productivity and quality used which should
comply with the EU requirements for carp farms. That
is why, the objective of the study was to compare the
quality of two varieties (scaly and mirror) of local
population two-year common carp (Cyprinus carpio
L) cultivated in two different pond systems:
conventional (carp fed with wheat addition) and
organic one (carp fed with natural food, which has
developed on its own in the water basins).

Materials and Methods
Fish Cultivation and Feeding

Two-year-old scaly and mirror common carp
(Cyprinus carpio L.), (age 2+) of average weight of
1169+52 g and average total length 312.6+11 mm
were delivered from the Experimental Fish Farm of
the Institute of Fisheries and Aquaculture in Plovdiv,
Bulgaria. The carp were divided into four groups: two
control groups, CSC (control group scaly carp) and
CMS (control group mirror carp), cultivated in
conventional system in 3 ponds: 1, 2and 3 and an two
experimental groups, and two experimental croups:
ESC (experimental group scaly carp) and EMS
(experimental group mirror carp), cultivated in
organic system in other 3 ponds: 4, 5 and 6. One and
the same stocking density has been used in all

experimental ponds: 1000 pcs.ha™ one-year old carp
(Cyprinus carpio L.). AIll the ponds were
supplemented with cattle manure (3000 kg.ha-').

The fish were fed as follows: control groups
CSC and CMS with 4,5 kg wheat for increasing with
1 kg live weight; and experimental groups ESC and
EMS - fed with a natural food that naturally has
developed in the ponds without adding another food.
The study was conducted during one vegetation
period - from April to October.
After that 40 carps were randomly selected from each
group, slaughtered and measured for body length
(with an accuracy of 0.1 mm) and for body weight
(with an accuracy of 1 g) to determine overall body
weight and to calculate mean body weight gains and
mean individual gains.

Ponds’ Water Quality

For the purposes of the experiment, six carp
ponds have been used, with a total area of 1.73 ha,
divided into two groups:

First group (ponds 1; 2; 3) for conventional
cultivation (CSC and CMC) with 4.5 kg wheat
feeding per kg of fish growth;

Second group (ponds 4; 5; 6) for organic
cultivation (ESC and EMC) with natural food from
ponds.

The physicochemical parameters of the water in
the experimental ponds are presented in Table 1.

Sample Preparation

Samples for analysis were prepared immed iately
after fish catch and before the occurrence of rigor
mortis. The average laboratory sample, including light
fish musculature without skin and bones, was grinded
twice by a mincer with a diameter of the grid holes 5
mm. The minced samples were stored in air- and
moisture impermeable containers. Sampling was
carried out following the Official Methods of
Analysis of AOAC International (Latimer, 2012).
After each grinding a careful mixing was conducted.
The separate portions fromthe ground average sample
were taken for analysis of the chemical parameters.
Samples were packed into plastic bags and stored for
24 h at 0 - 4°C. Samples for GC analysis were
prepared in a different manner. Immediately prior to
analysis, deboned carp meat was divided into portions
weighing about 500 g and each group was mixed
thoroughly in electric homogenizer EB3251S
(HKTDC, Xiamen, China) for 10 min. The final
temperature of the samples was 12°C. Each sample
was weighed in 100 g portions. Each primary sample
was wrapped in barrier film \VerPack, type Colamin
V-40 (Apostolidis K. & Co Ver Pack, Thessaloniki,
Greece). The coated samples were placed in plastic
containers with lids and stored in a refrigerator up to
12 h, until the time of their detection (Wilkes et al.,
2000).
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Determination of pH Value

After mixing 10 g of sample in 90 mL of be
distilled water, the pH of the samples was measured
with a pH-meter MS 2004 (Microsyst, Plovdiv,
Bulgaria) equipped with a combined pH electrode S
450 CD (Sensorex pH Electrode Station, Garden
Grove, USA) (Young et al., 2004).

Determination of Water Holding Capacity

WHC of fish meat was established following the
procedure described by Modzelewska-Kapitula and
Cierach (2009), which modifies the method of Grau &
Hamm, 1953. The principle of the method consists in
water removal from the test fish tissue under pressure,
and further its absorption in the filter paper. The
quantity of the "free" water was calculated by
integration of the spot area formed by liquid adsorbed
in the filter paper.

Determination of Total Volatile Nitrogen
Compounds

The sample consisted of about 100 g fish flesh
taken from at least three different points and mixed by
grinding. TVN were determined by steam distillation
with direct steam and captured in an acid solution
with familiar concentration. The amount of TVN was

determined calorimetrically with Nestlers’ reagent
(Antonacopoulos and VWncke, 1989).

