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ABSTRACT : A comparison of the growth, hematological values, fatty acids, and gonadal and growth hormonal changes of
river puffer, Takifugu obscurus, tiger puffer, T. rubripes, their hybrids (river puffer × tiger puffer) and hybrid triploids was performed during 3 months of their early growth period. Several features were observed during these 3 months: hybrids showed
the highest levels of specific growth rate, 1.48%; hybrid triploids showed the smallest change in viscera fat (P<0.05), but GSI
was not significantly different among groups (P>0.05). Considering hematological parameters, hybrid triploids had increased
mean corpuscular volume and mean corpuscular hemoglobin (P<0.05), but other parameters were not significantly different
between groups (P>0.05). With respect to fatty acids, puffer fish, hybrids and hybrid triploids contained fatty acids such as
SFAs, MUFAs, n-3 PUFAs and n-6 PUFAs. There were significantly different amounts of total fatty acids between groups
(P<0.05), however, rates of changes in fatty acids did not differ significantly between groups (P>0.05). Gonadal hormone (estradiol and testosterone) changes in the river puffer and tiger puffer were significantly higher than that observed in hybrids
and hybrid triploids. The hybrids and tiger puffers had higher amounts of growth hormone (thyroid stimulating hormone and
thyroxine) than the hybrid triploids and river puffers (P<0.05).
Key words : Fatty acid, Hematological parameter, Hormone, Hybrid, Hybrid triploid, River puffer, Tiger puffer

INTRODUCTION

species of fish (Chevassus, 1979; Nam et al., 2004; Rahman et al., 2005). Induction of hybridization in aquaculture

The aquaculture industry has progressed significantly in

is the combining of genomes to obtain a different genome

providing commercial benefits in discoveries of valuable

which will have desirable elements of the haploid sets of

species which have rapid growth and excellent flesh quali-

the parental species (Chevassus et al., 1983; Nam et al.,

ty (Chevassus, 1979, 1983; Ueno et al., 1986). Hybridiza-

2004; Rahman et al., 2005). Heterosis combines the bene-

tion has been long utilized (Chevassus, 1979) to produce

ficial traits from both parental species such as improved

traits in hybrids that are superior to those of the parental

resistance to disease and changed aquatic environment

species, and now it has been successfully applied to many

(Chevassus et al., 1983; Rahman et al., 2005).
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Ploidy manipulation has been extended to exploit poly-

in the early growth of hybrids and triploids in the larval

ploidy production methods in aquaculture (Scheerer &

stage, large differences in growth rates were observed after

Thorgaard, 1983; Thorgaard, 1986; Ueno et al., 1986). The

reaching the adult stage (Rahi & Shah, 2012).

induction of triploids has been used to generate sterility for

Hematological parameters can be indicators of health

applications in commercial farming and fishery manage-

status and stress (Verdegem et al., 1997). Erythrocyte num-

ment (Benfey, 1999; Felip et al., 2001; Feindel et al., 2011).

bers can indicate the existence of anemia or stress polycy-

Triploidy focuses on somatic growth instead of sexual

themia, whereas leucocyte counts may reveal leucopenia

maturation, thus impairing gametogenesis, retarding gonad

or leucocytosis, which may confirm possible alterations in

development and restricting reproduction (Thorgaard, 1986;

immune function (Huffman et al., 1997). Erythrocyte num-

Nam et al., 2004; Feindel et al., 2011; Yoo et al., 2016). Addi-

bers and size will also confirm the diploid and triploid sta-

tionally, sterility in triploids may be used to prevent the

tus (Park & Kim, 2000; Goo et al., 2015). The fatty acid

decline in flesh quality associated with sexual maturation

composition of fish lipids is influenced by external and

(Wang et al., 2015). However, survival and growth rates in

internal factors, for example, fish species, trophic aspects

the early life stages are substantially lower in triploids

and aquatic environment (Farkas et al., 1978).

compared with diploids (Thorgaard, 1986; Sutterlin et al.,

Most domestic puffer fish are imported from other coun-

1987), and triploids appear to be less resilient to stress and

tries, such as China and Japan (Kang et al., 2007), and pu-

less tolerant to poor water quality (Benfey, 1999).

