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Tab.1 Effects of pH on survival rate and growth of sea cucumber (4postichopus japonicus)
FiAk pH WA /g KRt /g TG /% T A KR (Y%/d)
SI 73 10.78+0.13° 11.78+0.15° 100 0.30+0.018°
SII 75 10.78+0.13° 12.87+0.19" 100 0.59+0.015°
SIII 8.7 10.78+0.13° 12.32+0.24% 100 0.53+0.023°
SIV 8.9 10.78+0.13° 11.59+0.13% 100 0.24+0.021°
SCK 8.2 10.78+0.13° 13.43+0.26° 100 0.73+0.012°
MI 73 24.35+0.29° 26.79+0.21% 100 0.32+0.019°
MII 75 24.35+0.29° 27.99+0.21¢ 100 0.46+0.013°
MIII 8.7 24.35+0.29° 27.78+0.20° 100 0.44+0.027°
MIV 8.9 24.35+0.29° 26.58+0.20° 100 0.29+0.026°
MCK 8.2 24.35+0.29° 29.86+0.17" 100 0.68+0.021¢
LI 73 51.2140.45° 56.57+0.128 100 0.33+0.014°
LII 75 51.21+0.45° 58.69+0.12" 100 0.45+0.019"
LIII 8.7 51.2140.45¢ 58.17+0.23" 100 0.42+0.025°
LIV 8.9 51.21+0.45¢ 56.86+0.23¢ 100 0.35+0.026°
LCK 8.2 51.21+0.45° 60.28+0.09' 100 0.54+0.011°
Y 8RR R # R 2 5 5 (P<0.05)
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Fig. 2 Effect of different pH on the activity of LZM of
medium-sized sea cucumber
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Fig. 9 Effect of different pH on the activity of CAT of large-
sized sea cucumber

FISAE R B 2, FHR I YR8 57K R 58 %
YIAHE, KA pH A8 Ak B 452 i 45 0 20 Ak B
SRV M ) e I R A R 5 60 3 ) T Ak IR 1) i
J1, WsE gl S A KR, S8R, T
BHES Y ALE R pH N 5.7~7.9M ARBFSE KB, 24
pH N 7.5~8.7 B}, FIZHREIE R TGS . B 5K,
AR SR RO, T Y8 e pH JE R, Bk
M2 EMELERNAIE IS, X R ARE R
pH AL W] REA[RIRR M e T ISR E B, &
BOLTRLR R T

i Wong Z51 I IT B, Ry T 2 AR AR
R oK, METEA ] R [ B R AME R A R
(ARA AT Xk JH s ) B TET R I o R S A ] b T B
WA, A B A AR AS A Ak G BILAA 15 Bl 45
B3, RIS TR REEIEAER N, AT AR RER
THFEN L, XFERAE RIS A TS R a
IS T AR MBI i, ARSI T4t SR & pH
WRFEAFAER A LR . FRATHEM, #dE B AY pH
TFE, RIS AR RID, WEXT pH W ARFEEE
TR FES: TR MAE R, BERIN T REEMT R, HiM
HAB RO kA T8k, T B0 A K82
3.2 pHAREAST#] A AE 4 7 b S 9% B TE M Y

%)

