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The effects of supplementary diets on the water temperature stress
in olive flounder, Paralichthys olivaceus

Mun-Gyeong Kwon', Sang Un Park, Jong Duek Bang, Byong-Youl Cho®,
Sang-Min Lee"* and Soo-Il Park **"

East Sea Fisheries Research Institute, National Fisheries Research & Development Institute
*Yeong-duk Fisheries Technology Institute, Pohang Regional Maritime Affairs and Fisheries office
** Faculty of Marine Bioscience & Technology, Kangnung National University
***Department of Aquatic Life Medicine, Pukyong National University

The effect of each dietary supplements (Undaria 5%, Undaria 10%, Obosan 0.5%, Wasabi leaf 2%,
Wasabi stem 2%) on the water temperature fluctuation in juvenile olive flounder (Paralichthys olivaceus)
was investigated. The response to stress was assessed in terms of effects on haematological and immunolog-
ical, and resistance against Edwardsiella tarda infection. Plasma glucose and cortisol levels were signifi-
cantly lower in 5% undaria and 2% wasabi leaf supplement groups than the controls after the first change of
water temperature (P<0.05). The plasma lysozyme activities and the survival rates from E. tarda infection
were significantly higher in the 5% undaria supplement groups than the controt (P<0.05). These results sug-
gest that the 5% undaria supplement seems to be contributable to the increased disease resistance on olive

flounder.

Key word: Water temperature, Stress, Supplemented diets, Immunology, Haematology

8 yEte TUE kY o FdES &
A% B3 oA By ol oy 7k
2EF2 29102 2gale] 245 AWSY ¥
Aol 2 %L PIAE AoE A glom,
S At HAolN AF = YFU ®
T IFE 59 & sk olf A8 7%
ol Aztst Aolg & AR & AEHAE 3}
&8} (o] 5, 2002).

)87} AEF 20 k2 A Uehl= Ay
S 1, 23} 33 wreom FEE £ U

(Mazeaud et al., 1977; Wedemeyer and McLeay,
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1981). 13 W-& WEHAS $4E S7H
catecholarmnes} glucocorticoid®] ¥H]E 2

o 23t ¥ HEEHH, 23 ¥l E AR
tAreE Bl et AAdel sl vebdrt (Bar-
ton and Iwama, 1991), T8k 23} ¥t2-& 3z} ¥l-&
€ FrEste] o9l Ae)7)F 23} (Thompson
etal, 1993), 5 AAE Fdst Ao oj
3k A8 A3IAIZITE (Pickering, 1989). AE
Aat ool HBoln RAG] Yare A
in vitroo| A 2dEe] 3 FZ= (Stave and
Robertson, 1985), in vivool| A] A4 ¥ 9] 228

gi'za
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(Ainsworth et al., 1991)& A3 2™, FolA
WA Yol GA 44 2 mitogen W
< A3&A1FH T} (Ellsaesser and Clem, 1986; Kaat-
tari and Tripp, 1987). 2E#| & A=) 28] Z7}
H ZHEY v 7EE FFE A &
g 45 A A7 2L(Pickering and Pot-
tinger, 1987), YHF 2ol IFE v|A =T
AAEZTH 3FFENEL FEsA A Cick
ering et al., 1982; Ellsaesser and Clem, 1987).

d8, HIoe olRe AAEHE JAAE
7] skl AR 28RS Aok A7
o|RolA T Yow, EF AEd 2 g o7
o} A2 otst el g /iAskzl fsiA wlERl C
o Fol BEE ol ATE o)FIAT Ur}
(Jaffa, 1989; Hardie et al., 1991).

B AFoME F2 2EH 2 7 B A
& FEE AT Adtd ALRHIHAEA
A%e AN VMBS SAL ek B3
7b doky 3R 5] (Jang ef al, 1992
Shin et al., 2000)9] 9, £7), v]g £% & ojd
5 Fodate @R Y ol vAE
AFE A AT

ME 3 d

HEAIR

APALFE S 7182 Lee et al. 2002)0]
g} o R s FYfRS AMSst &F
o] 46% MFI} HEE R oH, @rsEdl
2 AR dupdE, NFYoEE 240
75 ARSI 18, vY £ ojBA
2 y3Yole] HrIEAE ZARH] Ydto A
Z ndie 5% 2 10%, o) BAF 0.5%, 151y °)
o] 3 718 77 2% HATFSAA, tHEA
BolE a9ES Hlstd AFAEE AA S
AT (Table 1). AAE YEES 33 ¥ 98
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I8CSl AFS5E R 4LE $45ES 235
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SEAEHA AIY

£ Aolo] 2447 HYAHEES FAG F
LZAPAZ BF 04CE 2B5¥7 37 Ei
AR 100 WS Fow, 22 7]
WE 2 JYNEE Fosdt FeAE
|25 1,2,3500] AN F0m 13 2 2
& 18Col A% Foldl A¥olE 8C, 2% %
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F 18Col AHS Fol) AWolE 8CE 72 A
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B W3Sty FA
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d, 3¢, 74A mE A S A F
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SvtEA| EA = capillary bed] d& A&
F 8,000rpmo. 2 5¥7F A4 Eeste FA3}
dow, @ FFIs FEH2HE H GOT
(glutamic-oxaloacetic acid transaminase) F
YA =} 7] (Boehringer Mannhein Reflotron,
Germany)& ARg-3td #4431t

EY cortisol 4

= cortisol F=x+= Lou et al. (1984)2] o]
w2} Rabbit anti-Cortisol-3 -CMO -BSA 38}
(Cosmo-Bio Co. Ltd., Tokyo, Japan), standard cor-
tisol (Steraloids Inc., Wilton, NH, USA) ¥ HFA}LA
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Table 1. Ingredients and proximate analysis(%) of the diets

