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Introduction

Cyprinids are by far the largest family of 
farmed finfish (20.4 million t or 71.1%). These are 
mostly produced by Asian family enterprises and 
consumed locally (FAO, 2020). Cyprinids are the 
most important cultivated species of fish in cen-
tral-eastern Europe, contributing 75% of the produc-
tion of freshwater fish (Váradi et al., 2011). Carp is 
the dominant species grown in Serbia and makes up 
over 80% of the total fish production. Carp produc-
tion is mostly in semi-intensive production systems 
based on a combination of natural and supplemen-
tary feed, cereals or complete extruded or pelleted 
feed. Recently, more than 50% of the carp were ad-
ditionally fed by complete, primarily extruded feed 
(Markovic & Poleksić, 2011), which enabled more 
intensive carp production and the development of 
aquaculture in Serbia. With an increase in the fish 
weight come increases in the levels of body compo-
nents such as moisture, protein, phospholipids, tri-
glycerides, nucleic acids etc. (Bureau et al., 2000; 

Dumas et al., 2010) since fish use these as build-
ing blocks and energy sources for maintenance of 
life processes. Specific growth rate is a widely ac-
cepted model in aquaculture in spite of its disadvan-
tages, and is based on determining the natural loga-
rithm of the increase in the total weight of fish over 
a certain period of time. The main disadvantage of 
this model is that the growth rate varies with the 
size of the fish and also with the ambient tempera-
ture, which often leads to underestimation of weight 
gain (Bureau et al., 2000; Dumas et al., 2010). Daily 
growth coefficient (DGC), which is the cube root of 
the weight increase of fish within a certain time, bet-
ter describes fish growth under optimal conditions. 
The best way to discover the relationship between 
the processes that were taking place in the body of 
the fish depending on the change in mass is a graph-
ic representation of a variable size versus body mass 
using the equation Y = aXb, where Y is the variable 
that needs to be determined, X is body weight, a and 
b are empirical constants derived from regression. 
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Exponent b is of particular importance because 
it provides a scaling relationship between the size 
such as metabolism and body weight. This mathe-
matical technique is called allometric analysis (Gay-
on, 2000) and is widely used to describe the rate at 
which changes are taking place in various tissues of 
animals as well as in fish (Shearer, 1994; Azevedo et 
al., 1998; Lupatsch et al., 1998; Bureau et al., 2000; 
Dumas et al., 2007). Common carp has been studied 
in basic as well as applied research (Vandeputte et 
al., 2008; Turkowski & Lirski, 2010).

The aims of the present study were to analyze 
changes of protein, lipid, ash and moisture in dorsal 
muscle, adipose tissue and liver in common carp ad-
ditionally fed complete pellets during four months 
in natural carp ponds rather than fully controlled 
fish tanks to make results directly applicable to real 
world aquaculture.

Since in the literature there is not enough data 
to explain how diet composition influences the re-
tention of protein, lipid and ash in several tissues of 
farm-raised two year old common carp, this study 
was designed assuming that dietary supply is tissue 
specific to make results applicable to aquaculture.

Materials and methods

Samples

The study was carried out in four earthen ponds 
at the Despotovo fish farm (near the city of Backa 
Palanka, Vojvodina province, decimal degree 45.44 
19.54) from July to October. Four fish ponds (J1, J3, J4 
and J6) were used with surface area of 100 ha, 25 ha, 
25 ha and 16 ha, respectively. The depth was the same 
in ponds, around 1.5 m. All ponds were stocked with 
550 specimens of two-year-old common carp ha−1 in 
June, with an average weight of 750 g. Fish were fed 
with standard supplemental pelleted feed containing 
a mixture of soybean, maize, wheat with 25% protein 
(plant origin) and 7% lipid, at a feeding rate of 2.5% 
of total fish body mass. Fish were collected monthly 
from ponds. Twenty fish from four ponds were sam-
pled; each fish was weighed and measured, then the 
dorsal muscle, adipose muscle and liver were sepa-
rated and frozen immediately. Samples were kept at 
–20°C until analysis.

Proximate chemical analysis of fish

Analysis of moisture (ISO 1442:1997), li-
pid (ISO 1443:1973) and ash (ISO 936:1998) were 
performed according to standard ISO methods. 

Protein (Kjeldahl nitrogen) was analyzed by using a 
semi-automatic distillation unit (Kjeltec Auto 1030 
Analyzer), with block-digestion apparatus (Diges-
tion System 20, Tecator, Höganäs, Sweden) accord-
ing to the manufacturer’s instructions (Tecator Man-
ual Rev. 2.2).

Statistical analysis

The obtained data are reported as the mean 
values  the standard deviations. Analysis of var-
iance (ANOVA) and the Tukey-Kramer test were 
used to analyze the data at the level of significance 
of 0.05 (P ≤ 0.05). For statistical analysis and re-
gression analysis, XLSTAT Free version (Addin-
soft, NY, USA) was used. All the allometric equa-
tions were obtained by applying linear regression 
analysis to the logarithmic transformation. The an-
tilog of this expression produces the final equation: 
y = aXb.

