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3. WY FERAGRATE  EIE  264300)

WE AR BTT A EHPH % 8.4), 1K pH M4 (pH % 6.8, 7.0, 7.2, 74, 7.6 f1
7.8)F1 % pH i 41 (pH % 8.6.8.8.9.0.9.2.9.4 #1 9.6) th 3= 78 K F1 35 T, i1 36 d ¢ £ (Apostichopus
japonicus Selenka)7iE . A K KA NEEHN T W, EREr, FE pH MR EHE,. £K AN
ANEEM AR EY N, £ pH 7490 SLE N, REHFEERN 100%, HE pH Mhl 78 % fr fht it
I EY G e, RIS HFERZHBEK, Y pH N 68, 701 9.6 B, HE 3 K, FHLAFLE MR
A, #MARTMEEI, E30dHASERTEY 100%, ~FpH BEEmAEEL, HEEE
KR pH R E R E TR, Y pH H 9.0 8, MEHIAAHEK, & pH Wb 48 54
.40 57 A B (SOD) Fr it b S B (CAT)E M348 T BB 41, A M pH i R E 3 m 2 -3 B T
By b %, ZE1k pH 404, DL pH=7.4 i % % SOD #1 CAT % & &, 453k % (74.92+2.24) U/ml
F1(14.99+2.38) U/ml, T ¥ 5 T B4 ; WA E pH 4+, SOD Fn CAT 7& M 45| VA pH 8.8 7 9.0 Hf
55, 4513k F](72.90£1.10) U/ml #1(15.68+0.89) U/ml, B E & T A, 4R LW, pH & 7.4~9.0
EENRAEFEESEKNETATE, TBRT RIS RS FERE N HR A, PS5
AW T

XA %5 pH; FiE; £K; MANE

hESES S917.4 XEHRAEE A XEHS  2095-9869(2018)05-0091-08
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TR 5 T I S I, sk B ) 7 985S 1 2 R I 2 1 B S
F A FRIRES, HEm SO K28 R G, K
RIGIMBR BRI L% . BRT, P22 E RS0 5
Be 3 3E N AL R T TRSY, 24 TP AE SR BE (R 4E,
2012; #EBESESE, 2013; PFIRMLEE, 2015; B4k,
2015) . RJE(E =%, 2009) . LHE A (R %,
2016), A (BITAT %, 2012), WAHAS A (W= He%,
2013)% Wit R F B 58 L, i A EE [ Frp pH X
il A BLAE 2SR I W IS L D

PR3 A kg 7K I 858 A 25 A 1) SR B R bR 2 — , S
K H Ak 2 MR RN A i TR B 0 2R A R I (RS A AR 4
2011), AL EIZWKEAEY AN ARG
MLEE, KR h 28R . ik S A E 4 s 5+
FAEY AL R & 8, 2R K A AR
AR FIESEHECE RESE, 2008), EEIGHT,
F SR 7K pH JE K 7.8~8.5, KT S5 AE (25 Ak N3 43
SHUKIR pH 7E 4~10 JEFEIN W 25K (Zhao et al,
2010), FERISFEAMIE T, KK pH H HEZBK |
FrEomii . RFERW . KBS, AYMHERZ | IR
Jo A A5 2 s T 4 A AR AR R S R A B
e Fst 2 B4 9 3 o

4RIk, A pH XIS A AR 255 i 9 B 5
AR5 RS W AR R | A KR bR e e D RE S5 1)
P4 (Zhao et al, 2010; Yuan et al, 2010), i % HAE S
B3 [0 A B S AR AR AR I 9 18 A DLAF R E o A 5L
PLRHUME 4 2 A EFET 4, BF9E T A TRl pH X247
T AER KRR R, B LS — IR B 2 %)
pH AYIEPE, DLAAE pH W0 R B3I 2 502 8 5 HL
il DARA SR o S (e e SR 0 0k B oK IR B IR i R bRl 2
IR ML S %,

1 MRIEFE
1.1 LI

SIS R 2 B A 1L 2R A8 TR AR T T B B T R
TRAF5E HhoLy , BEECRULIE # . MR [ an . {dtER TS J1 58
B2, SEHARTE HR(7.0240.81) g, B TAFHN 1.0m®
M EE SRS KR ] 5, SCER T 2016 4F 4 HAEAR
HLSE = PR T . SEER K A 2T . WU A AR
K, HEEN 18.8~23.9°C, R K 31.3+0.6, SZE I [H],
24h 7R, HEWATEAWE 1R, B RS
RER 3%~5%, HRAmiKItiE bRk mIsfE,
BEFEIE N 15 d J5 705

