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(1. WRBEEEYFRGE HE 266104; 2. EHMAEERIARART ME  265200;
3. SCBTTHEEORHE v B 264400)

WE 7 iF 0 B (Apostichopus japonicus)if 2k & Z 4 H R, ML G4, G5 KA ST LT & Z W
HRNAE, AR THERBENGRETRETHEK. BEMEMEEN T, £FREF, 30d %
i, G4 KA GS 2 AMBEFRNSELRBEIRZEF N EKFAMN, ERBIFEFHE
REME LR ENERT TR, EH5RAETNREKENMEEZREEATTTE; G4 REE
35 5L 4 B 4F 5 A K % (SGR) #(0.82+0.06)%/d, £ # (FR) H (3.54+0.26)%, 15 % & 31 x4 L
% 2 (P>0.05), G5 RERAR S ENAMUMAE, £RE N 18~31 B, G4 fr G5 KB | A A%
HERNSEOMEHNMERE L ENERT TR, RKMEY G5 RIBE 18 MER S LI AN
1.55 U/mg prot; T E 3139 G EHN, £LRANSEAHE HMAELELENAGEBKES,
(B3R 35, 37 LA E ABEE 53 31 A Z 3K L EP>0.05); G4 fr G5 Rt F | HL
HKHANSERBENMERELENTMEERTRAER; £3HE 18~31 LE KN, G4 1 G5 R
BRI S B E AR E R T, o, 3hE 18 fndh & 22 L0 40 AR A B 78 ) B 31K
T2 31 A B A4(P<0.05), XKW, HERSAEENAE K Tt FOFEH L BEIE ) oy 3 (8
ELEMNSEAREZR; G4 A1 G5 RBEFASHF R ZMRE, HARE R E R SBHE
FLiE R R R R ATE] T ARARAE A o

XA RE; wH; hE; £k HiE

hESES S963.16 XEMAFIREE A XEHRS  2095-9869(2021)03-0139-08

il 2 (Apostichopus japonicus))& H T EINIREEHR  BURKIA R, S TR ZFMLET .+ MES G
AHEEATNER BB S IRFE MR, T4k, AKX (FRUREAE, 2019). BEE RS rES LR, #or
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FRPEE P B0 A B, A AR RGR R L RS R
RIS, M SR H ™ &, FE, BT
UTAF SR AR Sty KA A FAI A, 10 77 580 2 i 2 522
WP PE 22 | X BRI A A 2 A8 XU E 1 55 45 ()
B, ol Y IR AR TR R AR SR AHTKE . ST, B
S B RRMIE S A4 P2 B T 2 2 4F , M4k E A
AR JER SR Z . TEE . PURS IR A
PR BT S0 5 A, S E NS P — 2 kR B
TR A

R R K SR A TP B A S N, HAR
XoF 7K 7= S R A K R A B S A L i (2R N
&, 2011), B 093E AR —MBAE 26~33(EH HFSE,
2009; INFHRAE, 2012), FEHIZ Ay B GER A 2R
A3 DX 8 1] 1L AR A #5900 = A NV VA X 3 R A v
il 2 775 57 21 X b B O (I SR A8 2 s ), AR5
REHAZARE, HE HEREmE T ARl
SHh AR, EEAENA ., L7 WAL AE
XIRFEAE . AT, ST AR LR EEFREE il 20 i &R 4k
K BRI E A Z W, A5 LS i
R EE R T U (GH T FAR(GS)BEAR S WF 58 %
G, W T HAEARFEIR SRS A K e
A H AR AL, 2 BRT A ) S b A B S A AL
P, B T ot o B0 s R R AR A 2 %

1 #wREFE
1.1 SCIgdty

SIS FH IS R 1L 2R AR I T A P F 5 B 5 R
ST L B B I &R 5 R AR(GH T LAR(GS),
2017 3 HA12019 4F 4 H, sl s L E =
HEATSEHG o B RRRLAS 230 S [G4(30.1£2.2) g F1(60.2+
3.8) g], G5[(30.4+2.3) g FI(60.8+3.6) g], BB FAE
FEIRAE b, fdHGE N S8 = PR (pH O 8.1~8.3, K
H 16 C~18C), BRI, H BRI S HFA Wk
1R, BERE NS EEN 3%~5%, [FF, %E4a
TR SR E R 1 3 B L BE I EET , i
BURWLIE |« TR 50 S 3 L L A B T I AR S 52
X4

12 FWiFITEHEERE

WHE 18, 20, 22 = AMIRERAFELA RN 35, 37, 39
=ANE AL R, DAEREE 31 Y A SR K X R
SCE AR AT, FHZ A ARIEI Y 5 kK5 BRI KIRS
B 7 AR B, B R RHE 2~3 MR, HES
FCIER B, HFAE LI R B R T X RIS T W FR

