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Comparison of growth, carcass and meat quality characteristics of triploid and
diploid Black Sea trout (Salmo trutta labrax) under laboratory conditions
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ABSTRACT: This study compared the growth performance of triploid and diploid Black Sea trout (Sal/mo trutta
labrax) during their fry (initial weight 0.21 - 0.21 g), fingerling (1.97 - 2.08 g) and juvenile (52.15 - 57.81 g) stages. The
carcass ratio, gonadosomatic index (GSI), hepatosomatic index (HSI), proximate, and fatty acid composition for the
juvenile fish were also investigated. The results evinced no metabolic advantage resulting from triploidy before sexual
maturation of Black Sea trout as the triploid growth was equal to diploid siblings. The juvenile triploid Black Sea trout
grew faster than diploid having significantly higher weight gain, length increment, thermal growth coefficient, specific
growth rate, and lower feed conversion ratio. The GSI values tended to increase over time in diploid and their signifi-
cantly lower values were observed in triploid in the last three months of the trial. The HSI of triploids was significantly
higher than diploid siblings. Triploid had significantly higher fat contents, and possessed higher levels of saturated and
monounsaturated fatty acids than diploid. Diploid had higher polyunsaturated fatty acids than triploid siblings. These
findings indicate the potential for superior triploid growth with better carcass ratio suggesting a great benefit of induced
triploidy in Black Sea trout culture.
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INTRODUCTION

olyploidy induction is an artificial way for pro-

ducing non-maturing populations of farmed fish
with the intent of optimizing their somatic growth
with lower food conversion and a greater percentage
of edible carcass weight (Poontawee et al., 2007; Ti-
wary et al., 2004). Furthermore, the use of sterile trip-
loid fish in culture has been recommended by many
to minimize the potential genetic and ecological risks
associated with fish escapes from cage-culture with
wild populations (ICES, 1991; NASCO, 1991; Taylor
etal., 2012).

Polyploidy has been artificially induced through
traumatic interference with newly fertilized eggs by
either sub-lethal temperature treatments (cold or heat
shock) or through hydrostatic pressure application
(Akhan et al., 2011; Piferrer et al., 2009; Tiwary et
al., 2004). Information regarding the performance of
triploid and diploid fish is contradictory. For example,
several studies have reported a poor growth rate of
triploid (Cassani and Caton, 1986; Galbreath et al.,
1994; McGeachy et al., 1995; Sacobie et al., 2015)
equal to (Hussain et al., 1995; Kim et al., 1994; Mc-
Geachy et al., 1996) or even better (Purdom, 1976;
Thorgaard and Gall, 1979; Wolters et al., 1982) than
their diploid siblings. The potential benefits and per-
formance of induced triploidy require a species-spe-
cific base assessment since several studies find a
greater variability of triploids performance both with-
in and between families (Bonnet et al., 1999; Oppedal
et al., 2003; Taylor et al., 2012). According to Taylor
et al. (2012) triploids have also often been associated
with a wide range of morphological deformities such
as spinal deformity, lower jaw deformity, gill filament
deformity syndrome, and reduced gill surface area.
Also, they are less resilient to chronic stress (Benfey,
1999; Maxime, 2008; Fraser et al., 2012).

Black Sea trout (Salmo trutta labrax) is an oppor-
tunist ecotype native to the Eastern Black Sea coast
and rivers (Aksungur et al., 2011; Balta et al., 2017;
Bascinar and Basginar, 2008; Bascinar et al., 2005). It
is an anadromous salmonid species known to lack true
smoltification unlike salmon (Aksungur et al., 2011).
It moves to inshore brackish water under favourable
conditions, and pass to freshwater frequently without
waiting until general maturity unlike salmon (Aksun-
gur et al., 2011; Okumus et al., 2006). Salmo sp. has
been recognized as a new culture species for intensive
aquaculture in Turkey with 1302 tonnes of production
in 2022 (TURKSTAT, 2023).

This study aims to compare the performance of
triploid Black Sea trout relative to their diploid sib-
lings with the perspective of improving fish farming.
The present study assessed the growth performance
of triploid and diploid from fry through maturing (ju-
venile) Black Sea trout. Also, the carcass ratio, meat
yield, proximate composition, and fatty acid profile
of triploid and diploid Black Sea trout (for juvenile
fish only) were compared to determine any effects of
polyploidy on them.

MATERIALS AND METHODS

Acquisition of diploid and triploid Black Sea trout

The experimental fish were provided by the trout
hatchery through the Faculty of Marine Sciences,
Karadeniz Technical University. The hatchery strain
diploid Black Sea trout were produced by a proce-
dure similar to that used by Bas¢inar et al., (2010).
For the production of triploid fish, they immersed the
fertilized eggs (following 10-min post-fertilization)
in a water-bath (10 I) at shock temperature of 28 °C
with an exposure time of 10 min. Further details (in-
cluding triploidy confirmation tests) are provided in
Delihasan Sonay (2013).

Growth experiments

Three growth experiments were conducted to
compare the growth performances of triploid and dip-
loid Black Sea trout during their fry, fingerling, and
juvenile stages. A total of 180 fry (ranging 0.21 - 0.21
g, 1 month post hatched), 180 fingerlings (ranging
1.97 - 2.08 g, 4 months old) and 180 juvenile (rang-
ing from 52.15 - 57.81 g, +1-year-old) Black Sea
trout were used in this study. Each group had 50%
diploid and 50% triploid fish. The diploid and trip-
loid in each group were further subdivided into three
subgroups/replicates (1/3 of the total number of total
fish per replica), and each subgroup had either dip-
loid or triploid fish. Each subgroup of fry was stocked
into a fiberglass aquarium (~10 L), fingerlings into a
small tank (~100 L) and juvenile fish into a tank with
~250 L water volume. Each of them had a continu-
ous supply of freshwater and a bubble aeration system
to ensure oxygen saturation. The water temperature
was recorded daily (Figure 1). Triploid and diploid
fish were held in separate freshwater tanks for each
growth experiment.