AWETEAR L, PN TR | R | WA

FASEAGE RS 07 ACHRAE A, T H
S AR EE S U S R T e s, R
HA AR 5 M s, R e )| THERE 3k s,
A4 Z PR A I e Y 4 A AR Y T
DA R 4% A8 05 1k 1 2 P2, R IR B TR A i
B EEEE REM. LZM &—F & MEH FHUE
Yy 4 R BE K R I, BT IZ AR AE T K S 45
ALY RIS W v, R A AR N E A AR R R
B e K Z—, TEHRAHSI R AR ol B 2 A
A A, LZM 1E R B A R pe e br, HgEal 2
S BRSSO B4 FRAE K IR BE pH A LA AR
PEREE HAhK BTN 7122 4k, S EBOKRAEDEA . B0m
DG, RIS I USEPE , IE R LZM 1R R
B ENE AR bR . SOD T CAT 2 Az ) A P 19 o AR 56
K AT S A il 0 2 B e 2 ) IO X 4% ol i 1)
FEARU, I BRI A T BRIE MR A, e R
BLAR 3 22 R AE W) d3 - 1003 5 7 1A 6 W Ry o B8 A A
PR BRI SOD F CAT iR M R KE, LA Z7E
R4 38 T A= i A B8 g 955 B A g% Y 2 g
R, Pk, WF5E pH Wrid T SOD Ml CAT 36 M A8 1L
BAELEE L,

ARG ZE SR, pH A X HZ LZM . SOD Al
CAT 3 76y it M S0 Bt 5 I A0 i 88 R0 o ] 252
et e AR ARt a3, X UL 2% pH 28 L
B ERNBE T RE ST, WIS 0 YE e U N PR R B
A, S8k VAT S B PR RS Y pH B AR Ak, {Hf
SAEYEFF AR FE T G0 928 Bl 0 5 1 M A AE — B ) A
FRAE, <304 T 0 MR 285 5 BOR 2 AL AR 2K L,
U PR TE PR IR S, X 547 CFEE X H R
F ¥R (Palaemon (Exopaemon) carinicauda Holthuis)*®! |
L/ B (Seylla paramamosain)® J 15 ff JC 15 I
(Anodonta woodiana) PPIBFFEEE REA L, &L
HR AR 0 7 3 FhER Y LZM . SOD i J1 B pH(pH7.2
H pHO.2) 38 B[] A9 ZE K 26 7 T B, i gkl DL, 3
FE pH A2 AV AT i 3E A MR I S ek, (HA5 pH
JoF YR BN B, Az AR G 2 0 PR R AR EE AT OE
AR, XA RIFATIE .

3.3 ARRAMER ST pH A& oo B

FRPE I BRI ZUAE AL, XS A B | g 2 T RE
PR E S, NIRRT R PR A Pk o RIS,
ENEEER Y eSO PR ) 7 SER I NI 29y
S PO A A AS TR RHAS JH 2 0o S 2R 36 1) B e i

Marine Sciences / Vol. 42, No. 11 /2018 55



e IRkE REPOATS

B2 REEH, AFEBAS RIS EARR pH &40+
XF SGR [ RZMA NG AT 225, ULFAMIZ 1 SGR 4 Z 1A
i A pH 22 B RZM . 7E45 pH 21 P R RS il S 75
HRWRAS | 1 O S e e W 5 3 T L
TSRS, TR RIS (430 2 A5 AN TR pH 41 i i i
1A R R G BTG R A N ) R AR, R BN ) =
SGR I 28 Bt 1 P A8 AR MR Je R, 40T Dt PR Sy T
AE 2 /INFIAK ) 2 F T 448 1E 5 FC 0 B o o AR O 3R
KA E ], g2 98 50 B ) AR X 5, ASRE R 4
Bl H B Be it R FFRC = 1 S e Bl M, DR AE SR g it
FEHORTE pH 25 A B A [R] Foip a6 BF ) /)N KA 0 2 i 0%
PEXEAR . 534b, RIS PR G G MR AR A F I
B K B B[R] 5 AR AN R AS AR fb R AR
], AFE4s S 2B, 3 Fl ] I A /N B AS i 2
BAE 15.d, TR HEAS RIS AR 20 do BERAAH HLEL
NS TS, . KA I S B Y pH 38 N1 R
pH Wi T RS S s RGN R M, B HAS
Z7E TG a8 R 5T I 5 R A B 43 Bl A S0R F AR
(R RE It AR R e B R B R A B Y SR g e
77, LAZERE A B 09 A A7 - HOAR PR35 8 AL X HLAAR 7 A2
543

