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Transport is essential in the farming process of farmed fish and is one of the physical
stress factors such as sorting. The effect of water temperature and anesthesia during low
salinity transport was confirmed. In the experimental group, the water temperature was
set to 20°C (natural water temperature, NWT), 15°C (cooling water temperature, CWT)
respectively, in water with a salinity concentration of 35%o, 15%0 and an anesthetic
(anesthesia, Anes, Sigma USA) was diluted and mixed to 50 ppm. A styrofoam box (66<
4220 cm) was used as a transport container, and 8 flounder were accommodated and
transported in a plastic bag injected with 3 2 of seawater and liquid oxygen. As a result
of the study, the concentration of cortisol before transport increased significantly from
24+0.1 ng ml" in the experimental groups except for the CWT+35%. group (16.7+12.8 ng
ml"). The K* concentration slightly increased from 3.1£0.0 mEq I before transport to
4.5+1.1 mEq I in the NWT+15%o group, showing no difference, and significantly increased
in all other experimental groups. There was no effect on changes in blood characteristics,
and water temperature and anesthetic had a negative effect on osmotic control due to

stress. AST and ALT were not affected.

Keywords: Olive flounder, Paralichthys olivaceus(gX|), Water temperature(=2), Salinity

(=), Anaesthetic(OF Al), Live transportation(&0{4=&)
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Table 1. Hematological factors of fish due to live transportation

D R|(Paralichthys olivaceus)2| &0 =& Al =2, €2 %

Experiment MCV (f) MCH (pg) MCHC (%)
conditions BT (0) AT (5) BT (0) AT (5) BT (0) AT (5)
NWT+35%o 59.2+189° 50.1£14.2% 86.8+16.4°
CWT+35%o 68.0+7.4° 61.6+11.1¢ 91.0+16.0¢
NWT+15% 66.7+2.8 456+2.0% 68.5+1.6

61.4+7.8° 345450° 56.6+9.3°
CWT+15%o 727+73° 432457 59.545.6%
NWT+15%o+Anes. 669435 503+6.9% 751595
CWT+15%o+Anes. 775557 53.6+2.9% 69454

The values are mean+SD (n=8). Means within each item followed by the same alphabetic letter are not significantly different (p>0.05).
AT: after transportation, BT: before transportation, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean
corpuscular hemoglobin concentration, NWT: nature water temperature, CWT: cooling water temperature, NWT+15%.: nature water
temperature+seawater (15%o), CWT+15%o: cooling water temperature+seawater (15%o), NWT+15%o+Anes.: nature water temperature+
seawater (15%o)+anesthesia (50 ppm), CWT+15%o+Anes.: cooling water temperature+seawater (15%o)+anesthesia (50 ppm)

HNa|st FAZ| 3 ml; Sung Shim Medical Co, Ltd, Bucheon,
Korea)S AMESI0] OFF 20| 12 O[L{Of JHX| 2z ojgsol o
2O A KHFSHRICE K3 T HHARE 15 ml REO| 2FSHRICE

T YR g8y ZHE 8l SA EAENT|Z 2
o, g% 248 A H20M 2027 YRS F, fdEe
(5600 xg, 5&)0f Qs &2 FE3I0] -70°CO| 24 HMA| &
ZSHRALE D E|Z(cortisol), 2FIZA(glucose), Na*, K*, CI, total pro-
tein, alanine aminotransferase (ALT) % aspartate aminotransferase
(AST)E OfO|=7| FO| 220 240 ALEoIRACE

MYEM0|| UM B|OFEAE| E(hematocrit: Ht), HET 4(re
blood cell: RBO), 3l 22 & ¥l 2k (hemoglobin: Hb)It 22 &
EM2 XIS EA M| (Excell 500, USAZ FEBIRACE 0] ZAnt
ElZ2 HoE78%(mean corpuscular volume: MCV), BZ&
M A (mean corpuscular hemoglobin: MCH) %! B & &M
& (mean corpuscular hemoglobin concentration: MCHOE T
FRICE A AHA2 MCV=Htx10/RBC, MCHC=Hg>100/Ht, MCH=
Hg>10/RBCRt ZHCt,
TE|E sZ& cortisol RIA kit (DSL, USAZ &3 - & gt

