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Physiological Studies on Salinity Tolerance of

Abalone Haliotis discus hannai

Seong-Hee Kim

UR Interdisciplinary Program of Fisheries and Oceanography, Graduate School,

Pukyong National University, Busan 608-737, Korea

Abstract

Physiological, studies on the salinity tolerance with respect to survival,
oxygen consumption, gill tissue and meat component in abalone Haliotis
discus hannai were examined by the change of water temperature and

salinity in the indoor rearing system.

1. Survival rate of abalone upon salinity change

Salinity changes were set as follows; 35 psu (Exp. 1) as control,
decrease in the manners of 35—30—25—20—15 psu (Exp. II), 352515
psu (Exp. ), 3515 psu (Exp. IV). Survival rate of control group (Exp.

I, 35 psu) at 15C was 100%. In Exp. II, according to the change of 35—



30—25—>20—15 psu, survival rate at each salinity were 100+0.0, 100+0.0,
100+0.0, 98.3+2.9 and 95.0£0.0%, respectively and after 7 days at 15 psu,
survival rate was 80.0+8.2%. In Exp. I, according to the change of 3525
—15 psu, survival rate were 100+0.0, 100£0.0 and 32.5£2.0% and all
abalone died on after 5 days at 15 psu. In Exp. IV of sharply salinity
change, survival rate were 100+0.0 and 20.0+2.9% and all abalone died on
after 2 days at 15 psu. These results demonstrated the same tendency at 20
and 25C. In other salinity change conditions, survival rates were mostly
100% until 25 psu but lowered at 25 psu and most-abalone died within 24
hours at 15 psu. As a result, it was difficult to survive at a salinity below
20 psu and considered that mortality rate of abalone increased at a sudden

salinity change and high ‘water temperature.

2. Oxygen consumption of abalone upon salinity change

To investigate * change of oxygen consumption of abalone, water
temperature in this experiment, was set 15,20 and 25C. Salinity changes
were set as follows; 35 psu (Exp. 1) as control, decrease in the manners
of 35—30—25—20—15 psu (Exp. II), 3522515 psu (Exp. II), 3515 psu
(Exp. IV). The average oxygen consumption at 15C in Exp. 1 (control)
was 137.6£0.5 mg O/kg/h. In Exp. II, according to the change of 3530
—25—20—15 psu, abalone showed the gradual decrease in oxygen
consumption as 136.7+2.0, 103.2+£3.5, 96.9+3.2, 88.7+45 and 82.9+3.6 mg

O2/kg/h, respectively. Abalone in Exp. Il also revealed as same tendency
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as 134.4+1.5, 111.2£3.4 and 93.2+6.1 mg O,/kg/h, respectively. In Exp. IV,
abalone showed the decreased oxygen consumption from 141.4+4.0 mg
O2/kg/h of 35 psu to 99.0+7.7 mg O»/kg/h of 15 psu. As a result, oxygen
consumption tended to decrease at low salinity and increase at high water
temperature. But there were no significantly differences between salinities
under high water temperature. So under low water temperature, oxygen
consumption decreased because abalone reduced it's metabolism to control
osmolality at low salinity. Also in high water temperature, increase of
oxygen consumption was referable to high water. temperature and low

salinity attack and break of metabolism rhythm.

3. Histological change in the gill of abalone upon salinity

change

Abalone cultured at 15, 20, 25°C and 35 psu exposed to 15, 20 and 25T,
30 psu, for 3, 6, 12, 24 and 48 hours, respectively.. Histological changes in
the gill of abalone observed -at each exposed time. Gill tissue of abalone
exposed to 15C, 30 psu, for 3, 6, 12, 24 and 48 hours, were no meaningful
differences from control. At 25 psu, damaged gill filament was not
observed until 12 hours but partially observed after 24 hours. At 20 psu,
the gill tissue was similar to control until 6 hours, damaged gill filament
was partially observed after 12 hours and most of gill filament was
damage after 24 hours. At 15 psu, it expanded slightly compared to control

after 3 hours and most of gill filament was damage after 12 hours.

- vii -



Therefor the gill tissue of abalone was damaged in lower salinity and

higher water temperature.

4. Meat component characteristics in muscle of abalone upon
salinity change

After abalone was exposed to 15, 20, 25C and 35, 30, 25, 20, 15 psu, for
24 hours, respectively, content of general component (moisture, crude
protein, lipid, ash) and amino-acid were measured from muscle of abalone.
At 15C and 35, 30,25, 20, 15 psu, moisture content ‘of muscle of abalone
were 82.1+0.7, 82.5+0.7, 84.9+0.5, 86.9+0.3 and 86.6+0.4%, respectively.
Content of crude lipid were 0.47+0.03, 0.47+0.03, 0.47+0.09, 0.77+0.09 and
0.63£0.03%, respectively and content of crude ash were 1.30+0.12, 1.33+0.15,
1.13+0.23, 1.87+0.15 and 1.40+0.31%, respectively. At a salinity below 20
psu, these values increased compared with control. The general component
of muscle of abalone sighificantly increased below 20 psu. But composition
of amino acid was no-significant difference ~with salinity and water

temperature.
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Table 1. Experimental conditions and sizes of abalone Haliotis discus hannai

used in each experiment on rapid salinity change

Salinity Water Shell length Body weight No. of
temperature
(psu) (C) (mm) (8) abalone used

15 27.4+0.5 2.2+0.1 40

35
20 27.3+0.4 2.2+0.1 40

(control)

25 28.1+0.5 2.3+0.1 40
T3 27.4+0.5 2.3£0.1 40

30 20 27.3+0.5 22401 40
25 28.8+0.4 2.5+0.1 40
15 28.5+0.6 2.6+0.2 40

25 20 27.4+0.6 2.1+0.2 40
25 27.5%0.4 2.240.1 40
15 28.1+0.4 2.5+0.1 40

20 20 27.3+0.5 2.2+0.1 40
25 27.8+0.5 2.3+0.1 40
15 28.0+0.4 2.6+0.1 40

15 20 27.3+0.4 2.1+0.1 40
25 27.9+0.6 2.3+0.1 40
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GEAL Hmol We FAR Ade] AR WS Bopus] fstel Fe

15, 20 % 25C, ¢ 35 psuollAl 247} AFE¢l AES 15 psud A9 @l
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ol F#3 TStk 4 A@elA AgH AR FY)E Table 29 et
e,

Exp. I (ZE7): = 15, 20 2 25C, G+ 35 psuolA AFEFEA & 20

g AT BAT 2119 12 L A7 olA@ Fxo] FEste] 7U%

Exp. II: 4~ 15,20 2 25C, ¥ 35 psucllA A5 ZAE 20018 &
12 L Az obA" 2ol 83t 19 AL 5 psu¥ H&S w50l 9%
AIZE ol 15 psu7t HE=F SFUHh o] F 79ZE 15 psuol A AEEtEA AE
&S XA EH(Fig. 3, Exp. ).

Exp. I: &< 15, 2002 25C, 9% 85 psucl Al ARS39l FH 5 20vfe] =

12 L AVZ obad fxel 8818 19 HASR 10 psus) QRS o] 48

-

Al

F %o 15 psuZt HEF ST o] % 74Xt 15 psudl A AFFEHA] AE
ZAFel Sl o (Fig. 3, Exp. I).