12 SEIZIt
SLER LS 12 4 pH ALBRAL, 43510 6 4K pH 41

(pPH A 6.8, 7.0, 7.2, 7.4, 7.6 F1 7.8)F1 6 ~1= pH 4
(pH 7 8.6. 8.8, 9.0, 9.2, 9.4 F19.6), FFixX| M
(pH=8.4), £ AbFRL N R SIS 18 10 3k,
JHFET 80 cmx60 cmx48 cm R IR b, A4 B 4H 14
BE 3 AT 45 THLHAF FH 1 mol/L ) HC1 AT 1 mol/L
) NaOH ##77 pH, FASCg MM, & H @ iR G
44 HI98185 ZZ UK T 4 B {30 & I K B 1E 7K 1)
pH {8, ZZALIE A E+0.05 4807, pH I K HL
AR, Hem#oK 1k, pH HAR{LIREE
H 0.2 ANEAE, £ SEE A pH A B SR BETT pH B,
LGl ER g

SO, LR S AN | PR G SN, &
PRAET- MR B BR, B 6 d 483145 pH Al B30T
o, B 12dWE 1V IRAEKIEN, SLImEE 36 d.

13 HmXESEEEERNE

FE A0 S0 25 SRR, DA Ak 3L v Bl AT 35 BRI
2 3~5 3k, H 5.0 ml — UM S BOR SR
B HAE 4°CF LA 1000 r/min B.0> 10 min, B E RS>
2T 500 pl KO8T, B T-80°C vkAH A8,
M A ALY AL EE(SOD) | i A AL S (CAT) I P i
FE AR FH RS A 9 TR 5 Bk o 43X B a2

14 FEMEKERGITE

S A S B AT SRR DL R AR
ZHFPET- 3 (%)=Dy/Nyx 100
K, No LRI R IS5, D, LK
[ 3000 5 st ofl) 2 B BB TSR 40
52 5% 1 8] 0] 2 45 2 A= K 3R (Specific growth rate,
SGRYK L F AT
SGR (%/d)=(InW—InW;)/tx 100
A, Wo NRIIRIAEE (), W WERIKHE (), t
I RAEL(d) o
18 33 0 72 % & K (Feeding rate, FR) 5 & #)5#51b %
(Food conversion efficiency, FCE), MLl pH i %t 5
SEEWEm, TEARNT .
FR(%)=2F/[t(Wr+W;)]% 100
FCE(%)=100x(W—W,)/F
K, Wy AIERERIRE (), W BTEHE ), t
J IR R (d), F oM ACE().
15 HIBSIT
% SPSS 16.0 Fl Excel 2007 3k {F #4758 312443
Mt , I FH B[R £ 5 2293 1 (One-way ANOVA)FI £ & [
BTN pH 2 (Rl 25 5 . SCIR ris Bdis 2
FH{HLARME IR (MeantSE), P<0.05 NZE5H R
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2.1 pH BMBXT RIS 1FE R0

ZAN[E] pH Whaa 5, B S A7 15 0 52 2 AS [6)
FERIREIR, S BT RN 1 iR . B
W, 76 pH 4 7.4~9.0 Zb¥RZH T, HIS{EE R,
Y1 100%; 7715 R KN pH 6.8, 7.0 1 9.6 41,
Z IR EE WA RIS AEWE RN 05 HAR%S pH AR
RIS G F 2 FEK, BEE PO REE R NsE, 715 %
12 T R%(P<0.05),

TEA pH AbBHZH Y, pH 6.8 1 7.0 Al S0 =
55 3 R, FRUR Bt | bRz S N IO N, JikE 6 d
JG, HilZ BT R B 3 25 7 (P<0.05), FETR
¥IN 6.67%, HFE LR IWFFEIE T, 2 400 2115t
TR KIET R, & 12 d 2R B FHP<0.05), &5
30 RAFSLE IS 48 F0T, Wi pH 7.2 IS 76 )
i o12d JEBBETAMEK, BEERIS T AEREGE H
INTEHETN, S AE R BT R IR F 46.67%.

