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Summary

Growth characteristics, slaughter yield and proximate composition of rainbow trout reared under commercial condition in
Black Sea were investigated for one production season. The fish were weighted and sampled for quality assessment every
month during the production period (December-May), and feed consumption was recorded daily. During the experiment,
bimonthly body weight increased from 206 g to 1011 g, specific growth rate varied between 0.4 and 4.79, thermal growth
coefficient varied between 0.04 and 0.35. Condition factor, visceral index and hepatosomatic index was altered by feed intake
and water temperature. The degree of caecal fat score was highest during harvest month, May. Although carcass yield didn’t
differ significantly during farming period, fillet yield increased in the last three months. Protein content of fillet lowered from
83% to 70% by the production period. The fillet fat content increased from 10-11% to 15-16% during the experiment, and
the most pronounced fat increase occurred in May. Fillets partitioned into six chunks: cranial, intermediate, caudal and their
ventral, dorsal subdivisions. Results show small differences in the protein, fat and moisture content of these sections.
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Karadeniz’'de Ticari Kosullar Altinda Yetistirilen Gokkusagi
Alabaligi (Oncorhynchus mykiss)' nda Buyume, Karkas Verimi
ve Viicut Kompozisyonu

Ozet

Karadeniz'de ticari kosullar altinda yetistirilen gékkusagi alabaliginda buylime karakteristikleri, karkas verimi, fileto verimi,
viicut kompozisyonu, bir tiretim dénemi boyunca izlenmistir. Uretim dénemi boyunca (Aralik-Mayis) her ay drnekleme yapilarak
baliklarda gerekli 6lcim ve analizler yapilmistir. Deneme sonunda, baslangicta 206 gram agirliga sahip baliklarin 1011 grama
ulastigi belirlenmistir. Spesifik biylime orani 0.4 ile 4.79 arasinda, termal bilyiime katsayisi 0.04 ile 0.35 arasinda degisim
gostermistir. Kondisyon faktord, i¢ organ orani, hepatosomatik indeks degerleri su sicakligina ve ginlik verilen yeme goére degisim
gostermigtir. Cekal yag skoru hasat ayinda (Mayis) en yiksek dizeye ulasmustir. Karkas verim zamana bagh orak degisim
gbéstermemesine Karsin fileto verimi balik buyudukege artmistir. Baslangicta %83 olan fileto protein orani hasat zamaninda %70’e
dismaustir. Deneme suresince fileto yag orani %10-11'den %15-16'ya ¢ikmistir. Kraniyal, orta, kaudal ve bunlarin alt parcalari
dorsal ve ventral olamak Uzere alti parcaya ayrilan filetoda, biyokimyasal degerler kiicik farkliliklar géstermistir.

Anahtar soézciikler: Gékkusagi alabaligi, Bliyime, Karkas verimi, Fileto verimi, Viicut kompozisyonu

INTRODUCTION

Rainbow trout (Oncorhynchus mykiss) is one of the  since 1990s *. Increasing numbers of off-shore cage farm
most important finfish species for Turkish aquaculture has been established in Black Sea for trout culture and
industry, and it has been cultured in Black Sea, Turkey trout production in the Black Sea has considerably
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increased in recent years. Rainbow trout are transferred
directly from inland freshwater to the brackish Black Sea
waters without any adverse effects. In this environment,
trout require 5-6 months to grow from 20-200 g to the
size of at least 200-1000 g *.

It is known that rearing fish under controlled conditions
can alter their growth, slaughter yield, proximate
composition, and other parameters of flesh. The feed
and water quality plays a significant role in both growth
and proximate composition of fish 2. It is well known
that brackish water enhances growth of trout ** and
high growth rates have been reported in rainbow trout
cultured in cage conditions in the brackish Black Sea
water °. Growth of rainbow trout was defined very well
in estuarine condition ** and was studied by several
authors *”* in Black Sea condition.