Exp. IV: & 15, 20 ¥ 25C, 9% 35 psucll Al AlEZEQ #FHA5 20mte] S

[lfe}
==

12 L A2 o}ad Szol Fgeke] 19 A0 20 pudl GRS WF] 7

A7k 15 psucl A A EAA AEES 2A1a% ) (Fig. 3, Exp. IV).
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Table 2. Experimental conditions and sizes of abalone Haliotis discus hannai

used in each experiment on gradual salinity change

Water

. Shell length Body weight No. of
Experiment  temperature

(C) (mm) (8) abalone used
15 27.3+0.3 2.3+0.1 40
( Cor{trol) 20 27.3+0.4 2.2+0.1 40
25 28:1-+0.3 213601 40
15 28.6+0.3 2.6+0.1 40
I 20 27.0+0.4 2.2+0.1 40
25 27.8+0.5 2.1+0.1 40
15 28.1+0.3 2:5%0.1 40
il 20 26.9+0.5 2.1+0.1 40
25 28.3+0.5 24+0.1 40
""""""""""""""""""""""""""""" B ome0s  amo1 w0
\Y 20 26.3+0.5 2.0+0.1 40
25 27.0+0.3 2.1+0.1 40
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Fig. 4. Exposure time of different salinities in each experiment.
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Table 3. Experimental conditions and sizes of abalone Haliotis discus hannai used in each experiment on exposure time of

different salinities

Salinity WT Shell length (mm) Body weight (g) IEOI. of
(psu) (©) 3h 6h 12h 24h 48h 3h 6h 12h 24h B used
15 27.0£04  275+04  27.5+05 28.0+0.7  27.0+0.5 21+0.1 2.1+0.1 22+0.1 2.3+0.2 21+0.1 each 40

(Coiirol) 20 26.1+04  27.2+0.5 27.6£05 . 26.7+04  27.3+0.7 2.1+0.2 2.3+0.1 22+0.1 1.9+0.1 2.0+0.1 each 40
25 28.2+04  27.1+0.3 / 28.2+04  26.8#%0.3  27.5+0.5 2.4+0.1 2.0+0.1 2.3+0.1 2.0+0.1 21+0.1 each 40

15 27.2+04  27.7#0.5/ 27.7+04  28.1+0.8  27.5+0.5 2.0+0.1 2:2+0.1 2.3+0.1 2.4+0.2 21+0.1 each 40

30 20 264+0.5 27.1£0.5 ~ 27.8#0.5 26.8#0.5 27.7+0.6 2.0+0.1 2.3+0.1 2.5+0.1 2.0+0.1 2.2+0.2 each 40
25 28.8+0.4 27504  28.2:04 27.1+03 27.7+0.5 2.5+0.1 2.2+0.1 24+0.1 2.0+0.1 21+0.1 each 40

15 28.6+0.4  28.4+0.5° 26.7+0.6  28.7+0.5  28.0+0.4 2.5+0.1 2.4+0.1 21+0.1 24+0.1 2.4+0.1 each 40

25 20 28.3+0.7  27.5+0.5 ' 27.9+04 269404  28.5+0.5 2.4+0.2 2.3+0.1 2.2+0.1 2.2+0.1 2.3+0.1 each 40
25 27.7¢0.5 27305 27.1+04 - 26.8+0.6  27.5+0.6 2.1+0.1 2.1+0.1 2.0+0.1 2.0+0.1 2.0+0.1 each 40

15 28.4+04  28.0+0.6  293+0.6- +29.7+0.7  26.5+0.1 2.3+0.1 2.4+0.1 2.6£0.2 2.7+0.2 1.8+0.1 each 40

20 20 27.2+0.5 27.3+x0.6  26.2+05. ~ 27.0£0.5 27.7+0.4 21+0.1 2.2+0.2 2.0+0.1 2.1+0.1 2.0+0.1 each 40
25 27.8+0.5 264+0.3  27.3+05 26407 27.4+05 2.3x0.1 1.9+0.1 2.1+0.1 1.7£0.1 2.1+0.1 each 40

15 28.8£0.6  28.9+04  299+05  29.0+0.5 29.0+0.4 3.0+0.1 2.9+0.1 3.5+£0.2 2.6+0.1 2.4+0.1 each 40

15 20 27.8+0.5 26.7+0.6  271+04  27.6x04  26.8+0.5 2.2+0.1 2.0+0.1 2.4+0.1 2.2+0.1 1.9+0.2 each 40
25 27.1+0.5 27.4+0.5  27.5+04  28.6x0.5 28.8+£0.3 2.2+0.1 2.1£0.1 2.2+0.1 2.3+0.1 2.3+0.1 each 40

WT: water temperature.
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Fig. 5. Survival rate of abalone Haliotis discus hannai with rapid salinity change at 15C.
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Fig. 6. Survival rate of abalone Haliotis discus hannai with rapid salinity change at 20°C.
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Fig. 7. Survival rate of abalone Haliotis discus hannai with rapid salinity change at 25C.
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Fig. 8. Survival rate of abalone Haliotis discus hannai with gradual salinity

change at 15C.
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Fig. 9. Survival rate of abalone Hualiotis discus hannai with gradual salinity

change at 20C.
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Fig. 10. Survival rate of abalone Haliotis discus hannai with gradual salinity

change at 25C.
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Fig. 11. Survival rate of abalone Haliotis discus hannai with different exposure

times and salinities at 15C. ND: no date, h: hour.
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Fig. 12. Survival rate of abalone Haliotis discus hannai with different exposure

times and salinities at 20C. ND: no date, h: hour.
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times and salinities at 25°C. ND: no date, h: hour.
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AT 24 TS dFe s FFl B3 AT AlEE
o] 2} 2 (Palmer, 1974, 1995; Bennett, 1954), Saigusa (1996)<> semi terrestrial
crab, Sesarma pictums ©|& sk A A A Sesarma pictum®] ZA g Fo] 24A]7F
FF7] gwel gald TRE= AS BAsI Y. FabEEel Slo] At

g] =20 X E
| T

O —_—

O~

k)
[
Ll
i\
o
ol
ol
rr
(@)
=,
=
)
Son
)
QD
a
O
=
ol
i

A 9Ll (Beitinger and

McAuley, 1999), 2 HAQth k53 BA 7k Qlow, i« 4H| e} &

& SAsE " AFE¥o] $tt(nnes and Houlihan, 1985). o #] %]
W Aot A=Y AAA AE dE ol E wH sestH, AEA
W AZE dyAls AR, A B A ToR olf&Ho AEA WA,
QA aQlo] we} J3FS womg I RS st FAAEY oAfF
478 AAeEHES gotsted Tad 9Tds . Ataads FE9 A%
= H3 eEs uEd £x 3 A9 55 (Holinhan and Innes,
1982)5 X35 A BE] Aot thFet o gk ASiAtE 192

O~

T A2 (Jobling, 1981; Costa, 1988; Storey and Storey, 1990), Imlay (1968)
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2. 48 R UH

2-1. A A=

1oH

2 25C o 24 K

T 15, 20

Table 4°| YFERY U]

jL "
.y

ARGEE TR o) =27

243

ZvH]

oxygen .monitering system

Tech, Busan, ' Korea),

We

Z(HSP-250WL-2,

(oxygen optode sensor 3835, multiplexer 6 ports, real-time monitoring software;

(turbine flowmeter flow-350,

<€)
— A

2R E A

[e)
T

AANDERAA, Norway),

flow monitor flow-590, Iljin, Korea)>. = /¥ o] QlTH(Fig. 14).