The chemical composition of commercial pellets
used in the present study is given in Table 1. The fry
fish were handfed four times a day, while fingerling
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and juvenile fish were fed three times a day. After
each feeding, the uneaten pellets from each tank (as
well as the aquarium) were recovered and dried in an
oven to calculate the amount of meal consumed by
each subgroup (Bascinar et al., 2010). The growth
experiments were carried out for a duration 90 days
for the fry fish and 150 days for the fingerling and
juvenile fish.

Fish in each subgroup were individually weighed every
15 days of the growth trial. Also, the total length (7L) of
each fish was measured. Their growth performances were
assessed using the following equations:

Thermal-unit growth coefficient:

IGC= [(%1/3-VK1/3) / (temp.(°C) x t)] x100 (1)
Specific growth rate:

SGR = [(In(W,)-In(W,) /1 ] x 100 (2)
Condition factor:

CF=W/TL’) x100 (3)

Feed conversion rate
FCR = Feed eaten by fish / Weight gained by fish (4)

where W, is final and W, is the initial weight,  is
time (days) between Wfand W, TL is total length of
a fish.

Meat yield and chemical composition

Additional 120 juvenile fish (60 fish per diploid
and triploid groups) were taken for the evaluation of
carcass ratio, proximate composition, and fatty acid
analysis. They were reared in parallel to the juvenile
Black Sea trout assigned for the growth experiments,
and were stocked in two separate holding tanks hav-
ing a continuous supply of freshwater with a bubble
aeration system.

Carcass Ratio and Meat Yield

Ten juvenile fish per genetic group were randomly
selected after every 30 days for processing. The to-
tal length and weight of each fish was measured, and
the fins were separated following beheading of fish
together with gills. The fish was eviscerated by hand
and the ventral part was sheared, filleted and skin
from the edible muscle was removed. Consequent-
ly, the data collected for each fish included fish total
weight (W), carcass weight (Cw), head weight, go-
nads weight (Wg), and liver weight (WL) (Bosworth

et al., 2004; Sahin et al., 2011). An electronic digital
balance (XB4200C, Presica, Switzerland) was used to
measure the weights.

The gonadosomatic index (GSI) and hepatosomat-
ic index (HSI) were determined as:

GSI =100 x (W,/ W) (5)

HSI =100 < (W, /W) (6)
Proximate Compositions

The dry matter, total protein, total fat and ash con-
tents were analysed from a homogenized sample of
muscle prepared by using a meat chopper (grinder)
(Argelik, K-1631 P Valso Plus, 2.2 L capacity, Tiirki-
ye). Up to 5 g of this homogenized sample (per genet-
ic group) was kept in frozen storage at -40° C for fatty
acid profile analysis. All analyses were performed in
triplicate for such parameters. The AOAC (1995) stan-
dard reference method 985.14 was used for determin-
ing the dry matter, the AOAC (1980) method 7.009
for ash, the AOAC (1980) method 2.507 for total pro-
tein contents. Further details about these methods are
provided in Sahin et al., (2011), Caglak et al., (2017),
Tufan et al., (2018), Papachristou et al., (2021) and
Karsli et al., (2021) . The total fat contents were de-
termined by using a solvent extractor Velp SER 148/6
(Velp Scientifica, Milano, Italy) with petroleum ether
(130° C) as a solvent. The moisture contents were de-
termined from 2 g of fish muscle drying at 105° C for
24 hrs in the oven.

Fatty Acid Analysis (Analysis of fatty acid methyl
esters (FAME %))

The samples that had been previously frozen at
-40° C were defrosted at 4° C for 10 hrs prior to fat-
ty acid analysis (Tufan et al., 2018). The chloroform:
methanol (2:1, v/v) method of Bligh and Dyer (1959)
was used to extract fat. The fatty acid composition
was then determined using gas chromatography (Shi-
madzu 2010) equipped with an autosampler (Shimad-
zu, JAPAN), a split injector (ratio 1:20), and a flame
ionization detector (FID), in adherence to the proce-
dure described in Sahin et al., (2011) and Tufan et al.
(2018). The fatty acid composition of the commercial
pellets used to feed juvenile fish was also determined
through the same procedure (Table 4). Three replicate
gas chromatography analyses were performed for
each sample extract, and the results are expressed in
gas chromatography area % as mean values and the
standard deviation (SD).
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Statistical Analysis

The Sigma Plot 11.0 statistical program (SYSTAT
Software, Inc., San Jose, CA, USA) and Microsoft
Office Excel® software package program were used
to evaluate the data. The normal distribution of all
data was tested using the Shapiro-Wilk test. The data
was analysed using one-way ANOVA, and differenc-
es between groups were determined using Tukey’s
post-hoc test (p<0.05).

RESULTS

Growth performance

The data about the growth performances of fry,
fingerling, and juvenile Black Sea trout are presented
in Figure 2, 3, and 4. There was no significant varia-
tion in the growth performance of triploid and diploid
Black Sea trout fry at the end of the growth experi-
ment period. The triploid fingerling fish had signifi-
cantly higher final mean weight, TGC, and CF than
diploid, and showed no significant differences for fi-
nal total length, SGR, and FCR. Final weight, final
length, TGC, and SGR were significantly higher in
triploid juvenile fish than diploid siblings (Table 2).
Furthermore, the triploid juvenile fish had significant-
ly lower FCR than diploid siblings.

Head and carcass ratios

The head ratio to the total body weight of triploid
ranged from 9.6 + 0.9 to 12.8 £ 1.5, which was relatively
lower than diploid siblings. The percentage carcass ratio
of triploid juvenile fish to total body weight ranged from
74.6 £ 1.2 to 80.1 £+ 8.9, and from 65.0 £ 13.5 to 76.4 +
1.6 for diploid. The carcass ratios of triploid and diploid
Black Sea trout were found significant differences in the
last four months of the growth experiments.

