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1. 2 o2 o3 o 4 w2
AT WEET, EXES, AE, EF, HAR
1 TP R2E, WIRIREE S RA0E, 08 FT 530004;
2. JTHORRERE, TP RNERE, TGRSR EH DS E, T T 530007,
3. dUEBIE KA, WPEARE, VIR Y SR R P SR, OV RN 535011,
4 PR EE SO, TR, PR T S, T H 530007

TE: MBI XTREE 2 (Holothuria scabra)4h B E K | P LR K G BE M-S F1 5% M, dERERE 4(1.7040.24) ¢
MR S412, EMRA@Q3 C). X418 C)MEIRA (33 C)REEHFFFMA h I 30d, & 10 d W EHRFE
AR F(SGR), HEE . R . 11 KPR ol Ak ) B AL (SOD) . i3 (L A BF(CAT) . Bk BEFR A (AKP) . ¥
I EF(LZM)TE RN B (MDA) &, 45 oR: (1) 30 d IR 1B 2H 4% SGR 2 1 T i iR 4 AR TR 4H. (P<0.05), H.
o T 2 R TICIR 41(P<0.05), 8B IR G 4 2 52 m K T K s i . (2) 7EARIR AL, 0 d i 4h 2 1k i SOD
AKP LZM i 7714 K2 MDA & it 5% BR 41 [5] G (.38 25 5, 30 d i SOD . CAT A K& AKP i 7 838 &5 T % B ZH (P<0.05);
0 d i {AEEH SOD, CAT. LZM i 1L & MDA & & 5%} R4 (8] JC . 3% 25 5, 30 d it SOD . CAT {if J1 LA & MDA %
1 8P T T IR (P<0.05); 0 d B B8 Bk MDA & &tdh, A B ) 8 35 = 5 B4 (P<0.05), 30 d B HA5 MDA
i 2 R T IR AL(P<0.05); 0 d 5 30 d MFWAR T A F8 A5 240 18 2 1R 0 IR (P<0.05) o 106 BA 40 2 AR Jis T 5 1A E
R IR TR AR 0 SRR 7, T X e U AR TR 1 S Ak g, R AR R R I X R S R IR TR R 1Y
AALE S, 3) EEIRA, 0 d IS RESRAAREER SOD, CAT . AKP % J1 UL ) MDA & & i 2 & T X a4 (P<0.05),
30 d I BT A7 45 bR 2 5 0 IRZH TE 3 25 55 0 d 412 i v CAT 3% 1 18 35 8 T4 B 4H (P<0.05), 30 d I BT A $ b8 1 3%
X IR 41(P<0.05); 0 d 42 IR T A5 46 b 35 5 T X HR 2 (P<0.05), 30 d B CAT 7% J1 Je MDA & & 8 3% & T4
ML (P<0.05) T A I A BE = 82 1oy X i 00 o L P 40P P, o TRV R A 2 T o e 391 5 I s Wi T o (4)
REHE 24015 4 R Sh I E ARG AN SR BTG S 3R 5 SGR MG, AT AL B A S BT 0 iy 4 v 5 pod A K
Wz, LS SGR B TR, 4iRENH, RKIMLEMRRIESN S =4 —g8E), HGESY9SERE
FLA TR 3 N

KR K KBS, B AN R
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AR R AER R BEAR B G IABE M H 25 ™ f, P ARRCREDL BEA R IOIRS R, 4S5 IR
KRBT AR S R R, KRR —A WAL SOD. CAT i J7 3 0 i IR,
FEREEHEMHNE, EHEPBR LS AKZE0H . 2kEH 10 CHRE-2 CHE, Hl
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%30 &

762 (Holothuria scabra) 2l 2 B 4 77 78 IR 3 Y0 Fil &
24~29 CY/KiREE] 33 CHI, kiS4 5M il
AV IRUNTIA R AN DN E AR o) S IR VS b &
HERFHLARIE F AR K KIRARE 21 CHE, BEfES4)
SHBE AR, K223 P KRS
AR AR R e Sy T R AR BRI, KR
i AR A LA S R AR K, H RS
BT