Extraction of Total Lipids

The extraction of total lipids from fish
musculature was carried out by the Bligh and Dyer
method, following recommendations of Iverson et al.
(2001). A hundred g of sample was homogenized with
100 mL chloroform and 200 mL methanol
(monophasic  system).  The  solution  was
rehomogenized with 100 mL chloroform, following
which 100 mL of either distilled water or weak salt
solution (0.88% NaCl) was added. After filtration was
performed under suction, the final biphasic system
was allowed to separate into two layers and the lower
(chloroform) phase was collected. For quantitative
lipid extraction, the tissue residue was then
rehomogenized with 100 mL chloroform, filtered, and
the filtrate was added to the lower phase collected.
Lipid content was then determined gravimetrically
after evaporating a measured aliquot of the combined
chloroform phase to dryness undernitrogen.

Determination of Fatty Acid Composition
The preparation of FAMES was carried out

based on the procedure of Ichihara and Fukubayashi
(2010). Gas chromatography of FAMEsS was held on

Table 1.Physicochemical parameters of the water in the experimental ponds

Pond No

Parameters 1 2 3 4 5 6
Temperature, °C min 14.20 14.00 13.20 13.90 14.00 14.10
max 25.00 26.90 23.90 24.10 24.90 24.00
average 19.60 21.00 19.10 19.70 19.80 19.50
pH value min 7.30 7.30 7.40 7.30 7.40 7.40
max 8.50 8.60 8.40 8.60 8.60 8.60
average 7.90 7.80 7.90 7.90 7.90 7.90
0, mg.L*! min 1.80 2.60 1.30 1.20 1.90 1.70
max 16.00 11.40 13.60 15.20 16.30 14.80
average 7.40 6.10 4,70 4,90 7.30 7.40
N-NH,*, mg.L* min 0.12 0.12 0.11 0.11 0.12 0.11
max 0.38 0.39 0.41 0.41 0.39 0.40
average 0.22 0.23 0.24 0.23 0.22 0.22
N-NO; mg.L™? min 0.42 0.69 0.50 0.42 0.53 0.34
max 6.84 1.40 1.80 4.44 2.75 6.94
average 1.84 0.96 1.06 1.37 1.14 1.86
TN, mg.L? min 0.63 0.89 0.79 0.53 0.65 0.56
max 5.98 1.79 2.21 4.85 3.14 7.34
average 1.96 1.19 1.30 1.60 1.36 2.08
NH; mg . L™.10° min 0.35 0.28 0.33 0.24 0.22 0.45
max 2.24 1.45 231 2.31 2.24 2.24
average 1.12 0.82 1.00 0.91 0.89 1.19
P-PO,, mg.L* min 0.09 0.11 0.19 0.17 0.06 0.06
max 0.66 0.31 0.46 0.67 0.43 0.47
average 0.34 0.25 0.29 0.32 0.28 0.27
Oxidisability, mg.L™ min 5.70 5.20 5.60 5.20 4.80 5.54
max 15.80 14.65 16.40 13.09 9.20 13.20
average 10.35 9.64 9.89 10.46 7.49 7.66
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Shimadzu GC-MS-17A (Shimadzu GmbH, Duisburg,
Germany) equipped with CP wax 52CB capillary
column (30 x 0.25 mm x 0.25 m) (Varian Chrompak,
Middelburg, The Netherlands) equipped with a FID
and Shimadzu ER-5A integrator (Shimadzu GmbH,
Duisburg, Germany). As a carrier gas was used
nitrogen at a rate 0.8 cm®.min™ and power dividers
80:1. The gradient of the temperature was from 165 to
230°C, with a speed of 4°C.min". The samples were
held at that temperature for 20 min. The temperature
of the injector and detector were 260 and 280°C
respectively. FAMES were identified by comparison
with the retention time of FAMES commercial
standards analyzed under the same experimental
conditions. Each sample at the FAMEs analysis was
analyzed in triplicate. The means and standard
deviations of data are presented in Table 2. The
preparation of fatty acid 4,4-dimethyloxazoline (4,4-
DMOX) esters was conducted by the procedure of
Svetashev (2011). For this purpose a gas
chromatograph Agilent 6890 Plus System (Agilent
Technologies, Santa Clara, USA) equipped with a
5793 Mass Selective Detector (Agilent Technologies,
Santa Clara, USA) and a capillary column 30.00 m x
0.25 mm x 0.25 cm SP 2380 (Supelco, Belefonte,
USA) was used.