Results and discussion

Proximate composition (protein, moisture, to-
tal lipids and ash) in dorsal muscle, adipose tissue 
and liver determined in July, August, September and 
October are given in Table 1.

Analysis of variance showed that protein con-
tent was the highest in dorsal muscle and adipose 
tissue and was the smallest in liver (P < 0.05). The 
percentage of protein was quite stable and reached 
a plateau value (18.42–19.49%) in dorsal muscle. 
This profile has also been reported for other cypri-
nid and salmonid species (Shearer, 1994; Faucon-
neau et al., 1995). In reared Diplodus puntazzo fil-
lets, the protein percentage was around 18% (Orban 
et al., 2000). Very minor protein content chang-
es are observed when fish are fasted (Shimeno et 
al., 1990) or fed an imbalanced diet (Venugopal & 
Keshavanath, 1984), whereas sexual maturation 
has been reported to strongly affect this compo-
nent (Dhawan & Toor, 1990). Total lipids in com-
mon carp were the highest in liver and were smaller 
in dorsal muscle (P < 0.05). Total lipids were low-
er than in the study of Urbánek et al. (2010). The 
moisture content follows a similar picture as li-
pid content (Turchini et al., 2004; Lupatsch et al., 
2008). In the current study, the moisture content 
was slightly lower in liver than in dorsal muscle and 
adipose tissue (P < 0.05). With respect to the two 
remaining components, water and lipids, water is 
easiest to determine, so the lipid content can be cal-
culated by subtraction (Hernández et al. 2003). The 
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ash content did not statistically significantly differ 
between tissues (P > 0.05).

More revealing was how the fish mass in-
creased during breeding. The proximate composi-
tion of fish tissues was expressed as absolute content 
by weight for each fish. Plots of carp body weight by 
sampling day of are presented in Figure 1.

Simple regression resulted in relationships be-
tween protein content (g/fish) and body weight (g) 

indicating strong association (Figure 2) according to 
Dumas et al. (2007) and Bureau et al. (2000).

Simple regression resulted in not strong rela-
tionships between lipid content (g/fish) and body 
weight (g) (Figure 3) according to Dumas et al. 
(2007) and Bureau et al. (2000). Lipids were more 
affected by feeding regime (Dumas et al., 2007; Bu-
reau et al., 2000; Turchini et al., 2004; Cook et al., 
2000; Hernández et al., 2003).

Table 1. Proximate composition (% of wet weight) of dorsal muscle, adipose tissue and liver of 
carp from the four carp fi sh farms (n=20) from July to October

Parameter Muscle /period July August September October

Protein Dorsal muscle 19.49±0.30a 20.22±1.11a 19.74±1.21a 18.42±0.66a

Adipose tissue 18.61±0.48a 19.25±0.63a 18.88±0.19a 18.11±0.33a

Liver 12.45±0.77b 13.85±1.04b 13.72±0.43b 12.44±0.37b

Moisture Dorsal muscle 77.42±0.61a 77.65±1.54a 76.12±0.23a 73.41±1.66a

Adipose tissue 75.77±0.37a 76.04±1.67a 73.48±1.27a 72.62±0.68a

Liver 68.29±2.30b 68.98±2.13b 68.01±3.08b 67.77±3.53a

Total lipids Dorsal muscle 1.92±0.56b 2.84±0.87b 2.93±0.96b 5.42±1.10b

Adipose tissue 3.63±0.27b 3.20±0.68b 5.27±1.65b 6.85±1.17ab

Liver 17.34±3.25a 16.57±3.51a 15.52±4.02a 14.79±5.38a

Ash Dorsal muscle 1.25±0.13ab 1.15±0.08a 1.19±0.24a 1.33±0.10a

Adipose tissue 1.46±0.17a 1.50±0.56a 1.38±0.32a 1.25±0.22a

Liver 1.09±0.19b 1.11±0.04a 0.98±0.13a 1.06±0.06a

Legend: n – number of samples; a, b, c Means within the same column sharing the same letter are not significantly different (p > 0.05)
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Figure 1.  Growth curve of carps in four farms 
during rearing (r = 0.942) from July to October)

Figure 2.  Quantitative deposition of protein in 
dorsal muscle (r = 0.965)
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Figure 3.  Quantitative deposition of lipids in dorsal 
tissue (r = 0.784) 

Figure 5.  Relationship between relative content of 
lipid (%) and moisture (%) in the whole-body of 

common carp of dorsal muscle (r = 0.692)
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Figure 4.  Relationship between moisture (g/fish) 
and protein (g/fish) in the whole-body of common 

carp of dorsal muscle (r = 0.902)

Figure 6.  Experimentally obtained values of protein 
mass gain depending on the theoretical value of 
protein mass gain in the dorsal carp muscle (r = 

0.965) (from July to October)

Table 2.  Coefficients of regression of protein content (g/fish), Y, of carp weight, X (g):

Y (g/fish) a b r t p

Protein content

Dorsal muscle 0.188 13.81 0.964 13.69 ***

Adipose tissue 0.174 24.03 0.980 18.64 ***

Liver 0.129 4.02 0.952 11.72 ***

Legend: a and b – empirical constants; r – coefficient of regression; t – t test, p – level of significance *** significantly different (p > 0.001) 
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There was a strong relationship between mois-
ture content (g/fish) and protein content (g/fish) 
(Figure 4) according to Dumas et al. 2007, Bureau et 
al. (2000) and Breck (2014).