ffer fish are regarded as high value fish in Japan and Korea

Thus, hybrid triploids produced by hybridization and

(Kang et al., 2007; Oh & Hwang, 2013). The growth of tiger

ploidization have been introduced to aquaculture making it

puffer, Takifugu rubripes, is faster than that of river puffer, T.

possible to integrate the two features of hybrid and tri-

obscurus, but the price of river puffer is higher than that of

ploids (Nam et al., 2004; Rahi & Shah, 2012; Huang et al.,

tiger puffer (Kang et al., 2007; Kotaro & Takeshi, 2007; Oh

2016; Yoo et al., 2016). Hybrid triploids are expected to

& Hwang, 2013). Therefore induction of hybrids between

have the combined traits of hybrids and triploids, and be

river and tiger puffers will combine the advantages of river

more sterile than hybrid diploids and triploids because of

and tiger puffers, and their hybrids and hybrid triploids will

the added retardation of gametogenesis (Rahi & Shah,

be spotlighted by faster growth and higher price.

2012). Hybrid triploids could be an improved alternative to

The present study compares the early growth, hemato-

hybrids with low early viability (Chevassus et al., 1983;

logical parameters, fatty acid composition, and changed

Scheerer & Thorgaard, 1983; Shah et al., 1999). Since hy-

gonadal (estradiol and testosterone) and growth (thyroid

brid triploids do not have viable gametes or gametogenic

stimulating hormone and thyroxine) hormones among two

activity, they have more rapid growth and improved viabil-

puffer fish species, and their hybrids and hybrid triploids.

ity (Rahi & Shah, 2012), and often show fewer developmental abnormalities than their diploid counterparts (Sut-

MATERIALS AND METHODS

ter-lin et al., 1987).
The early growth of fish is determined by feed, aquatic
environment and properties of the fish species (Felip et al.,

1. Production of hybrid and hybrid triploids, and
experimental design

2001; Rahman et al., 2005; Zhang et al., 2008). The in-

Production of river puffer, Takifugu obscurus, tiger pu-

creased early growth is important to the commercial aqua-

ffer, T. rubripes, hybrids and hybrid triploids was carried

culture industry. While there may not be large differences

out in the Chungnam Fisheries Research and Development
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Institute, Chungnam, Korea according to the method of
Yoo et al. (2016). River puffer and tiger puffer were injected with1,000 IU/g BW human chorionic gonadotropin

Table 1. Composition of the experimental diets used in
this experiment*1
Nutrition

Content

the eggs of river puffer and sperm of tiger puffer were ex-

Crude protein

40.0

tracted and mixed in order to induce the interspecific hy-

Crude fat

4.0

brids (river puffer × tiger puffer). The egg and sperm mix-

Crude fiber

5.0

ture was added to sufficient seawater. Five minutes after

Ash

15.0

Calcium

1.0

Phosphorus

1.0

Mineral premix*2

1.0

Vitamin premix*3

1.0

(HCG, Sigma, USA). Twenty-four hours after injection,

fertilization, a total of 3,000 fertilized eggs were subjected
to cold-shock treatment (4℃) for 25 min. to prevent extrusion of the second polar body (Yoo et al., 2016). Induced
hybrid triploid juveniles were determined by using flowcytometry (Partec, DE / PA, Germany). Untreated fertilized eggs were used as hybrid groups.
On March 10, 2016, 100 each of experimental river
puffer, tiger puffer, hybrid and hybrid triploid specimens
from the Fishery Genetics and Breeding Sciences Laboratory of the Korea Maritime and Ocean University, Busan,
Korea, were grown for 3 months in an aquarium maintained at a temperature of 24±1.5℃ and 30 ppt, and were
given a commercial feed (Table 1, Cheonhajaeil Feed Corporation, Korea) ad libidum twice a day. Total length and
body weight of specimens were measured to the nearest
0.1 cm and 0.1 g using digital vernier calipers (CD-20 CP;
Mitutoyo, Japan) and an electric balance (AX 200, Shimadzu Corp., Japan), respectively. Average initial measurements and weights were as follows: river puffer- 11.4±
2.56 cm and 32.1±6.88 g; tiger puffer- 13.2±2.33 cm and
44.3±8.54 g; hybrids-12.3±2.16 cm and 34.2±9.17 g; and
hybrid triploids-11.9±1.98 cm and 33.8±7.41 g, respectively.