55 do PIMkEE S, 258 48 h, 25 20 Sk SLEG
SCE TR (80 cmx60 cmx48 cm)HT, H4bH
W 3 A PATYL SR R L e, B R ek,
ML BRIR] B . SEER AN 30 d.
1.3 MEAZESHEFEITE
131 R AAEKABAGMNE  SLEIFIAET 1 dE
IR, FREFISVIERE W, (g), S50 45 A5 M H:
RE LA W, (g). FRER, ol EUR T, W)
TRFAK TSGR . t LI FFLL RS E] (d). H S %y
EH KR (Specific growth rate, SGR, %/d)K LA T2
XA
SGR=100x(InW,~InW,)/t

18 33 I 58 B B K (Feeding rate, FR, %)% %LEh &

MRS HEEREmW, TEARXIT .
FR=2F/[t(W+Wp)] X 100%

W, HAEEHIIRE(g), W HIIEE(g), t i
IFEl(d), FoOMTRLESE AL (g).
1.3.2 A AHALEEE A o SLER AT RS
6 ) 2 B I HE VAR I PR K SRS IR B T, B
HIHRE, SIBRIPUCR, PRSI e, 7E-80°C
FRACIR VKA TP ARAT . SCe R, BUm4 4 E TS0
e, A 10 RIS BB AK,, EVKIRSUET
AJ3% 20 min, EFEEARHEELIFOC~4T,
1000 r/min)&5.0> 30 min, FFfS EiEWR Tk, 15
T E P L TR TR B A A TG 7 43 ) SR B R
T Ll R A S AR T E

1.33 #H#E%it SRR F ] SPSS 22.0 Bk {43k

17 B % 5 223 1 (One-way ANOVA)FIZ 5 HL4L, LU

P<0.05 1R 22 5 B E K-,

2 #R

21 REBENMSHABEXNEERNSEK. FESER
spA)

211 G4 RZFHAEKRSE LKL [N
G4 REFHSES AR ALERATE A RKRER
THOLILEZR 1, 30 d SCIRZE AT, 2 Rl TR RS 32 &
S AEARER PREE v (10 2R (A T 3 i 4 46 18 P B AT B
BB 18 SLIRA R F I SRR Y LT AR
JEA4(P<0.05), HALTHIGAE, HMEZAAIGK, &
JE 20, 22 SLERMISEEE 31 LIHE R AR E P>
0.05). 1A SGR 5 FR i M43 AN EhFE 31 LU0,
4391 4 (0.83£0.07)%/d . (3.77+0.29)%/d, #1] Uf FLA%
30 g ZEA ARG AR S0 G 21 i kB AR AT B T
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K WA FIAG 60 g ZEATARER SEgR 2, $hE 22 5
31 S AHAY SGR 5 FR 2R A3, HAbSL K 4
R BERFAGH BT 2 T [ (P<0.05).
FERER LG ST, 2 B [RIRUAS 32 5 2 R K
WREE IR T A N, Horp, EREE 35, 37 5E
IR SERRE 31 SCE A 25 S AN B 3 (P>0.05), R 39
SCERAL 2 MR RIS BB G K . WIERRLRS 30 g

LA I RS0 4H SGR 5 FR Sk B s iR R B8 R
[#(P<0.05), 5 39 S8R 4H ) SGR M (-0.17+0.02)%/d,
FR 4(0.15£0.02)%, FHINEARMHE; B 60 g 241
R4 SGR 5 FR 2 BRI LA,

212 G RAEFHAEKEHLER [EENTES
G5 U B RIS S IR A AR AE P A RKIEE
TEBLILEE 20 i 2 AT%0, 30 d 280, G540 2 A

x1 RFCARASERBNSHRRETER., £EKER

Tab.l Growth and feeding of G4 breeding sea cucumber in low and high salinity environments

WA E hE RN HER HrEA KR JE R
Initial body weight (g) Salinity Final body weight (g) FR (%) SGR (%/d) Survival rate (%)

30.1£2.2 18 30.0+2.9% 0.89+0.07% ~0.01£0.006" 99.3
20 36.842.4° 1.56+0.14° 0.67+0.05" 99.3
22 37.743.6° 2.76+0.30° 0.75+0.06° 100
31 38.6+2.5¢ 3.77+0.29¢ 0.83+0.07¢ 100
35 38.542.5¢ 3.54+0.26¢ 0.82+0.06¢ 100
37 34.7+2.5% 1.06+0.14* 0.47+0.03° 100
39 28.6+2.2° 0.15+0.02¢ ~0.17+0.02° 98.7