Diets
Control Undaria Undaria Obosan' Wasabi Wasabi
5% 10% 0.5% leaf 2% stem 2%

Ingredients(g/100g)
White fish meal 60 60 60 60 60 60
Potato starch 10 10 10 10 10 10
Wheat flour 225 175 12.5 220 20.5 205
Squid liver oil 2 2 2 2 2 2
Wasabi leaf 2
Wasabi stem 2
Undaria powder 5 10
Obosan 0.5
Vitamin mix.' 2 2 2 2 2 2
Mineral mix.? 3 3 3 3 3 3
Choline salt 0.5 0.5 0.5 0.5 0.5 0.5
Proximate analysis (%, dry matter basis)
Crude protein 45.6 45.5 465 45.0 45.8 452
Crude lipid 7.5 7.9 7.7 7.6 7.8 7.8
n-3HUFA® 14 14 14 1.4 14 147

! Vitamin premix contained the following amount which were diluted in cellulose (g/kg premix): L-ascorbic acid, 121.2;
DI~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, 0.0031.

*Mineral premix contained the following ingredients (g/kg premix); MgSO, - TH,0, 80.0; NaH,PO, - 2H;0, 370.0; KC],
130.0; Ferric citrate, 40.0; ZnSO. - TH,O, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AlCL - 6H,0, 0.15; KI, 0.15; Na,Se,0,, 0.01;

MnSO, - H0,2.0; CoCl, - 6H:0, 1.0.
? Highly unsaturated fatty acids (C = 20).
* Provided by Sung-Am Co., Seoul, Korea.

HA [1,2,6,7-H]-Cortisol (Amersham Life Sci-
ence, England)& AHS-8ted S p4tatahel 4t
AR EZA A BB A FALAHF S HE
(radioimmunoassy) 0.2 &4 3} ),

Cortisol ] HA A& ZE 225 pg/ml 01201,
intra-assay 9} inter-assay Alo)2] HEA |5 zbz}
2.8%(n=5)%} 8.1%(n=6) ] t}. 11-deoxycortisol,
cortisone & corticosterone#} cortisol A 2] T}
&2 22} 16.3%,2.9% & 3.3%°]%2. ™, andro-

gens, estrogens ¥ progestins® 0.01%°)3}2] A
Ag& et

WA CIO|2XKR & A

gge) olane B BAL 42 AT F
004 (5A17h, 14, 3¢, 794 H]F Ao
o M FAIE NS ¥, Parry eral.
(1965)9] turbidimetric method& o] &3}e] &
&t} Micrococcus lysodeikticus (0.2 mg/mf) &
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gl (pH 6.2) 950 uiet A 50 wlE T3t
25°Coll 30% % 4% 30&7F vHEAIZl 3 530mm
oA EFIxE ZAHTh lysozyme activity=
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Mo 334
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A#e] FAAZE ANOVA-testE AA| 3}
Duncan's multiple range test (Duncan, 1955)2 %
7re] 8-2]4-8 SPSS Version 10 (SPSS, Michi-
gan Avenue, Chicago, IL, USA, 1997) program<-
Ne31o] 95%5F M AA A

4 1
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e 2 x0 WIE AR 59 FF
I EE (Fig DE 13 £ ¥% 3 547 A
FE AYTE 483~593 g/dLE HL =5 &
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< 240
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EL (Fig. 2)% SRIEAYERE #4% 4>
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3} (Fig. 4), 12} 2 W5 ¥ 5A170 A 54
Z7}3l 2 3E 234 ngml 08 ud 5%, 31
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Fig. 1. Changes of plasma glucose under water temperature stress in the juvenile olive flounder fed on each supplemented
diets. Alphabetic superscripts indicate statistics significances between treatments (P<0.05). The Ist stress; water temperature

changed 18°C to 8'C, The 2nd stress; water temperature changed 8°C to 18°C, The 3rd stress; water temperature changed 18

Cto8C.
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Total cholesterol levelimg/d
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Fig. 2. Changes of total plasma cholesterol under water temperature stress in the juvenile olive flounder fed on each supple-
mented diets. The 1st stress; water temperature changed 18°C to 8'C, The 2nd stress; water temperature changed 8°C to 18
‘C, The 3rd stress; water temperature changed 18°C to 8'C.
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Fig. 3. Changes of haematocrits under water temperature stress in the juvenile olive flounder fed on each supplemented diets.
The 1st stress; water temperature changed 18°C to 8°C, The 2nd stress; water temperature changed 8°C to 18°C, The 3rd
stress; water temperature changed 18°C to 8°C.
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Fig. 4. Changes of plasma cortisol under water temperature stress in the juvenile olive flounder fed on supplemented diets.
Alphabetic superscripts indicate statistic significances between treatments(P<0.05). The st stress; water temperature
changed 18°C to 8'C, The 2nd stress: water temperature changed 8°C to 18°C, The 3rd stress; water temperature changed 18
‘Cto8TC.
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Fig. 5. Changes of plasma lysozyme activity under water temperature stress in the juvenile olive flounder fed on supplement-
ed diets. Alphabetic superscripts indicate statistic significances between treatments(P<0.05). The st stress; water tempera-
ture changed 18°C to 8'C, The 2nd stress; water temperature changed 8°C to 18°C, The 3rd stress; water temperature

changed 18°C to 8C.
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Fig. 6. Survival rates of juvenile flounder challenged with
Edwardsiella tarda under water temperature stress in the
Jjuvenile flounder fed on supplemented diets.
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dling, WA 5 B2 2E#X ARV A3}
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