F& ¥ 2 (Holothuria scabra){A Frib 2 . Bl £ 2,
JE P P B BT R R S I BRI S i Al 2z — U,
TE5r25 R 319 17] (Echinodermata), J& £
44 (Holothuroidea), #§ F H (Aspidochirotida),
Z Bl (Holothuriidae), 2 J&(Holothuria), k&2
2B AR B R T 2 OROF- T X v i AR,
WEEEPTENRT . ) AR KPR K 20 m
PAZKIRAL . BT S 6 £ & 8 E SR AR BT 2
T R IE R 785 3R o™, HLpR 9 2B i v
REME AR T AR s 51, HA PR Kbt e 51
P S AR Sk [ Y S T RN, 3
TR S8 L R S HUE AT PR KR
Xt 2B K 5 PTG B G Tl G D 0% R i E ST
fRZ, ThikEHES R AT Tl T X IR AR Bl Y
REALH 22 T AR H K, HAS RS0 B R Y Bl
SR, WU EE G S 428 85 E K
R B E,  H il E N A R KR xR S 4 2
SN A WS I8 o PRI A I 5 38 7K RLR
WSS PR A G RE BTG R,
AT R EREES AT HEEA RS ENL, 0]
Sk 152 o X K TR B ERBE 158 AL ) B R 2
B

1 #MHEFE

1.1 ZEHBSIIFE

AR YRS 6 RSV S BUH | P R 2E B A
TV VR B 9 T S 0 s A ] — SR 0 B A e
Z41%, BESHSTER BT 7K UM (3.5 mx
3.5 mx1.2 m)iff7 R0, B H 15:30 #02, 1Rk
Mkl DREEN . PR TR E IR
TRE B S AL (WL 1), B — 2 LB & 2 24 h )5
TR, WIRFE L NYSIRER 5%, &5 K 11k

Ko HEKIRE M (28.0£1.0) C, EhAEEH 26~28, %
%N 4.5 mg/L,

*1 BESHSHEBER
Tab. 1 Feed composition of young sea
cucumber Holothuria scabra

2H A%, composition & dosage

HEZ Kl /g food of juvenile 50
I, B 3 K} /g sargassum power 100
T VL1 £ /g Rhodotorula benthica 2.5
TR W /mL Clostridium butyrate solution 2.5
W2 JiE 8 ) /g spirulina 10
JK/mL water 350

1.2 XIGiEHE

S ke A 3 N RKAE, MR 380 L
(cm: 140x90%36), A4 IR/KFE HHCE 9 ~FR5H
PVC 4, #A%~ 21 L (mm: 385x260x210), 434l
PR AL S . HC-1000b) -5 in i sk ik 2 H
PRl
1.3 =XWwigit

RYEILIR R, RBSHSEMRT 23 C
sdE T 33 CHI &Ik E, FHEmit 3 4~
TREERA R RIRIG A4 23 °C, X4 28 C, &
R4 33 C. WSAE PVC KFIEATIRGE, A6
B2 em HERD, H 40~80 HMIRIARLLN . Phidkfd i
R4h2, 1K M (1.25£0.20) g, BENLE 2S00l 2=
3MREH R PVC KA, B MREHA 9F1T, &
AT 11 3k4h 2. L 28 CAXFIRY, i
B RAL SRR H 1.0 C A T TR,
%05 RIBFILR TR, — B K505 (E R
VER SERR T IR I E], SC58 A H R 30 d.
14 HmERERHE

TR A B RS S 4 2530 HE 00 10,
20, 30 d B, WEHARKIGHIFHITHE . WA
A PVC KA RENLIE R 3 k42, AT2 T
ke SR MK, BT R 0.001 g)fke ks
SR E, W, BRI 15 k42,
FHIFRLRE 5 T 28 8 9% 24 h it AT HESR . HI T2
AW T RE G 2 R K 51, KB S il e 8 v T A
&, H2 mL FSes M 2 cm B AEEZE I
AW 0.5 mL B TG IR B0 o A BT U
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SR IE, BUmiE . PR DL A RE 4 2
ATLHEGRAE T, WA BEERA-80 CLEAE,
SO 5 I

AN IR B A PRAH 7R TR AR BT AT 4
(R Sl R AR AL FEL([R] |, FH K bE XA ] 3R B 4 34
A (0] BTG 0 4 25 5
15 MEHRESITHE
151 $HEEKE HHEAKXH

