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Survival Rate and Body Composition Changes in Juvenile Abalone
Haliotis discus hannai by Temperature/Salinity Change
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Physiological studies on the salinity tolerance with respect to survival rate and body composition changes of the
abalone Haliotis discus hannai were conducted by rapidly changing the salinity in an indoor rearing system. The
survival rate of the control (35 psu), 30 and 25 psu groups at 15C was 100%. The survival rate of the 20 psu group
was 35+5.0%. Survival rate of the 15 psu group was 0%. At 15C and 35, 30, 25, 20, 15 psu, the moisture contents of
abalone muscle were 82.1+0.7, 82.5+0.7, 84.9+0.5, 86.9+0.3 and 86.6+0.4%, respectively. Crude lipid contents were
0.47+0.03, 0.47+0.03, 0.47+0.09, 0.77+0.09 and 0.6340.03%, respectively and crude ash contents were 1.30+0.12,
1.334£0.15, 1.134+0.23, 1.87+0.15 and 1.40+0.31%, respectively. At salinity below 20 psu, these values increased
compared with the control. The general components of abalone muscles significantly increased below 20 psu, while
amino acid composition showed no significant difference with salinity and water temperature.

Key words: Haliotis discus hannai, Salinity change, Survival rate, Body composition, Water temperature

M 2 U AFo MJ‘“*OE HAF5H 2 H, 20067} 2011H ol = 3
TEHFE SRS gt ‘5101 A} oA ol A A
e A R SR I PAAL SR 5 e ot AR 7 AT T B T
< S i dAtell Fadt Al A5t 1A s R HHE ] 31 Qlth(Pang and Hyun, 1998 Hyun and Pang, 1998;
FAFY] Bl T A AF o] 5G] wo|th 1 Moon and Pang, 2003).
USR] AR s Hstl AR kS AES AE 7Fed g U 52 @94 ==, At
o] itk ol2fet & Hshs FAECIA LEH AR 2 H EZpu A RAG L] ol ot At ARl g
85101 42 A, S U AR 5N WS Qo ek e A OR MBS olfo} ok el £
A4 gom], Aol W W WA 5O BARS $U 4 S wojnz, Rl 2 Bsil oat el weE of
Qlth(Wedemyer and Mcleay, 1981). £3] 3t=2] #2984 E 7o g AzFELh AE-S A7 7 A1, o] 7|7k Bot ARE
FEO SRS GTS A W A oI G of tgt ¥} B S4S 1AL 9128 2 (Day and Flem-
7] wizol] M| A9 oA5E Al esd 7ol - ing, 1992), P2 Q1 AL AsiAls A Aol 9F=
Eh A 19960l = Al ol #Ud S =4 Ad T 8AES olafigh= o] Dastth(Huchette et al., 2003).
= oflme] o R Agre] F2o] 20 psu ©]5tE WopA oF4 SOl X = S-S (Halioitis discus discus) E A EEHE
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ot

(Halioitis sieboldi)& ©]-83}0] 317 AEHAZ TAIE= Al
214 W3}t 55 A4 vl Qlom(Jwa et al., 2009; Kim et al.,
2006), ZAE(Halioitis discus hannai)®] 733, 2 AEH A
of ofgk A2l A #sks AR A7} QITH(Kim et al., 2005).
o7 A AR RN AR A S Ao s AE
A5 A7 e E = 79 AR olu vt = FEke
)2 A0 BETHLim etal,, 2012). 0] AL 4227} &
5 e a2lo] off 59| =e-3ehA EA WSt
2 917] wjEo|th(Krogdahl et al., 2004; Xu et al., 2010).
et o] 23t A= ool FFE o] Qe B AT itk
T ulHE AR olrt whebA] & Atol A =2l FA% ¢
SRS A 2|l o] WA B AR 20l vAl=
e oty flsto] & Al o] HEE W 7HA L] tfs)
of 4=, 2 A, 2T A 23] 5 Fhekal Tl o] ALAd o] i

Aol ALg 3 A Az Hebee $hE o] SAFAIAo]A
PHF 1EA N k7| AR =)