Determination of Free Fatty Acids

The hydrolytic degradation of fish lipids was

expressed by percentage of free fatty acids (FFA),
which was determined using traditional titration
method described by AOCS (Bernardez et al., 2005).

Determination of TBARS

Two-thiobarbituric acid reactive substances
(TBARS) were determined by the method described
by Botsoglou et al. (1994). The absorbance of
samples  was measured  with a  uv-vis
spectrophotometer Camspec M550  (Camspec,
Cambridge, UK) at 432 nm.

Measurement of Color Characteristics

Color characteristics of the light carp muscles
were determined by CIE Lab method (Christiansen et
al., 1995). The colorimeter CR-410 (Konica Minolta
Holding, Inc., Ewing, USA) supplied by the Sending
Inc. (Tokyo, Japan) was used.

Sensory Analysis

Organoleptic characteristics of the fish samples
were determined using a five member panel with
proven tasting abilities. The members of the panel
have filled out their assessments in tasting sheets with
five grade scale. Descriptive characteristics for each
of the grades were presented separately (Johnsen and
Kelly, 2004).

Table 2. Effect of organic cultivation of mirror and scaly common carp (Cyprinus carpio L.) on the fatty acid composition of

the total lipids extracted from light musculature

Control groups

Experimental groups

Fatty acids, % CMC CSC EMC ESC
C10:0 Not identified Not identified 0.06 = 0.05 Not identified
C12:0 1.27 + 0.08° 1.24 +0.10° 1.47 £0.13° 1.70 £ 0.14°
C 14:0 0.23 £ 0.06" 0.14 + 0.04° 0.37+0.13° 0.33 + 0.09°
C16:0 21.65 + 0.74° 21.07 £ 0.66 20.12 £ 0.70° 21.86 + 0.82°
C 16:1 8.53+0.27% 8.03 + 0.26% 10.69 + 0.14° 10.71 £ 0.33°
C17:0 0.21 +0.072° 0.15+ 0.03% 0.38 + 0.08" 0.27 + 0.03°
C17:1 0.18 £ 0.01° 0.10 £ 0.02? 0.50 = 0.07¢ 0.36 % 0.03°
C 18:0 6.51 + 0.22° 6.19 £ 0.23° 5.69 + 0.25° 6.34 £ 0.26"
C18:1 51.60 + 1.53° 53.50 + 1.23° 45.83 +1.152 46.19+1.15%
C 182 7.43 +0.39° 8.09 + 0.39° 10.53 + 0.39¢ 9.57 + 0.29°
C 183 1.40 + 0.06° 0.79 + 0.06* 2.42 +0.20° 1.69 +0.14°
C 20:0 0.64 + 0.06 0.70 + 0.10 1.94 +0.12° 0.98 + 0.09°
C20:1 0.35+0.03 Not identified Not identified Not identified
SFA 30.51+0.27° 29.49 + 0.20? 30.03 + 0.24° 31.48 + 0.30¢
MUFA 60.66 + 0.46° 61.63 + 0.38° 57.02 + 0.34% 57.26 + 0.38?
PUFA 8.83 + 0.23% 8.88 +0.23° 12.95 + 0.30° 11.26 + 0.22°

Control group - conventional ecosystem. The ponds are fertilized with 3000 kg.ha™ manure. The fish was fed with 4,5 kg wheat per kg of fish

growth.

Experimentalgroup - organic ecosystem. The ponds are fertilized with 3000 kg.ha™ manure. The fish was fed with a natural food naturally

developedin the ponds.
Notes:

Average value+ standard deviation;
ab

+©9_ indexes indicatestatistically significant differences (p < 0.05) between compared average values in one row

Symbolsused: C10:0- capricacid; C12:0- lauric acid; C 14:0 - myristic acid; C 16:0 - palmitic acid; C16:1- palmitoleic acid; C17:0 -
margaric acid, C 18:0- stearic acid; C 18:1- oleic acid; C 18:2-linoleic acid; C 18:3- linolenic acid; C 20:0- arachidic acid; C20:1-

gadoleic acid;
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Statistical Analysis

The obtained data, excluding FAME analysis,
was analyzed by SPSS 11.0 software (SPSS Inc.,
Chicago, Illinois, USA). Nine repetitions (n = 9) for
each sample were carried out. Data was processed by
the ANOVA method with a P<0.05 (Tang et al.,
2015).