fE= pH ALBAL f, pHO.6 LA S 5 KT,
TG AL %, = 6 d if BRUET-FiAF] 6.67%,
HFER 200 R 2t 17, BHIET R KR T 55 (P<0.05),

25 30 RAFSEIEIZ ) eHPET; 1 pH 9.0 f1 9.2
HRNBLEWIN 6 d J5 A HBIET-AMA, Z )5 BiTsET:
FNE ETE, BSLIGAEHNT, pH 9.0 A1 9.2 414 Bit
FETR 550 36.67%F1 50.00%.
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Fig.1 Effects of pH on the cumulative mortality

of sea cucumber

2.2 pH MEXT RIS £ KB G

pH At il ZAKaEm g 1, mE 1 T
i, W0 SEE A5 o X R I B LR R R R
SR E 3K (8.9542.06) g BfiEMMAOFRRE RGN, 4%

#*1 pHBEBXNRISEKIE M

Tab.1 The growth of sea cucumber at different pH
oH IR GRUNGES LR R SGR; (0~12d) SGR,(12~24d) SGR; (24~36d) SGR (0~36 d)
Initial body weight (g)  Final body weight (g) (%/d) (%/d) (%/d) (%/d)

6.8 6.98+0.17° - - - - -

7.0 7.06+0.14° - - - - -

7.2 6.96+0.17* - - - - -

7.4 6.93+£0.20° 7.83+2.06° 0.77+0.04° 0.51+0.20¢ ~0.2940.15° 0.33+0.19¢
7.6 7.14+0.19° 8.29+2.11° 0.77+0.34° 0.75£0.17° ~0.27+0.22° 0.42+0.16°
7.8 7.1440.04% 8.6142.15° 1.30+0.27° 1.32+0.05° ~1.06+0.45° 0.52+0.12°
8.4 6.98+0.16 8.95+2.06° 0.63+0.14° 0.70+0.53" 0.72+0.28° 0.68+0.19
8.6 7.11+0.14° 7.82£1.99° 0.67+0.24° 0.28+0.18¢ ~0.16+0.07¢ 0.26+0.24°
8.8 7.09+0.17° 7.65+1.98° 0.79+0.14° 0.29+0.31¢ ~0.43+0.31° 0.21+0.28°
9.0 6.97+0.13° 6.44x1.86° 0.38+0.33° 0.28+0.43¢ 1451297 —0.26+0.34
9.2 6.92+0.12° - - - - -

9.4 6.94+0.10° - - - - -

9.6 6.96+0.10° - - - - -

same

T R A R R ) 22 53 2.2 (P<0.05) . T I+

Note: The means with different letters within the same column are significantly different at the 0.05 probability level. The

as below

pH AL BEA I S LR 2 S BB T e, Br

pH 7.8 H4b, Hith 45 5256 20 3 257 2 R 8 4 g AR T
2 (P<0.05), JuHJE pH 9.0 ZH S H BRI £ 1

Xt IR

K, RERMK, H(6.44£1.86) g

pogit

LA pH A3 F, 4 pH Ny 7.4~7.8 BF, & 12d

B, HZ SGR, WEE T X B4 (P<0.05), il SC
WSS AT, pH 7.4 4HZ SGR, BT F I HAL T
, YA RS 24 d BF, 12 SGR; YKIR
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FEAK, SR 171 {A (P<0.05),

T pH AbH4IH, 24 pH N 8.6~8.8 fif, & 12d
f, HJZ SGR, = FXFTHRZL, 1 pH 9.0 41 SGR, 3%
I T % R ZH.(P<0.05) ;11 12 d 22 )5 , 5 pH 204112 SGR,
¥ b KT X R 41(P<0.05), JLHETE 24 d J5, SGR;
VIR, B0 aE s, X4 SGR M (0.68+
0.19)%/d, FHAEH A ZH A2 SGR ¥ 1 I T X FRAH
Hrf, pH 9.0 41 SGR &Ik, M (-0.26£0.34)%/d. =
NSRS P E A AT i SR TE N

2.3 pH MEXRISIEENHIN

ANIE] pH a5 & R (FR) R S 2 ¥ Ak
R(FCE)VILFE 2, W& 2 nTRIEH, HISMEER
IR SRR R, H(2.26£0.15)%. BEH pH B
RN, SRR TN, =18 pH
WFRZE A, KT pH 7.6 BYSEIALN S5 &R Ul 22
55835 (P<0.05), SCIRIS BT HEM S E AR AE
& pH AbFEZH BT pH 8.8 AU SZIG 4 Ml B R Rk
R R, AT 0 IR 4H(P<0.05), SZIG IS H %
A BT R AR . RR ORI L T 18RS
He S A RO SF 4