F71 ¢l 71 8 mm2

= =]
543
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250 mm (L)x120 mm (W)x200 mm

220 mm (L)x220 mm (W)x170

[e) 2= o

3

H) =719 AFHA=

st

3

mm (H), =54 150 mm (L)x150 mm (W)x120 mm (H) ZL7| =
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AAAIZ Th 24417 F<F 35 psu AP T AhavFSE S o] F
0 psull S #H7lste] 30 psuz 24d3dto] 2447 B¢ A svHS A
Tk o9} e Whlo® 25 20, 15 psuE GAIZHOE A T|HA A

M
o

B3tk Exp. M-S 35 psu] a0l 15 psu AR slF=7b4 4
24X FASZ 10 psuM, F 29352515 psu)E A o2 T

Exp. V= afgoll A A =350 psu)E w24 sHA AT
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ofy
ol
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o
=
oft
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o
~
~
aq
~
2
Il
=
Q)
o
X
o
X
o
=
B
=

2-5. 2414
RE SARE HE+FFoAE yehlon, foxtE SPSS-EA 9 7] A

(version 12.0)E ©]-&3}% independent samples t-test® one-way ANOVA -
test® 71785t om, Je] b5 Hl 1L+ Duncan's multiple range testol] <]

sl A4
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Table 4. Experimental conditions and sizes of abalone Haliotis discus hannai

used in each experiment of oxygen consumption

Water

. Shell length Body weight No. of
Experiment  temperature

(C) (mm) (8) abalone used
15 30.2+0.5 3.0+0.2 30
( Cor{trol) 20 28.3+0.4 2.2+0.1 30
25 27.5+0.3 2'2:0x] 30
15 28.6+0.4 2.4+0.1 30
a 20 27:3+0.% 2.5+0.1 30
25 27.2+0.4 2.1+0.1 30
15 26.6+0.4 2:6+0.1 30
il 20 27.7+0.4 2.6+0.1 30
25 27.2+0.3 2.3+0.1 30
""""""""""""""""""""""""""""" 5 weos 202w
\Y 20 28.4+0.3 3.0+0.1 30
25 28.0+0.6 2.4+0.2 30
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Fig. 14. Schematic diagram of oxygen consumption measuring system. Solid and
open arrows indicate circulating and overflow water, respectively. AS:
air supply, F: flowmeter, FU: filtering unit, IW: inlet water, OS: oxygen
sensor, OW: outlet water, P: pump, PC: personal computer, RC:
respiratory chamber, TS: temperature sensor, WB: water bath, WR I and

II: water reservior I and II.
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Fig. 16. Circadian change of oxygen consumption of abalone Haliotis discus

hannai in the experiment I .
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Fig. 17. Circadian change of oxygen consumption of abalone Haliotis discus

hannai under salinity changes in the experiment II.
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Fig. 18. Circadian change of oxygen consumption of abalone Haliotis discus

hannai under salinity changes in the experiment III.
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Fig. 19. Circadian change of oxygen consumption of abalone Haliotis discus

hannai under salinity changes in the experiment IV.
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3-2. FEWSY e AP NHALHF

T2 15 20 2 25Ceo A @AA QERS e w2 FAE X o] ihAhdu
W sl= Tables 5~7°| YE AT

T2 15Cel A Exp. I (2T, 35 psu)d] ALH AFAANFS 137.6+0.5

Oy/kg/h%, 35 psu®l th& AT vd FFS EUATH Exp. MelA

HE‘”

o] 3530252015 psuE TAH O R wolA|zl, sbAaAn[ERe 747)
136.7+2.0, 103.2+3.5, 96.9+3.2, 88.7+45 2 82.9+3.6 mg O»/kg/hZ 7| %o
2 s on, §93% Aol 10 psu HA oz JERITHP<0.05). Exp. I
oAM= HiLo] 352515 psu SHOPARA AbAAH| RS 747t 1344415,
111.2+3.4 2 932461 mg O,/kg/hZ 2l atA 726U H(P<0.05). Exp. IV
(35—15 psu)) A% AtxiHlFe ZH7h 141440, 99.0£7.7 mg O/kg/h=
froletAl At gich(P<0.05). 15Cell A Exp. HH5-El Exp. VZHA] duksl4=(35

psu)oll Al A& (15 psu)=, Fitol Fashs T A HH Wske 7

7} 1.65, 1.44 2 1.43¥] 728k} gk AbE pH| o] 4 V)27 (b)e 4

WL T} (Table 5).

20Cl A Exp. I (WZ=T, 35 psu)®l dd AFAAH[FS 188.842.0 mg
O2/kg/h=, 35 psu®] W& HAA ¢ H2d B3-S Bk Exp. OelA <
ol 35730252015 psu SOl AbAAH[ R Z4Zb 208.7+46.2,
171.7+13.1, 156.2£9.5, 134.749.3 % 134.1+10.5 mg O/kg/hZ W@AH o2 7H

23kgl o, 25 psu olslel A= fod Atolzh YIATHP >0.05). Exp. MellAl

ais

Aol 352515 psu RFOFAWA AR RS ZHZE 1951+4.4, 163.2

I+

11.6 2 139.4+11.0 mg Oy/kg/h= GAXN S =Z TAasg o, 25 psust 15

psucl A= #2l & 2ol 7k IATHP >0.05).
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Exp. V(3515 psu)® 75 AbAAv]gFo] ZbZb 183.2+6.5, 150.046.7 mg
Ox/kg/h2 o 3HA #AasAtHP<0.05). 20C 1A Exp. TE Exp. V7}4]
Ataf| =35 psu)oll Al AGE T (15 psu)E Fito] sk ¢ AbAaAH]
& Wste 747 156, 140 B 1.228) 7AEEQITE Eg, fHA V)&V (b)e A
0.021, 0.017 % 001022 veEon, RgE> ZH7F 0.890, 0.999 2 1.0002 }
E} %k th(Table 6).

25Col A Exp. I (NZETF, 35 psu)e] dAHF 2Fa2H]

ot
rlo
N
o
(8]
o0
+
~
=
3

(0)°]

Oy/kg/h%E t& A3AF9 35 psuol A= M3 AeFs HEAh Exp. TolA
Ho] 35—30—25—20-15 psuE WAFOE G A= 77 2054
+5.4, 205.245.1, 203.6+5.1, 197.4+6.0 @ 203.2+7.9 mg O,/kg/h=E Q& W3}
ARl Y& Aol & HolA & SkTHP >0.05). Exp. MolAE A&°] 35—
2515 psu@ “olx|mA Abhin|gke ZbZE 202.8+3.8, 196.088.1 L 1827
+10.3 mg O./kg/hZ 98t Zfol& Ho|x| CoIth(P >0.05). Exp. V(3515
psu)9] 7% 210.8+4.3, 204.0¢12.8 mg Op/kg/h=z #2] 3 zo]i= YElA] &
ATHP >0.05). 25°Coll A Exp. IMH-El Exp. IV7FA 3535 psu)ollA]l A+ 3

215 psu)Z FEo] FFash=-Eet 1.01, 141 2 1.039 74, AiasnE 7t
N

ais

71€7](b)= 2+ 0.001, 0.005 2 0.002= 5 A e (Table 7).
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Table 5. Mean oxygen consumption of abalone Haliotis discus hannai at different

salinity in 15C

Salinity

Exp. 1 Exp. IO Exp. I Exp. IV

(psu)

35 137.6+0.5 136.7+2.0° 134.4+1.5° 141.4+4.0°
30 - 103.2+3.5° - -

25 < dalo 24N J 1Tr2:3.4°F -

20 . 88.7+4:5°° S -

15 - 82.9+3 6% 93.2+6.1° 99.0+7.7°
b . 0.023 0.018 0.018

a : 56.232 70.726 75.717
R? - 0.890 1.000 1.000

Different small letters indicate significant differences of oxygen consumption
between salinity at each experiment (P<0.05). Different large letters indicate
significant differences of oxygen consumption between experiment at each

salinity (P<0.05).
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Table 6. Mean oxygen consumption of abalone Haliotis discus hannai at different

salinity in 20C

Salinity
Exp. 1 Exp. IO Exp. I Exp. IV
(psu)
35 188.8+2.0" 208.7+62°®  195.1+4.4"*®  183.2+65"
30 - 171.7+13.1° - .
25 s 156.2+9 5% 163:2+11.6 -
20 # 134.7+9:3° S -
15 - 134.1+10.5% 139.4+11.0° 150.0+6.7°
b . 0.021 0.017 0.010
a : 99.347 108.000 129.420
R? - 0.928 0.999 1.000

Different small letters indicate significant differences of oxygen consumption
between salinity at each experiment (P<0.05). Different large letters indicate
significant differences of oxygen consumption between experiment at each

salinity (P<0.05).
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Table 7. Mean oxygen consumption of abalone Haliotis discus hannai at different

salinity in 25C

Salinity

Exp. 1 Exp. IO Exp. I Exp. IV

(psu)

35 203.8+4.4 205.4+5.4 202.8+3.8 210.8+4.3
30 - 205.2+5.1 - .