Duncan's multiple comparison test (SPSS) with
a no significant difference set at P>0.05 was used to
compare sample means. Significant differences
between means less than 0.05 were considered
statistically significant (Broadhurst and Kell, 2006).

Results

pH Value

In all studied samples the pH values were
significantly different (P<0.05). Higher pH values
were found in the samples from the experimental
group E in comparison to control group C. If the pH
of CMC samples is used as a base, the pH of the EMC
samples and ESC samples is higher by 5.46% and
3.05% resp. However, pH values vary within

relatively small ranges of 6.566 and 6.925 (Table 3).
pH values of control samples CSC scaly carp was
1.78% higher in comparison to control samples CMC
mirror carp. On the contrary, the pH of the
experimental samples mirror carp EMC was 2.35%
higher than pH of the scaly carp ESC (Table 3).

WHC

The WHC of the white carp musculature of all
studied samples varied within relatively small ranges
between 16.62 and 18.65% (Table 3). The results
obtained for WHC were in clear relation with pH
values from white carp musculature. The samples
with higher pH values are characterized by higher
WHC (Table 3). The WHC of experimental samples
EMC and ESC fed without supplements is
significantly (P<0.05) higher than WHC of control
samples CMC and CSC, fed with the addition of
4500 kg wheat.kg™ body weight growth.

However, 1.43% higher WHC of experimental
samples EMC was found compared to the
experimental samples ESC, but WHC of control
samples CM C and CSC was not significantly different
(P>0.05, Table 3).

Table 3. Effect of organic cultivation of mirror and scaly common carp (Cyprinus carpio L.) on the meat quality

Indicators Control groups Experimental groups
CMC CSC EMC ESC
Physicochemical properties
pH 6.566 + 0.0172 6.683 + 0.021° 6.925 + 0.015¢ 6.766 + 0.014°
WHC, % 16.621 & 0.292° 16.733 + 0.207% 18.645 + 0.342° 17.217 +0.233°

TVN, mg.100 g*

Total lipids, g.100 g*
FFA, %

2.371+0.413¢

2.233 +0.284¢

Lipids quantity and quality

5.467 £ 0.237°
0.174 £ 0.069?
0.289 + 0.043?

5.817+£0.1712
0.209 = 0.063?
0.287 +£0.0232

2.222+0.615¢

6.799 + 0.136°
0.318 + 0.036°
0.265 + 0.0352

2.186 +0.417¢

6.504 + 0.161°
0.342 + 0.056°
0.253 + 0.0452

TBARS, mg MDA kg

Instrumentally determined color characteristics

Brightness

of the color (L*)

Red component of the color (a*)
Yellow component of the color (b*)

9.955 + 0.485%
9.857 + 0.587°

55.897 + 0.097°

57.644 + 0.853° 55.273 £ 0.8652 54.002 = 1.0412
11.028 + 0.492°

6.453 + 0.526%

11.732 + 0.567°
5.995 + 0.5622

9.517 + 0.5812
10.357 + 0.493°

Sensory scores of fresh fish (at max. 5.00)

3.417+0.267%
3.251 +£0.1232
3.417 £ 0.2342
3.583 +0.368%

Carp appearance
M usculature color
Carp flavor

Carp texture

4.067 = 0.233°
4352 +0.169°
3.753 + 0.2672
3.667 + 0.3932

4,125+ 0.256°
4.103 £ 0.154°
3.583 + 0.266°
3.752 + 0.3572

3.117+£0.234%
3.503 £ 0.165%
3.501 + 0.253%
3.583 + 0.369%

Sensory scores of grilled fish (at max. 5.00)

External appearance

3.753 +£0.232%

M eat color 3.366 + 0.2022
Flavor 3918 £0.166%
Consistence 3.751 + 0.3528
Taste 3.752+0.1312

3.752 £ 0.231°
3.801 + 0.253%
3.533 £ 0.250%
4.001 = 0. 3972
3.757 £ 0.124°

4325 +0.293°
4301 + 0.104°
3.602 + 0.2042
4.183 +0.2682
4.209 + 0.128°

4283 +0.267"
4.502 +0.172°
4.004 + 0.3032
4.167 + 0.4022
4252 +0.136°

Control group - conventional ecosystem. The ponds are fertilized with 3000 kg.ha™ manure. The fish is additionally fed with

4.5 kg wheat per kg of fish growth.