BRI AL A2 Skelo] 128 44 9 ol 48819
o 4 & S A8 Wsle] OfF AEAAS H 4T}

A1 & Ao ARG5S

FAT ArHste] 2 &0 AYEES gothy] H5tH,
215,20 2 25C, P& 35 psuol| A 22 ARSE0] AES =
& 279 A= 5430, 25, 20 A 15 psu)7k 50191
zof| Z¥z2} 40 WA (Bt 278 27.9 0.2 mm, Ht HF
1 g) HEE =8-510] 1447 AEES AT A&
o] 241 A (shelter)?} 4= o] F2FokA] Lo}l
A=atol = §hg-o] gli= 7HAIE HAet 2o R T
A7) SR ThA ket v oS 28] Tkl
132 24HE.0 2 A AJ5Hq]r
1 i AR Hsh= =2 15,20 2 25T, P& 35,
0 % 15 psu®] A & ali<mol] &S ZH2F 2070414 (3
6.6+0.9 mm, A% 2.1+£0.2 g) 5=83}0] 24471
etaict. Zh2ke] =23} AR 2o A AES 24413
AN gt ol f= AEE A A, 15 psul] A H= Bl
A5 X9l 7} 2447 o] Wjof] B5= w| AR} 7] o]
120 957] e Sk e A8 7447
L4 Z7HA] - 80T 2A 2 Y alol| Balgich.
AERO] 22 105 Coll A 2417 A 3 S5k e
ZEHMA(N X 6.25)2 Auto Kjeldahl System (Gerhardt VA-
P500T/TT125, KG, Germany)2 A8-5f0] EAatglcth 24
Hko 2 2|8} 227|(Velp SER 148, Usmate, Italy) S AF8-5}od
ether2 53t § 7513 om, 23|82 550 C ol 4] 647t &
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RE AL HIFrEEeAE Uslon, fox=
SPSS-&AI9 7] | (version 12.0)5 o]-&3to] =2 9 HE
AL 7P dubdE 9 ofu|leAl 747k0] $i3k= one-way
ANOVA-test= 451301, Aek7+e] t}5H] 1= Duncan's
multiple range testol] 2Jsl] A SFATE ESH 42 2 o] u}f
E A5 7R AR R HEke] Al E dobE alA} two-
way ANOVA-test2 A A3t}
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Fig. 1. Survival rate of abalone Haliotis discus hannai by rapid
salinity change.



Table 1. P-values form two-way ANOVAs of body composition
changes of abalone Haliotis discus hannai by salinity and water
temperature

- Water Salinity x Water
Parameter Salinity temperature  temperature

Moisture < 0.001 < 0.001 0.125
Crude protein 0.005 0.003 0.720
Crude fat < 0.001 < 0.001 < 0.001
Crude ash < 0.001 < 0.001 0.001

Aol BEE0] 45.0+5.0%= 43| Hastglon], dHF=

) AJEL-235.0+5.0%% T} 35 psucllAl 15 psu A HE 8=

ZHIE =2 A7) AE-L 15 psuo A 1D 4 o] 5= H|AFsF T
422207, FE 35,30 L 25 psud] dj4of BFE $=83F M=
< AE7IRE 53 100%2] EES Hel o, 20 psudl| &
AEL e Z 1A o] AEE0] 60.0+5.0%, AHEF A A
$24754+2.5%% 7-43F3). 15 psu dfj40] vfE 4831
A5 1A of] 2 ARSI 42 25°C, H4& 35, 30 psu
<o BFE =-8-3F AE-2-100%2] &S 2o, 25 psu

o aa
9] sfjrof| HERE 489 HE-2 3UA o] FEE0] 80.0£5.0%

ol

90

I

N

2 AEEZE q7bA] 52 = Ak 20 psud] dfl<rol BER =83

ZHEL 3270 A280] 30.0+10.0%= F23] 7H2, 447

o 5 F|AlatSit. 15 psuof HEZ 483 52 LA I

e L=

4ot GEHst0| 2 JHAIRO| LutdE Mt
G243 GRS w2 S X gf] 7FA)HE ARk R W

l= Fig. 204 Bi= vie} ol HE 7pA| o] =8 gare

22 157, & 35,30, 25,20 2 15 psucl|A] 22+ 82.1+0.7,
82.5+0.7,84.9+0.5,86.9+0.3 % 86.6+0.4%= 35, 30 psu
= ot ZHol7k gl etk (P>0.05), 25 psu ©]stoll A= o
Z-2l 35 psu B} 50514 w=thP<0.05). 20Col|A] 35
psut-E] 15 psuzlA] 9] 425 $Hake 7k7F 80.5+0.8, 80.9+0.4,
81.2+0.7,82.3+0.3 2 84.7+0.4%%=, 35,30 4 25 psu= &
o3} 2to] 7} $1 O LHP>0.05), 20 psu ©]3}ef| A= 35 psu K-
o} G951 EUTHP<0.05). 25Tl 35 psulEl 15 psu
7R 2] S8 Sk 7FzF 80.2+0.9, 80.9+0.4, 81.2+0.7,
823+0.3 2 84.7+0.4%%, 35, 30 & 25 psu= 3-9J3} 2}o]
7F AR LHP>0.05), 20 psu ©]3}of| A1+ 35 psu ET} 725}
A =AH(P<0.05).