There was a strong relationship between mois-
ture content (%) and lipid content (%) (Figure 5) ac-
cording to Dumas et al. (2007), Bureau et al. (2000), 
Breck (2014) and Mohseni et al., (2007).

The effect of body size on protein content (g/
fish) in dorsal muscle, adipose tissue and liver is 
given in Table 2.

From Table 2 it can be seen that protein content 
(g/fish) was strongly associated with body weight in 
dorsal muscle and adipose tissue since coefficients 
of regression were high (> 0.95) as was t-test of sig-
nificance, but in the liver there was a slightly weaker 
association, since the coefficient of regression was 
0.952, while the t-test was high. This is in accord-
ance with Turchini et al. (2004) for a slightly dif-
ferent study. Figure 6 shows graphically the protein 
prediction in fish, depending on the actual predic-
tion. The data in Figure 6 were obtained by calcu-
lating the protein content (g/fish) representing pre-
dicted protein for the same mass of fish from the 
equation.

Conclusion
Cyprinids are the most important cultivated spe-

cies of fish in central-eastern Europe with a 75% con-
tribution to the production of freshwater fish. The aims 
of the present study were to analyze changes of protein, 
lipid, ash and moisture in dorsal muscle, adipose tissue 
and liver in common carp additionally fed complete 
pellets during four months in natural carp ponds rath-
er than in fully controlled fish tanks, and to make the 
results directly applicable to real world aquaculture. 
Since in the literature there is not enough data to ex-
plain how diet composition influences the retention of 
protein, lipid and ash in several tissues of farm-raised 
two year old common carp, this study was designed 
assuming that the dietary supply is tissue specific to 
make results applicable to aquaculture. The proximate 
composition of fish tissues was expressed as absolute 
content by weight of each fish. Simple regression re-
sulted in relationships between protein content (g/fish) 
and body weight (g), indicating a strong association. 
There is a strong relationship between moisture content 
(%) and lipid content. Simple regression resulted in not 
strong relationships between lipid content (g/fish) and 
body weight (g). There is a strong relationship between 
moisture content (g/fish) and protein content (g/fish).

Kvantitativno taloženje hranljivih sastojaka u 
dorzalnom mišić u, masnom tkivu i jetri kod šarana 
(Cyprinus carpio L.) u poluintenzivnom sistemu uzgoja

Dejana Trbović, Ivana Živić, Marko Stanković, Vesna Đorđević, Radivoj Petronijević, Zoran Marković

A p s t r a k t: Šaran je dominantna vrsta koja se uzgaja u Srbiji i čini preko 80% ukupne proizvodnje ribe. Ciljevi ove studije bili 
su analiza promena proteina, masti, pepela i vlage u dorzalnom mišić u, masnom tkivu i jetri kod šarana dodatno hranjenih kompletnim 
peletima tokom četiri meseca u prirodnim ribnjacima. Uzorkovano je 20 riba iz četiri ribnjaka. Analiza varijanse pokazala je da je 
udio proteina najveć i u mišić ima dorzalnog tkiva i masnom tkivu, a najmanji u jetri (P < 0,05). Procenat proteina je prilično stabilan 
i dostiže vrednost (18,42–19,49%) u dorzalnom mišić u. Ukupni sadržaj lipida u šaranu bio je najveć i u jetri (14,79–17,24%) i manji 
u dorzalnim mišić ima (1,92–5,42%) (P < 0,05). Više je interesantno kako se riblja masa poveć avala tokom uzgoja. Prosečan sastav 
ribljih tkiva izražen je kao apsolutni sadržaj mase svake ribe. Jednostavna regresija pružila je odnos između sadržaja proteina (g/riba) 
i telesne mase (g) što ukazuje na jaku povezanost (r = 0,965). Jednostavna regresija pruža slabu vezu između sadržaja lipida (g/riba) 
i telesne mase (r = 0,784). Postoji snažna veza između sadržaja vlage (%) i sadržaja lipida (%) (r = 0,962). Prema našem saznanju 
može se videti da je sadržaj proteina (g/riba) snažno povezan sa telesnom masom u dorzalnom mišić u i masnom tkivu s obzirom da je 
koeficijent regresije visok (> 0,95), kao i t test značajnosti (13,69, 18,04), ali i u jetri je postojala povezanost, jer je koeficijent regresije 
bio 0,952, a t test visok (11,72).

Ključne reči: prosečan sastav, proteini, masa ribe, kriva rasta
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