60.2+3.8 18 58.9+3.2° 0.17+0.03% ~0.07+0.02° 100
20 69.3+3.3° 1.33+0.19° 0.47+0.03° 99.3
22 74.6£3.7° 2.86+0.18° 0.71+0.05¢ 100
31 75.7+3.7° 2.46+0.26° 0.76+0.05¢ 100
35 76.4+4.0° 2.96+0.27° 0.79+0.05¢ 100
37 68.4+4.2° 1.76+0.21¢ 0.43+0.05" 100
39 57.4+3.8° 0.11+0.03° ~0.16+0.03¢ 100

TE e B RS R RS b A ] 5 B s 48] 22 57 .35 (P<0.05), T[]

Note: The data with different letters in the same column are significantly different at the 0.05 probability level, the same as

below
2 EBECSRASERENSHEAETERE. £KER
Tab.2 Growth and feeding of G5 breeding sea cucumber in low and high salinity environments
WA E Eh B KAATE BEx DAl I R 2
Initial body weight (g) Salinity Final body weight (g) FR (%) SGR(%/d) Survival rate (%)

30.4+2.3 18 28.242.4° 0.24+0.03° ~0.25+0.02° 100
20 34.8+3.1% 1.64+0.14° 0.45+0.03° 100
22 37.3+2.8% 2.3340.31° 0.68+0.07° 100
31 38.3+3.1% 3.54+0.32¢ 0.77+0.08°¢ 100
35 39.5+3.2° 3.77+0.36¢ 0.87+0.08¢ 100
37 32.2+3.0%° 1.25+0.23° 0.19+0.02° 100
39 29.94£2.6% 0.26+0.03* ~0.06+0.01" 98.7

60.8+3.6 18 58.1+3.4° 0.20+0.03* ~0.15+0.02° 100
20 64.4+4.2° 1.03+0.09° 0.19+0.02° 100
22 73.5+4.2° 2.06+0.21° 0.63+0.03¢ 100
31 74.9£3.9° 2.42+0.22¢ 0.69+0.03° 100
35 74.2+4.0° 2.56+0.20¢ 0.66+0.03¢ 100
37 66.4+3.6° 1.64+0.18¢ 0.29+0.02¢ 100
39 56.8+3.5° 0.18+0.02° ~0.22+0.03¢ 100
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¥ 38 B RIS TEACER IR B b W A K Bl G4 AR AL,
AR it A S 0 R B A BRI T R, RAERE 18 5K
B AR T A S S0 2H (P<0.05) 0 2 FlRRAR ARk 52
552l SGR 5 FR &k BEREAR ) 9 2 1 B (P<0.05),
HEREE 22 SLER 2, FIRIAE A 60 g SCE A I 211
SGR 54E 1 31 417G . 3% 22 5+(P>0.05),

TEm R, 2 ﬁFK[ﬁJm&iﬁﬁﬂiuﬂﬁewﬁﬁj
Bl S ER FE I R R, b, WIiRiAE 30 g 5E
AR SAEEL I 35 AP R IR e, 1 5(39.543.2) g,
(A5 ER B 31 X RRZH 25 30K 1 2 (P>0.05) , 7E 2 AN [F]
RS B R 2555 N SGR 5 FR M E s erp | £
B 35 SEU A HERREE 31 X IR L TC W 24 5 (P>0.05),
MERFE TS 37 F1 39 A, H: SGR Al FR ¥Rt L F+ =
1 i 2 K (P<0.05)

22 RTBMSEHAENEET RS ELEFTHHEE
221 fk#ZHAFH s

RIEF G4 A2 G5 REF R AEZG
Bt A X G4 F1 GS It F HISE AR T
FIsZmaniE 1 i, LOoAPIIRIRE 30 ¢ 241K, B
FUIRIRE 60 g 24 MK, FEERFE 18~31 JEE N,

m L/NiA% Small size
BXHIME Large size
b

HHERE
Protease activity/(U-mg™! prot)

18 20 22 31 35

L Salinity

37 39

B 1
Fig.1

BARHE

G4 Fl G5 RIS [RIHIAK 1E & 2 11 A0 8 1 B )
B 1 B R RN T R, AR GS 1REREE 18
IV I 2 5288 2H ) 1.55 U/mg prot; Herpr, FHFF 18
FERFE 20 52564 & R ) 0 LT LR 22 SLIR A
FIERFE 31 X FELL(P<0.05), ML EE 22 AL 31 XF 1]
Hz 0] 22 58 835 (P>0.05), 7EERE 31~39 JLFM,
S0 20 0 S 8 S ) Bl B R B TR R R
k%, HELEE 35, 37 SR ALAY & A BEIG 71 S5 Eh
31 ¥R 22 HOR W (P>0.05), G5 1R 2 FhALAS S5
FISAEELE 37 R0 39 W B 1 2RI 3
(P>0.05).