AL 7HARS] 2ohig] dheES =2 15T, F& 35, 30,
25,20 2 15 psucll Al 22+ 11.1+0.7, 11.5+1.0, 10.9£0.8,
13.740.7 2 123+14%=2 §2)t 2}o]S Holx] okt
(P>0.05). 20°C Ol Al 35 psutE] 15 psuZbA] 714159 el
2 ek 7k 12.140.5,12.240.8, 12.8+0.5, 14.6+1.1 2
14.5+0.4%%, 35, 30 W 25 psut= & o] S Holx| g¥gke
L}, 20, 15 psudl A= 35 psu 2o} 5251 =4th(P<0.05).
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in abalone Haliotis discus hannai by different salinity and water
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each water temperature (P<0.05).
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Table 2. Combined amino acid contents of abalone Haliotis discus hannai at different salinity in 15T

(% in protein)

Amino acids

Salinity (psu)

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 15.36x0.79 15.46+0.81 15.34+0.86 15.47+0.94 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 4.10x0.16 4.13x0.23 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 3.9740.25 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 1.991+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

25ColA 35 psuffEl 15 psu7pA| o] b Jheke 7h7)
123+04,12.540.3,14.1£09,13.94+1.0 2@ 153+ 1.0%=,
25 psu °J5tof A= tiz=7-Ql 35 psu Kok -2 5HA] A LHE
TH(P< 0.05).

A& 72ROl ZAHF gkl 2 1570, 9E 35, 30, 25,
20 9 15 psuollA] 242} 0.47+0.03, 0.47+0.03, 0.47+0.09,
0.77+0.09 ¥ 0.63+0.03%=, 35, 30 ¥ 25 psuof|A+= 52
gt ol & HofA] eIATEHP>0.05). L2t 20, 15 psudll=
35 psu BT} 90814 EQTHP<0.05). 20COA 35 psut
Bl 15 psu7lx|+= 22} 0.27+0.03, 0.30+0.00, 0.73+0.09,
0.70+0.06 2 0.60+=0.06%=, 25 psu |5} A= 35 psu K
t} $9J5HA] E=UTHP<0.05). 25CollA] 35 psutE| 15 psuz}

2= 221 0.13+0.03, 0.10 +0.00, 0.27 +0.03, 0.27 +0.03 2
0.57+0.031%, 25, 20 psu= 35 psu HC} 52517 =9k},
T3 15 psuol A= tFE G& Hop 225 gheFo] R =
QITHP<0.05).

HE FpAEO] 23|E FHES 29 (57, HE 35, 30, 25,
20 2 15 psuol A Z+2zF 1.30+0.12, 1.33+0.15, 1.13+0.23,
1.87+0.15 2 1.40+0.31%, 20ColA= z2F 1.50+0.06,
1.57+0.03,2.23+0.12, 2.33+0.07 2 2.37+0.03%, 25°C 0]
A= 242 1.53+0.03, 1.47+0.03, 1.53+0.03, 1.80+0.06 2
233+0.03%2, WE 4222 70] A 35,30 L 25 psut= -G-0| 3t
Aol 5 Ho|A| AUTHP>0.05). ZLeLt 20 psu o] skl A &
o] FEE {8t F7FsHATHP<0.05).