SGR(%/d)=100x (InW;o—1nWp)/30

o, Wo M RIIRIRE ; Wao ol 30 d 1R,
152 HEMABSREBHNE By
fLEE(SOD)TE IR WST-1 i, A LA
(CAT) T S AR 4l 4H PR i vk M, B & AR IS %
Ih Hr S W T, Wl TR N (AKCP) T 7 AR A Tk
T AR A, ¥ T B (LZM) 6 1R 3 Eb 2k il
FE, N EE(MDA) & s AR 4 6 A0 L b2 R vk I
IR G R I R o AR ) TR S T
1.6 HELESHH

BT AT 52408 SPSS 27 Geit ik b kA7 B &
T Z A HT(ANOVA) , Jr 22 57 PRk 536 55 1A 7400 A
B, WEVEARMEDCE S 0.05, M1 origin B AT
1EK .,

2 HREHH

21 BREXNEESHSEKNIID

AN [R) I B X6 R Vg 2 41 2 B B P A A A 52 i
Bl 1, AR ST, 3 NMREAGS IR E T
Z5(P>0.05), 0d, 10d. 20 d f 30 d i}, X}H&
41 2 0 1 B X B 3 T 4 RN s IR 4 (P<
0.05)(WLI&l 1a), 10 d. 20 d i, {KIE4H4h 21k
FE T EIRY(P<0.05),

3 AN AL PR RS ¥ S 4 S IR R [R]  [E] 22
) 247 L1 R 2% S 3 (P<0.05) (WL I 1), {4 K g
ZSRELE 0 d. 10 d BEMT 20 d. 30 d
(P<0.05). XA KEEEZ L S IR ETE 0 d W&
T 10 d (P<0.05), 10 d {2 & ik T 20 d (P<0.05), 20 d
BEMET 30 d (P<0.05), EiRAKEESHNSKE
£ 0d.10d BEET 20d,20d BEMLT 30d (P<
0.05).

ANTRIR BE 25 AF T e 2412 SGR 2216 UL A

1b, 0~10 d B}, AFEEEL Z 42 SGR 2 HH
22 5 (P<0.05), XF R4 B TR . &
IR 40 (P<0.05), fIKiE 4 8 % & T & iR 41 (P<0.05),
ERZH SGR ML, 10~20 d I, ElEdHshZ
SGR 3 fm TXF BRAH IR IR ZH(P<0.05), AIKiRZH A1
X BEZH ) AN A7 B 35 22 59 (P>0.05) . 20~30 d i,
iR 4] SGR W EM T =R . X R4 (P<0.05).
0~30 d, 3 NMREHLZS SGR fF7E R 257 (P<
0.05), HrhxA i Em FRiRd, BeiRdD
=5 TRIRL(P<0.05).

3 AN AL B 2412 SGR ARl H] 2
[F) 25 H 0 22 S . 25 (P<<0.05) o AIRIRLAL M, 0~10 d 1)
412 SGR I, 10~20 d Bif i 44, 20~30 d i 3
A . XTRRZH T 0~10d 5 10~20 d Z [6] JC i &
5&, 20~30 d B} SGR W EFEK. SRAITE 0~10 d
A B K, 10~20 d S & 480, 20~30 d 2k i
FRAR, ATLIE ), 28 CXFHRLRE 240 S04
KRR

ZE LR, MR XRE TS 4 S K S
=, X ARG 2 4 S AR I R 8BRS e K
K, 0~30 d /) SGR f ;IR 10 d B4 2k
BRI, H 20 d5 30 d BHREAERDN,
0~30 d 11y SGR AKX, RIS BRI BLER
M 10 d B4R H BRI, 0~10 d () SGR
PR, 20 d B EE RN, 0~30 d 9 SGR
FART XTI, Hm TARIRAL, U W e R RE T
ETIE A TR N
22 BETHARESHSARAAL[MANLEE
B REiEEh

2, FEIREAR SR, 4 A ZUA A B Ab
B[] iy A7 Bt ST Il R Y3 G ) =2 (] 34 G Wl 3 22
S(P>0.05)(% 2),
23 REMNEBSYSHEERRELBRER
B iE TR