HEr, ol il S 7mn FEpz —,
B 2 00 2 75 FE AR A 25 B 4 SR I AN R, 2t
I AFAE 2 00 L I8 e P DR o M RSB RS DA J 3R A
5 A SE R, Rl AR SR R D, b SR
JEE R . HEM D) SRR A AR R, B AL,
T B0 I K A 2 B B I B PR R 0 Bl Y pHL FE
7.5~8.7 AT, RS H AL T OE R AR, Y
pH=8.7 8{# pH<7.5 i}, J5 i i) P 23 005 0 2 g
R0, BRI E 2 5 300 S A6 R 57 0 s il S
PEFFSE AR, 06 R BOURPE IS i, e A 3R 08 58 78 1Y)
TEOLT, M5 FECHS N bR, 25T, I,
PSR AR PR AL pH R I 7E IE# YL P, DA
EH 2 0E 5 A MAE K, #8 HIE R, K
R8T MRS =20 d. KPR =25 & REUIS
A FARI AL, AR AZ B E, BE0OR RN R
ol R BB T YRR o

S Z ik

(1] ZERUAK, REZEN, B, S5 IARE RS 30587k 0
AR5 A RS2 AR X R [I]. ol B, 2010.
31(4): 126-133.

Li Chenglin, Song Aihuan, Hu Wei, et al. Status analysis
and sustainable development strategy of sea cucumber

[10]

Apostichopus japonicas Selenka aquaculture industry in
Shandong Province[J].
2010, 31(4): 126-132.
BRI, W, RERZ L R R . R S xR
HL[T]. PR, 2017, (1): 3-20.

Li Chenglin, Hu Wei. The devoplement situation, trend

Progress in Fishery Science,

and suggestions on the Apostichopus japonicus Selenka
aquaculture industry of China[J]. Marine Economy of
China, 2017, 1: 3-20.

WL, S, 2R HSHIFFLIOR . 7R R
5 JREEI]. KFERRE, 2006, 25(4): 198-201.
Chang Yaqing, Sui Xilin, Li Jun. The current situation,
problem and prospect on the Apostichopus japonicus
aquaculture[J]. Fisheries science, 2006, 25(4): 198-201.
BRI, WGHE, BIRE, 55 RISIRE IR KAL),
TER RS (A SRR, 2013, 27(3): 239-244.

Chi Shuang, Zeng Yong, Zhao Zhenjun, et al. Variation
of water quality in culture ponds for Apostichopus ja-
ponicus[J]. Journal of University of Jinan (Science and
Technology), 2013, 27(3): 239-244.

FI, B, FEV, AF. pH A E BT ERTR
R GERETE ) B e B B[], b K- R,
2011, 18(3): 556-564.

Wang Yun, Li Jian, Li Jitao, et al. Effects of pH stress
on antioxidant system enzyme activities and gene ex-
pression of Fenneropenaeus chinensis[J]. Journal of
Fishery Science of China, 2011, 18(3): 556-564.
TR, &%, 2k, . pH X REHAK M
PR AR A 2H BB S WA (D). T AR TR SR S A, 2013,
33(6): 42-46.

Wang Shuangyao, Wang Xin, Jiang Zhiqiang, et al. Ef-
fects of pH on growth and biochemical indices of Ju-
venile Turbot (Scophthalmus maximus)[J]. Journal of
Guangdong Ocean University, 2013, 33(6): 42-46.

Wen Zhao, Miao Liang, Peng Zhang. Effect of yeast
polysaccharide on the immune function of juvenile sea
cucumber, Apostichopus japonicus Selenka under pH
stress[J]. Aquaculture International, 2010, 18(5): 777-786.
VEA, 5k, TIkMh. pH XHaREH RAEKER
WS [I]. KRR, 2014, 33(2): 13-136.