%2 WoR, AW pH Pra xS Wi bR A W
R, pH=7.8 It , SCERAURI B FCE A S KAl .,
J7(24.86%+1.15)%, {H5X] M4 22 5K i 3% (P>0.05),
HAh4 pH Wra i 20 FCE W KT X R4l
(P<0.05), M\E 2 BIRFENL, 51K pH BHatill, &
pH W36 X 3 2 12 W 7 Ak SR A i B Ry B 2

&2 pHBENRESEREMRBMEZ RN
Tab.2 The feeding rate and food conversion efficiency of
sea cucumber at different pH

oH HER BWEER
Feeding rate (%)  Food conversion efficiency (%)
6.8 - -
7.0 - -
7.2 - -
7.4 1.78+0.17° 18.96+2.19°
7.6 2.04+0.13° 20.30+1.53°
7.8 2.09+0.14% 24.86+1.13%
8.4 2.26£0.15 24.01+1.15°
8.6 1.90+0.18" 14.03+1.35¢
8.8 1.44+0.19¢ 14.75+1.65
9.0 0.3120.16" -
9.2 0.260.138 -
9.4 0.24+0.138 -
9.6 - -

2.4 pH BEXTRIZ SOD & 14 HI #5HE

NIE] pH X HIZ AR SOD 1 14 By 5200 LI 2., M
2A LA, BEE . K pH WA R fmag , ]
SR SOD I M4 2 B A T e i AR ) i {28 Ak e
o K pH 4R, LLpH 7.4 BFHIZA N SOD ik
i, H(74.92+2.24) U/ml, S5xFRB4M, 255
#(P<0.05), ifi pH 7.6, 7.8 1 SOD i ¥4 5 %} R 4H
JC W 2 22 5 (P>0.05); 765 pH 4147, 4 pH Jy 8.6~8.8
iF, SOD ¥ I B 3 1 (P<0.05), LA pH 8.8 ZH il =)
SOD TH M E, H(72.90+1.10) U/ml, ZJ5ki% pH
FhiE SOD {EMEZ M FRE, (5% R4 22 R A W3

(o)) =2 < o]
W [=) W (=]
o
o

D
(=]

SODIE: Activity of SOD/(U-ml™)

W
W

72 74 76 7.8 XIHE 86 88 9.0 92 94
Control
pH

P2 KA pH XTHIZK A SOD i Y52
Fig.2 Effect of different pH on the activity of
SOD of sea cucumber

25 pHBEMEX RIS CAT &I

AN pH XF ISPy CAT 16 HE 520 LI 3. M
K 3T LIE L, BiEE R . K pH BRa RN, fil2=
CAT &M 2T R 5 AR R A bk, 7EMK
pH 4, pH=7.4 Wik {E, H(14.9942.38) U/ml,
BT S CAT JEPEY 5% B 22 7 i 3 (P<0.05);

—
(o]
d

—
=)}
T

.—
~

—
S
T

oo
T

CAT{E: Activity of CAT/(U-ml™)
o

N

72 14 76 7.8 XfHE 86 88 90 92 94
Control
pH

B3 [ pH XPRIZAR A CAT 3 1 525
Fig.3 Effect of different pH on the activity
of CAT of sea cucumber
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FEf pH 40, pH=9.0 B ISR CAT 1 ik 5 fix
B, M(15.68+0.89) U/ml, ZJ5H#% pH THE CAT i
PEAEITZE T T, £ LE RS CAT 1&PE 5% R
A 35 2 5 (P<0.05),

