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ABSTRACT

The aim of our study was to analyse the body coitigueel changes in common carp
juveniles during 12-week-long starvation. Food rietibn had a significant impact on

every parameter. Hepatosomatic index, viscerosomatilex and condition factor

decreased linearly, while in case of body compmsifparameters a slight fluctuation

can be observed. Body fat and dry matter conteatedsed, protein and ash increased
due to 12-week-long starvation. It can be conclutleat body lipids constituted the
major energy source for starved carp juveniles d®dweek-long starvation did not
induce proteolysis in tissues.

(Keywords: common carp, juveniles, body compositstarvation)

INTRODUCTION

Most of the fish species are exposed to short-@riong-term starvation during their
lifespan in natural and artifical conditions algurging (feed restriction in clear water
for flesh quality improvement) is a very importapart of the rearing process for
common carpQyprinus carpioL.) in Central Europe and leads to weight loss stoded
fat mobilisation Zajic et al., 2013). The intermedier metabolism of nutrientsthie
starving organisation changes significantly. Initdd, condition factor may decrease
due to starvation and body composition can be rregtigfignificantly.

Starvation, as a stress factor may alter the bioad@ processes of the fish, and
catabolism is intensified. During short-term staiva catecholamines (e.g. adrenaline)
are excreted, which has a direct effect on storadbahydrate (glycogene) by
glycogenolysis. If starvation is longer than 5 daysthesis of cortisol starts and due to
this process glycogenilysis is replaced by glycgeeesis. Janssens and Waterman.
1988).

Effects of starvation in fish were investigateddase of commercial fish species
(Alvarez et al 2008;Caruso et al 2012;Einen et al.,1998;Zajic et al, 2013) which
are important in human consumption, and necesganrdvide a good and constant
quality. Aim of our recent study was to analyse lbloely metabolic changes in common
carp Cyprinus carpid juveniles during 12-week-long starvation in waemperature.
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MATERIAL AND METHODS

Experimental animals and design

Common carp Qyprinus carpid fingerlings (4 g) were introduced into a reciation
system in the Fish Laboratory of the Kaposvar Ursiitg (Hungary). Fish were reared in
fish tanks until they reached 25 g liveweight. Regdf carps during this period was ad
libitum with a commercial fish feed (Aller Aqu&able ). Fish were adapted to the
artifical conditions and feed, so that the effemtstress and disturbing environmental
circumstances can be excluded.

Table 1.
Proximate composition of the feed fed prior to staration

Crude protein (1) (%DM) (2) 45

Crude fat (% DM) (3) 15

Nitrogene-free extract (% DM) (4) 21.9
Crude ash(%DM) (5) 6.9
Crude fiber (%DM) (6) 3.3
Gross energy(MJ/kg) (7) 20.8

After the rearing of fingerlings 200 common carpguiles were randomly chosen for
further experiment. They were stocked into 60 hftanks (20 x 10 fish) in a small
recirculation system. Feeding was totally restddta 12 weeks. Water temperature was
measured daily (n=84).

Sampling and analyses
Sample collection was carried out initially and svievo weeks during the experiment.
In all sampling time points 15 randomly selectedividuals were over-anaesthetized
with clove 0il (Ngta = 7 X 15 = 105).

Weight and standard lenght were measured. 10 figleze dissected, viscera and
liver were measured. Somatic indices, such as mgsoenatic index (VSI) and
hepatosomatic index (HSI), and also condition fa(@®¥) were calculated:

VSI =V /W x 100 HSI=H/W x 100 CF = W x1x 100

V — weight of viscera; H — weight of liver; W — bpsleight; L — standard lenght

Another 5 individuals were analysed for body conitas after homogenisation. Dry

matter content was determined after drying at 5@ilPConstant weight. Protein content
was determined by Kjeldhal analysis (ISO 5983). Thale fat content was determined
according to 1ISO 6492. Ash was analysed by burowen-dried samples in a muffle
furnace at 550 °C (ISO 5984).

Statistical analysis

The basic data were tested for normality (ShapiitkWést). For the analysis of the
effect of starvation on body composition and somatdices one-way ANOVA was
used, followed by Tukepost hoctest. SPSS 10 for Windows (1999) was used for the
statistical analysis.
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RESULTS AND DISCUSSION

The average water temperature was 18.3+1.5 °C glutie starvation period. No
mortality was recorded.

Table 2.

