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Abstract: This study was conducted to investigate the effects of different water
temperatures (8, 11, 14 and 17°C) on growth, survival and hematological parameters of
juvenile chum salmon (Oncorhynchus keta) for eight weeks. At the end of the experiment,
at 14°C, the final body weights of the O. keta group were the highest compared to the
other groups. Also, the O. keta showed a higher tendency in the 14°C group than the 8,
11, and 17°C groups in terms of growth performances, including specific growth rate
(SGR), feed conversion ratio (FCR), feed efficiency (FE), weight gain (WG), and condition
factor (CF). The survival rate (SR) was 100% at 8 and 11°C groups, 96% at 14°C group
and 98% at 17°C group. In the plasma components, the alanine aminotransferase (ALT)
was significantly decreased at 17°C group, whereas there was no significant change
in the albumin (ALB), total protein (TP), sodium (Na*), potassium (K*) and chloride (CI")
levels. Among the whole-body composition of salmon, moisture, crude protein, and ash
were not significantly affected by water temperature. However, crude lipid in the 8°C
group was significantly higher than in other water temperature groups. The results of
this study demonstrated that the optimal temperature to stable growth performance for
juvenile O. keta was 14°C.

Keywords: water temperature, Oncorhynchus keta, growth, plasma components, whole
body composition

N = 75, A, A 9 ARESE 27 Se) Aald slol Jae
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AW 38 FAlol FFE mIAH ELF A A A
o] &Fof F&F2 v} (Caissie 2006; Crossin et al. 2008;
Wang et al. 2015). GRFH o2 2.0 WHat= AlHo| JoF
2 e AHo] alolu} olitsteke: 3 £ALA uE So

ofgt A2t )Tt 91102 Agote] e
o] Hoks doXItkal H oKt (Sampaio ef al. 2017).
S 20 Ao ata §ollEe] Fa H AtaE *Rbst
+ oI 2HC] Aoty ofstE St 7ﬂ/q'/\_(hypoma)
5= TSt SFB=E] A MY 2 B=

3t 5o AHieE 2 AU el wehE doA iEEﬂ
A5 ekt G QUTh(Caissie 2006; Crossin et al.

2008; Quinn et al. 2011; Wang et al. 2015; Lee et al. 2022).
ol59] 4ol B AHAjo] FAS SN T ol 4%

A 249 /\l"%ﬂ’rﬁ = 34 2 FAIAA F= Zo] wl

£529 o

>{w

=, 22 Hiote AL W 9 I4 T
27180l ¥ vAH, B A 9] o]F, A2 ES)
(smoltification), % U AEo] FFS vty LA
At (McCormick et al. 1999; Swansburg et al. 2005; Elliott
and Elliott 2010; Somero 2010; Burt et al. 2012; Hevroy et
al. 2012; Morita and Nakashima 2015). TE3F 4=20] ¢1o]9]
FA Absol| Bl A= Gl et Aol A8 A=
g aaof IS F= 7P Tt A= YA A
(Pillay and Kutty 2005). ©157 G2l QlofA Al 52l
0]:/\1}3%_,] OﬂOT: Xhzﬂ tﬂ /\11 _;,]—E]_,] Z—]?ﬂ o 1]01] Eq-E_
OFAME A Q] AZEE Hrist= HHE Al HIHL 9]
B 4 H AAA R B e E4e T BIPT
UHbA o 2 o] Fo]Z] 1L QT (Haney et al. 1992; Ferrer et al.
& wAe dodle 53 A A s
o] (Chum salmon, Oncorhynchus keta)= Eefjg ool A
A5hE 652] 013} 0157 (Chum salmon, coho salmon, chi-
nook salmon, sockeye salmon, pink salmon, cherry salmon)
S SPH=E SOl ejojut vitto A et & s e
2 Fofel Atgtsh= A5Hd ©]F-olth (Jonsson and Josson
2003; Gende et al. 2004; Flecker et al. 2010; Kovach et al.
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(O. keta) #|019] AbEoll Qlol A
QEE 2lA|slo] 4-0] zlo]o