GSI and HSI
The GSI of triploid was smaller than diploid sib-
lings, and showed significant differences in the last

three months of the growth experiments. Their HSI was
significantly higher than the diploid siblings (Table 3).

Carcass proximate composition

The data about the moisture contents, dry mat-
ter, total protein, total fat and ash contents for trip-
loid and diploid juvenile fish are provided in Table
3. In the majority of cases, no significant differences
were observed in the moisture contents, dry matter,
total protein and ash contents of triploid and diploid.
However, their total fat contents differed significantly
throughout the study and the highest values of total fat
contents were recorded for triploid fish.

Fatty acid methyl esters (FAME %)

Table 4 represents the fatty acid profile of triploid
and diploid juvenile fish as FAME%. The highest value
of XSFA was found for triploid as 24.19% (+ 0.15) in
July and for diploid as 23.62% (£ 0.23) in June. The
YSFA of triploid and diploid juvenile fish showed no
significant differences during June, August, October
and November. Their ) MUFA also showed no sig-
nificant variation during June, July, October and No-
vember. The highest ) MUFA was observed in triploid
juvenile fish during August and September which sig-
nificantly differed from diploid siblings. Also, > PUFA
contents of triploid and diploid did not show significant
differences throughout the study except in August. The
highest > PUFA contents was recorded for diploid ju-
venile fish in August, which differed significantly from
the > PUFA contents of triploid siblings. With regards
to EPA+DHA, their highest values were recorded in
diploid fish during August and September (p<0.05).
Furthermore, the >n3/3n6 ratio of triploid and dip-
loid juvenile fish showed no significant differences
throughout this study. The Y n6/Yn3 ratio of triploid
and diploid juvenile fish also did not show significant
differences except in September where triploid fish had
the highest value of >'n6/) n3 than diploid siblings.
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Figure 1: The water temperature profile over the studied period present as mean = S.D.
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Figure 2: Mean (+ S.D.) values of live body weight, total length, feed conversion rate (FCR), specific growth rate (SGR), thermal-unit
growth coefficient (TGC) and condition factor (CF) of fry triploid (m) and diploid (m) black sea trout Salmo trutta labrax
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Figure 3: Mean (+ S.D.) values of live body weight, total length, feed conversion rate (FCR), specific growth rate (SGR), thermal-unit
growth coefficient (TGC) and condition factor (CF) of fingerling triploid (m) and diploid (m) black sea trout Salmo trutta labrax.
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Figure 4: Mean (+ S.D.) values of live body weight, total length, feed conversion rate (FCR), specific growth rate (SGR), thermal-unit
growth coefficient (TGC) and condition factor (CF) of juvenile triploid (m) and diploid (m) black sea trout Salmo trutta labrax.
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Table 1: Main ingredients of commercial pellets fed to diploid and triploid Black Sea trout Salmo trutta labrax

Ingredient (%) Fry feed Fingerling feed *Juvenile fish feed
Crude protein 55.0 50.0 44.0
Crude fat 10.0 18.0 18.0
Fibre 1.3 2.5 3.5
Ash 11.0 10.0 10.0
Moisture 12.0 10.0 10.0

*Fatty acid profile is given in Table 4

Table 2: Mean (+ S.D.) values of thermal-unit growth coefficient (TGC), specific growth rate (SGR), condition factor (CF) and feed
conversion rate (FCR) for triploid and diploid siblings of Black Sea trout (Salmo trutta labrax) fed on commercial pellets.

FRY FINGERLING JUVENILE FISH
PARAMETER Triploid Diploid Triploid Diploid Triploid Diploid

Wi (g) 0.21+0.01 0.21+0.01 2.08+0.02 1.97+0.03 57.81 +0.64 5215+ 0.94
Wt (g) 2574023 2.68+0.16  48.00+0.862 45.05+0.094  175.46+ 15.85B 130.90 + 10.02B
Li (cm) 3.07+0.06 3.03 +0.06 583+025 583+0.15 17.30 + 0.42 16.87 +0.15
Lf (cm) 6.37+£0.21 6.40+0.10 1540+0.18  15.69+0.19 2465+092B  22.17+0.67B
TGC 0.07+0.01 0.07+0.01 0.80+0.01A 0.57+0.01A 1.58+0.18B 1.03+0.13B
SGR 2.78 £0.09 2.81+0.07 221+0.08  222+0.09 0.82 +0.06B 0.65 + 0.06B
CF 0.99 +0.01 1.02+0.02 1.32+£0.05A4 1.22+0.03A 1.17+0.03 1.20+0.03
FCR 0.92+0.01 0.89 +0.02 0.86+0.07  0.92+0.01 0.96+0.15B 1.45+0.15B

The subscript uppercase letters (A for fingerling, B for juvenile fish) in the same row represent significant differences between
triploid and diploid for the same group (p<0.05). Wi; initial weight, WT; final weight, Li; initial length, Lf; final length

Table 3: Mean (+ S.D.) values of head weight (%), carcass ratio (%), proximate composition of carcass, gonadosomatic index (GSI)
and hepatosomatic index (HSI) of triploid and diploid siblings of Black Sea trout (Sa/mo trutta labrax) fed on commercial pellets.