Although body composition is a good indicator of the
physiological condition of a fish ** there is limited data
on body composition and flesh quality of rainbow trout
in estuarine Black Sea condition. Body composition and
flesh quality are also essential characteristics of farmed
fish for human consumption. They influence consumer
acceptance and the ability to refine fish material *.

The aim of the present study was to investigate
growth, slaughter yield and proximate composition of
rainbow trout (Oncorhynchus mykiss) farmed in offshore
cage conditions in South-Eastern Black Sea Coast, Turkey.

MATERIAL and METHODS

Experimental Fish and Fish Rearing

Experimental fish (206.38+48.3 g mean weight and 1*
years old) were transferred into floating high density
polyethylene (HDPE) cages (16 m diameter and 10 m
depth) located in South-East Black Sea Coast, Rize-
Turkey (41° 02' 06.36'" and 41° 02' 20.56' North
longitudes and 40° 32' 10.91" and 40° 32' 26.20" East
latitudes) from fresh water cages (16 m diameter and 10
m depth) located in Kuzguncuk Dam Lake, Erzurum
Turkey (40° 12' 04.30' and 40° 12' 08.15" North
longitudes and 41° 03' 07.10" and 41° 03' 12.18" East
latitudes) in November 2005. Fish were stocked into the
sea cages with a stocking rate of 10 kg per cubic meter.
Fish were fed ad-libitum two times daily with
commercial extruded trout feed (45% crude protein,
18% crude fat, 10% moisture, 12% ash, 3% crude fibre)
when meteorological condition was suitable.

Fish Sampling and Biometric Data Collection

Starting from December 2005 and following each

month (From February 2006 to May 2006) 15 fish were
randomly sampled. Before bleeding of fish, the weight
and length of the whole fish was recorded and the
condition coefficient (CF = (BWx100)/L®) of each fish
calculated. After bleeding, fish was sexed and filleted.
The sex of the fish was classified into two categories:
males, females. Male fish were omitted due to insufficient
male samples. The caecal fat score was immediately
determined upon opening the body cavity. The pyloric
caeca was scored according to the amount of fat
surrounding the intestine with scores ranging between 0
(individual pyloric caeca clearly visible with no adherent
fatty deposits) and 4 (all pyloric caeca completely
obscured by visceral fat deposits). After gutting and
removal of the kidney (but not gills), the fish were
reweighed and the carcass yield (CY = carcass weight/
fish weightx100) were calculated. Sample fish were
filleted by butterfly filleting method with fillet board.
The pin-bone, column and fins were removed, and fillet
yield was calculated (FY = fillet weight/fish weightx100).
The following indices were also calculated: visceral index
(VI = viscera weight/fish weightx100); hepatosomatic
(HSI = liver weight/ fish weightx100); visceral fat (VFI =
weight of the visceral fat/fish weightx100).

The specific growth rate, was calculated from the
equation: (SGR)= ((W2*-W1?)xt*)100, where W2 is the
final weight, W1 is the initial weight and t is time between
W1 and W2 in days. The thermal growth coefficient (TGC)
was calculated as (W22-W1%)x(3T)?) *¢, where W2 is the
final weight, W1 is the initial weight and 2T is the sum of
day degrees. The TGC was multiplied by 100 in the table
to simplify the numbers.

To measure the proximate quality of fillets, fins and
vertebrae were removed. Then fillet were divided into
six parts: dorsal part of cranial site (Cr-D), ventral part of
cranial site (Cr-V), dorsal part of intermediate site (Int-
D), ventral part of intermediate site (Int-V), dorsal part
of caudal site (Ca-D) and ventral part of caudal site (Ca-
V) (Fig 1). Each part of fillets from all fish was pooled.
The pooled fillet parts were ground and homogenized in
a blender and then proximate composition of the fillets
was analyzed.