of,
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O{N 9

W2 47, B 44 B AR 242 B Qo] Aol
A Botstel 47 522 2ASH H BAS F9
ok

A yhy

1. 2o 3! dHa3

F2of I dojo] A2 A S ot g,
11,14 2 17°CO] 45A =2 H2 *é%ﬂ%l, ez

=
L288L(12mx08mx03m,*%¥1 Z
L(0.5mx0.42mx0.3m, TF 50.4 )Oﬂﬁr = %% Elss
ghojapa] W o 2 55kl E} 20219 1299
F3otE]o] 371 Ak ARSRE Xlﬂ(ﬂl 5.70+0.24 cm, A
F 1.2240.03g)E ©]-8al 20229 395 H 8714 56
(8T ARE sl o, ZF Aol 200214 4
Botalnh A AF2 25 A0 = 10urH A4 T2 R
SAsta, 2% 2}6—}*35—8 AR AR A719 F= A7
= Y24 (DBI-050; Daeil
Co., Korea) & d%|oto] 74} =2 (8+0.3°C, 11+0.5°C,

£ k0] 19 04 otk A1z Bt 250}
o} SAEAL A5 O (Table 1), WL A B
£ ugith AdAlR = £0]8 AR (1]'—‘—01 29, ]eil Feed,
Korea) AHBSISLT, AR AL 2 so%, 27
Table 1. The condition of water used in the test
[tem Value
pH 8.7+0.2
Dissolved oxygen (mg L™") 10.5+0.5
Biological oxygen demand (mg L™") 22406
Chemical oxygen demand (mg L") 0.8+0.2
Ammonium nitrogen (ug L") 1.2£0.1
Nitrite nitrogen (mg L™") 0.108+0.005
Nitrate nitrogen (mg L™") 2.0+0.01
Suspended solid (mg L") 0.3+0.01

Chlorophyll-a(mg m™) 0.5+0.01
Total coliform (CFU L™) 40+05




1t 79, Z31E 14.3%, % 2.1%, ZE 2.0%, < 1.8% 2
T 12.0%tE AL oA 9 s%E WY 23] (104],
174) 2 Yol Fa35k3drh

2,

ox
o}

=2
=

Ao T= A ST A He= o329 Al o]85to] o
THTE (Specific Growth Rate, SGR), A2 73t H]-& (Feed
Conversion Ratio, FCR), At2. 88 (Feed Efficiency, FE), &
A& (Weight Gain, WG), H|Tt= (Condition Factor, CF) &
A& (Survival rate, SR)= HEFH ATt

Specific Growth Rate (SGR)
Last weight (g) — First weight (g)
— x

100 (Eq.1)
Cultivation period (day)

Feed Conversion Ratio (FCR) = (Eq.2)

(A2+D-A1)
F=TFeed amount of one period (g)

Al =Weight at the beginning of period (g)
A2 =Weight at the end of period (g)

D =Weight of fish died in period (g)
Wet weight gain
—_—0 "X

Feed Efficiency (FE) =
fciency (FE) Dry feed take

100 (Eq.3)

Weight Gain (WG)
Final weight — Beginning weight
= X

100 Eq. 4
Beginning weight (Eq.4)

Condition Factor (CF) (%) =WL™x 100 (Eq.S)
W=Weight (g), L = Total length (cm)
Survival Rate (SR) (%)

Fish quantity at the end of period

= x100 (Eg.6)
Fish quantity at the beginning of period

3, 97, FolH Yubys By

dge Beelay, BT Ho §7]-Ro4%
sk ZAoteleh. @4 BA41S A8keHA 7] (Catalyst Dx

Chemistry Analyzer; IDEXX, USA)E ©]-&35t] §7] A&
2l ALB (Albumin), ALT (Alanine aminotransferase) %! TP

Effect of water temperature on growth of chum salmon

(Total protein) 2+ 771321 Na* (Sodium), K* (Potassium)
9 CI” (Chloride) & A5 dTHAE 242 2t 2
A2 sute ] B2 R FE5to] Z4e HojAlE 24
L™, AOAC (1984) "] wha} 22 A%} 7HE =1
(105°C, 6A171), 2L Kjeldahl A A HFH (N x 6.2
23R A I oR B 2242 AE
< AR EZAZR 3 Soxtec system 1046 (Tacator AB,
Sweden)= AH251] Soxhlet T2 0 2 A5t