T3 CFS, Wizard 1470 y-counter (Hewlett Packard, USA)E
=ML 22AA, M

B g
o I-Joz
4o ox &

(¢

oo

.‘
mﬁ > o

83}0] radioimmunoassay (RIA)Z
(Na*, K*, CP, TP ALT % ASTE HAEHZMT|(Kodak, USA)E At
B5t0] 245IALE

3. SAHzE]
Zh AN RO X2 gh AROlQ] RolRt R E SPSS-S

I§7[X|0f 2|et ANOVA S Duncan's multiple range test2 2’35}
Act
A .

2

MCV, MCH, MCHC®| Zi}t= Table 11t Z'CH MCVE =& M
61478 IO NWT+35%, ASTe 59241892 HOpAOL}
CWT+35%0 TH= 68.0+74 fl, CWT+15%0+Anes. T-= 77.5457 fi2
5 MEC 22 S 2oLt AT Aolo] f2lgh Kol ¢l
UCHp>0.05). MCHE =& ™ 345150 pgZHE & T CWT+
35%0 TE 616+11.1 pg2 7t &2 a2 EAU2H, CWT+15%0
TE 432457 I2 71 22 S HAULL BE =5 T AET0
N R85t &2 U2 EALCHp<005). MCHCE +& M 566+
93%CZEH & T CWT+35%0 T+ 91.0£160%, NWT+35%0
TE 86.8+£164%, NWT+15%0 T-= 685+16%=2 =& T A4
off HisH FoI5A &2 S 2 IUCHp<0.05).

SIOFEZ|E, MY T, S22 29l Alte Fig. 11+ 2Lt =5
™ §OtEFZ|EE 222438%0 M =& = NWT+35%0 A &0
M 153+39%2 SOFE D, CWT+35%0 AT TE 167+30%2 2
TSt HotX|= dges EUCHp<005). =5 T NWT+15%0
HETO M= 192+18%2 HOHCH, CWT+15%0 A& 7= 209
+36%E & It ROlBH X0|7F QUATH>005). HE =& =
NWT+15%0+Anes. M= 178+09%2 HOHOLL 4 Mot
29It X}0|E EO|X| L% (p>0.05), & F CWT+15%0+Anes.

S 145+15%2 7H8 WORRl gto2 44 Mot 29/3t kto|2

R CHp<0.05).

HMYP 2= 35 ™ 36+06%106 cell pl'2ZEE 25 3 2
= HEF0M RO, =& T CWT+35%0= 2.5£04x<106
cell pI", NWT+15%0= 2.9+0.2x106 cell pl", CWT+15%0+Anes.
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Fig. 1. The changes of blood hematocrit, red blood cell and hemo-
globin of fish due to live transportation. The values are mean +
SD (n=8). Same letters on the bars are not significantly different
(p>0.05). AT: after transportation, BT: before transportation. NWT:
nature water temperature, CWT: cooling water temperature, NWT
+15%e: nature water temperature+seawater (15%o), CWT+15%o:
cooling water temperature+seawater (15%o), NWT+15%o+Anes.:
nature water temperature+seawater (15%o)+anesthesia (50 ppm),
CWT+15%0+Anes.: cooling water temperature+seawater (15%o)
+anesthesia (50 ppm).

= 19+0.1x106 cell p'E =& HOj| Hls{ FStAH K2 42 &
FCHp<005). S|222E s +& Mt = Fo[st X0|E

EFLHX| Q4R%CHp>0.05).

Fig. 2. The changes of plasma cortisol and glucose level of fish
due to live transportation. The values are mean + SD (n=8). Same
letters on the bars are not significantly different (p>0.05). AT: after
transportation, BT: before transportation. NWT: nature water tem-
perature, CWT: cooling water temperature, NWT+15%o: nature
water temperature+seawater (15%.), CWT+15%o: cooling water
temperature+seawater (15%o), NWT+15%o+Anes.: nature water
temperature+seawater (15%o)+anesthesia (50 ppm), CWT+15%o0
+Anes.: cooling water temperature+seawater (15%o)+anesthesia
(50 ppm).