Analytical Methods

Proximate composition of diets and fish muscle was
analyzed using standard methods Y. Muscle was
collected from the sectioned part of trout flesh as
shown in Fig. 1. Samples, from pooled fillet parts of
specimens were analyzed in triplicate, for proximate
composition. Moisture was determined by drying the
sample (105°C for 24 h) to a constant weight. Crude
protein (Nx6.25) was measured using the Kjeldahl



method after acid digestion. Crude fat was estimated by
Soxhlet exhaustive extraction technique using petroleum
ether (40-60°C BP) as solvent. Ash was determined by
incinerating the dried sample at 550°C for 12 h. Organic
matter was determined indirectly, by difference from
the ash content.
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Fig 1. Partitioned fillet site for proximate composition analysis.
Cr-D indicates dorsal part of cranial site, Cr-V indicates ventral
part of cranial site, Int-D indicates dorsal part of intermediate
site, Int-V indicates ventral part of intermediate site, Ca-D
indicates dorsal part of caudal site, Ca-V indicates ventral part of
caudal site of fillet

Sekil 1. Vicut kompozisyonu analizi i¢cin bolinmis fileto
parcalari. Cr-D kraniyal bdlge dorsal kismi, Cr-V kraniyal bolge
ventral kismi, Int-D orta bolge dorsal kismi, Int-V orta bélge
ventral kismi, Ca-D kaudal bélge dorsal kismi, Ca-V kaudal
bélge ventral kismi géstermektedir

Statistical Analysis

Proportions, as well as proximate composition were
arcsine-transformed before statistical analysis. Both the
transformed and the untransformed data were subject
to analysis of variance (ANOVA) for biometric data,
yields of fish and proximate composition. The individual
comparisons of groups were obtained using Duncan’s
multiple range tests for biometric variables. All statistical
computation was performed using the SPSS software
package (Ver. 10.0 Chicago, IL, USA).
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RESULTS

Higher SGR (% BW/day) is recorded in March, April
and May compared to those recorded in January and
February (Table 1). These increases and decreases were
correlated with water temperature (R’=0.753). The
thermal growth coefficient (TGC) was also used to assess
growth, because TGC incorporates both fish size and
temperature effects in the growth trajectory. Thermal
growth coefficient (TGC) was more reliable than SGR
between groups. The lowest TGC was calculated in
February and the highest TGC was calculated in March.

Body weight of fish slowly increased during the first
three months (December, January and February), but
the differences were not significant. However for the
last three months body weight increased and reached
up to 1011.4 g (Table 2) in May 2006. The increase in
total fish length was lowered in January (26.66) and
February (26.77), but increased thereafter in the following
months.

The condition factor decreased from a mean of 1.34
in March to 1.44 in February. The condition factor tended
to increase significantly more rapidly in subsequent

Table 1. Bimonthly recorded sea water temperature, daily
mean feed intake, SGR and TGC values

Tablo 1. Aylik kaydedilmis deniz suyu sicakligt, yemleme oran,
SGR ve TGC degerleri

Variables January February March April May
T(°C) 9.68 9.55 10.2 14 16.83
Feed intake

(biomass day %)  0.96 0.16 186 222 154
SGR 1.65 0.40 354 479 339
TGC 0.17 0.04 035 034 020

Table 2. Total length (TL), Weight (W), condition factor (CF), visceral index (VI), hepatosomatic index (HSI), gonadosomatic index
(GSI), caecal fat score (CFS), fillet yield (FY) and carcass yield (CY) of cultivated rainbow trout in Eastern Black Sea (Data expressed

as mean values + S.D,)

Tablo 2. Karadeniz kosullarinda yetistirilen gékkusagt alabaliklarinda, toplam boy (TL), agurlik (W), kondtisyon faktori (CF), ic
organ indeksi (VI), hepatosomatik indeks (HSI), gonadosomatik indeks (GSI), cekum yag orant (CFS), fileto verimi (FY) ve karkas

verimi (CY) (veriler ortalama * S. Sapma olarak verilmistir)