Xu Youqing, Zhang Renzhen, Ding Zhaokun. Effects of
pH on reproduction, growth and development in fish: a
review[J]. Fisheries science, 2014, 33(2): 13-136.
WIEE, SR, RUEVE, 45, pH X R MR 4t
AR [T]. WAL B, 2014, 53(2): 389-391.
Hu Siyu, Cai Jangyan, Zhao Haitao, et al. Effects of pH
on growth of juveniles of Schizothorax grahamil[l].
Hubei Agricultural Sciences, 2014, 53(2): 389-391.
SRARIH, W& T, 28R, pH 2SN H AR BEXT SR FF4F
BT RIS IS S RAETS AR RIS [T]. KR,
2008, 32(5): 758-764.

Zhang Linjuan, Pan Luqing, Luan Zhihua. Effects of
pH on ion-rransport enzyme activities and survival,
growth if Marspenaeus japonicas postlarvae[J]. Journal
of Fisheries of China, 2008, 32(5): 758-764.

56 HEVERLY /2018 4E /55 42 5 /45 11 1



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

e IRkE REPOATS

FEXUR, TR, HIAEK, 5. pH X K64 i 11
H 3 o K 02T AE 5540 19 52 e (7], R He AR 2 B 2= 4,
2013, 20 (4): 10-13.

Wang Shuangyao, Mao Shoukang, Miao Zhiou, et al.
Effects of pH on average daily growth rate and gill mi-
crostructure of juvenile Scophthalmus maximus[J]. Journal
of Tianjin Agricultural University, 2013, 20 (4): 10-13.
IRIRAE, HXUBR, FHARA]. pH AN [R] Ak B 8] fe ] 30) 1
7 B0k FLA IS WF AR A B S2 e (9], v 9 I R 2
i, 2008, 38(1): 45-51.

Zheng Zhenhua, Dong Shuanglin, Tian Xiangli. Effects
of cyclic pH with different durations on the growth of
Litopenaeus vannameilJ]. Periodical of Ocean Univer-
sity of China, 2008, 38(1): 45-51.

T, F%A, skB, 5. pH AE ZU0 B RiHE DA
INESPERTE AN PR RN RARGEE S U X
2008, 27(3): 281-285.

Fang Jun, Yan Maochang, Zhang Jiongming, et al. Pre-
liminary studies on the effects of pH and ammonia on
growth and survival to Scapharca subcrenata juve-
niles[J]. Journal of Zhejiang Ocean University(Natural
Science), 2008, 27(3): 281-285.

EIE, ER, FE, SR pH M E B Ty
2 35 H RS 1R R BT (9], W R RS, 2007,
31(11): 14-18.

Wang Jiqiao, Tang Li, Xu Zhong, et al. Effects of tem-
perature, pH value and metal ions on protease activities
in the digestive tract from sea cucumber (Apostichopus
Jjaponicus) [J]. Marine Sciences, 2007, 31(11): 14-18.
Wong W H, Cheung S G. Feeding behavior of the green
mussel, Perna viridis (L.): Responses to variation in
seston quantity and quality[J]. Journal of Experimental
Marine Biology and Ecology, 1999, 236(2): 191-207.
B, WG, ZERubk, S AREREREXT 3 FPALRS RIS
24K G EGIE 7 052 m (1], ol B 2 o R,
2015, 36(1): 91-96.

Zhao Bin, Hu Wei, Li Chenglin, et al. The effects of
low salinity on the growth and activities of digestive
enzymes in sea cucumber Apostichopus japonicus[J].
Progress in Fishery Science, 2015, 36(1): 91-96.

B, AR, WIS, AF. ARIEXTAS R R 240 24
KSFEERIZmI]. R, 2011, 35(12): 88-91.
Zhao Bin, Li Chenglin, Hu Wei, et al. Effects of low
temprature on growth and oxygen consumption rate of
different sizes of sea cucumber, Apostichopus japonicus
in industrial aquaculture[J]. Marine Sciences, 2011,
35(12): 88-91.