Y% IEIEY 2FAA 55 ZUbE Fig. 29 2Lk 5 © &

= 1 ng m"Z25E CWT+35%0 THE£ 167+
8 & ZOF oLt fo[3t XI0|E EO|X| YATHp>0.05).
™, NWT+35%0 = 479+19.8 ng mI'2 &£0X {2[st X0
LIEFHCHp<0.05). NWT+15%0 T-= 435+139 ng mI'2, CWT+

Z T
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15%0 T-= 26118322 RO[SI7| =0 CH(p<0.05). NWT+15%0
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200
ab
150
T
w
£ 100 F
+
©
=
50 F
0
15
P
T
w
E
&
5 F
a
0 IIW
80
60 F d
2
£ 40 F
o
20 f
0 .
BT (0) AT (5)
Condition (hours)
uNWT+35%0 O0CWT+35%0
8NWT+15%0 a CWT+15%o
@NWT+15%0+Anes. o CWT+15%o+Anes.

Fig. 3. The changes of plasma Na*, K* and CI" level of fish to
live transportation. The values are mean £ SD (n=8). Same letters
on the bars are not significantly different (0>0.05). AT: after trans-
portation, BT: before transportation, NWT: nature water tem-
perature, CWT: cooling water temperature, NWT+15%o: nature
water temperature+seawater (15%o), CWT+15%o.: cooling water
temperature+seawater (15%o), NWT+15%o+Anes.: nature water
temperature+seawater (15%.)+anesthesia (50 ppm), CWT+15%o0
+Anes.: cooling water temperature+seawater (15%o)+anesthesia
(50 ppm).
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Fig. 4. The changes of plasma total protein, ALT and AST level of
fish due to live transportation. The values are mean + SD (n=8).
Same letters on the bars are not significantly different (p>0.05).
AT: after transportation, BT: before transportation, NWT: nature
water temperature, CWT: cooling water temperature, NWT+15%o:
nature water temperature+seawater (15%o), CWT+15%o: cooling
water temperature+seawater (15%o), NWT+15%o+Anes.: nature
water temperature+seawater (15%o)+anesthesia (50 ppm), CWT
+15%0+Anes.: cooling water temperature+seawater (15%o)+
anesthesia (50 ppm).
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210 =83 S5 O[A|R HEY - 5IFES

Yy 223IA 5 5 ™ 7424326 mg dTZEE NWT+ =he A1|&t°| &, 2 kA 20| JQI0|H, THY AEZA A
35%0 = 197.94275 mg dI', CWT+35%0 T-& 27214299 mg S|OFERR|EQ| 3712 tMcv MCH % MCHCQ| ZA7} LEEFHTE
dr'2 #& Ho| H|sj R2I8HH &0 CHp<0.05). NWT+15%o0 I 270E H O'EHHuret al, 2001). 2 A0 M= Hur et al. (2001)
T CWT+15%0 & 22} 97.6+44.3 mg dI, 13544355 mg dI' o Zntet AL gt&% A1t7 r LIEFSHCE MCvE AgTLzhol| k¢
E S0t eLt Rolot XO0|E HO|X| YUTHp>0.05). NWT+15%o0 0|2 EO|X| URUSLE, MCHEt MCHCE +% F B7I8te 8%
+Anes. TH= 87.0+103 mg dI'2 So[st Xj0|S EO|X| AU 2 HoH +20 20| =2 HYTM RS =2 U
(0>0.05), CWT+15%o0+Anes. TH= 251.1+56.7 mg dI"'Z F2|5}H 2 LIEFICE ol2{3t Zite Mot 2Hy W AEY AR QI%t &
=0 CH(p<0.05). WOl ool HITHO| AYE HOICE 2 RN =52

M= (Na*, K*, CI) S=& Fig. 33+ ZCh Na'2| 45 H &5k g F 059 MA FUS E FET M SZE Q%
£ 163506 mEq I"22E NWT+35%0 -2 CWT+35%0 T-= Z A HEICE

2 1753412 mEq I, 190.0£50 mEq "2 S2081H 52 7S &

RACHp<005). LIMA| HHAFM= |LAXE EO|X| HUCHp>
005). K* 8== 5 ™ 31400 mEq "2EE NW+15%0 TH0IAM

45+1.1 mEq M2 %2 ®I o3t X10|E HO|X| AU (0>
0.05), LA dFoM= EF |2ISHAH =ZO0HITHp<005). Cr
SEe 5 T 565£262 28 CWT+35%0 T 59539 mEq
M2 ozt ZOIT S BEReU felAt= 8191&(»005 LI
HEFME =& TEC RS 22 42 EATHp<0.05).