N

- =
9, 302 Zgslelct, e 4 Aol i %9
2 B =21 (SPSS Statistics ver. 20. IBM, USA) =
0]-8-5t] ANOVA testE A AI5+] Duncan’s multiple range

test% EO—EH p<0.05?='_1 ‘%94}5]0] (1)\1]\—11:“ Zﬂgi Zl"%‘é}c/a

T2 5647 Aol AF WSHE Fig. 10 WERSL
ok A8 1444 14°C(2.63£0.73 g)oll A= TS =2
7H(8°C 1.76 £0.34 g, 11°C 2.18 £0.66 g, 17°C 2.22+0.56 g)

N 3C
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—/17c <
L
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z ]
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2
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Fig. 1. Change total body weight of chum salmon, Oncorhynchus
keta at different temperatures. The different superscripts are sig-
nificantly different(p< 0.05). Initial body weight (g) = 1.22+£0.03 g.
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of| Hlsko] FoJ5HAl E3Ee ™ (p<0.05), HE 42¢4 (8°C
2.36+0.45g, 11°C 5.02+0.50 g, 14°C 5.04+0.83 g, 17°C
4.9340.57 )€ A5t (p>0.05), S6LA (8°C 3.48+
0.54¢, 11°C 5.38+1.48 ¢, 14°C 6.45+1.10g, 17°C 4.98 +
0.82g)7H| ThE & A HY B2 A5 AES Hi
o (p<0.05). Z1# 31 11°C(3.55+£0.95¢) 2} 17°C(3.82
0.51g)+= AH 28UARE A F= A7HA] 8°C(2.34+
0.46g) Hrt Fo5HA =2 A5 4782 AT (p<0.08).
A7 FSF 2o whE $10]9] A FE = Table 2
off AAISIATE A7t AHEL 8°C(1.42+0.54%) 7} THE
AET(11°C 2.56 +1.48%, 14°C 2.96+1.10%, 17°C 2.36 +
0.82%)°ll HIo F2]otAl W3tk (p<0.05). Ab= 7S H
ST AFREE2 14°C (AtRAZ B 3.00£0.85, AtR
BE 249.60+8.50%) 14 7HY =2 F-240] UERL
™ (p<0.05), 11°C (A=A HE 2.39+0.90, At 85
200.88+10.50%)%t 17°C (AFEZE H]-& 2.13£0.45, A
288 172.07+11.55%)°l4 8°C (At=ZS Hl-& 1.27+
0.32, AFR &8 100.52+5.50%) ot =7 UEt oL,

14°CHTH= W2 §-9)/d o] UEHRTh(p <0.05).

ZAEL 14°C (437.50 £11.05%) ol A 7H =A] Lrebt
37, 11°C(352.10£10.05%), 17°C (301.61 £13.05%) & 8°C
(176.19£8.05%) =X = F2]/d o] YEFSTH (p<0.05). Hl
THE= 14°C(0.91£0.15%) A o2 A (8°C 0.65+
0.05%, 11°C 0.74+0.25%, 17°C 0.77 +0.45%) 2.t} --2]A]

o] HEFG O™ (p<0.05), EES 8°C, 11°CONA] 100%=
Lo 14°CE 96%, 17°C= 98% = LHERATE

2. 9% U HoX YuryE Bx
A% F8 A 2 ART7H) B0 B §7]-57] 4
2 242 Table 39 HEMH AT ALT+= 17°C(31.5+0.90

U LYollA o2 & F7H(8°C 52.5+£0.50 U L™, 11°C
423+0.85U L7, 14°C 46.5+1.20U L")} H|w5}Fo] 72
SHAl Wotom (p<0.0s), tHe #71- B7144R ] fol4
2 UERA] oFodth AFSAR T2 A o] HojA|o]

SR B Avks S5 (Table 4). 2 AFOlA 5
B, oA 9 5)R0] e Gojgh Aol S HolA] gkgro

Table 2. Growth and survival of Oncorhynchus keta at different temperatures for eight weeks

Experimental groups (Water temperature, °C)

[tem
8 1 14 17
Specific growth rate (SGR, %) 1.42+£0.54° 2.56+1.48° 2.96+1.10° 2.36+0.82°
Feed conversion ratio (FCR) 1.27 +£0.32° 2.39+0.90° 3.00+0.85° 2.13+0.45°