25 2 203.6+5.1 196.0+8.1 -

20 - 197.4+6:0 S -

15 - 203.2+7.9 182.7+10.3 204.0+12.8
b - 0.001 0.005 0.002

a . 196.940 170.020 199.020
R’ - 0.348 0.961 1.000

Different small letters indicate significant differences of oxygen consumption
between salinity at each experiment (P<0.05). Different large letters indicate
significant differences of oxygen consumption between experiment at each

salinity (P<0.05).
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33. @EW3E 2 JFxAd g AsLiuF
T2 15, 20 2 25CoA ©@A A AEA3IA B9t 7] Foko] HHE
29 o] A4 v M3 = Tables 8~100] Y EFU ST

15Coll A @A ddistel] wa A5 AFA4nTF Wk Table 89014

138.1+0.8 mg O/kg/ho.=, S§t7] &<te]l Wt AFAAnH|FF 1371405 mg
O2/kg/h¥} F-23k zto] 7} QAATHP >0.05). Exp. MollA o] 353025~

7}

2015 psu= WAA O R Yropxl Ay el W] Fot W AasnRE 4

rlo

7} 132.942.1, 105.1+6.8,101.1+5.0 91.6+83 2 84.9:7:0 mg O,/kg/hol™, <&
7] E9he 247} 1404432, 1014+23, 92.6+3.9, 85.7+39. 2 80.8+23 mg
Oo/kg/ho2 Qo] wtolgél e ERdFE rsgith F& 15C,

Exp. 9 A&olA= B718 &7 25 2 25 psu ©]stolx & Afoj& B

15C, Exp. MelA= 719k 7] 25 35 psu®t 25 psu®] AbAAH|ZES
ot AfolE HlOo, 25 psust 15 psud AATAAE zFe]E HolA| Sk
koS, BE AEClA I drlel fFog AelE HolA Skth(P >
0.05). Exp. IVOllA] g1i-0] 3515 psu 7 23] SolA WA W7] Fete] Abha
v Z}7b 1423259, 106.9+14.6 mg O»/kg/h, &7] 5o+S ZH7; 140.645.8,
91.0+4.6 mg O/kg/h= @&o] wopgel we} FofshA Zasiglon, BE

Aol Al H7lek brlel frojgh zpolE HoolA| kTP >0.05).
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T 15Coll A Exp. OH-H Exp. V7HA Yya]<=(35 psu)ell Al A A& sl
(15 psu)= o] Holx= &b AbaiMEE Wrld 247 157, 1.39 4
1.334l, 471el 27k 1.74, 1.50 2 1.558] 7rasolon, AbAhin| ko] X453
T4 A V=7 by 71l ZHz 0.021, 0016 R 0.014, SEr]el ZH}
020 B 0.022%, Z47e] APz A datiste wE A 3

0
2e W7l 2ok obrlel A UEsth(Table 8).

o} ) Exp. 1914 W7 &t Hyt AbAhau|FS 182.2+39 mg O/kg/h,
ob7] Hehe 1954+1.7 mg Oy/kg/hZ, M7] B} ¢k7]ol st Zkoh(P
<0.05). Exp. Mol o] 3530252015 psu SokA®HA 7] FoF
B Arangke Zh7h 220083, 21162141, 184.2+11.5, " 143.7+147 X
158.9+10.1 mg Oy/kg/h=, 85 psudll Al 25 psuZtA| o] Wolx| A fro]af

A ZFaskit ey 25 psu oldtol A= el Rt kel 7E gl TP >0.05). ¢

o

7] S Ho A su|HES 27 1955476, 131.7+15.1, 128.2+10.3, 125.8411.5
2 109.3+15.6 mg O/kg/hZ, 30 psu ©lstoll A FHeldt zto]7b glATHP >
0.05). T3, L& FEoA k] wok BHrldd ol tA Bokth(P <0.05). Exp.
MmelA kel 3525215 psu RFOPAHA W7 &t St APhAv e
7+7} 198.0+8.1, 199.8+11.5 % 153.3+16.7 mg O,/kg/hZ, 35 psus} 25 psucl
M freldk Afels oz krh vl Febel i AdaaMEe 747
192.3+3.8, 126.6 +13.7 % 125.6+14.0 mg O,/kg/hZE 25 psu$} 15 psuol A+
Fol3k ApolZ HolA SItH(P >0.05). Exp. IVollA o] 3515 psu F 7
8] srolA WA W7 Eobe] AbAswwke b7 196.5+9.8, 163.6+10.7 mg
Ox/kg/h, 471 &9k ZH7E 169.946.8, 136.8+6.4 mg Or/kg/hE FJ3HAl 7+

sekdom, RE QRA 7] Bk Wl felahll BATHP <0.05).
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20ColA Exp. M5Bl Exp. W7HA Auks5=(35 psu)ell A A all5+(15
psu)E Aol Holx= Fot AEH] staiwge Wyl Fetel 27t 140
1.29 = 1.208, ¢+7] Eetel 247+ 1.79, 1.53 L 1.244) 7FA438kch £33, Ak
2Rl A FEg2 A 7€) b)) W7l setdl Zhzb 0.020, 0.012 2
0.0090]™, ¢+7] ok 247k 0.023, 0.021 2 0.011%, 2+7 AFzAoA FE
Aol whE ARARANEF HaAE W] Bk 4] A JERS T (Table 9).

25Col A GAZA ARW3lo] w2 k448 W3l Table 10014 HiE w}
o} 2o} Bxp. 1 A&

189.5+3.4 mg O,/kg/h& 7] Hth W7ol Ho]skAl Bth(P <0.05). Exp.

o

7] &L 218.0 5.6 mg Or/kg/h=, ¥7] &4

OollA FHEo] 35530252015 psu SolA|dA B7] 5ot Hy Abs 4|
Fe ZH7b 217.947.6, 216.746.9, 208.6+8.3, 204.7+8.6 H 197.4+142 mg
Oy/kg/helm, &7] &9+ 747k 192.9+6.0, 193.8+6.2, 198.746.0, 190.1+8.1 2
209.047.3 mg Oy/kg/h=, AW stel AAGle]l o Atol7h fiAvh(P >
0.05). ®3F, 35, 30 psucllA= 7] BEot ®W7lo] AFAm]7) folatAl %o
L, 25 psu o]t A= 7S kool fel gk AfolEH ol A g TP >0.05).
Exp. MolA GHo] 352515 psu@ HolA WA P71 Fete] o AbAn|
e ZH7t 209.9+6.9, 196.6+15.8 L 198.8+17.9 mg O,/kg/hZ F2] 3 o] =
wolz ¢kokth v Tk Zh7h 1957+19, 1954 +51 2 166.6+8.7 mg

O»/kg/hZ 25 psusl 15 psudll A & 2Fo]E B ATHP <0.05). Z2+7+2] 4

A

oA wW7lek k7lell Felgk zko] 7 AATHP >0.05). Exp. VoA F&-o] 35—
15 psu wA3] SolAWA W] FAe A7 216.9+6.4, 240.6+15.1 mg
Oy/kg/hz, fo] SropA A} AFaiu#e Srkstalon o3k ztol= gl
THP >0.05). ¢+71 &2t Z17F 204.6+5.5, 167.4+14.5 mg Oz/kg/h=E F 2]t

23 vH(P <0.05).
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25Co| A Exp. IHH Exp. N7HA dutafl<=(35 psu)oll Al A 3i(15
psu)E ¢Eo] wropxE Eob AlAsu|Ee Wy Bote zbzh 110, 1.06 2
0908, 7] E<tel z+7F 092, 1.18 B 1.22v] 7HASQITh Eh, AbAain] &
A g2 s 7187] ) W] skl ZH7F 0.005, 0.003 ¥ -0.005%,
oF7] Hotel z+z} 0.003, 0.008 E 0.0100.2 =& 25T FEA G e} A

v o] Wk w9 W AdAAE Bt (Table 10).
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Table 8. Oxygen consumption of abalone Haliotis discus hannai at light and dark periods with different salinity in 15C

Salinity Light Dark

(psu) Exp. I Exp. @I Exp. I Exp. IV Exp. 1 Exp. II Exp. I Exp. IV
35 138.1+0.8 132.9+2.1° 137.5+2.4° 142.3+5.9° 137.1+0.5 140.4+3.24 131.2+1.5° 140.6+5.8°
30 - 105.1+6.8" . d - 101.4+2.3° - -
25 - 101.1+5.0%° 110.3+6.3 2 . 92.6+3.9"*  112.2+3.0"° -
20 - 91.6+8.3° - - g 85.7+3.9° - -
15 - 84.9+7.0° 99.0+11.0° 106.9+14.6° y 80.8+2.3° 87.5+55° 91.0+4.6°
b - 0.021 0.016 0.014 - 0.025 0.020 0.022
a - 60.737 75.926 86.291 i 52.001 65.514 65.691
R? - 0.920 0.962 1.000 - 0.857 0.983 1.000

Different small letters indicate significant differences of oxygen consumption between salinity at each experiment (P <0.05).
Different large letters indicate significant differences of oxygen consumption between experiment at each salinity (P <0.05).