EIEss, AR, B, AF. IRER M0 0 R 2 AR R
P B 5 Wl T R ST BTG ) RS R [T, LR
2013, 34(3): 82-87.

Dong Xiaoliang, Li Chenglin, Zhao Bin, et al. Effects
of low salinity stress on the activities of non-specific
immune enzymes and antibacterial activity of sea cu-
cumber Apostichopus japonicus[J]. Progress in Fishery
Science, 2013, 34(3): 82-87.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

UK, W, TR, PR ) (R il P 38 X ]
Z P A A BTG P S N TR R R (D], R
KEg24e, 2015, 30(1): 25-29.

Sha Fei, Chang Yaqing, Ding Jun. Effects of two cooling
modes of low temperature stress on antioxidant enzyme
activities and malondiadehyde level in sea cucumber
Apostichopus japonicus. Journal of Dalian Ocean Uni-
versity, 2015, 30(1): 25-29.

MG, EAAE, PhEAE, S (R R =
(Apostichopus japonicus) BN FHE bR AIFZ IR [1]. 2
W Rk2EBERR, 2016, 37(5): 133-139.

Li Genrui, Ren Lihua, Sun Guohua, et al. Effects of
hypoxic stress on oxidative stress indices in Aposti-
chopus japonicus|J]. Progess in Fishery Sciences, 2016,
37(5): 133-139.

AN, O, AERORK, AF. S AU A XA [R] KA )
Z:(Apostichopus japonicus)AF i X AR 45 5P e 58 B 15
PR [I]. Wk Rl2E R R, 2017, 38(3): 172-179.
Xu Songtao, Zhao Bin, Li Chenglin, et al. Effect of
ammonia nitrogen stress on the survival and activities
of non-specific immune enzymes of different-sized sea
cucumber (Apostichopus japonicus)[J]. Progess in Fishery
Sciences, 2017, 38(3): 172-179.

XIPERE, AR, IMES), 5. Z A M0 R 2L
SRERHG YRR IR [J]. WAL, 2012, 36(8): 47-52.
Liu Hongzhan, Zheng Fengrong, Sun Xiuqin, et al. Ef-
fects of exposure to ammonia nitrogen stress on im-
mune enzyme of holothurians Apostichopus japonicus[J].
Marine Sciences, 2012, 36(8): 47-52.

WA, AR, SKRICIR. H S R G SOH e i o
FIPEM 8 b BB FT LR (7], o ERLEL, 2011, (6): 8-12.
Chang Jie, Niu Huaxin, Zhang Wenbing, The research
process of immune functions of echinoderms and the
evaluation index of immunostimulant[J]. China Feed,
2011, (6): 8-12.

i, RN, VRAE, A IR TERBTESRA T RN ]
EE SR, 2014, (4): 51-53.

Li Xin, Tan Zhijian, Ling Xinhua, et al. The use of lyso-
zyme in aquaculture[J]. Veterinary Orientation, 2014,
(4): 51-53.

EFM, EEE, kL, S DRk b a0 g mL A X
ViR SN BAEE LK R PERRAR I []]. K&
PER2ER, 2012, 27(2): 110-115.

Wang Jiqiao, Wang Zhixiang, Zhang Kai, et al. Effects
of dietary selenomethionine levels on growth and some
immune indices in juvenile sea cucumber Apostichopus
japonicus[J]. Journal of Dalian Ocean University, 2012,
27(2): 110-115.

TRIE, 2, 5%, 5. pH PHAXERE BT A
ARG F1 B2 [J]. M EERF2E, 2015, 39(5): 47-53.

Yu Tianji, Li Jian, Li Jitao, et al. The effect of changes
on antioxidant enzyme activities of ridgetail white prawn
(Palaemon carinicauda)[J]. Marine Science, 2015, 39(5):
47-53.