PROXIMATE COMPOSITION
Month Head weight  Carcass ratio Dry matter Protein Fat Ash GSI HSI
(%) (%) Moisture (%) (%) (%) (%) (%) (%) (%)

Triploid 10.17 + 0728 76.84 + 1.648 76384023 23.62+023 18.53+0.14% 3.50+0077 1.5240.02 0.16 =£0.09 1.17+0.14

June A A A A

Diploid  13.03 £ 1114 73.26 + 1.93 75922041 24074041 20.53+0.11% 2.59+005% 1.64+£006  0.13£0.12  122£020

Triploid  9.64+0.88% 7692106  73.64+032B 2566+0.66 19504057 4.79+0.148 1584005 0174020 13240208
July

Diploid 1228 +1.068 7644161 76590778 23.41+077 18.03+047 277+0.10B 1664035  0.14£010  1.030.24B

Triploid  10.930.81  76.71£9.19C  7891£025 21.06+025 17.59+096 3.00£023C 129£001C  0.13£0.10  1.76+0.17C
August

Diploid  11.80+237 64.98=13.53C  77.93£021 22.08+021 18.61+0.54 225+0.03C 1.57+001C 0174010 1.20+0.12C

Triploid 10930772 74571230 76874027 23132027 19284029 3.81+0.120 141£000 0.18+009° 1.88=020P
September D D D D D

Diploid  12.31+1.09P  72.39 + 1.60 7768025 22324025 2040+044 2.11=0010 143008  092+0.09° 1.48+029

Triploid  10.89+ 1.02F 7938 £6.57F  7627£0.12 23.76+0.15 19454007 4.07+0.08F 1264001  027+0.04F 1.89+021F
October

Diploid 12.98=2.84F 7448+ 1.79F  7587+037 24.13+037 19.64+0.03 237+022F 1334008  1.03x1.11E  151+023F

Triploid  12.81+1.47  80.06+8.90F  75.80%0.09F 24.20+0.09F 20404046 4.08+001F 146+001F 073=x0.10F  1.81+034F
November

Diploid 1321209 74.16+147F  78.19=0.15" 21.81+0.15F 19.11£079 226=0.10F 1.67+002F 162+243F 151+x035F

n: 3, the subscript uppercase letters (A, B, C, D, E, F) in the same column represent significant differences between triploid and
diploid for the same month (p<0.05).
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Table 4: Comparison of the fatty acid profiles (% total FAME) of triploid and diploid siblings of Black Sea trout (Salmo trutta labrax)
fed on commercial pellets. The fatty acid profile of commercial pellets is also provided.

Fatty
Acids

C4:0
C6:0
C8:0
C10:0
Cl11:0
C12:0
Cl13:0
C14:0
Cl15:0
Cl16:0
C17:0
Cl18:0
C€20:0
C21:0
C€22:0
C€23:0
C24:0

> SFA
Cl4:1
Cl15:1
Cl6:1
C17:1
C18:1n9
C20:1
C22:1n9
C24:1
SMUFA
C18:2n6
C18:3n3
C18:3n6
C20:2
C20:3n3
C20:3n6
C20:5n3
C22:2
C22:6n3
> PUFA
EPA+DHA
>n3
>n6
>n3/yn6
>'n6/yn3
Other