Asterisk indicates significant differences of oxygen consumption between light and dark within salinity and experiment (P<0.05).
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Table 9. Oxygen consumption of abalone Haliotis discus hannai at light

and dark periods with different salinity in 20C

Salinity Light Dark

(psu) Exp. I Exp. @I Exp. I Exp. IV Exp. 1 Exp. II Exp. I Exp. IV
35 1822439  2220+83*"  198.0+81%" 1965+9.8” 1954+1.7"" 1955+7.6°°  1923+38""  169.9+68""
30 - 211.6+14.1% # d - 131.7+15.1° - -
25 - 184.2+411.5%" 199.8+11.5% - - 128.2+10.3° 126.6+13.7° -
20 - 143.7+14.7° - - - 125.8+11.5" - -
15 - 158.9+410.1°>  153.3+16.7% . 163.6+10.7" - 109.3+15.6" 125.6+14.0° 136.8+6.4"
b - 0.020 0.012 0.009 - 0.023 0.021 0.011
a - 116.210 132.430 142,570 1 82.699 85.246 116.310
R? - 0.818 0.723 1.000 - 0.766 0.764 1.000

Different small letters indicate significant differences of oxygen consumption between salinity at each experiment (P <0.05).
Different large letters indicate significant differences of oxygen consumption between experiment at each salinity (P <0.05).
Asterisk indicates significant differences of oxygen consumption between light and dark within salinity and experiment (P<0.05).

_58_



Table 10. Oxygen consumption of abalone Haliotis discus hannai at light and dark periods with different salinity in 25C

Salinity Light Dark

(psu) Exp. I Exp. II Exp. 1 Exp. IV Exp. 1 Exp. II Exp. 1 Exp. IV
35 218.0+5.6° 217.9+7.6° 209.9+6.9 216.9+6.4 189.5+3.4" 192.946.0"®  195.7+1.9"*"  204.6+5.5""
30 - 216.7+6.9° 2 d - 193.8+6.2 - -
25 - 208.6+8.3 196.6+15.8 - 1 198.7+6.0 195.4+5.1° -
20 - 204.7+8.6 - - 5 190.1+8.1 - -
15 - 197.4+14.2 198.8+17.9 240.6+15.1° J 209.0+7.3° 166.6+8.7° 167.4+14.5°
b - 0.005 0.003 -0.005 - -0.003 0.008 0.010
a - 183.980 188.520 259.990 - 211.200 151.620 143.950
R? - 0.961 0.602 1.000 - 0.363 0.758 1.000

Different small letters indicate significant differences of oxygen consumption between salinity at each experiment (P <0.05).
Different large letters indicate significant differences of oxygen consumption between experiment at each salinity (P <0.05).
Asterisk indicates significant differences of oxygen consumption between light and dark within salinity and experiment (P <0.05).
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2y .38kl AEY A »EFH FSHAEELS AE U AIstE 2D Ay
Aol 750 WAEA Hi, o] A|¥E =7 @}, s u ysstd A
Aoz A doth s AskehA

A4S &l =R Agrkgo]l YEuA Ho] Axet 2o Fejehzgl W
Aoz AZe HAAAC ¥stE op7|etAl Hu. = HE s

DNA?S| Wgor Hofeo] AAFHA H=dl, o] A5z Tl siM A

ol
o

¢
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il

o
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AU 2 AE R Aol =i RtE(SETAC, 11992). dNkd oz ~Ef A W
Al = A el 273 2k4 (superoxide, hydrogen peroxide, peroxyl radical,
hydroxy radical 5)7} el Aoz hefA] Sith &4k AA Yol A
02 223 Agste s sty AkskHe] AN, Alxuy Zlae] ws e As)
o Aze] 75S &4 Al t(Ferraris et al, 2002)..0] 2 gk &/d4kAol Ojs)
o Aol A= FAatsl @ a?l-superoxide dismutase (SOD) s A/d3te] Al
X715 &S e ez d#HF oM (Chance et al, 1979; Wendel and

Feuerstein, 1981), ©]2]3+ a3} F4E 2% W3lo] o8 aadAo] st
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Ao 2 Wiw o] glty(Parihar et al, 1996). ¢1¢tollA Fie] W3l AE
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ool met A vheE, AbAd] 79, dEYol v B opr ik S A

214 W3E FHkstth(Pierce and Greenberg, 1972). B3, -9 W= M
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3. 4 ¥

3-1. 2 15CoA @EAStY @& ofrtm o AN

T2 15T duH =&z 2 A5 X gig ofrpn| e x4
g4 WalE dolr ] 95k AR 30, 25 20 E 15 psu2l 5ol 3, 6, 12, 24
2 48AI7F B wEAIZ] A Figs. 202304 HE wkep o)

30 psudll 3, 6 B 1243+ &t A7t A7 HE oprivl o] HH= T
(Figs. 20-A~C)9} & zto]S Holx| ko, mE 2443t o] o= 79
v & o}rtu 7} 2 WA E o] Q) ATk (Fig. 20-D).

25 psudll 3AIZE =EAZ A oprtu o] FEl= ozt (Fig. 21-A)9F M55t
Aok, eAlZEAdl= tizTrell Bl Aol HFE o] QUSATh(Fig. 21-B). 124
A (Fig. 21-C)ol = 6AIZEAl Bt AW o] © gFo] Hgw o] gl o), 2443k
Aole WP el HAF Fol STt 48AIZA (Fig. 21-D)ell= B H U

Aol w=F BAIZEASL HjSet AV|= Folel oy, E4E AxEol 4

b

4

BgE o] AATt 641 (Figi-22-B)oll &1 s
Q9glem, 124 7H (Fig. 22-C)ll = L7 E4R AE7h BE Ak 24471
S} 484 2HAY (Fig. 22-D)ol| &= o i-io] Ajo] &kl 9dglth
15 psudll =FAIZ A& ofrjn
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Fig. 20. Photomicrographs of gill filaments change of abalone Haliotis discus
hannai according to exposure time at 30 psu and 15C. A: control,

B: 3 and 6 hours, C: 12 and 24 hours, D: 48 hours. Scale bars: 100 ym.
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hannai according to exposure time at 25 psu and 15C. A: control

and 3 hours, B: 6 hours, C: 24 hours, D: 48 hours. Scale bars: 100

um.
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hannai according to exposure time at 20 psu and 15C. A: control,

B: 6 hours, C: 12 hours, D: 24 and 48 hours. Scale bars: 100 ym.
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il

Fig. 23. Photomicrographs o@ ts%e of abalone Haliotis discus
LEH= 0
hannai according to exposure time at 15 psu and 15C. A: control,

B: 3 hours, C: 12 hours, D: 24. Scale bars: 100 ym.
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3-2. 2 20C oA F&EHS] @& o}y o A}