Variables December January February March April May

TL (cm) 2453+1.81° 26.66+1.54 ° 26.77+2.17° 31.79+2.28" 35.63+3.00 40.22+3.98 ¢
W (9) 206.93+50.05 * 263.30+46.11° 278.10+65.70 * 436.80+95.62°  734.60+167.86° 1011.4+257.29¢
CF 1.37+0.11* 1.37+0.10* 144+0.11 1.34+0.10° 1.59+0.11 ¢ 1.53+0.25"
VI (%) 13.38+1.55* 14.20+2.88* 14.29+1.55° 13.61+1.43° 18.55+4.61" 16.88+2.05*
HSI (%) 1.026+0.12° 1.288+0.16" 1.509+0.28 1.492+0.34 > 1.830+0.24 ¢ 1.439+0.20 *
GSI (%) 0.085+0.032 * 0.056+0.023 * 0.064+0.035 * 0.142+0.097 © 0.086+0.032 * 0.113+0.054*
CFs 2.8+1.08* 3.1+0.57 b 2.7+157* 1.8+1.68° 3.0+1.15" 3.5+0.85"

FY (%) 67.34+3.03 66.06+3.03 68.38+2.37 < 69.94+1.85 * 69.89+4.10 * 70.96+2.55 ¢
CY (%) 7541+2.39° 72.33+311° 74.90+1.80* 75.85+1.65° 74.05+4.08 * 75.48+2.37"

Values expressed in the same row with different letter indicate differences are statistically significant (P<0.05)
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months, April and May 2006. The highest condition
factor was recorded as 1.59 and 1.53 in May and April,
respectively. Similarly, a higher visceral index (VI) was
found in April (18.55%) and May (16.88%). HSI was also
high in April due to high feeding rate. The highest GSI
(0.142%) was calculated in March samplings. The lowest
caecal fat score was recorded as 1.8 in March and the
highest was recorded as 3.5 in May.

Concerning fillet yield, FY was raised gradually from
beginning of experiment to last month May. Fish had
showed a fillet yield of 67.34% in December, and 70.96%
in May that is harvest stage. On the other hand carcass
yield was lowered on January (72.33%), but it was
detected invariable in other sampling months.

Mean crude protein content in the whole fillet (Fig.
2) decreased from February 2006 (86.72+3.02%) to May
2006 (70.22+3.43%) (P<0.05). General trend, crude
protein was lowered in all parts of fillet after February.

The higher mean crude protein rate was detected as
90.26+3.43% in the dorsal part of caudal site of trout on
February, and the lowest crude protein rate was detected
in 60.96x1.72% during experiment. Ventral part of
cranial and intermediate sections performed lower rate
crude protein than dorsal parts.

Mean crude fat of whole fillet (WF) was decreased
for three months, from December (11.81%) to February
(9.19%). After February mean crude fat was increased
up to highest level on May (16.64%). Ventral part of
cranial site and intermediate site had a higher level of
crude fat than both dorsal part of those parts and caudal
site (Fig 2).

Mean crude ash content lowered in whole fillet
month by month. Crude ash content of whole fillet was
calculated sequentially 1.4%, 1.29%, 1.33%, 1.29%,
1.27%, 1.30% from December to May (Fig. 2). Higher
crude ash content was detected for the dorsal part of

Fig 2. Mean crude protein (a),
mean crude fat (b), mean crude
ash (c), mean organic matter (d),
mean moisture (e) and mean dry
matter (f) content of partitioned
fillet site and whole fillet in Black

Sea reared rainbow trout. [D)
indicates dorsal part of cranial
site, (@) dorsal part of
intermediate site, (&) dorsal part
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Sekil 2. Karadeniz'de ticari sartlar
altinda yetistirilen gokkusadi ala-
bahd filetosunda kisimlara gore
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sections than ventral sites. Unlike crude ash, organic
matter content of whole fillet was slowly reduced from
December to February and thereafter it was increased
from February to May (Fig. 2).