Commercial
feeds

0.01 +0.00

0.00 = 0.00

0.01 +0.00

0.01 +0.00

0.00 = 0.00

0.05 +0.00

0.04 +0.00

4.14+0.01

0.00 + 0.00

18.16 +0.02

0.38+0.01

4.52+£0.02

0.70 + 0.00

0.04 =0.00

0.01 +0.00

0.02 +0.00

0.16 =0.00

28.26 +0.04

0.65 +0.00

0.01+0.00

3.65+0.00

0.01 +0.00

20.50£0.08

0.07 +0.00

0.63 +0.00

0.03 +0.00

25.55+0.08

15.89 +0.06

2.28+0.01

0.66 = 0.00

0.01 +0.00

0.16 +0.00

0.11 £0.01

6.08 +0.05

0.02 +0.00

9.53+0.17

34.74+0.31

15.62+0.23

18.06 £ 0.24

16.65 £ 0.07

1.08 +0.01

0.92+0.01

11.45+0.43

JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER
Triploid Diploid Triploid Diploid Triploid Diploid Triploid Diploid Triploid Diploid Triploid Diploid
0024002 003+000  006+003 0054001  004£003 002£002 008003 004+000 007001 008£001 013011 006005
0024000 002£000  002£000 0024000  002£000 002£000  003£000 003000 0032000 003£000 0.02%0.00 0.2 000
0024000 0024000 0024000 0024000 0.02%000C 0.02%000C 0024000 0024000 0024000 002£000 001000 0.010.00
2142006 2172002 226=014 2012011 201010 1.64=000C 2194000 140£021° 1922007 1902012 175007 157003
004004 007£000  006£001 004005  007£000 006001  005£003 004001 0052001 005£000 0.01=000" 0.04+000"
15894047 1600009 16.55+0205 1507+030% 16084057 15874031 13984002 15.04+093  1435+0.17 14224017 13.09£003 12.70+0.26
0255000 026+000  027=000 0274002 0272000 026001 024000 0222000° 0212000 0212001 0.19%0.00 0.18=0.01
4374026 4584014 4574010 4484008  475:020 S514£015 4342002 513068  427£009 442:004  407£010 433£0.17
0344002 032+001  026+003 0294002  023£001 021£001  025£000 0194005  001+000" 003+000F 0024000 003000
0022000 0022000 0032001 0.02£001  002£000 0025000  002£001  002£000  0.01=000 002£000 002000 0.020.00
001000 001£001 0012000 0014000  001£000 001£000  001£000 001000 001000 00120005 0022000 001000
0034000 0034000 0014000 0014000  003+000 003£000 0.01+000° 003+000° 0022000 0022000 0.01+0.00" 0.04=000"
0.10£0.00 0.11£0.03  009=001 0094001 008000 008000 0.09+000° 008+0.00° 0072001 0082000 007000 007=001
23244061 23.62£023 24.19+0.15° 22402037% 23624024 23384002 19.70+0.19° 22.6440.17° 21054035 21084026 1941016 19.10+0.41
0.03+0.00™ 0.02+000%  0.04+0005 00140008  0.03£000C 0024000 003+000° 0024000  0.03=0.00F 0020005 0.03+0.00F 002+000"
021£000™ 0374001 02240018 0342002 0212001¢ 0302000  0.192001° 0.14+000°  0172001% 029+001% 0150007 0.14+0.00"
280+0.03 2544002  265+014 2444001  250+008C 1880040 2610020 17140030 2362010 2322009 2224007 191004
0014001 004+000  001+001 0014000  004£004 006=000  001£000 003+003  001£000 001+000 0.01%0.00 004005
24404039 2341021 2283064 2346+0.12 23.05+028C 2086+0.52C 259740670 223840397 24544096 24.78=0.06 25.07+0.04" 23.03+031"
005+000 0044001  005£0.00 0.05£000  005+000 004+000 0050000 004+000° 004£000 005+000 005000 0.050.00
0584009 051+001 0712008 0764001  089+006° 111002° 06640017 12640032 075£005 0802005 075004 088005
0032001 0032001 0032000 004000 004000 0032000C 004£000 0.04+000  0.03£000 003£000 0.03=0.00 0.03 0.0
28424045 2697020 2689072 2711010 27.11£028C 24332051 208640727 25610417  282040.15 283140.00 28.55+0.19 27.10+0.383
21174097 2101061 1803087 20514044 17054062 17424064 19344027 1670193 17754067 1761006 19.05+051 18.23+0.12
2034012 1934008 1844009 1864006 1674006 155+001 20940010 17240097 3164021 39820125 34420307 2242011F
1284004 113£001% 1192003 1152000  1462009C 1142001C 1844001 1564016 1554006 1454002 1794016 1.57+0.08
013002 017£001 0162001 016001  017£000 010£000  017£001  015£000  015£000 016£001 014000 0.140.00
0204000 0214000 021+000% 011+001% 0212000 017£000C 0254000 021+001° 028001 0294000 0304000 032001
040+0.02% 0.17£006" 0342000 0414002 0424000 0404001 0644007 057£0.01  066+0.03 065003  0.71£004 0.680.03
1702007 173001 2014008 217+011  2372008C 2782004C 19420042 28340060 2162015 2224005 219£016 2.36%0.06
0024000 0.01+000" 0024000 002000 002+000° 001+000° 002+000° 001+000° 0.01+000% 0.02000° 001+000 0.02+0.00
11984082 12714056 14.65+086 1430£023 1554089 1848=0.08 114420210 18.16+0.687 14294010 1288057 13214055 14.25+0.54
3882079 39.06%0.17 3846+0.04 40.75+086 38.80+039C 42.05+060C 37.62£058 41914041 3989026 39.27+084 40.66=0.80 41.810.50
13.6840.89 1444057 16774094 16474034 179140.98C 212640040 133840250 209940547 16444025 15104062 152940.12 16.61+0.60
15924 1.77 16584050 1882085 18514040 19.79+0.92C 229840060 157240270 229240467 1989+ 1.03 1938074 19044142 21.17%0.51
22854095 2230067 1957090 22.06+046 18934053 189740.66 21824032 1882025 20004077 19.7240.10 21.56+0.62 20.47=0.01
070011 0744004  096+009 0844000  105+008 121005  072£000 1244032 100009 098+003 088+0.09 103002
1454022 1354008  1.04£009 1194000  096+0.07 083003 1392000 084=002° 1012009 1022003 1142012 097002
9.53£095 1035+0.13 1046+061 0.74+034 1046075 1024100 1283282 9.84=238  10.85+131 1135£059 1138045  12.00£0.29

Mean + SD, n: 3, the subscript uppercase letters (A, B, C, D, E, F) in the same row represent significant differences between triploid
and diploid for the same month (p<0.05)
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DISCUSSION

In this study, the growth rate of sexually imma-
ture (fry and fingerling) triploid and diploid Black
Sea trout were identical. The identical growth rate of
immature triploid and diploid fish was also reported
by Gervai et al., (1980) for carp (Cyprinus carpio),
Oliva-Teles and Kaushik (1990) and Teuscher et al.,
(2003) for rainbow trout (Oncorhynchus mykiss), Fast
et al., (1995) for Asian Catfish (Clarias macrocepha-
lus), and Galbreath and Thorgaard (1997) for Atlantic
salmon (Salmo salar). Such results suggest no meta-
bolic advantage resulting from triploidy before sexual
maturation (Koedprang and Na-Nakorn, 2000). The
growth rate of juvenile triploid Black Sea trout was
significantly higher than diploid siblings, which is in
line with the findings of Purdom (1976) for Flatfish
species, Thorgaard and Gall (1979) adult rainbow
trout, and Wolters et al. (1982) for channel catfish (/c-
talurus punctatus). Generally, triploids are expected
to grow faster compared to their diploid siblings as
they have more genes (33%), larger nuclei and cells
size, and usually no energy allocation to developing
gonads (Manor et al., 2012; Maxime, 2008). De-
spite these facts, several studies have reported lower
growth rates of triploids than diploids (Cassani and
Caton, 1986; Galbreath et al., 1994; McGeachy et al.,
1995; Sacobie et al., 2015) or no significant differ-
ences in their growth rates (Kim et al., 1994; Hussain
et al., 1995; McGeachy et al., 1996). However, this
may not necessarily mean that triploids grow less effi-
ciently than diploid as these studies raised both ploidy
groups communally. Since, triploids are generally less
aggressive and outcompeted by their diploid counter-
parts for food (cited in Maxime, 2008) and these be-
havioural differences may lead to the lower growth
rate of triploids than diploids siblings (Cassani and
Caton, 1986; Lincoln and Bye, 1987). According to
Sacobie et al., (2015) triploids may divert more of
their digestible energy to cope with stress (Benfey,
1999; Fraser et al., 2012; Maxime, 2008) negatively
affecting their overall growth.