Feed efficiency (FE, %) 100.52 +£5.50°
Weight gain (WG, %) 176.19+8.05%
Condition factor (CF, %) 0.65+0.05°

Survival rate (SR, %) 100.0

200.88+10.50°
352.10+10.05°

172.07 £11.55°

43750+ 11.05¢ 301.61+13.05°

0.74+0.25%® 0.91+0.15° 0.77+0.45%®
100.0 96.0 98.0

249.60+8.50°

Values (means + SD) with different superscripts are significantly different (p<0.05) as determined by Duncan’s multiple range test.

Table 3. Change of serum albumin, alanine aminotransferase, total protein, sodium, potassium, chloride in chum salmon, Oncorhynchus

keta at different temperatures for eight weeks

Experimental groups (Water temperature, °C)

[tem
8 T 14 17
Albumin (ALB, gd L) 1.9+0.05% 1.6+0.06° 1.5+0.04° 1.5+0.03°
Alanine aminotransferase (ALT, U L™) 52.56+0.50° 42.3+£0.85° 46.5+£1.20° 31.5+0.90°
Total protein (TP g dL™") 4.6+0.20° 4.2+0.15° 3.9+0.18° 4.3+0.25°
Sodium (Na*, mmol L") 178.5+0.55° 1773+0.45° 178.0+0.50° 180.0+0.15°
Potassium (K*, mmol L") 3.6+0.10° 3.0+0.15° 3.2+0.20° 3.56+0.20°
Chloride (CI”, mmol L") 121.0+0.85° 120.8+1.15° 119.8+1.25° 121.0£0.75°

Values (means + SD) with different superscripts are significantly different (p< 0.05) as determined by Duncan’s multiple range test.
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Table 4. Whole body proximate composition (%) of juvenile chum salmon, Oncorhynchus keta reared at different temperatures for eight

weeks
Experimental groups (Water temperature, °C)
ltem
8 14 17

Moisture (%) 79.68+151° 80.74+0.64° 80.98+0.39° 80.69+0.564°
Crud protein (%) 15.34+0.37° 15.58+0.38° 15.24+0.32° 15.06 +0.24°
Crud lipid (%) 3.06+0.33° 1.17+£0.122 1.47+0.31° 1.33+0.45°
Ash (%) 2.22+0.18" 2.36+0.07° 2.44+0.23° 2.30+0.10°

Values (means + SD) with different superscripts are significantly different (p<0.05) as determined by Duncan’s multiple range test.

L, 2| A ol A 7 W 8oC AP (3.06+0.33%)
7} th2 AP (11°C 1.17+0.12%, 14°C 1.47+£0.31%,
17°C 1.33 £0.45%) ©ll H]ol] =& 21742 UEti ek (p<
0.05).

ol = T gl o5l A AL El A2 ezt it

S (Berg et al. 1992), F=/d 02 WA] JFhA}, g7t

7REE R e 534 22 el = ol S-29] 39
L A.7HHHo g Hr= Zﬂgi ol-gq;q

O
o)

[e)

]‘:]'(Strange et al.
1977; Ryan 1995; Yoon and Park 2022). A|gH2{0] |4t o]F

H & o3t AEHAE SET AL 58, 5 A
*4 -2 Hgte] digh yd AYaL glom, o]Ae
e (7], B4, DO Y pH) Z71of| ujet 2ol & et

l:]'(Barton and Iwama 1991;
Pickering 1992). & 75—‘4’ 2o mE Ao AlF A
F2 14°C *.—;101%7} 8,11 ¥ 17°C AdFHEY &2 AT
S LA o] 430 sl A5 e s
AFRETE 17°C7F 14°CHTE 32 RS Jehje AL

of7} olfie] 214 S-emrt e AN JFAS xﬂLﬂ
oAt B fAE T oA B2 Ao 2, of
Vg AEHo] Yol et At 29 (Kang
et al. 2004). 1H B2 AJF7] 1oj9] 2 2] of 7|7kof| A A