3 itit
31 pHXRSEFEHRM

TEHARAEL T, pH A& B I ] 25 ] A5 4k 1 A2
IR RACE -, KAEAYRFEN . ARKAEES
pH #UIFHIE . AR 7K AR AR i Bl R R & B B
1 pH A[H), B (Scapharca subcrenata)ffi Dl i B 1)
pH YW A 7.5~8.5 (F 44, 2008), Hr[E W] X)HR
(Fenneropenaeus chinensis)‘f: {if 7£ 7.6~9.0 1R /K Hh
I8 L (fr] B HEAE, 2008), i f (Pelteobagres fulvidraco)
3G FAAE pH Ol 5.2~7.6 (R34, 2001), ARWFFEK
B, HZiE HAEAR pH GRS KR ZH0EH AP A
—3, 7€ pH 7.4~9.0 &M F, HISAALPRG R AT, 52
S AE N TCAET S, SRR S T A X % 4> pH {H
T o (HE, WSS A 16 PR pH (RS A3 L3 I B
PRSI AR L B 7AW AR R, Sl 2
AN TR R BE B LS o ASTFSE R, R 28 AR
KL pH femEAHET 9.2, mIMEAEIKT
7.2, A pH (EYEF, FrZeif AL 6 d,
AN 25 RS BN, 5l k. feRz .
It B AR B IET

32 pHX#HSERMAEKNZME

PR PR 1 338 A 9 BN 2 A, XK AR A AT
FAER S AN, (HR 2 T 33 A 3 PRl 3 2 7 A= 4 )
YEH . KRBT pH AR AL K A A ) —Fh R 38, AR
GERIN, pH TEIE H Y0 F N A2 AL B A Rl N A2 3
RIS HEMAERA —E N BRAIER. SRR
/N, Y pH TE 7.4~7.8 JEREIRY, JERFEI (12 d)fi| 2=
AR AR PR B4, 31X U B AE — 2 Y0 L A AR X IG
pH XS4 K AA —E WBRAER ., 8 HERF, ]
RERRVR BE ) HFBRAK 7 2 B v i) pH A, A AT
B3 38 AT ARG & PP BOAIG pH P8, M4
Tk T AL IR SOR AR R R SR K L AR SR 5N
iR AL 37 %F % A 411 (Oreochromis niloticus) Y AE A K &5 07
AL PR AR, 2004) fHBEE pH 38 B[] 1) ZE
AEXHICHR B B pH 3 25 RCR BT K, RIS A K25
i, SEMR AR, e pH FREEh, Y pH
T 8.8 B, HISRI AT E I . Hikie 2. HF
it 0N | AN N N TR I = TR A =4 5 B R N

BANREZ WAL, AR 2B EWS . AL R
57 pH 8.5 fil pH 9.5 /K& pyfilli(Carassius Auratus
Gibelio)4: K18 i 45 2R (245 SCHESE, 201 1) AHAR .

AWgE, @ K pH KRS A KRR
M ASTe], e i 2 6 AR TR) pH i Az e AR TR . &
WIALTE pH Wi PREE v, — J T 52 e fil) 2 06 i R 0 1
BRHAFI , 55— m A S PR CER 7 e = T
B B AR AT P9 PR R BT R Y, i AR K R AR
HRMEW A, X —FRas RS ads Hok4Eshy
A AHFE AL (UL SE R 55, 2007; 22054, 2011),
AHFFELE R EW, pH 7E 7.6~8.8 LN, R ETEM
BRI AR Sl , ARS8 g A KA R, miy
A M Y R B st TR g PR, 2 X i S K A B
BRI E A

33 pH xRS ANLEF M

2 1 o2 AL AR R Sk G ie RO ok &, IFSRE
IR, AEEMNE T g kR pH ., IR HhESE
A AR S 0 A AN T RE 2 R AL R AR S B, B
IR e PR B Ao AR R, T SRE B
B R R B R E i1 (Ryter et al, 2007), B
FRRGLETE BRIG MR B R | A e i i 2 5
HEEEM . Hik, PP BEVE A TEAL pH 0%t
A A = A SR AR T B8O ) — 28 A kR B, i SOD
Hl CAT 2 EWR N EZWPTAE, Rty
I X £5 T B0 A B ZE AR R (VD KA, 2015), SOD REHF
O 1L fk i H,0, F1 Oy, H,0, 1E CAT MIFEM T4
fif L HaO A1 Oy, MRS TEBRTE A A XL, ZERF
20 L RN AT LA 1 15 8 7 5