Table 3. 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 4.95+0.15 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 2.19£0.14 3.90+0.14 4.01x0.22 4.04+0.23 3.97+0.18
Leucine 3.93£0.18 7.30£0.23 7.16£0.29 7.16£0.45 7.37£0.39
Tyrosine 7.29+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 4. 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 4.46x0.15 4.45+0.23 4.42+0.23 4.450.25 4.39+0.21
Serine 5.16£0.31 5.09+0.21 5.06+0.22 5.134£0.25 5.00£0.19
Glutamic acid 15.53+0.95 15.40+0.56 15.58+0.79 15.75+0.87 15.76x0.85
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 4.21x0.24 4.000.31
Methionine 2.20£0.14 2.22+0.11 2.334£0.16 2.37+0.17 2.33£0.14
Isoleucine 3.96+0.19 3.94+0.22 4.18+0.31 3.9840.21 4.160.29
Leucine 7.19£0.28 7.22+0.36 7.35+£0.45 7.291£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

B 7FA RO 1, 2k, 22 Yl 23]

A& 2ot 7] $J51e] two-way ANONA
|3t A3}, Table 104 M= Bie} o] =2 9l &2
L e L L e i o A K
A7F e, 2AE T 2382 423 R A7}
THP<0.05).

Hatof e 7HAIR O] 14 ofo| LAt B35}
H3to] w2 S Zufj o] 7pA R A ot
3}= Table 2-40)| 4] R vle} Zth 4~& 157, 9& 35,
30, 25, 20 2 15 psuof|A] aspartic acid= 22+ 10.27 +0.55,
10.38£0.65, 10.47+0.61, 10.57+0.73 ¥ 10.31+0.53%=
LR, f-ofgE 2Rl 7t QIIEH(P>0.05). ©] £]o] threonine,
serine, glutamic acid, glycine, alanine, valine, methionine, iso-
leucine, leucine, tyrosine, phenylalanine, histidine, lysine %!
arginine 5 th2 Ao Ak S A] ZH2E0] ¢ ol A f-2fgh A}
o5 Ho|A| GFUTHP>0.05) (Table 2). o]<f 72 Ao 20,
25Co A5 w1 om(Table 3, 4), Z2-9] HollA] 42
] JLA olu| LA o A] G0t Zlo] & K o] Z] SRt P>0.05).

o H
G ¥ U ALEO] A Tl JFg v,
& R A B 7o) W2 HAIE, A E dh R w7t v

0] FARS oIt Widdows, 1985; Shumway, 1977). 2 <1
TolA 2 FAT ARl uhE s Aufo] EE
& 2ARE AT 2 15,20°C, 94 30, 25 psudl A= A7
754 100%2] BEE2 HI O, 20 psu O 5HE YEE
2 50% olst= FZ 5 ZrAskH et 42 257, 20 psudl A=

A 497 BT HARSEAL 15 psucll A= AF 19A) BF At
3tof dist Fo] S48, p2o] warS AEEE W2
© 2 e 0]9h 22 A= Choi (20060)9] ARS2] ¢
H A A 3025 psuol A= SARF EASSHA] 949k, 20, 15
psucll Al 242} 70, 50%2] 485 53100, Algko] Ado] wh
2 wARge] S7tsh= Aot ARSI, Eet 25, 20 psul]
U RN = P20l w2 H AL E A
i, 15 psue] A G A= o]l Arglo] i HAsklnt.
o]E HA% AETA A AL 2ol 2Hxls A7t 28
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37 wish AEd|x 20loz
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A 22102 oA Qltk(Hayashi, 1983; Ram and Young,
1992). T3t AWHA] © 7 BEZFo| A= 7| oo A A7 oy
Al ZelsL7llo] &3 = A eH(Young, 1990), th2 HH Fofl 21
of A= A E3F F a3 U X Yoz AxnlEHTkaL A QL
th(Emerson and Duerr, 1967). & ¢J5Lof|A]
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o

e 2y e A4S A5 AR 2AdH] 2ol
AF5:8749] 98 1} Hlo]o) 35 9 2Alo] wet et
3} TH(Sato, 1975; Jeong et al., 1993; Dunstan et al., 1996).
FAIRE . A-tol| A ZH L 7HA) o] A= 24 Bk T
(A% RSt Qg AutE, ol o] F& Wl 240 JF
Hroh= a2 9 G822 st oJaf Al 240l E
ghAThaL Sdsh= Aol grhal Ay zbE

2 Ao A 2 9 2 S 2| gfjof oigh ZpA)E o]
Jotu| At H3HE 2ARSE A, 7912 Q1 Aol = §lgltt. o]¢}
T2 Ait= 2 9 g&o) mE A AJgto] Zrof o] 4ho]
HILE FEst]ofl= oS AR AHEnt nepa] =2
W QlEislo] T ofn|be] WslE ZAlel] Sl A
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