&9l AL §ASP] SlSAE 14008 A4 se0=

=3 gL
20| HebdaE STl 14°CE BA L
& O #2722 17°CollM= Aashs 3ol Uttt
Kang et al. (2004)-2 67.0 g2| 5°] (Lateolabrax japonicas) =
ThFst 2(3, 6,9, 12 2 17°C) ol A ARG %ﬂﬂr 12°C ©]
Sho] Aol M= ¢ W2 A= HEriglon, a2
o] U2E A2 vlEdor fdaste 73‘%}* UrE}lﬂ
ok eI 2 A F Aol (Salmo salar)E THFS= @t
213 (6, 10, 14 2 18°C) AFNA 6°Cc A7} 7H &
< AAES U, ol ASR fleoz By
4 vt 91tt(Handeland et al. 2008).

Wk olge) 44 A, 2175, o)) At

7 &~

Bl 29 5 2 59 58 TR e
Fo|™ (Mizanur et al. 2014), o572 ¥& L 2] 821 5
1o

\l

Ee ol ofs A H . & Oq:rLoﬂ A HIRHE O] g2
14°CollA] F-oloHA S7Fet 20 & Yeliti=H], Karabulut
et al. (2010) FA|7RE0 (Oncorhynchus mykiss) S THES
2 9°Ce} 15°ColA 75 St 2, 2ol ThE ]
G o] ZHe Apo]7} UrEhA] Lo, Lee ef al. (2021)
< 9 7S Hlold 2ol A 9] =t} (Platichthys
stellatus) AFS-2 BT Zhof] B4l JFS m|xl Ao
= YERL oof theh Heket €9l & 917t ol /o]
0]: Kﬂa 1—7(-1 Oﬂ?—7]— _7_7]-1—1 o=z O]_rﬂ;(q()]: [eig 74 o7 _94

A AAISHAL ek T3 dofir} o 7-o] ALt SR
T AFFA BT = Aol °F 60 mm7HA= 57t
L, 11 Fofl= GAT A5 fAISE A o® dEA ot
(Yeo and Choe 1998).

ALT 272 Jeon et al. (1995) 2] A+ Aitof|A] F%]
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(Para-lichthys olivaceus)7} 7} =2 95U L™'o] 911, L™
A oFol A= 10U L™ ofste] of W &g o & eyt
ot 2 A7 31.5~52.5U L o2 YEfY A5 A
93t Z 1] B2} (Sebastes schlegeli), 51 (L. japonicus), =&
(Oplegnathus fasciatus), =11 (O. kisutch) B.oh= =4 Uet
Wt @ 4R AT 22 a4 4R SA4EE 5
of ofaf w2 ¥-g5t7] wiZell 54 kEo] o et
2 HSE B7shr] 915 e 2| 22 o]-8Hth(Ramesh
etal. 2018). 55| ALTS] 4 ¥ish= 15, 1F 2 A Al
O] 754 &7 1A Q] Aol §lo] 54 kEof whE

747191 17 AEE o 4 e FaR7 A F#ol 7= 5t
T} (Kim et al. 2020).

ARt o2 =4 kEo] wE 2o &Jo= <l
ALTE o8 571 UeriAlT, UF &2
oAM= olfF 229 &t 75 SR a
Aol 4T 4% Itk (Malarvizhi et al. 2012). & AL
AT S off 17°CollA] f-2JsHAl W=
T2 Hold &2 2o
7

2 gpoh wZsshA et

—

S
>
ro
i
)
o
il

oX oX

[t
e b

Jeon et al. (1995)> o] 79| ZTad 3FsFo] 2.9~5.1¢
dL' o] ez 2AMEoH, o}F e 5ol (S.1gdL™),
E5(4.8gdL™) ¥ 2u]EZ(4.5gdL)0] 210 (3.7¢
dL) U 93] (2.9 g dL™) Eh Hol, tiAf|= 244 o]Fo]
Y57 oFoll Hlel tha = ZAME| AT 2 Al A
T AR 2 oA U] QA 9 <
TollA Bre ] W4 o} F 9] e2oF Rote= (3.9~
4.6gdL™) 0= Yerth E7 ST FE2 447 (Ben-
tinck et al. 1987) 3 5= (Yanawaki et al. 1986; Byrne et al.
1989) 5ol webA tha Zpo|ubr] = ShARE LditA o= 7
O RE 4~7gdLY E0 2 LA 91O (Yanagi-
sawa and Hashimoto 1984), & A A¥T A2 H]=39F
G0l e} dlojo] EF ALB T (1.2~1.9gdL )2 Jeon
et al. (1995)9] ATolA ZAE =T, 2 Aol A <]
1.5~1.9gdL™ 9Ff} vl Aot Ugith &, o] /7 9%
T TEHAN ALB e 2 2ol E Holx| ettt
(p>0.05).