*1 Ehwa Feed Coporation (Busan, Korea).
*2 Vitamin premix contained the following amount which
were diluted in cellulose (g kg-1 mix): L-ascorbic acid,
121.2; DL-α-tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride,
1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol,
181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic
acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalciferol, 0.003; cyanocobalamin, 0.003.
*3 Mineral premix contained the following ingredients (g
kg-1 premix): NaCl, 43.3; MgSO4·7H2O, 136.5; NaH2PO4·
2H2O, 86.9; KH2PO4, 239.0; CaH4(PO4) ·2H2O, 135.3;
ferric citrate, 29.6; ZnSO4·7H2O, 21.9; Ca-lactate, 304.0;
CuCl2, 0.2; AlCl3·6H2O, 0.15; KI, 0.15; Na2Se2O3, 0.01;
MnSO4·H2O, 2.0; CoCl2·6H2O, 1.0.
and GSI were measured by electric balance, and GSI was
calculated with the following equation: (gonad weight/
body weight) × 100.

2. Early growth examination

3. Analysis of hematological parameters

All experimental samples were 4 months after hatched

Blood was drawn from the caudal blood vessel complex

out, samples were measured from March to July, 2016,

of anesthetized fishes (clove oil and methanol, Sigma,

respectively. Each 100 specimens of river puffer, tiger

USA) using heparinized syringes (3 mL, Sung Shim Medi-

puffer, hybrid and hybrid triploid were measured for body

cal Co., Ltd, Bucheon, Korea). Hematological analysis was

weight, viscera fat weight and gonadosomatic index (GSI)

carried out with an auto hematology analyzer (PE-6800,

during 3 months of growth. Body weight, viscera fat weight

Prokan, China). The red blood cells were analyzed immeDev. Reprod. Vol. 21, No. 2 June, 2017
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diately with an automatic blood analyzer (Excel 500, USA).

formed when significant differences were found (P<0.05;

Hematocrit values were determined using a microhaema-

SPSS statistics package SPSS 9.0; SPSS Inc., USA). All

tocrit centrifuge at 15,500 g for 3 min. Hemoglobin con-

experiments were performed in triplicate. Unless otherwise

centrations were estimated by spectrophotometry at 540

stated, differences were considered to be statistically sig-

nm using the cyanomethahaemoglobin method as described

nificant at P<0.05.

by Seol et al. (2008). Erythrocyte indices include a mean

RESULTS

cell volume (MCV), mean cellular hemoglobin content
(MCH), and mean cell hemoglobin concentration (MCHC)
determined according to the following formulas (Seol et al.

The results of early growth performance in terms of initial and final individual weights, viscera fat weights and

2008):
MCV (fL) = HCT/EC (106 uL-1), MCH (pg) = [Hb (g L-1)]/
EC(106 uL-1) and MCHC (g dL-1) = [Hb (g L-1)]/HCT.

GSIs of river puffer, Takifugu obscurus, tiger puffer, T.
rupbripes, hybrid and hybrid triploid specimens fed experimental diets are shown in Table 2. The specific growth

4. Investigation of fatty acids

rate (SGR) increased with increasing viscera fat weight.

Fatty acid methyl ester was prepared with 14% BF3/ me-

The final body weights (FBW) and the SGRs of the hybrid

thanol and analyzed with a gas chromatograph (CP-3380,

triploids (10.3%) were lower than those of diploids (Table

Varian Inc., Palo Alto, CA, USA) using a flame-ionization

2). The SGR was significantly higher in hybrid diploids

detector, as described previously (Pawlosky et al. 1996).