Experimental group - organic ecosystem. The ponds are fertilized with 3000 kg.ha manure. The fish in is fed with a

natural food naturally developed in the ponds.
Notes:

average value + standard deviation;
a,b,c,d

— indexes indicate statistically significant differences (p < 0.05) between compared average values in one row
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TVN

No significant (P>0.05) differences for TVN in

the four examined carp samples were determined
(Table 3).

Total Lipids

In all investigated samples the total lipid content
in the white carp musculature did not vary in a wide
range and was between 5.467 and 6.799% (Table 3).
Significantly higher (P < 0.05) total lipid content of
the carp meat was found in experimental samples
EMC and ESC. This means that the conventional carp
cultivation with the addition of 4.5 kg of wheat for
increasing with 1 kg live weight was characterized by
lower levels of total lipids compared to the organic
one (Table 3). There are no significant differences in
lipid content between scaly and mirror carp both in
experimental samples EMC and ESC, and in control
samples CMC and CSC were not established
(P>0.05).

Fatty Acid Composition

The analysis of the fatty acid composition of
scaly and mirror carp shows that the type of
cultivation plays a significant role on the fatty acid
composition of the total lipids (Table 2). The highest
(P<0.05) content of PUFAs was found in the
experimental samples EMC (Table 2). The PUFAs
content in the experimental samples ESC was 1.69%
lower (P<0.05) compared to EMC samples. The
content of PUFAs in the control samples CMC and
CSC were significantly lower (P<0.05) - 2.38 to
4.12%, respectively. The reliable differences among
PUFAs contents of control samples CMC and CSC
were not established. Contrary to what MUFAs
contents in experimental samples EMC and ESC were
significantly lower (P<0.05), as well as the SFAs -
was higher (P<0.05) compared to the control samples.
The highest levels of C 18:3 - linolenic acid, C 17:1 -
heptadecenoic acid, C 18:2- linoleic acid, and C 20:0
- arachidic acid were found in experimental samples
EMCas well as in samples ESC. In comparison to the
conventional system of feeding with addition of
wheat, the organic cultivation of carp alters in a
certain extent the fatty acid composition of lipids,
increasing the proportion of beneficial PUFA and
decreasing the MUFA content. In that respect, the
factor scaly variety of carp had not so pronounced
influence. However, it should be noted that fatty acid
composition of lipids extracted from the light muscles
of mirror carp (experimental samples EMC) were a
bit better in terms of human health, compared with
those of scaly carp (experimental samples ESC).

Free Fatty Acids

The FFA of the white carp musculature of all

studied samples varied within a relatively small range
between 0.174 and 0.342% (Table 3). The FFA of
samples EMC and ESC, was significantly (P < 0.05)
higher than FFA of the control samples CMC and
CSC, (Table 3). These results demonstrate that the
lipids of organically cultivated carp were a little more
susceptible to hydrolytic degradation compared to
samples carp reared in a conventionalsystem.

TBARS

There is no significant difference in TBARS of
all studied samples (P>0.05) (Table 3).

Instrumentally Measured Color Characteristics of
Carp Meat

The data obtained for meat color characteristics
(Table. 2) showed that in experimental samples EMC
and ESC the statistically significantly lower (P<0.05)
color brightness (L*) (between 1.13 to 6.74%) and
yellow color component (b*) (between 52.75 to
72.76%), as well as higher red color component (a*)
(between 10.78 to 23.27%) were measured. The color
characteristics (L*,a*,b*) of the mirror and scaly carp
from one cultivating system (CMC, CSC, EMC and
ESC) were not significantly different (P>0.05).

Sensory Analysis

It was estimated that sensory scores for flavor
and texture of fresh carp, as well as for flavor and
consistence of grilled fish were not significantly
different (P>0.05) in all four analy zed samples (CMC,
CSC, EMC and ESC) (Table 3). On the contrary, the
sensory scores of experimental samples EMC and
ESC for appearance and meat color of fresh carp, and
taste of grilled fish was significantly (P < 0.05) higher
compared to control samples CMC and CSC (Table
3).

No statistically significant differences (P>0.05)
between the sensory scores of samples scaly and
mirror carp, grown in one pond system (conventional
or organic), were identified.

Discussion

Probably carp feeding with natural food lead to
larger glycogen accumulation in fish muscle (Ruane
et al., 2002).

Similarly to our pH findings, Ruane et al. (2002)
discussed modification of the reserves of muscle
energy through an additional carp feeding. It leads to
the occurrence of acute stress reactions, and shows
lower pH value 1 h post mortem respectively. Our
results indicate that the carp type (scaly or mirror) did
not affect on the meat pH (Table 3). So established,
pH data is in good agreement with the hypothesis
expressed by Patifio et al. (2005), according to which
the pH of the aquatic environment determines the
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internal tissue acidity of fish meat.