A T4 E0] o]FHE EXE = Jeon et al. (1995)9] A
T Aol A B E =], Na* 3 CI 5= 2 160~
204 mmol L7} 137~183 mmol L™ §==0] )01, & A+
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of|A19] Na* & 117.3~180.0mmol L'} CI" 5 119.8~
121.0mmol L' 2 & HER} 9] Ao} Huste] Nat 5=
+ WA= HZSH dEital Qlow, Ol sk Hl A
A Yepgth v 2 Jeon et al. (1995) A Ao
A K EEE ARPH O & 0.5~3.1mmol L' $F 02 X
AtE Yo, B A9 K H & 3.0~3.6mmol L2 UER}
9 Aot Blwsto] off A ekttt e 2F -2
AATIY] o432 UEhA] efobA] Ao A7 71oll A
O] FIVERE A FAEA ¢h& AR AtrHh

whebA], 2 Aol AR 2 8, 11, 14 9 17°CollA
564 R ARG Aojo] Il ARollA= 17°CollA ¢o
O] dF ALT7} oot AAgt Ae Alefotiles Be 4
227N Frofet HshE R E] ] ot

AR 2o whE A2/ 0] Hishe ofFuitt th=Al u
ERpR = 2 wste] tiet ekE 247t Brstojof gttt
(Cui and Wootton 1988). T-UHH (Micropterus salmoides)
£ Vo2 g ARSARIOAE= 20°C= 26°C9F 32°CHTh
AojA| 2ol ool =7 et o U (Tidwell et
al. 2007), Sea bass (Sparus aurata) 2} Asian catfish (Clarias
batrachus)E WL g 2 ARdof|A= HojA|e] 4
T, 2 9 slEgk ] §-o2 b7t vrehA] ¢k
1 B =]t} (Couto et al. 2008; Singh et al. 2009).

2 Aol A At dAofo] Ae, 2 28 AgTolA
T, T 9 SR A= Rt Aol E Holz] ¢k
O}, 218 g2 8°CollA ol 2 x5 HEH
ST}, Simpkins et al. (2003)2] ol W2 4¢C, 7.5°C Y
15°CoflA] T2 E0] 2|05 AR At ~20] 7HE =
1 o] Y 15°CollA FRINE1Y] A o] &
AFTH HAUSHGITh whebA], 7P e 221 8°Coll A
ARRE Aojo] gFo] st ket 21 o] =7
UERt 210 = AbmEh

ol Fe] Autg <lojo] Aol o] A A7)0l A 7Hs
22 8°CE At 11, 14 H 17°C MR £ 5= 9loH,
7heEl 4 BEcHA A BE AHEGS o 249

>

O,

e Hole 29 14°CE A8l = Zlo] A A
o7 Zo 2FAN E A4e 2o uhE dofe Aol
2F 27t A 2E AABIA7] mell 2 9
oF g2 2 WA A, A ek B st 52 o
T2 TSt Aol Aol otA 4 A 2ol Higt &
7H 2718 8 AXE 280t e A o= Atadn



2 A= Aol (Oncorhynchus keta) 1012 47, A= 2
AR Gl MR AR (8, 11, 14 E 17°C) 2] FF
< A5t flof A=A A T2 Al ol AlF
(body weight, BW)-2 14°C A& oA 717 =34& & of
el Eo]/d%E (specific growth rate, SGR), At= 2% B&
(feed conversion ratio, ECR), At 8& (feed efficiency, FE),
55& (weight gain, WG) E H|THE (condition factor, CF)
o T2 A HAN T 14°C A7 7V =2 FFS
LR AT A& (survival rate)= 8°CS} 11°C A E ]l
A 100%E B, 14°C AAFONM= 96% H 17°C A
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