T 20T Al wEAIgbe w2 S Aofo] gigh ofrpnl o] x4
g4 WaEs dolry] 9kl AE 30, 25 20 & 15 psul 3ol ZH7t 3, 6,
12, 24 2 48A)1ZF Bt =E A7 A= Figs. 24 279014 B wpel 2t

30 psull 3, 6417t Ft Z4zt w=E AR Mol ofriu]e] ¥ E(Fig. 24-B)=
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abalone Haliotis discus

=T
. . __o—'—'_'-'-'-'- o
hannai according to exposure time at 30 psu and 20C. A: control,

B: 3 and 6 hours, C: 12 hours, D: 24 and 48 hours. Scale bars: 100

um.
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Fig. 25. Photomicrographs o@-ﬁiﬂitéﬂge abalone Haliotis discus

hannai according to exposure time at 25 psu and 20C. A: control,

B: 12 hours, C: 24 hours, D: 48 hours. Scale bars: 100 ym.
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hannai according to exposure time at 20 psu and 20C. A: control,

B: 12 hours, C: 24 hours, D: 48 hours. Scale bars: 100 ym.
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b s b ! f : ot R AR

o A4 4

Fig. 27. Photomicrogra o@.ﬁlf}itéé%‘ge

hannai according to exposure time at 15 psu and 20C. A: control,

abalone Haliotis discus

B: 3 hours, C: 12 hours, D: 24 hours, F: 48 hours. Scale bars: 100

um.
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3-3. &2 25Co A FEHS o] B}E olrtw e =AA
S 25CAA G wmE AR whE FAE Ade @ oltn]e] x4

=

0, 25, 20 2 15 psu®| af<roll Z+7t 3, 6,

€8]

g4 WstE dolry] flate]
12, 24 9 48AI1ZF B =EA|Z] A= Figs. 28~310014 Hi= npe 2

30 psudll =FAIZ] A5 ofrtu|= Z7be] m=FAITHGE, 6, 12, 24 2 484
h &< HET(Fig. 28-A)¢t 2 AFol& KolA| 4 Skth(Figs. 28-B~D).

25 psudll 3A|ZF =FAZ A& ofriu|= txH(Fig. 29-A)%F H|Ek3l e
u, 6~ (Fig. 29-B)ells= thx=+-oll Hlal] Afwie] = o] AU 1241347
(Fig. 29-O)cll= 6AA Bup & H BF=o Ao, 2443t o] 5 (Fig.
29-D)oll = BFE ARl hxT-¢ vled FeEE FA et At

20 psull 3, 6AIZF =EAIZ] W& o} Z}H|(Fig. 30-B)v &=+ (Fig. 30-A)<}
Hlzekl o, 12413 o] $(Figs. 30-C, D)dlls= th=+-oll H]el A o] P35 o
AN

15 psuol w=EAIZ] A &) ol7ku| = 3AIZHA o o] (Fig. 31-A)9} H] 5}

RO}, 6A1ZHA(Fig. 31-B)oll = Ui 4w Alvlol gzt 12417 o] %

A
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dAbstel MES T F g
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Fig. 28. Photomicrographs of gill filaments _c_flange of abalone Haliotis discus

hannai according to exposure time at 30 psu and 25C. A: control,

B: 6 hours, C: 12 hours, D: 48 hours. Scale bars: 100 ym.
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Fig. 29. Photomicrographs of gill filaments dcdk_lange of abalone Haliotis discus
hannai according to exposure time at 25 psu and 25C. A: control,

B: 6 hours, C: 12 hours, D: 24 hours. Scale bars: 100 ym.
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Fig. 30. Photomicrographs of gill filaments _c_flange of abalone Haliotis discus

hannai according to exposure time at 20 psu and 25C. A: control,

B: 6 hours, C: 12 hours, D: 48 hours. Scale bars: 100 ym.
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Fig. 31. Photomicrographs of gill filaments change of abalone Haliotis discus
hannai according to exposure time at 15 psu and 25C. A: control,

B: 6 hours, C: 12 hours, D: 24 hours. Scale bars: 100 ym.
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LM A
A 2] AselA & 5 Q= AAY FARS BAFY AE b IR

M7 B WP BEFoh webd AvA E9 g ARAGY Fol

(Mazeaud et al, 1977), ©]| 97 A~Ed 2o nad o= Wy oz 3714
HheS YERT 13 BEs oz Akl - E R sk Al 2= Al St
F-u 3PS 240]  FokH, wols F2 Z44) JHEEo 3
cortisols dF o=  H|@hH(Schreck et al, 1989; Perry and Reid, 1993;
Chang and Hur, 1999). 2214 o2 A3} ZA oA J}e]| FolTlF} cortisol
2oz 8\ T 5T, AradH], dyAsdel SV, &0l "ol AAA
H o (Tomasso et “al., 1980; Eddy, 1981; Carmichael-et al, 1984; McDonald
and Milligan, 1997). o} & A= 3AapA Q= A, W29 A 9 HoH
A TE 2UsteE AR A AdtH(Wedemeyer and Yasutake, 1977).
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2-3. BA A2
RE SAHRS HA+xToAE Ueylon, {9 xk= SPSS-E A 9 7] 4]

(version 12.0)E ©]-&3}

2

independent samples t-test?} one-way ANOVA-
test® Ao, JA7te] thFH 3= Duncan's multiple range testel <]

s Akt
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3. 2 3}
1 GRS BE AT ARAR

2 15,20 2 25C, 9% 35, 30, 25, 20 & 15 psucl Al FHE o] 3

ZpA o] ARk Rl i, e, =AW 3l 23)E 32 Figs. 32~350
LFER A
3-1-1. &
2 15C, 9 35, 30, 25,20 2 15 psuclal A& 7pa o] R gl

77} 82.1+0.7, 82.5+0.7, 84.9+0.5, 86.9+0.3 % 86.6+0.4% %=, 35 psu®} 30 psu

sl

g 2ol 7k Y oL (P >0.05), 25 psu ol dtll A= Bl ET-9l 35 psu K

57 3= ETHP <0.05). 20Tl Al 35 psud-E] 15 psuZbA| 8] & e

TR
4]

Z}7} 80.5+0.8, 80.9+0.4, 81.2+0.7, 82.3+0.3% = 84.7+04% =, 35, 30 2 25 psu
Srelat 2h6] 7k g1l o P >0.05), 20 psu Ol Skl A Gl TSl 35 psu M
o)

A = THP <0.05). 25C oA 35 psutEl 15 psuZtAlel 8 e
o o]k Al = Skth(P <0.05) (Fig. 32).
35, 30 psucll A ¥ (15, 20 2 25C) ol 2ol7t figlen, 25, 20 2

15 psucl X 15CE A3 FAE Aujo] 7R =2 geke 20, 25C Ht}

FeI8H7 £ HOHP <0.05) (Fig. 32).
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Fig. 32. Moisture (%) of muscle in abalone Haliotis discus hannai under different
salinity and water “temperature. Different small letters indicate
significant differences of moisture between water temperature at
each salinity (P<0.05). Different large letters indicate significant
differences of moisture between salinity at each water temperature

(P<0.05).
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312, 2993
T2 15C, 93 35, 30, 25, 20 2 15 psucll Al A E el digh 72 o]
Zod shere 7b7b 111407, 11.5+1.0, 10.9+0.8, 13.7+0.7 % 123+14%%
el 35, 30 2 25 psu HU}F 20, 15 psuol A X H o R okl ey §
AHo R F98 #Fo]E Holz| UTHP >0.05). 20CA 35 psut-E 15

psuZbA] ZhA o] e

uis)

FeFe 7h7F 12.1£0.5, 12.240.8, 12.8+0.5, 14.6+1.1
4 145+04%% YERY, 35 30 2 25 psui= o zolE Ho|A gFkon, 20,
15 psucl A& HETQ 35 psu Bk Fo3HAl = THP <0.05). 25Tl A 35
psu't-Bl 15 psuZbA| o 2eheld C9heRE ZbZb 123404, 125+0.3, 14.1+0.9,
13.921.0 2 153£1.0% 2, 35 psus} 30 psut Fole zFo] 5 Ho|x| Fgtor}
(P >0.05), 25 psu ©olstol A= &<l 356 psu Bl Fo8HA A UEFET
(P <0.05) (Fig. 33).