Water content in the whole fillet was found as
75.65%, 76.14%, 76.02% and 75.65% in December,
January, February and March, respectively. However, a
decrease was recorded in April (71.25%) and May
(72.56%) (Fig. 2). Unlike moisture, dry matter content of
whole fillet was slowly decreased from December to
February and then, increased from February to May
(Fig. 2). This increase after February was significant
(P<0.05) between months.

DISCUSSION

Weight gain varied significantly between sampling
months. This was related to water temperature and
feeding regime that was arranged according to water
temperature. Temperature was changed between 9-
16°C. Growth of fish is dependent to changes in water
temperature, diet, fish size, and seasonal period of the
year and is usually measured in terms of weight or length
of the fish *. Specific growth rate (SGR) is an index used
to compare actual mass gain to predicted mass gain of
salmonids in aquaculture **. The calculation of SGR
assumes that the cube root of mass increases linearly
over time and that the effect of temperature on growth
is linear between 5 and 15°C. But in this study, SGR was
changed between 0.4 and 4.79 during farming activities.
In previous studies, SGR rate of rainbow trout was
reported between 1.02-1.11 ¢, 3.36 %, 1.35-1.79 * or
between 0.79-3.26 7 in Black Sea condition. Our results
were in close agreement with those of the previous
reports by those authors. Thermal growth coefficient
(TGC) was used to assess growth, because TGC
incorporates both fish size and temperature effects in
the growth trajectory. TGC was calculated between 0.04
and 0.35 and strong linear correlation was detected
with SGR (R*=0.84)

Slaughter parameters of fish such as VI were
significantly different (P<0.05) in the last two months of
the experiment than the initial four months of trial.
Unlike CFS, HSI was recorded significant higher (P<0.05)
for the last four month period compared to those
recorded during the initial two months. Carcass yield was
almost constant during the course of the experiment,
except January data, which was significantly lower
(P<0.05) than the other months. Fillet yield was highest
in May. This was linked directly to the higher VI index of
the rainbow trout from this group. Similarly, Mathis et
al.* reported that the VI index was one of the parameters
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that were correlated with filleting yield in perch.
Condition factor followed the same trend, increasing by
months except March. This was linked to higher water
temperature and higher feed consumption.

Within sampling periods, crude protein content of
whole fillet was lower in periods with higher water
temperature (April and May). The dorsal part (Int-D, Ca-
D) had higher protein content than the ventral parts in
general (Fig. 2). There are reports on variation in body
constituents of fish reared at different temperatures .
In the present study with rainbow trout, higher protein
content was found in lower water temperature (except
January). However, no effect of temperature or ration
was noted on body protein content in Oncorhynchus
nerka * and Salmo trutta *. Cr-V and Int-V were
significantly different from other partitioned fillet sites
for crude fat except last sampling months (Fig. 2). In
general fat content of ventral parts were detected higher
than dorsal parts. Andrews and Stickney % observed that
in channel catfish, an increase in temperature led to
increased lipid content. In rainbow trout fillets the lipid
content tends to increase following the cranio-caudal
direction, whereas this trend seems to be less pronounced
in the dorso-ventral direction *. Fat content of whole
fillet and portioned fillet parts are straightly related with
condition factor. Crude ash and organic matter content
of whole fillet related inversely. Organic matter content
of fillet increased until harvest month, May. Lower
organic matter content was detected in dorsal part of
caudal site.

Water content of whole fillet was reduced month by
month until fish harvest. Teskeredzic and Pfeifer ¥
reported that the fish reared in brackish water condition
has lower water content, higher fat deposit than reared
in fresh water condition. Crude fat content and moisture
of fillet related inversely. Similarly, some scientist
reported these two components are inversely related in
fish flesh >,

Results of these studies showed that remarkable
differences in proximate composition emerged between
the dorsal and ventral fillet portions of farmed rainbow
trout under commercial condition, even though these
differences were not of equal importance for all of the
components considered.
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