AWFFEH, 1€ pH 7.4~8.8 TGN, SOD ihPERE
% pH MHOFEE B T m g BT, XU AR pH YT
FIME T, FIZ4KM 9 SOD BEMS A & & 2B #aVE T
AR It pH JEFE, BEZE pH Mridom i fdas, 2K
A A A S RS A SRR AR
SOD AEEKIT#M7E, &L SOD G & F ., CAT
& PETE pH 7.4~9.0 {E [l N 5 SOD i A8 b a3 —3k,
XU SOD 5 CAT —H7ETIRE [ EA AHXT k7
£, SOD Wil 5 CAT £ i F e (P K4, 2015),
THEBAERRTEMEE A 3, DRI T S e
o R REW, M pHAKT 7.4 85T 9.0 i,
B pH JHria RE R 3G , BT S A e LAFR AR R
FEAE BTG E B SRR, IS PUE LR SOD Al CAT i
FIWEIR, PLARFRLE 2 B E AL, 1287 20 A i A8
P E T, HMFEEONS W EIET R, X — 854
SEEC A R SAETE R R LS R —B 7ok, HAASE
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g3

i 360 AL - 200 ST A R 2% R S B AL T 1) s ) 7 O
EARBF IS R, AR T 2.3 mg/L 190l R ZUha
TN T SOD Ml CAT &, i T 11.5 mg/L
()3 B R U A 204 T SOD Al CAT 3if M (B 25 e
& 2013),

3.4 RE3 pH THAERENME

AR E, HISEARR pH P F 840,
HAWE . BK . BEENZARRE W, W2
LR 2 XHIG pH PRSI T pH B Y
PR T, HAR PP AR BEE PE A AR (bt 35 2 AR
— 3, ARWFREEREN, FERSFAKAEES, pH
XTRIS ARG | B A KB W, JUHIE 7R
S IEFR R, AT 2R SR KRR A
Pt BB W E S RAEEREZ RN, b
W pH H AL T sh ARk b, I, ZERI 2 35 FE v,
Bl EEOK R AR, e K RBL N, BART R
HE, LRSI AL IR BN HE 30 S 8 A
TG KR pH R4577E 7.4~9.0 JEREIN, B4 F T3
SMERKER

& % X M
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Effects of pH Stress on Survival Rate, Growth and Antioxidant Enzyme
Activities of the Sea Cucumber, Apostichopus japonicus Selenka

HAN Sha', HU Wei', LI Chenglin'”, ZHU Xibo? ZHAO Bin', ZHANG Shaochun', SUN Yongjun’

(1. Marine Biology Institute of Shandong Province, Qingdao 266104; 2. Extension Sation of Fishery Technology
of Lanshan District, Rizhao 276800; 3. Haodangjia Group Corporation, Weihai  264300)

Abstract pH is an important environmental factor affecting the survival, growth, and immunity of
aquatic animals. In general, alteration of environmental conditions often results in pH fluctuation in the
aquaculture water of Apostichopus japonicus Selenka. However, little is known about the physiological
response of sea cucumbers under pH stress. Therefore, the survival rate, growth, and antioxidant enzyme
activities of sea cucumbers (7.02+0.81 g) were analyzed under different pH (control group, pH=8.4), low
pH (pH 6.8, 7.0, 7.2, 7.4, 7.6, and 7.8), high pH (pH 8.6, 8.8, 9.0, 9.2, 9.4, and 9.6)) stress for 36 days.
The survival rate of sea cucumbers decreased gradually with pH intension increasing and time extension,
which in the groups ranging from pH 7.4 to pH 9.0 were 100%. There appeared to be a stress response
and then death of individuals in the groups of pH 6.8, 7.0 and 9.6 from the third day, in which the whole
group of sea cucumbers died after 30 days. Under different pH stress, the growth of the sea cucumbers
differed significantly. The specific growth rate decreased with pH intension increasing and growth was
negative growth in the group of pH 9.0. The superoxide dismutase (SOD) and catalase (CAT) activity of
sea cucumbers among the pH treatment groups increased and was significantly higher than those of the
control group, which increased at first and then decreased with pH intension increasing. The activity of
SOD and CAT of sea cucumber in low pH groups increased to (74.92+2.24) U/ml and (14.99+2.38) U/ml
peaking at pH 7.4, which was significantly higher than the control group. While in high pH groups, the
activity of SOD and CAT of sea cucumber increased to (72.90+1.10) U/ml and (15.68+0.89) U/ml,
peaking at pH 8.8 and pH 9.0 respectively. The results indicate that the pH range from 7.4 to 9.0 is
appropriate for survival and growth of sea cucumbers, otherwise stress responses and even death of sea
cucumbers are imminent.
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