35, 30, 20 "2 15 psuclA] FH (15 20 E 25C) A& ZpA 5o xdwd
S frolghi akol 7k gl o, 25 psull Al 2ol maTE fFoldA =

ATHP <0.05) (Fig: 33).
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L LA A AAB A AB b ?a a
A a Aab_T_ a T
a aj_ a j_ a -
35 30 25 20 15
Salinity (psu)

Hi5C d20C O025C

Crude protein-(%). of muscle in abalone Haliotis discus hannai under
different salinity- and 'water temperature. Different small letters
indicate significant differences of crude protein between water
temperature at each salinity (P<0.05). Different large letters indicate
significant differences of crude protein between salinity at each

water temperature (P<0.05).
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3-1-3. A%

T 15C, ¥ 35, 30, 25, 20 R 15 psuoll A & X gfjol] gk 72 F-¢f
[c]

2

ot

e Z+7b 0.47+0.03, 0.47+0.03, 0.47+0.09, 0.77+0.09 = 0.63+0.03%
%, 35 30 % 25 psudlAE= frolg zbolE& HolA eSkTh(P >0.05). Lzt
20, 15 psucll A= T4 35 psu Bt} F938H4 3 %h(P <0.05). 20°C ol 4]
35 psuf-El 15 psuZbAli= ZFZF 0.27+0.03, 0.30+0.00, 0.73+0.09, 0.70+0.06 =
0.60+0.06% =, 35, 30 psui= 2|3 ko] & HolA| et} 25 psu ©| &kl A
= WETQ 35 psu Buk Fo Sk Al =P <0.05). 25Cell A 35 psult-El 15
psuZFA &= ZHZE 0.13+0.03, 0.10+0.00, 0.27+0.03, 0.27+0.03 2 0.57+0.031.0% =
ek, 35, 30 psudll Al frolgt zto]lE Holx] kSkTh(P >0.05). “1#} 25,
20 psux WET Buh folskAl stk ESE 15 psudl A HHE & Eo
A ghego] freolakAl #STHP <0.05) (Fig. 34).
35, 30 psudllA =215, 20 2 25C) =AW dF>

o)Al SEITHP <0.05). 25 psu, 20C A= Th 2 F= B fostA =9ke
™, 25Coll A= o+ F& Bt FY5HA W ATHP <0.05). 20 psu, 25C oA +=
A o] e & Bk frolgh Al Wk e (P <0.05), 15 psucl A= fr

o) gt 2ol 7} 212 TP >0.05).
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5 0.6 a T
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Fig. 34. Crude fat (%)-of muscle in abalone Haliotis disctis hannai under different
salinity and water temperature. Different small letters indicate
significant differences of crude fat between water temperature at
each salinity (P<0.05). Different large letters indicate significant
differences of crude fat between salinity at each water temperature

(P<0.05).
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T 15C, ¥ 35, 30, 25, 20 R 15 psuoll A & X gfjol] gk 72 F-¢f
23 S 77F 1.30+0.12, 1.33+0.15, 1.13+0.23, 1.87+0.15 2 1.40+0.31% =

35, 30 ¥ 25 psuclAi= o3 ZolE Holx] UTH(P >0.05). L& 20
psucl Al A& 7pARo] 23 e dE2FA 35 psu b F98HA S
A THP <0.05). 20C ol M= 22+ 1.50+0.06, 1.57+0.03, 2.23+0.12, 2.33+0.07 =
2.37+0.03% %, 35, 30 B 25 psudlA= Foldk ZpolE HolA &gkon, 20
psu °lstoll Al lito] wEFE foldhAl FIFSHATHP <0.05). 25Tl 35
psul-El 15 psuZbA 923 R ghge Zh7; 153003, 1.47+0.03, 1.53+0.03,
1.80£0.06 ¥ 2.33+0.03% = UEILE, 35, 30 2 25 psuts #§93 AfolE Kol
2 XTHP >0.05). LY 20 psu olstell A @ o]l HEF= Fo A F7HekAd
THP <0.05) (Fig. 35).

=<1 359F 30 psudll A= F=H(@15, 20 2 25C) =32 e
2}l 7k AATHP >0.05). 224} 25, 20 psu, 20Col M= g2 £ 1B

_I(_)r
t}

Al = THP <0.05). 15 psu®] 15ColA = the £& B oA wEoktt
= g

(P <0.05). mepr 2, A A o g 7hA o) 28w AR
Aol Gers SUbshe Ade HAlh
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Fig. 35.
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B AB W

- AB A A A A a a

a a AB p b a | a
R R arTp_ al =

35 30 25 20 15

Salinity (psu)

Hi5C d20C O25C

Crude ash (%) -of muscle in abalone Haliotis discus hannai under
different salinity ~and ~water temperature. Different small letters
indicate significant differences of crude ash between water
temperature at each salinity (P<0.05). Different large letters indicate
significant differences of crude ash between salinity at each water

temperature (P<0.05).
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3-2. @& e 7H R FA opn =t A
2 15, 20 2 25C, ¥ 35, 30, 25, 20 2 15 psuclA FAE Az 7}
AR A obwieat AL Tables 11~130 4 Xy whe} 2o},
15C, 35, 30, 25, 20 % 15 psu°lA] aspartic acide= Z}7F 10.27+ 0.55,
10.38+0.65, 10.47+0.61, 10.57+0.73 % 10.31+0.53% = R, F-2] 8k x}o] 7} ¢l
%E}(P >0.05). o] 2ol threonine, serine, glutamic acid, glycine, alanine,
valine, methionine, isoleucine, leucine, tyrosine, phenylalanine, histidine,
lysine 3 arginine & U& T4 ofr|ieal HAl ZHzhe] ol A Foljt Apol
& HolX eSktH(P >0.05) (Table 11). o]¢} 2 &2 20, 25ColA = #Z
% 1o (Tables 12, 13), 247+l AEoNA T8 A ot GA] Fof g

2ol & Ho] A (% SkeH(P >0.05).
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Table 11. Combined amino acid contents of abalone Haliotis discus hannai at
different salinity in 15C

(% in protein)

Salinity (psu)

Amino acids
35 30 25 20 15

Aspartic acid 10.27+0.55 10.38+0.65 10.47+0.61 10.57+0.73  10.31+0.53
Threonine 4.38+0.29 4.52+0.21 4.54+0.24 4.62+0.14 4.61+0.29
Serine 5.16+0.28 5.03+0.31 5.05+£0.30 5.15+0.29 5.07+0.21

Glutamic acid 15.36£0.79 - 15.46+0.81 15.34+0.86 . 1547094 15.61+0.80

Glycine 9.29+0.50 9.45+0.73 9.07+0.45 8.83+0.56 8.93+0.51
Alanine 6.29+0.31 6.33+0.38 6.03+£0.37 6.26+0.38 6.10+0.30
Valine 4.11+0.16 4.10+0.16 4.13+0.23 4.12+0.33 4.05+0.19
Methionine 2.35+0.13 2.35+0.19 2.25+0.13 2.25+0.05 2.24+0.08
Isoleucine 3.87+0.19 3.97+0:25 4.01+0.25 4.04+0.25 3.98+0.21
Leucine 7.34+0.35 7.18+0.40 7.22+0.42 7.37+0.46 7.17+0.36
Tyrosine 3.31+£0.22 3.33+0.21 3.33+0.21 3.11+0.18 3.09+0.12

Phenylalanine 3.64+0.19 3.70+0.23 3.69+0.23 3.63+£0.22 3.40+0.14

Histidine 2.03+£0.13 1.99+0.12 2.01+£0.13 2.06+0.11 1.95+0.08
Lysine 6.28+0.39 6.36+0.39 6.88+0.39 6.55+0.29 6.55+0.22
Arginine 10.35£0.36 10.35+0.46  10.05+0.52 10.14+0.61 10.59+0.53
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Table 12. Combined amino acid contents of abalone Haliotis discus hannai at
different salinity in 20C