222 fKHEFHIHRE T G4 o G5 Rk F A R H
B4 7% 7 EREEXT G4 F GS AR E 0 S vE M B
sz ULIEL 2, L oI IR 30 g 245 MK, B W)
IRIATE 60 g 2247 M. 7EERBE 18~39 YE [N, G4 FI
G5 RPN [FIHLAS 2 7 5 200 10 18 T R il 1% ) B 1
BB AR, SRR K ES . fE G4 R
W, R 37 STURAL/INHUAK NI S Ve K BEG 1A
0.36 U/mg prot, I3 T HAW LR 41 (P<0.05), £
22 5EREE 37 (/NS SR 2 P A il 1 ) S 3 R A R
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The effects of different salinity on the protease activity of G4 and G5 breeding sea cucumber

P AR A ] 5= B R 4N 22 57 W35 (P<0.05), T[]

Different letters on the graph mean significant difference in the same dietary group (P<0.05), the same as below
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Fig.2 The effects of different salinity on the amylase activity of G4 and G5 breeding sea cucumber
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Fig.3 The effects of different salinity on the lipase activity of G4 and G5 breeding sea cucumber
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31 HBEEREERBNSHEFETHNEKREE

aiER

8B R R K PR sh i A B AR S 2 A T BB A
T, SHAK | K H K FRZ%YI(Talbot et al, 2002; Dong
et al, 2008), H|Z @ T AP Eh P shi, Eh1E
AR AN I S 0 A K | A7 R B A — R 8 A B B
IS (MR 4, 2007; ABEZE, 2014; Li et al, 2010;
G AE, 2012, TUHSE, 2012), BFFERBT, $hEE
FEAERZ M S A K B B, S Pr B I 248 Kot
KIFREAL, FHEMRT 22 0F, FZS 3.5 g £H S HE
TR (EH A, 2009), EhE 36 B, Mk A 375¢
R SR B KRB EMR T 31 i (EFHHE,
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2 BA AT AR, (BT G K 5 R AR KOR Y 5 %0
MRS NI B 3 22 5, b 25 ke miging, 3
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KON, Tt RA XA, 20155 7R, 1999).
TE R Rk = F 5 SR PR B AR AT 50T, TR 241
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32 RSRAERRAEREMNSRMETHHNLERE

TH AR S M 57K sh i B8 SRR SR % 1), aF
MK = s B A (27858, 2006) [EIRS, £h
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2007; BRahfEss, 1998; FEFAE, 2008), H A2 LR
FR) F5% 38 FE AF AR 22 5 (Fh BUBLEE, 2009; 70 #3545,
2016), HlZEREA WM, PHEAENEAZ
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Growth and Feeding Performance of Selected Breeding Sea
Cucumber (Apostichopusjaponicus) in Low and High Salt Environments

ZHAO Bin', HU Wei', LI Chenglin'”, ZHAO Hongyou?, WU Peng®, HAN Sha', YAO Linlin', WANG Qi'

(1. Marine Biology Institute of Shandong Province, Qingdao 266104; 2. Laiyang Marine Fishery Co., LTD., Yantai 265200,
3. Fishery Technology Extension Sation of Wendeng City, Weihai  264400)

Abstract To evaluate the breeding effect of sea cucumber (Apostichopus japonicus) salt tolerant
strains, the growth, feeding and digestive physiological changes of the fourth generation (G4) and the fifth
generation (G5) sea cucumber strains under low and high salinity environments were studied. The results
showed that the growth of G4 and G5 were similar in low salt environment during a 30-day experiment.
The final body weight in low salt environment decreased with the decrease in experimental salinity, and
the final body weight in high salinity environment decreased with the increase in experimental salinity.
The specific growth rate (SGR) and feeding rate (FR) of salinity 22 and salinity 35 were not significantly
different from those of the control group at salinity 31 (P>0.05). In the salinity range of 18~31, the
protease activity of G4 and G5 decreased with the decrease in salinity, and the lowest value was
1.55 U/mgprot observed in the G5. In the salinity range of 31~39, the protease activity of each
experimental group decreased with the increase in salinity, but there was no significant difference between
salinity 35, 37, and control group (P>0.05). There was no significant difference in amylase activity
between G4 and G5 with the change in salinity; in the range of salinity 18~31, the protease activity of the
G4 and G5 was not significantly different. The lipase activity of sea cucumber decreased with the
decrease in salinity, and the lipase activity of salinity 18 and salinity 22 was significantly lower than that
of salinity 31 (P<0.05). The results showed that there were significant differences between selected sea
cucumbers and common sea cucumbers in adapting to growth, feeding, and activating digestive enzyme
activities under different salinity treatments. The stability of breeding traits was strong in G4 and G5, and
the directional breeding played an active role in genetic improvement of stress resistance in sea
cucumbers.
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