A significant effect of triploidy on the fat contents
of Black Sea trout was observed throughout the study,
which is consistent with previous studies (Manor
et al., 2012; Poontawee et al., 2007; Sacobie et al.,
2015; Werner et al., 2008). Triploid Black Sea trout
had significantly higher fat contents than diploid sib-
lings, which is also in line with the results of previous
studies (Aussanasuwannakul et al., 2011; Poontawee
et al., 2007; Taylor et al., 2013).

Higher carcass ratio of triploids may be due to
more fat deposits (Koedprang and Na-Nakorn, 2000).
In this study, the percent carcass ratio of triploid and
diploid Black Sea trout was showed significant dif-
ferences in the last four months of this study (higher
than diploid by ~5.9%). These findings are consistent
with those reported by Poontawee et al. (2007) in
rainbow trout (higher than diploid by 14%). In con-
trast to these results, no significant differences were
reported for carcass percentages of diploid and trip-
loid Thai silver barb, Puntius gonionotus (Koedprang
and Na-Nakorn, 2000).

This study recorded no consistent effects of trip-
loidy on moisture contents, dry matter, total protein
and ash contents, and they appeared to be similar
between triploid and diploid Black Sea trout. These
findings are consistent with the results of previous
studies reporting no effects of triploidy on the prox-
imate composition of rainbow trout (Muller-Belecke
et al., 2006) and Masu Salmon (O. masou) (Wang et
al., 2015). Furthermore, consistent with our findings,
several studies have reported smaller values of GSI
for triploids in comparison to the diploids siblings
(Henken et al., 1987; Johnson et al., 1986; Kizak et
al., 2013; Koedprang and Na-Nakorn, 2000; Lincoln
and Scott, 1983; Lincoln and Scott, 1984; Segato et
al., 2006; Werner et al., 2008).

CONCLUSIONS

The results of this study evinced no metabolic ad-
vantage resulting from triploidy before sexual mat-
uration of fish. However, a better growth rate was
observed in maturing triploid Black Sea trout than
their diploid counterparts. Their higher weight gain
and carcass ratio might be due to higher fat content,
and smaller GSI values. Except the fat contents, the
proximate composition and fatty acid profiles were
generally found similar between triploid and diploid
revealing no effects of triploidy on the proximate
composition. Hence, the results of this study suggest
considering triploid Black Sea trout by fish farmer for
their better growth rate than diploid with same mus-
cle qualities and nutritional values provided by their
diploid counterparts.

ACKNOWLEDGEMENTS

This study was funded by Scientific Research Proj-
ects (BAP) Commission of Karadeniz Technical Uni-
versity (grant number: 2009.117.001.5). The authors
owe their thanks to Prof. Dr. Sevim KOSE, Prof. Dr.
Serkan KORAL, Assoc. Prof. Dr. Bekir TUFAN and

JHELLENIC VET MED SOC 2024, 75 (2)
TIEKE 2024, 75 (2)



F. D. SONAY, N. BASCINAR, S. AKHAN

7245

Assoc. Prof. Dr. Barig KARSLI for their assistance in
this study. All applicable international, national and
institutional guidelines for the care and use of animals
were followed in this study.

CONFLICT OF INTEREST
The authors declare that they have no conflict of
interest.

REFERENCES

Akhan S, Delihasan Sonay F, Okumus I, Kése O, Yandi I (2011) Inter-
specific hybridization between Black Sea trout (Salmo labrax Pallas,
1814) and rainbow trout (Oncorhynchus mykiss Walbaum, 1792).
Aquaculture Research 42(11):1632-1638.

Aksungur M, Zengin M, Tabak I, Aksungur N, Alkan A (2011) Migration
characteristics of the Black Sea trout (Salmo trutta labrax, Pallas,
1814) in the Eastern Black Sea coasts and streams. Turkish Journal of
Fisheries and Aquatic Sciences 11(4):623-630.

AOAC (1980) Official methods of analysis. Association of Official An-
alytical Chemists. Official methods, 13th edition, 7.009. and 2.507.
Washington, DC

AOAC (1995) Official methods of analysis. Association of Official Ana-
lytical Chemists. Official methods, 985.14. Gaithersburg, MD.

Aussanasuwannakul A, Kenney PB, Weber GM, Yao J, Slider, SD, Manor
ML, Salem M (2011) Effect of sexual maturation on growth, fillet
composition, and texture of female rainbow trout (Oncorhynchus my-
kiss) on a high nutritional plane. Aquaculture 317:(1-4), 79-88.

Balta ZD, Akhan S, Balta, F (2017) The physiological stress response to
acute thermal exposure inBlack Sea trout (Salmo trutta labrax Pal-
las, 1814). Turkish Journal of Veterinary & Animal Sciences (41:3),
400-406.

Bagcmar N, Aksungur N, Cakmak E (2005) Yolk sac consumption and
growth rates of Black Sea trout alevins (Salmo trutta labrax Pallas,
1811) at three different water temperature regimes. Ege University
Journal of Fisheries & Aquatic Sciences 22 (3-4): 403-406. (In Turk-
ish).

Baggmar NS, Bas¢mar N (2008) A comparing study on feeding of black
sea trout larvae (Salmo trutta labrax Pallas, 1811) with artemia and
granule. Journal of Fisheries Science.com 2(3):447-456. (In Turkish).

Bascinar N, Kocabas M, Atasaral Sahin S, Okumus I (2010) Comparison
of hatching performances and yolk sac absorptions of Black Sea trout
(Salmo trutta labrax Pallas, 1811), brook trout (Salvelinus fontinalis
Mitchill, 1814) and their hybrid. Journal of the Faculty of Veterinary
Medicine, Kafkas University, 16:205-209.

Benfey TJ (1999) The physiology and behavior of triploid fishes. Reviews
in Fisheries Science 7(1):39-67.