(17.1%) (P<0.05). The change in viscera fat weight was

The gas chromatograph utilized a CP-SIL 5 CB fused sili-

relatively small compared with the SGR. No significant

ca capillary column (60 m length × 0.32 mm i. d., film

difference in early growth was observed among parental

thickness 0.01 μm, Varian Inc., Palo Alto, CA, USA). Peaks

fish, hybrids and hybrid triploids (P>0.05). No significant

were identified by comparison with fatty acid standards

differences were seen in gonadosomatic index (GSI), where

(GLC-462, Nu-Check-Prep, Elysian, MN, USA), and the

hybrid and hybrid triploids had relatively low values com-

area and percentage for each resolved peak were analyzed

pared to their increased weight (P>0.05).

using Galaxie chromatography software.

Table 3 summarizes the values for six hematological parameters: erythrocyte (EC), hematocrit (HCT), total hemo-

5. Measurement of gonadal and growth hormone

cyte count (THC), mean corpuscular volume (MCV), mean

Blood was collected from the caudal fin of anesthetized

corpuscular hemoglobin (MCH), and mean corpuscular

fishes using heparinized syringes. Blood was extracted

hemoglobin concentration (MCHC). The EC and HCT

within 1 min to minimize the handling stress imposed on

values of species did not change significantly during the

the fish and centrifuged for 5 min at 12,000 g (Centrifuge

three months of observation (P > 0.05). THC and MCHC

Micro 17R, Hanil Science Industrial Co., Ltd, Korea). Es-

values were also not significantly different among samples

tradiol, testosterone, thyroid stimulating hormone and thy-

(P<0.05), but MCH and MCV variation of hybrid triploids

roxine were measured by a radioimmunoassay method using

was 10% higher than those of parental fish and hybrid di-

fluorophotometry (i-Chroma, Sun Kyung Medical, Korea).

ploids (P<0.05).

One-and two-way analysis of variance (ANOVA) were

Whole body fatty acid compositions shown as percent-

performed on the data collected from different treatments,

ages of total fatty acids are given in Table 4. The most

and Duncan’s multiple range test (Duncan, 1955) was per-

abundant fatty acids were palmitic acid (SFAs, C16:0),
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Table 2. Comparative analysis of gonadosomatic index (GSI), sex hormone and thyroid hormone in river puffer,
Takifugu obscurus, tiger puffer, T. rubripes, hybrid river puffer (♀)×tiger puffer (♂) between their parents
and hybrid triploid*1
Initial group*2

3 months after initial measurement*2

River
puffer

Hybrid

Hybrid
triploid

Tiger
puffer

River
puffer

Hybrid

Hybrid
triploid

Tiger puffer

Body weight
(BW, g)

32.1±6.88a

34.2±9.17a

33.8±7.41a

44.3±8.54b

44.1±5.3a

50.8±3.14b

43.8±4.18a

54.3±6.89b

Viscera fat
weight/BW (%)

7.7±0.54a

10.5±1.02b

8.9±0.77a

11.6±1.06b

9.7±1.81a

13.5±1.72b

9.5±1.81a

13.7±1.84b

GSI (%)*3

0.1±0.05a

0.1±0.02a

0.1±0.02a

0.4±0.02b

0.1±0.03a

0.1±0.04a

0.1±0.04a

0.4±0.03b

*1 The values are means ± SD (n=10) of triplicate groups. Values in the same column not sharing common superscripts are significantly
*2
*3

different among ploidy and season (P<0.05).
Allparameters of each group were measured in March to July, 2016, respectively.
Gonadosomatic index (GSI)=(Gonad weight/Body weight) ×100.

Table 3. Comparative analysis of hematological parameters in river puffer, Takifugu obscurus, tiger puffer, T. rubripes, hybrid river puffer (♀)×tiger puffer (♂) between their parents and hybrid triploid*1

Hematological
parameters

Initial group*2
River
puffer

Hybrid

Hybrid
triploid

Erythrocyte count
(cells/μL)

2.5±0.24b

2.7±0.51b

1.5±0.66a

Hematocrit (%)

35.7±2.18c

33.7±1.91b

Mean corpuscular
volume (μm3)

3 months after initial measurement*2
Tiger
puffer

8.1±0.95a

8.9±0.83a

Mean corpuscular
Hemoglobin (pg)