Wi, WER, XEE, % pH PHbax T Bk

Marine Sciences / Vol. 42, No. 11 /2018 57



e IRkE REPOATS

WLFP e B F R sZ e [J]. B IR 2E 3R (A SRR 2 5 1 Tl PN B TR ) B S e (D). B R T O

Ji7), 2008, 47(3): 413-418. 224, 2011, 20(5): 720-728.

Zeng Yuanyuan, Ai Chunxiang, Liu Jianguo, et al. Effects Zhao Xianyin, Li Jian, Chen Ping, et al. Effects of pH

of pH on some immune factors of mud crab, Scylla pa- stress on survival rate and activities of ion-transport

ramamosain[J]. Journal of Xiamen University (Naturel enzyme, immune-related enzymes in three species of

Science), 2008, 47(3): 413-418. shrimps[J]. Journal of shanghai ocean university, 2011,
[28] XHM, skmisr, #HEK, %, pH X5 JC ik 20(5): 720-728.

(Anodonta woodiana)s TP K 5 RS2 [1]. B R [30] BXHK, WAKE, ZERibk, 4. RERFREEXS 3 FhHLAK RIS

SR (BRI, 2009, 33(2): 172-176. (Apostichopus japonicus)4) %A= 1 5 I AL G 1 /5%

Wen Chungen, Zhang Lihong, Hu Baoqing, et al. Ef- ], kBl RE, 2015, 36(1): 91-96.

fects of pH on the five immune factors of Anodonta Zhao Bin, Hu Wei, Li Chenglin, et al. The effects of

woodiana[J]. Journal of Nanchang university (Natural low salinity on the growth and activities of digestive

Science), 2009, 33(2): 172-176. enzymes in sea cucumber Apostichopus japonicus[J].
[29] XSGR, Z=fd, MR, %5 pH B Xt 3 Fho oRA7 7% = Progress in Fishery Science, 2015, 36(1): 91-96.

Effect of pH stress on growth and activities of immune enzyme
of different-sized sea cucumber, Apostichopus japonicus Selenka
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Abstract: Effects of different pH (7.3, 7.5, 8.7, and 8.9) stress on growth and the activities of lysozyme (LZM),
superoxide dismutase (SOD), and catalase (CAT) in small-sized [(10.78 + 0.13) g], medium-sized [(24.35+0.29) g],
and large-sized [(51.21£0.45) g] sea cucumbers were analyzed. The results indicated that three different-sized sea
cucumbers behaved, fed, and grew as usual under pH 7.5 and 8.7 conditions for 30 days. With deviation from the
normal pH level, the sea cucumber showed thinner and shorter feces, increased residue, and reduced food consump-
tion. At pH 8.9, the parapodium of medium-sized sea cucumbers shrank, and some small sea cucumbers appeared to
have shrunken bodies and smooth spines. However, no obvious abnormality was observed in large-sized sea cu-
cumbers. Different pH stress levels had significant effects on specific growth rate (SGR) of the three different sizes
of sea cucumbers. The SGR of all sea cucumbers decreased as the pH stress increased and was significantly differ-
ent from the control group. The effect was more significant on small-sized sea cucumbers. The activities of LZM,
SOD, and CAT of sea cucumbers in experimental groups initially increased, then decreased, and reached a peak on
the 10th day, being significantly different from those of the control group (P<0.05). After 30 days, the immune en-
zyme activities of the sea cucumber under pH 7.3 and 8.9 were significantly lower than those of the control
(P<0.05). No significant difference was observed between pH 7.5, pH 8.7, and the control group. The effects of pH
stress on the activities of immune enzymes of different-sized sea cucumbers were significantly different (P<0.05).
The order of sensitivity of the three sizes of sea cucumber under the same pH was large> medium>small (P<0.05).
The results indicated that pH stress can significantly affect the growth and immunity function of sea cucumbers.
Therefore, as one of the key water factors, pH changes should be considered in sea cucumber aquaculture and

should be maintained between 7.5 and 8.7.
(AL 4. Rigik)
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