Our results on the carp meat WHC prove the
Olsson et al. (2007) hypothesis that the whole system
of fish meat production from the selection through the
technology of rearing and feeding, and the manner of
fish storage, may affect the WHC of fish. The results
show that organic cultivation allows higher WHC
than when carp is cultivated in a conventionalsystem.

The absence of significant differences in TVN
levels of four carp samples can be explained with the
fact that they are nitrogen volatile substances with
alkaline nature (represented mostly by mono-, di-, and
trimethylamine and ammonia). TVN are contained in
very small amounts in the fresh water fish (Baixas-
Nogueras et al., 2003). Since the examined carps were
freshly caught, the microbial spoilage was not yet
manifested. Therefore, in this early post-mortem
period the TVN concentration was negligible.

Obviously, the quality of food supplies, specific
for each of the studied systems of fish cultivation, is
critical to the total lipid content of fish meat. The
levels of total lipids in carp samples identified by us
are in a good agreement with the widely accepted
belief that fish feeding is particularly important and
directly affects not only lipid content, but also the
proximate composition of fish in general (Cho and
Bureau, 2001; Koehn, 2004). Feed for common carp
are usually based on grain, as in the control groups C
in this experiment. On the other hand, a specific
influence on the levels of total lipids in fish muscles
can be exerted by anti-nutritional factors, including
the presence of a number of inhibitors (Hendricks,
2002). The presence of such substances in the ponds
can affect the absorption of food and lead to different
physiological effects in fish (Francis et al., 2001).

As the control groups carp (samples C) were fed
with wheat (rich source of starch), these samples are
characterized by very low levels of n-3 PUFAs and
relatively high levels of oleic acid (C18:1). Our
results on fatty acid composition of carp lipids
confirmed previously published data (Csengeri, 1996;
Mraz et al., 2012).

Similarly to us Ozogul et al. (2005) have
established the very low initial values for FFA, in
order of 0.57 - 0.59% during storage of European
river eel (Anguilla anguilla) on ice. These results
prove that there is a close link between the release of
FFA and loss of fish freshness. The absence of
statistically significant differences in FFA is due to
initial lipolytic changes in the total lipid fraction of
carp light muscles 1 - 2 h post mortem (Losada et al.,
2005). A similar hypothesis is confirmed for other
fish species (Akintola and Lawal, 2011). The fish
cultivation and feeding with natural food and
supplement wheat does not change the lipolytic
activity of muscles (Kyrana and Lougovois, 2002).
TBARS data established by us is in good agreement
with a very small and statistically indistinguishable
TBA values reported by Ozogul et al. (2005) and
Kyrana and Lougovois (2002). The perception that

the FFA and TBARS can not be used as reliable
indicators for loss of fish freshness has been accepted.
Obviously TBARS can not provide actual results for
assessing the extent of lipid oxidation in the early
post-mortem fish stages. The results indicate that
neither type of carp cultivation nor the carp scaly
variety affect on the formation of significant
concentrations of secondary products of lipid
peroxidation in fish meat on the first day after the
catch. This is due to the fact that the malondialdehyde
can react with other fish components as nucleosides,
nucleic acid, proteins and phospholipids. On the other
hand, this reaction may vary depending on the type of
fish (Icekson et al., 1998).

Color characteristics of carp flesh measured by
us are consistent with those reported by Papoutsoglou
et al. (2000). They correspond well with the relatively
high sensory scores of carp samples. High
organoleptic assessments related to the saltwater fish
are also reported by other researchers (Kyrana and
Lougovois, 2002; Akintola and Lawal, 2011).

Conclusions

In comparison to the conventional systems, the
meat obtained from organic cultivated local
population carp (Cyprinus carpio L.) is characterized
with more alkaline pH, higher water holding capacity,
total lipid content, PUFAs concentration, lypolitical
activity, color redness (a*), and lower color
brightness (L*) and yellowness (b*). The meat
obtained from organically cultivated carp had better
sensory properties for fresh carp, as well as grilled
fish. The type of aquatic system (organic or
conventional) influenced on pH, water holding
capacity and fatty acid composition of cu ltivated carp.
The carp cultivation in organic system may replace
with success the conventional system cultivation
(when the fish is fed with 4.5-kg wheat addition for 1
kg growth).
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