31.5±2.98a

35.4±2.76a

Mean corpuscular
hemoglobin
concentration (%)

26.6±1.83a

28.1±0.97b

Hybrid

Hybrid
triploid

Tiger
puffer

2.3±0.71b

2.5±0.11b

2.6±0.74b

1.4±0.57a

2.4±0.22b

32.8±1.88a 31.7±2.64a

35.1±2.93b

33.1±1.97a

31.9±2.87a

32.9±1.81a

137.4±5.42a 149.3±4.18b 171.5±3.14c 152.0±4.46b

Total hemoglobin
content (g/100 mL)

River
puffer

8.8±1.04a

9.9±0.35b

134.0±4.11a 154.8±6.91b 194.2±5.73c 157.8±1.92b

8.3±1.14a

8.8±0.99a

8.9±0.85a

9.9±0.94b

46.5±3.84b 37.1±2.67a

33.2±2.56a 36.1±2.69a

54.9±2.87c

41.5±3.71b

27.9±1.07b 30.1±1.44c

26.1±0.99a

28.0±1.42b

30.3±2.89c

28.4±1.24b

*1The

values are means ± SD (n=10) of triplicate groups. Values in the same column not sharing common superscripts are significantly
different among ploidy and season (P<0.05).
*2 All parameters of each group were measured in March to July, 2016, respectively.
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Table 4. Comparative analysis of fatty acids in river puffer, Takifugu obscurus, tiger puffer, T. rubripes, hybrid river
puffer (♀) × tiger puffer (♂) between their parents and hybrid triploid*1
Initial group*2
Hybrid
Hybrid
triploid

3 months after initial measurement*2
River
Hybrid
Tiger
Hybrid
puffer
triploid
puffer