Approximate body composition and somatic indices ofommon carps
during 12-week-long starvation

Weeks (1)
0 \ 2 | 4 \ 6 | 8 \ 10 | 12 | Sig.
Mean + SD p
Dry matter | 23.12+ [23.57 +[233+ [21.44+[21.98+ [19.92+[2154 +
(%) (2) 0.58 03% | 027| 033 | 019 0.37 | 0.3 | 0.000
Crude protein | 13.28 + [13.98 +{13.68 +| 13.8+ |13.84+ |13.04+]/13.38+
(%) (3) 0.22° 0.2° | 0.2%°| 0.32°| 0.43° 0.26 | 0.36" | 0.000
Crude fat 6.06+ |6.33+ 668+ 47+ |538+ |4.04+ |56+
(%) (4) 0.72¢ 0.2 0.3F | 0.19¢°| 0.3 0.3¢ | 0.3%7 | 0.000
Crude ash |2.22+ |242+ [238+ [262+ 268+ |272+ |258+
(%) (5) 0.08 037 | 00%| 013 | 047F 0.19 | 0.1% |0.019
HSI' (6) 246+ [1.30+ [1.05+ [092+ [077+ [0.79% [0.79+
0.5¢ 057 | 044 | 027 | 0417 0.18 | 0.27 |0.000
VSI2(7) 1062+ |7.07+ [7.78+ 735+ [721+ |6.86+ |6.70+
1.04 1.0P | 138 | 120 | 0.88 0.72 | 0.6 |0.000
CF (@) 310+ |2.80+ |270+ [260+ 246+ |254+ [241+
0.3F 0.16°| 0.23°| o0.18°| 0.7f° 0.2f | 0.13 | 0.000

'Hepatosomatic indexViscerosomatic indexCondition factor
Means bearing different small superscript letteessignificantly different (P<0.05).

Table 2shows the results of body composition and soniatlices of carps during the
12-week-long period. Food restriction had a sigaitfit impact on every parameter. HSI,
VSI and CF decreased significantly and linearly,ilevtin case of body composition
parameters a slight fluctuation can be observeddyBfat and dry matter content
decreased, protein and ash increased due to 1Xwtmkation.

Most obvious effects of starvation are decreaskvefweight, condition factor and
somatic indices. The decrease of VSI and HSI iibatable to the decrease of liver and
visceral fat. During long term starvation fishesmgdement the lacking energy by
catabolism of several tissues. Main metabolizaiskues are visceral fat and the stored
fat in the liver.

Decrease of VSI and HSI in our study is excessivéhe fist two weeks than it
slowed down. Firstly, digestive tract became emf@gcondly, in the beginning of the
starvation period the excreted adrenaline enhanbedglycogene mobilisation, and
activity of liver increased. After some weeks fistveere adapted to the starvation stress
and lipid mobilisation increased (as can be shownTable 3 contrary to the
mobilisation of carbohydrates. These results aresapant with other studies
(Falahatkar2012;Caruso et al2012).

Several authors reported significant decrease df bipids due to starvation. Fish
store lipids in several places: intramuscularlhgceral, in the liver and under the skin.
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Fish species utilize stored lipids differently iase of food restriction. Atlantic salmon
(Salmo salay prefers the mobilization of intramuscular lipigEsnen et al 2008), while
white sturgeon Acipenser transmontanusnobilizes the visceral fat insteatHyng
1998). Therefore, decrease of lipid content affédiy starvation can be described by
the total body lipid content@lahatkar,2012).

In our study body fat content decreased signifigashiring 12-week-long starvation.
No decrease of body protein content was observedvérsely, a significant increase
was detected), the 12-week-long starvation did induce proteolysisFriedrich and
Stepanowsk#2001) published similar results in common capweek-long starvation
does not significantly affect the vital functions.

CONCLUSIONS

Results indicate that body lipids constituted thajan energy source for starved carp
juveniles. If carps are in good condition (as im oase), 12 week long starvation do not
induce proteolysis in muscle. Considering the Siggmt decrease of condition factor in
our data gained on carp juveniles we can suspatiptirging period (starvation) should
be long enough to eliminate possible unpleasantisdand flavours in adult carps as
well, but as short as possible from a practicaldliag point of view to avoid the
extreme weight loss and decrease of nutritive value

For the better understanding of the mechanismhéurainalyses will be carried out.
Blood clinical chemical parameters will be deteredrto analyse the metabolic changes.
In addition, fatty acid composition (phospholipidnda triacylglycerol fractions
separately) of the liver and fillet will be definéadl explore the potential selective fatty
acid metabolism due to long term starvation.
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