(% in protein)

Salinity (psu)

Amino acids
35 30 25 20 15

Aspartic acid 10.27£0.55 10.27+0.52  10.56+0.56  10.60+0.70  10.45+0.52
Threonine 4.39+0.15 4.40+0.17 4.55+0.27 4.67+0.27 4.65+0.28
Serine 4.89+0.12 4.95+0.15 495015 5.23+0.25 5.26+0.32

Glutamic acid 15.03£0.71 14.95+0.57 15.39+0.76 = 15.34£0.81 15.58+0.92

Glycine 8.69+0.26 8.78+0.40 8.57+0.48 8.58+0.47 8.91+0.40
Alanine 6.32+0.18 6.30+0.22 6.14+0.31 6.17+0.33 6.31+0.39
Valine 4.68+0.10 4.59+0.15 4.28+0.22 4.25+0.25 4.11+0.19
Methionine 2.19+0:13 2.27+0.09 2.36+0.09 2.33+0:13 2.36+0.13
Isoleucine 3.93+0.14 3.90+0.14 4.01+0.22 4.04+0.23 3.97+0.18
Leucine 7.29+0.18 7.30£0.23 7.16+0.29 7.16+0.45 7.37+0.39
Tyrosine 3.38+0.19 3.38+0.16 3.34+0.16 3.36+0.16 3.25+0.17

Phenylalanine 3.92+0.16 3.90+0.16 3.71+0.18 3.75+0.19 3.44+0.16

Histidine 2.08+0.08 2.07+0.09 2.13+0.13 2.12+0.12 2.01+0.09
Lysine 6.57+0.26 6.56+0.30 6.45+0.31 6.43+0.30 6.60+0.26
Arginine 10.40+0.49 10.38+0.44 10.34+0.53  9.99+0.40 9.85+0.53
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Table 13. Combined amino acid contents of abalone Haliotis discus hannai at
different salinity in 25C

(% in protein)

Salinity (psu)

Amino acids
35 30 25 20 15

Aspartic acid 10.33+0.51 10.31+0.52 10.36+0.71  10.34+0.55 10.60+0.57
Threonine 4.46+0.15 4.45+0.23 4.42+0.23 4.45+0.25 4.39+0.21
Serine 5.16+0.31 5.09+0.21 5.06£0:22 5.13+0.25 5.00+£0.19

Glutamic acid 15.53+£0.95 15.40+0.56  15.58+0.79 = 15.75£0.87  15.76+0.85

Glycine 9.52+0.39 9.67+0.47 9.01+0.33 9.00+0.35 9.31+0.37
Alanine 6.53+0.26 6.55+0.40 6.34+0.40 6.43+0.36 6.48+0.40
Valine 4.29+0.22 4.37+0.23 4.14+0.26 4.21+0.24 4.00+0.31
Methionine 2.20+0:14 2.22+0.11 2.33+0.16 2.37+0:17 2.33+0.14
Isoleucine 3.96+0.19 3.94+0.22 4.18+0.31 3.98+0.21 4.16+0.29
Leucine 7.19+0.28 7.22+0.36 7.35+0.45 7.29+0.42 7.47+0.30
Tyrosine 3.11+0.19 3.15+0.19 3.22+0.21 3.23+0.21 3.19+0.16

Phenylalanine 3.62+0.16 3.55+0.20 3.54+0.21 3.50+0.23 3.59+0.21

Histidine 2.13+0.12 2.15+0.09 2.09+£0.13 2.01+0.12 2.04+0.13
Lysine 6.22+0.35 6.11+0.32 6.21+0.29 6.30+£0.38 6.17+0.35
Arginine 10.22+0.54 10.09+0.54 10.36+0.59 10.29+£0.65  9.89+0.40

_99_



FHFQ FAHl R 4o AHFECTE HS nT u GO}
Geah 2o RBT QAAfE AEds R4 8T W ohj FHE 2
%o Bel-ahahd S FFS viA 259 B 44 5o s
g 293 5 9lof of ok A7 Wasih aey BRWse] e sE

e

gid7]el 2 Aol A ARt wE Axd Wst

I A B=E Zgae] A% z#Ao]th(Gabott and Bayne, 1973; Pieseters
et al., 1979; Hayashi, 1983; Ram and Young, 1992). A A A YR
ZelzAe dwbdor HESFoAE JoPdE A ASo R 23w A wH(Von

Esk =9

i

Brandt et al., 1957, Young, 1990), U} ZHE o] glojAE A 3
gk o %] Yol th(Emerson and Duerr, 1967). 3+4 2] 7FAH 100 g 72
2 714 oA L9, de 7h7E 49, 141 E 24 meo] dHRE o] glor,
HIEH Foll = Yokl 35-mg, of~ A= HANC) 2.0 mgo 2 7Hg Bol o9l
oAb Foll= S FEAL BN, 282l o=V e 717 2,325,
1,799, 1,509 % 1,447 mg o2 Wol] Eofdr}. Heh, Al FollA] E3HA]

WAakol 37,7 mg, XAl 62,3 mgel FrEol o, dEo 74 A

oA AE A3 TEARS] AN ES LA A, o] 80.5%, Tl

12.1%, A|Ho] 0.3%, 3]&o] 15%= wilay 2w ek oA Jeigon,
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unstan et al., (1996)¢] A¥ 9} xfo]& HITH
Freobr b A 24 =4 TR R Tad ¥ ofyZt I AHA

=
I

A

7F 54 e Bt Aol Fosh7]x @ rh(Ohta, 1976). obv]witke] oE

o] A glycine, alanine, threonine, proline, serine o2 WY, leucine,

. . . . . . . . . = O
isoleucine, methionine, phenylalanine, lysine, valine, arginine &<

fx

=
o,

aspartic acidv= 215, glutamic acidv A BHS 7FA ™ (Shou, 1969). 2]
T8 ofv =4k taurin, aginine, gluatamin, glycine, glutamic acid, alanine
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oA Ay, 3248 AR A 35~25 psuZbA Q] BE A FA 100%
o AEES B, 20 psudll A #HAZE TS Al AFste], 35 psucll A 15
HAE Adstels BE 2 2304 100% FHAFsko]

A&l AAL i A= 15 psu® UEHEU EF, 15 psudll =EE A5
24A17F ool B JWAI7F #HARgkekal 1518 Hong (2006)9] A4 39l o

b

T (HET, 35 psu)ell A ¥l 5,10 2 20 psu¥ FE=
AaAA 15 psuZtA] W AFo A= 15, 20 2 25CelA). 7H2 80, 100 X
100%9] ¥& AESES HILou, 20 psudlr= Alzto]l Aol wal A7}

AL Glth 53], 35 psudlAl 15 psuE HASH AES FAAZE W 100%

HASEo], Jwa et al. (2009)2] FE ~Egxd wle FoAR] HES A
Aol G4 dEAste W ZAE A dENAES 2ol e g
= 7HAsk= Lee (2003)9] A-AFotE A8 IH. 12|y Takashi (1978)©

1
~5 34t FAEG R AL G2 65~13 psumad AT A¥ HU} W
Vel oy, o] AL Ag Al AR 2k A7)ol 7]ds Ui o= s th
AF2] Mytilus edulist= 20~30 psuoll Al AFAAH] &, of 58 9 odyA] &
2 5 datzdoel IdASA FAEE Wb, 20 psuoldtel =EFE o] F HA}S)
A tH(Widdows, 1985). & A5-2] 3|55 APl = 35 30 2 25 psudllA=
48AZF BoF HAMF WA EA] ekgkot, 20 psudll A= 12413 o] % AL %
A3kl Widdows (1985)¢F F-AFgH A3E YetlAdth 3 15 psuolA =&
BAIZVAAI = HALZE WASEA] ko, wmFeAIRE ol AEEo] FAEA

s o] 20C, 135 psudl A= 24A7ko] Agk A5 BA5L 0%,
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