Fatty acid

River
puffer

C10:0

00

00

0

0

0

0

0

0

C12:0

00

00

0

0

0

0

0

0

C14:0

02.8±0.35a

03.8±0.35b

3.8±0.47b

3.1±0.32a

01.7±0.25a

02.6±0.38b

2.8±0.18b

2.1±0.12a

C16:0

21.2±0.47c

17.1±0.63a

20.7±0.62c

18.6±0.23b

19.8±0.67b

17.8±0.60a

18.3±0.65a

16.6±0.83a

C18:0

06.3±0.36b

06.8±0.32b

6.5±0.25b

5.9±0.15a

05.8±0.19a

06.5±0.08b

5.4±0.25a

5.6±0.14a

C20:0

00.5±0.26b

00.7±0.21b

1.2±0.21c

00.1±0.01a

00.1±0.01a

00.7±0.01b

0.6±0.12b

00.1±0.01a

C22:0

00.9±0.41b

01.1±0.31b

0

0.1±0.01a

00.3±0.11a

00

0.4±0.09a

0.2±0.01a

C24:0

00.5±0.02a

00.6±0.03a

0.7±0.13b

0.8±0.11b

00.5±0.08b

00.7±0.11c

0.2±0.10a

0.8±0.22c

Saturates*3

31.3±1.96b

30.8±1.83b

31.7±1.05b

26.3±1.84a

27.9±1.12b

26.2±1.58b

25.9±1.33b

23.3±1.21a

C12:1n

00

00

0

0

0

0

0

0

C14:1n-9

00

00

0

0

0

0

0

0

C16:1n-7

08.4±0.25c

06.9±0.17a

7.7±0.33b

7.1±0.02a

07.4±0.75b

06.5±0.47a

6.5±0.14a

6.7±0.22a

C18:1n-7

15.2±0.35c

10.3±0.22a

15.5±0.18c

13.1±0.02b

14.7±0.75b

12.6±0.75a

12.9±0.16a

13.1±0.22a

C18:1n-9

11.1±0.07a

15.8±0.31b

15.4±0.31b

11.6±0.03a

12.6±0.07a

12.8±0.75a

15.9±0.68b

13.8±0.03a

C20:1n-9

03.3±0.03b

03.4±0.35b

2.3±0.11a

01.9±0.45a

02.3±0.06b

01.8±0.10a

2.6±0.22b

002.5±0.05b

C22:1n-9

00.2±0.04a

00.8±0.12b

0.2±0.09a

0.6±0.02b

00.1±0.08a

00.17±0.09a

0

0.1±0.02a

C24:1n-9

00.2±0.06a

00.3±0.04a

0.3±0.01a

00.3±0.01a

0

0.3±0.01a

0.3±0.01a

Monoenes*4

37.9±0.73b

36.3±0.92a

40.7±0.88c

35.3±0.69a

36.9±1.51b

32.4±1.71a

38.0±1.17b

31.7±1.44a

C18:2n-6

09.1±0.88c

07.8±0.18b

5.0±0.27a

04.5±0.54a

11.1±1.04c

08.3±0.33a

09.3±0.30b

15.3±1.54d

C18:3n-6

04.7±0.54c

02.3±0.26a

3.2±0.01b

03.6±0.25b

04.7±0.54d

02.2±0.15a

2.1±0.01b

03.6±0.36c

C20:2n-6

00.4±0.05c

00.2±0.01b

0.3±0.01b

0.1±0.02a

00.4±0.15b

00.9±0.11c

0.6±0.01b

0.1±0.02a

C20:3n-6

00

0

0

0

0

0

0

0

C20:4n-6

00.3±0.06a

00.5±0.12b

0.3±0.02a

0.9±0.15c

00.3±0.04a

00.7±0.21b

0.6±0.01b

0.5±0.14b

C22:2n-6

00.5±0.15b

00

0.2±0.04a

0.8±0.22c

00.5±0.18b

00.1±0.12a

0.1±0.07a

0.7±0.21b

C22:4n-6

00

0

0

0

0

0

0

0

13.4±1.28c

09.8±0.47b

08.7±0.16a

8.3±0.74a

16.1±1.48b

11.7±0.29a

11.4±0.54a

18.3±1.74b

C18:3n-3

00.7±0.14b

00.2±0.04a

0.3±0.11a

00.6±0.06b

00.7±0.12b

00.1±0.01a

0.5±0.10b

00.6±0.18b

C20:3n-3

00.4±0.05b

00.2±0.06a

0.1±0.02a

00.4±0.11b

00.1±0.06a

0.4±0.02b

0.1±0.02a

C20:5n-3

03.1±0.17b

03.8±0.11c

2.2±0.02a

03.6±0.13c

02.3±0.20a

02.1±0.15a

2.6±0.01b

02.7±0.12b

C22:5n-3

04.3±0.31c

03.9±0.11b

2.7±0.01a

2.9±0.15a

03.4±0.26b

02.4±0.02a

2.4±0.13a

2.2±0.19a

C22:6n-3

02.5±0.38a

06.4±0.42d

5.1±0.47c

3.8±0.92b

02.5±0.38a

4.5±0.43b

4.7±0.64b

3.8±0.40b

09.6±0.76a

14.4±0.81b

9.9±0.41a

10.5±1.71a

08.7±0.82a

9.1±0.58a

9.8±0.62a

9.6±1.71a

Total

Total

n-6*5

n-3*6

0

0

Tiger
puffer

*1 The values are means ± SD (n=100) of triplicate groups. Values in the same column not sharing common superscripts are signifi
cantly different among ploidy and season (P<0.05).
*2 All parameters of each group were measured in March to July, 2016, respectively.
*3 Total saturated fatty acids, *4 Total monounsaturated fatty acids.
*5 Total n-6 polyunsaturated fatty acids.
*6 Total n-3 polyunsaturated fatty acids.
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palmitoleic acid (MUFAs, C16:1n-7), oleic acid (MUFAs,

Estradiol and testosterone variations are shown in Fig. 1.