Bligh EG, Dyer WJ (1959) A rapid method of total lipid extraction and pu-
rification. Canadian Journal of Biochemistry and Physiology 37:911-
917.

Bonnet S, Haffray P, Blanc JM, Vallée F, Vauchez C, Fauré A, Fauconneau
B (1999) Genetic variation in growth parameters until commercial
size in diploid and triploid freshwater rainbow trout (Oncorhynchus
mykiss) and seawater brown trout (Sa/mo trutta). Aquaculture 173(1-
4):359-375.

Bosworth BG, Wolters WR, Silva JL, Chamul RS, Park S (2004) Compar-
ison of production, meat yield, and meat quality traits of NWAC103
line channel catfish, Norris line channel catfish, and female channel
catfish x male blue catfish F1 hybrids. North American Journal of
Aquaculture 66(3):177-183.

Cassani J, Caton W (1986) Growth comparisons of diploid and triploid
grass carp under varying conditions. The Progressive Fish-Culturist
48(3):184-187.

Caglak E, Karsli B, Sismanlar Altikaya E (2017) Investigation of Qual-
ity Change of Zander (Sander lucioperca Linnaeus, 1758) Stored at
+2+1 °C Applying Sous-Vide Technique in Different Temperature
Combinations. Yunus Research Bulletin 1, 71-81.

Delihasan Sonay F (2013) Karadeniz Alabaligi (Salmo trutta labrax Pal-
las, 1811) Uretimi ve Biiyiime Potansiyeli ve Et Kalitesinin Belirlen-

mesi. PhD Thesis, Karadeniz Technical University, Trabzon Turkey,
2013.

Fast AW, Pewnim T, Keawtabtim R, Saijit R, Te FT, Vejaratpimol R,
(1995) Comparative growth of diploid and triploid Asian catfish Clar-
ias macrocephalus in Thailand. Journal of the World Aquaculture So-
ciety 26(4):390-395.

Fraser TW, Fjelldal PG, Hansen T, Mayer I (2012) Welfare considerations
of triploid fish. Reviews in Fisheries Science 20(4):192-211.

Galbreath PF, Jean WS, Anderson V, Thorgaard GH (1994) Freshwater
performance of all-female diploid and triploid Atlantic salmon. Aqua-
culture 128(1-2):41-49.

Galbreath PF, Thorgaard GH (1997) Saltwater performance of triploid
Atlantic salmon Salmo salar L. brown trout Salmo trutta L. hybrids.
Aquaculture Research 28(1):1-8.

Gervai J, Pater S, Nagy A, Horvath L, Csényi V (1980) Induced triploidy
in carp, Cyprinus carpio L. Journal of Fish Biology 17(6):667-671.

Henken A, Brunink A, Richter C (1987) Differences in growth rate and
feed utilization between diploid and triploid African catfish, Clarias
gariepinus (Burchell 1822). Aquaculture 63(1-4):233-242.

Hussain MG, Rao GPS, Humayun NM, Randall CF, Penman DJ, Kime
D, Bromage NR, Myers JM, McAndrew B (1995) Comparative per-
formance of growth, biochemical composition and endocrine profiles
in diploid and triploid tilapia Oreochromis niloticus L. Aquaculture
138(1-4):87-97.

ICES (1991) ICES, report of the study group on genetic risks to Atlantic
salmon stocks. from ICES CM M 3:1-28

Johnson OW, Dickhoff WW, Utter FM (1986) Comparative growth and
development of diploid and triploid coho salmon, Oncorhynchus
kisutch. Aquaculture 57(1-4):329-336.

Karsli B, Caglak E, Kilig O (2021) Application of black cumin and green
tea extracts and oils for microbiological, physicochemical, textural
and sensorial quality of vacuum packaged rainbow trout fillets stored
at+2+1° C). Journal of Aquatic Food Product Technology 30(3):271-
282.

Kizak V, Giner Y, Tirel M, Kayimm M (2013) Comparison of growth
performance, gonadal structure and erythrocyte size in triploid and
diploid brown trout (Salmo trutta fario L, 1758). Turkish Journal of
Fisheries and Aquatic Sciences 13(4):571-580.

Kim DS, Jo JY, Lee TY (1994) Induction of triploidy in mud loach (Mis-
gurnus mizolepis) and its effect on gonad development and growth.
Aquaculture 120(3-4):263-270.

Koedprang W, Na-Nakorn U (2000) Preliminary study on performance
of triploid Thai silver barb, Puntius gonionotus. Aquaculture 190(3-
4):211-221.

Lincoln R, Scott A (1983) Production of all-female triploid rainbow trout.
Aquaculture 30(1-4):375-380.

Lincoln R, Scott A (1984) Sexual maturation in triploid rainbow trout,
Salmo gairdneri Richardson. Journal of Fish Biology 25(4):385-392.

Lincoln RF, Bye VI (1987) Growth rates of diploid and triploid rainbow
trout (Salmo gairdneri R.) over the spawning season. Paper presented
at the Proceedings of the Third International Symposium on Repro-
ductive Physiology of Fish.

Manor ML, Weber GM, Salem M, Yao J, Aussanasuwannakul A, Ken-
ney PB (2012) Effect of sexual maturation and triploidy on chemical
composition and fatty acid content of energy stores in female rainbow
trout, Oncorhynchus mykiss. Aquaculture 364:312-321.

Maxime V (2008) The physiology of triploid fish: current knowledge and
comparisons with diploid fish. Fish and Fisheries 9(1), 67-78.

JHELLENIC VET MED SOC 2024, 75 (2)
TIEKE 2024, 75 (2)



7246

F. D. SONAY, N. BASCINAR, S. AKHAN

McGeachy SA, Benfey T, Friars G, (1995) Freshwater performance of
triploid Atlantic salmon (Salmo salar) in New Brunswick aquacul-
ture. Aquaculture 137(1-4), 333-341.