& A Shaknt AST, ALTO| ZIbe Fig. 42F ”Er T T
S22 CWT+35%0 T 117.04274 mg mI"'2 & Hoj| H]

o <t o

FOYSHA =2 w2 EUCHp<005). LIHX| HEFME 5
HIt K}O|2 HO|X| LUCHp>0.05). ALT =S CWT+35%0 T
OlM 243457 IU "2 % M 83474 U " ECt 2 34 HE &
olstA| =0Tl Zt2 LIEMHCHp<005). =& ™ AST =& 245+
183 IU 25 E NWT+35%0 1= 2934188 IU I'2 Ot oL,
CWT+35%0 1= 2134127 IU M2 SOFRl ZES 2EAUCE NWT+
15%0 = 23.5+105 IU M2 ORI CWT+15%0 TH= 423+
228 U I'2 EO0HX|= HES ERACE NWT+15%0+Anes. T
143426 IU I, CWT+15%0+Anes. 7= 168+102 IU "2 ZOFX]
L Zske HQCH 524 M 0| At ZH2 Q93 Xj0|2 HO|

x| RRACHp>0.05).

&90

uE
3Ho] 220 RSH L=
O (Specker and Schreck, 1980; Tacchi et al, 2015),
HASE 8297 St SHO2 WS ek = 4
2EP A0 BSH0E 8L = (Specker and Schreck 1980), 2=
(Davis et al, 1984) H Y& (Tacchi et al, 2015) 52| O RO.JZ

2ol O|FE SH2Z N
ZEQo| Y2 A

o ByHoE eRED STt me B Tl EX 45
of 2 42, AR, O 7 R20| 012 AL I By
yel psiE aona

LtE rLHEtI 01$r7r AEEIAOﬂ h’-a AI 57
SICE 224X QUCKHur et al, 2001). SICFEZZ|EQ| B7H= X

—_

AHE AEY A BHE Q102 M FRIAAE NWT+35%0, CWT+
35%0, NWT+15%0+Anes. TOA &=O0HX|= dgE ERALE 0|
o dute dad o7 gX|9 42|y EFat 20| Zotx|H
HLhel MTICHAL Z=0| ZASI REIE 5&E2| A0|7t A= A
O mrielrt £33 O K E Z3sH CWT+15%0+Anes.2t NWT
+15%o0+Anes. TOA {OI5HA w2 AES ERALCE Kim et al.
(2005)2 ZL|Z2E 08310 M =Z0f e FHMa|ety

4SS OISO, 50 ppm T2 OFF 3 XTE20| 2ES
K17t 8924138 ng "2 LhETO Hls) R &2 AntS
SOCH WRhA OHIR ABO2 A A0 ofh Bl Aol #

b L
o2 THEREICE
42017 AEYREE op7tD|, Akt & MFOM 0[F0
ZICKLaurent and Kunel, 1980; Maina, 1990). O|2{¢t 7| 2| %8
of ofl sl dE0|F 82 F22 1 2F0M XME2
Off E FYULD, 0252 MEQ| oM LHo|lM 2Tl of
gde 2 REELL B0 MASte ES0FME i+ 4
OfFote viofolet s EOEL) MERA =0l A4l
HEO 25t nFo| g0 wWiot?l Mol 22
8t0] 8j==S OFACHKirsch et al, 1985). EH0f MAls
OHiMe sl dE0Fete S d 2 EECL
OpAl SH==01 /& 17401 2(Na*, CI, K2 Az =Hoj|A
Ot7tolof| M HiE |1, 27H0|2(Mg?, Ca)2 a2tet U
Ol BiZESHCHKirsch and Meister, 1982). =2
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