C18:1n-9) and linoleic acid (PUFAs, C18:2n-6), and rela-

There were no noticeable trends observed between parental

tively low contents, but puffer fish also contain omega-3

and hybrid groups. From beginning to end of the experi-

fatty acids, EPA (PUFAs; C20:5n-3; eicosapntemacnioc

ment, river puffer and tiger puffer showed more than four

acid), DPA (PUFAs; C22:5n-3; docosapentaenoic acid) and

times higher values of these hormones than hybrids and

DHA (PUFAs; C22:6n-3; docosahexaenoic acid). Fatty

hybrid triploids (P<0.05). Hybrid groups had relatively

acid (14:0), palmitic acid (16:0), stearic acid (18:0) and

low initial and final levels of testosterone, whereas paren-

total saturated fatty acids (total SFA) were significantly

tal fish had relatively higher values than hybrid groups

different among puffer fish, hybrids and hybrid triploids

(P<0.05). Fig. 2 shows the total plasma thyroid hormone

(P<0.05), but other fatty acids were not significantly dif-

concentrations in parental fish, hybrids and hybrid triploids

ferent (P>0.05). The 16:1n-7, 18:1n-7, 18:1n-9, 20:1n-9

fed the same diets. Plasma triiodothyronine (T3) levels

and total mono unsaturated fatty acids (total MUFA)

were significantly higher (P<0.05) in the hybrid and tiger

showed significant differences among puffer fish, hybrid

puffer samples throughout the 3 months, but no significant

and hybrid triploid (P<0.05).Other mono unsaturated fatty

differences were observed in river puffer and hybrid tri-

acids were not significantly different (P>0.05). In 18:2n-6,

ploids (P>0.05). The highest measured values were found

18:3n-6 and polyunsaturated fatty acids (total n-6 PUFA),

in the initial analysis. The levels of thyroxine (T4) among

20:5n-3, 22:5n-3, 22:6n-3 and n-3 polyunsaturated fatty

the samples during the 3 months showed a similar tenden-

acids (total n-3 PUFA) showed significant differences

cy to the plasma T3 levels. Hybrids and tiger puffers had

among hybrids and hybrid triploids (P<0.05).Other PUFA
and MUFA values were not significantly different (P>0.05).

Fig. 1. Comparative analysis of estradiol (
) and
testosterone (
) in river puffer, Takifugu obscurus, tiger puffer, T. rubripes, hybrid river
puffer (♀) × tiger puffer (♂) and hybrid triploid
in this experiment. Values are means ± SE of triplicate experiments (n=10).

Fig. 2. Comparative analysis of thyroid stimulating hormone (
) and thyroxine (
) in river puffer,
Takifugu obscurus, tiger puffer, T. rubripes, hybrid river puffer (♀) × tiger puffer (♂) and hybrid triploid in this experiment. Values are means
± SE of triplicate experiments (n=10).
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the highest values, and river puffers and hybrid triploids
had relatively low values (P<0.05).

larger than those of diploids, respectively.
Triploid fish usually grow faster than their diploid counterparts because of larger cell size, and the larger cell size

DISCUSSION

is offset by a decrease in cell number (Thorgaard, 1986;
Park & Kim, 2000; Goo et al., 2015). Among hematologi-

The growth performance of hybrid and triploid groups

cal parameters, the hemoglobin concentration and the

depended on the species, age and breeding conditions

hematocrit value are related to respiratory function of fish

(Chevassus, 1979; Thorgaard, 1986). Induced hybridiza-

(Ikeda et al. 1986). Hybrid triploids had an 11% increase in

tion by inseminating the genes of both parents by artificial

MCV and a 14 % increase in MCH compared to that of

methods has been tried many times (Chevassus, 1979),

diploid fish. Therefore, a lower EC and a higher MCV of

(Chevassus, 1983; Rahman et al., 2005). Induced hybrids

triploids will result in a lower oxygen exchange capacity

of puffer fish have 2 superior traits: first is a rapid growth

than that of diploid fish. In addition to the above men-

of tiger puffer, Takifugu rubripes, and second is abundant

tioned triploid drawback, there are other disadvantages.

flavor of river puffer, T. obscurus (Kang et al., 2007; Kota-

Zhang et al. (2008) compared triploidization in Chinese

ro & Takeshi, 2007). Particularly, growth conditions of

shrimp (Fenneropenaeus chinensis) and showed that tri-

river puffer are very difficult and sensitive to contamina-

ploids do not change their adaptability to abrupt variations

tion so that river puffer is designated as a high value and

in salinity. Some reports showed that triploids do not cope

endangered species. Triploid fish have been produced

well with chronic stresses such as chronic high tempera-

many times. Triploids cease to develop maturation and

ture and long-term starvation (Ojolick et al., 1995).

focus on growth (Thorgaard, 1986; Ueno et al., 1986).