McGeachy S, O’Flynn F, Benfey T, Friars G (1996) Seawater perfor-
mance of triploid Atlantic salmon in New Brunswick aquaculture.
Bulletin-Aquaculture association of Canada, 24-28.

Muller-Belecke A, Gebhardt S, Werner C, Poontawee K, Wicke M, Horst-
gen-Schwark G (2006) Comparison of growth and carcass compo-
sition of diploid and triploid pan-size rainbow trout (Oncorhynchus
mykiss) under farm conditions. Zuchtungskunde 78(2):129-135.

NASCO (Producer) (1991) Guidelines to Minimise the Threats to Wild
Salmon Stocks from Salmon Aquaculture.

Okumus I, Kurtoglu I, Atasaral S, (2006) General overview of Turkish sea
trout (Salmo trutta L.) populations. Sea trout: Biology, Conservation
and Management 115-127.

Oliva-Teles A, Kaushik S (1990) Growth and nutrient utilization by ot
and 17 triploid rainbow trout, Oncorhynchus mykiss. Journal of Fish
Biology 37(1):125-133.

Oppedal F, Taranger GL, Hansen T (2003) Growth performance and sex-
ual maturation in diploid and triploid Atlantic salmon (Sal/mo salar
L.) in seawater tanks exposed to continuous light or simulated natural
photoperiod. Aquaculture 215(1-4):145-162.

Papachristou E, Tyrpenou AE, Kastritsi-Katharios I, Kotzamanis Y (2021)
Proximate Composition and Amino Acid Profile of the Edible Muscle
of European Crayfish Astacus astacus L. Inhabiting the Orchomenos
Region in Central Greece. Austin J Nutri Food Sci. 9(1):1152.

Piferrer F, Beaumont A, Falguiére JC, Flajshans M, Haffray P, Colombo L
(2009) Polyploid fish and shellfish: production, biology and applica-
tions to aquaculture for performance improvement and genetic con-
tainment. Aquaculture: 293(3-4):125-156.

Poontawee K, Werner C, Miiller-Belecke A, Horstgen-Schwark G, Wicke
M (2007) Flesh qualities and muscle fiber characteristics in triploid
and diploid rainbow trout. Journal of Applied Ichthyology 23(3):273-
275.

Purdom C (1976) Genetic techniques in flatfish culture. Journal of the
Fisheries Board of Canada 33(4):1088-1093.

Sacobie C, Burke H, Lall S, Benfey T (2015) The effect of dietary ener-
gy level on growth and nutrient utilization by juvenile diploid and
triploid brook charr, Salvelinus fontinalis. Aquaculture Nutrition
22(5):1091-1100.

Segato S, Bertotto D, Fasolato L, Francescon A, Barbaro A, Corato A
(20006) Effects of triploidy on feed efficiency, morphometric indexes

and chemical composition of shi drum, Umbrina cirrosa L. Aquacul-
ture Research 37(1):71-77.

Sahin SA, Bas¢mnar N, Kocabas M, Tufan B, Kose S, Okumus 1 (2011)
Evaluation of meat yield, proximate composition and fatty acid pro-
file of cultured brook trout (Salvelinus fontinalis Mitchill, 1814) and
Black Sea Trout (Salmo trutta labrax Pallas, 1811) in comparison
with their hybrid. Turkish Journal of Fisheries and Aquatic Sciences
11(2):261-271.

Taylor J, Leclercq E, Preston AC, Guy D, Migaud H (2012) Parr-smolt
transformation in out-of-season triploid Atlantic salmon (Sa/mo salar
L.). Aquaculture 362:255-263.

Taylor JF, Sambraus F, Mota-Velasco J, Guy DR, Hamilton A, Hunter D,
Corrigan D, Migaud H (2013) Ploidy and family effects on Atlantic
salmon (Salmo salar) growth, deformity and harvest quality during a
full commercial production cycle. Aquaculture 410:41-50.

Teuscher DM, Schill DJ, Megargle DJ, Dillon JC (2003) Relative survival
and growth of triploid and diploid rainbow trout in two Idaho reser-
voirs. North American Journal of Fisheries Management 23(3):983-
988.

Thorgaard GH, Gall GA (1979) Adult triploids in a rainbow trout family.
Genetics 93(4):961-973.

Tiwary BK, Kirubagaran R, Ray AK (2004) The biology of triploid fish.
Reviews in Fish Biology and Fisheries 14(4):391-402.

Tufan B, Misir GB, Kose S (2018) Comparison of Seasonal Fatty Acid
Composition in Relation to Nutritional Value of Three Commercial
Fish Species Caught From Different Zones of Eastern Black Sea.
Aquatic Sciences and Engineering 33(1):11-19.

TURKSTAT (2023) Turkish Statistical Institute, Fisheries Statistics 2023.
In: http://www.turkstat.gov.tr/PreTablo.do?alt id=1005 (last ac-
cessed 12/03/2024).

Wang C-a, Xu Q-y, Bai Q-1, Yin J-s, Jia Z-h (2015) Comparison of growth
performances, nutritional composition in muscle of diploid and trip-
loid masu salmon (Oncorhynchus masou B., 1856). Turkish Journal
of Fisheries and Aquatic Sciences 15(1):127-135.

Werner C, Poontawee K, Mueller-Belecke A, Hoerstgen-Schwark G,
Wicke M (2008) Flesh characteristics of pan-size triploid and dip-
loid rainbow trout (Oncorhynchus mykiss) reared in a commercial fish
farm. Archives Animal Breeding 51(1):71-83.

Wolters WR, Libey GS, Chrisman CL (1982) Effect of triploidy on growth
and gonad development of channel catfish. Transactions of the Amer-
ican Fisheries Society 111(1):102-105.

J HELLENIC VET MED SOC 2024, 75 (2)
TIEKE 2024, 75 (2)


http://www.tcpdf.org