In general, the fatty acid composition of whole body fish

Because of the apparent advantages of hybrids and tri-

reflected the composition of their diets and body compo-

ploids, we analyzed the characteristics of hybrid triploids.

nents (Farkas et al., 1978; Pawlosky et al., 1996). We ob-

Rahi & Shah (2012) compared the growth performance of

served palmitic acids and oleic acids in puffer fish, hybrids

rohu (Labeo rohita), mrigal (Cirrhinus cirrhosis), hybrids

and hybrid triploids. Palmitic acids decrypt liver toxins,

(rohu × mrigal) and hybrid triploids. The highest growth

and oleic acids lower bad cholesterol in the blood, prevent

rate was observed in hybrid triploids. Hybrid diploids also

arteriosclerosis and cardiovascular disease, and have anti-

showed a considerably higher growth rate than single spe-

cancer effects (Pawlosky et al., 1996). According to Wang

cies of rohu and mrigal during the experimental period.

et al. (2015), palmitic and oleic acid content of diploids

Felip et al. (2001) observed a similar growth rate in diploid

and triploids are not significantly different. The present

and triploid fish over a 2 year period. Triploid fish had a

study also showed that there were no significant differ-

better growth rate and food conversion rate than diploids

ences in palmitic and oleic acids in puffer fish, hybrids and

because of their sterility (Benfey, 1999; Shah et al., 1999;

hybrid triploids (P > 0.05). Puffer fish contain essential

Rahi & Shah, 2012). Hybrid groups in the present study

fatty acids and omega-3 fatty acids (EFA, DHA and EPA)

did not have an outstanding growth rate in their early

(Kang et al., 2007; Oh & Hwang, 2013). The high DHA

growth period; however as time progressed, hybrids and

content of larvae is a reflection of its importance to larval

hybrid triploids exhibited significantly higher growth than

development, and suggests that the higher content of both

diploids. Ueno et al. (1986) described that the edible por-

DHA and EPA is essential to the larval stage (Farkas et al.,

tions of female and male triploids were about 30% and 15%

1978; Watanabe & Kiron, 1994). The fatty acid content
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influences flavor and nutrition so that larvae are able to

No. 311045-03-1-SB010). The method for producing hy-

utilize commercially valuable species (Farkas et al., 1978;

brids between river puffer and tiger puffer was obtained

Watanabe & Kiron, 1994).

from a Korean patent (Title: Production method of hybrid

Our results from river puffer, tiger puffer, hybrids and

between river puffer, Takifugu obscurus and tiger puffer, T.

hybrid triploids showed that parental fish have relatively

rubripes; Patent No.: 042615012) in June 2016. We are

higher gonadal hormone values than hybrids and hybrid

gratefully thanks to the staff of the Fishery, Genetics

triploids (P<0.05). Nam et al. (2004) described transgenic

Breeding Sciences Laboratory of the Korea Maritime and

hybrid triploids (cyprinid loach (Misgurnus anguillicauda-

Ocean University, Korea. This manuscript was improved

tus) × mud loach (M. mizolepis)) in which a few sperm

by comments from anonymous reviewers. We declare that

were still observed in their testes. Differences in gonadal

all the experiments performed in this study complied with

hormone values retard gonad development and restrict

the current laws of Korea (Ordinance of Agriculture, Food

reproduction (Nam et al., 2004; Feindel et al., 2011; Huang

and Fisheries, No. 1- the Law Regarding Experimental

et al., 2016; Yoo et al., 2016). Unlike the gonadal hor-

Animals, No. 9932) and the Ethical Guidelines of Korea

mones, differences in growth hormones have been ob-

Maritime and Ocean University, Korea.

served between groups. Hybrids and tiger puffer had rela-
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