AN TRV BE S5 T RS T S 9 SR i h B A b
il e G RE BTG 1A AN 2 Bos o ASTRVIER B 451
TREHF S BRI SOD % AL LIF 2a, A
MR EHN SR ER SOD i 11 # 5 8% (P<
0.05), 0d. 10d i, &iR41%hZ SOD i ) B 3% &
FARIRAL . X IR41(P<0.05), 20d. 30d A}, kiR
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a 6r
—=— fRIB4 23 °C  p=9; x+SD aA
gl e XER4128°C
= —a— R 33 C
0 bA
2 4l
2 aB
[«]
£
L0 3
[z
® dA aB
2 -
1 B ¢C s .
0 10 20 30
i E]/d time

[J0-10d XX10-20d
aB EH20-30d 0-30d

n=9; x+SD

FeE KR /(%/d) SGR - o

28

1B FE/°C temperature

Bl 1 RN &0 PR S 4 24 KA,
a. T b, REEAERKE. RFEV/NG TR R — 5 AL A [F B ]
Z 8] 22 5 3 (P<0.05), AN [F) K5 S bR [m] — R o (8] AN [m) i 2 20 =2 [ 2% 53 {3 (P< 0.05).
Fig. 1 Growth changes of juvenile Holothuria scabra under different temperature conditions.

a. Body weight; b. SGR. Different minuscule represent significant differences between different time points in the same
temperature group (P<0.05), and different capital letters represent significant differences between different temperature

groups at the same sampling time (P<0.05).

*k2 BEETHWREBSHSARNERNENEBR EKEEN
Tab. 2 Antioxidant enzyme and immune enzyme activity in different tissues of juvenile
Holothuria scabra before temperature variation

n=3; xxSD
$6b5 parameter HE/C temperature
23 28 33
K¢ W -SOD/(U/mL) coelomic fluid-SOD 3.966+0.073 3.975+0.058 3.959+0.081
1K W -CAT/(U/mL) coelomic fluid-CAT 1.623+0.165 1.637+0.159 1.613+£0.171
1A 17 Wi - AKP/(45 FG BA37/100 mL) coelomic fluid-AKP 8.533+1.114 9.133+1.134 8.673+1.265
1K W -LZM/(pg/mL) coelomic fluid-LZM 0.521+0.057 0.553+0.078 0.53120.061
14 [ W -MDA/(nmol/mL) coelomic fluid-MDA 0.535+0.224 0.524+0.205 0.528+0.214

A& BE-SOD/(U/mgprot) muscle-SOD

1A BE-CAT/(U/mgprot) muscle-CAT

PR BE - AKP/(45 [ #A37 /mgprot) muscle-AKP

1A BE-LZM/(ug/mgprot) muscle-LZM

A& BE-MDA/(nmol/mgprot) muscle-MDA

Ji%3iE -SOD/(U/mgprot) intestine-SOD

Ji% 38 -CAT/(U/mgprot) intestine-CAT

1738 - AKP/(4: [Q 51437 /mgprot) intestine-AKP

W38 -LZM/(ug/mgprot) intestine-LZM

#7318 -MDA/(nmol/mgprot) intestine-MDA

I 4% -SOD/(U/mgprot) respiratory tree-SOD

I #4 -C AT/(U/mgprot) respiratory tree-CAT

I W A% - AK P/(45 G L0V /mgprot) respiratory tree-AKP
I W2 % -LZM/(pg/mgprot) respiratory tree-LZM

I 2 4% -MDA/(nmol/mgprot) respiratory tree-MDA

62.326+4.709
17.592+5.104
2.457+0.398
4.647+0.200
14.737£1.799
361.971+£23.601
665.309+63.400
6.099+0.361
7.973+0.826
7.658+2.179
766.968+40.573
856.996+60.409
2.192+0.136
10.599+2.68
16.714+6.194

69.067+3.386
19.004+4.331
2.816+0.205
5.190+0.453
15.230+1.862
363.134+48.514
651.826+19.859
6.147+0.535
8.330+1.034
7.469+2.335
815.007+46.980
826.820+55.100
2.261+0.221
9.630+2.780
16.161+£6.526

68.947+6.486
18.931+£2.418
2.313+0.109
4.703+0.575
15.046+0.647
351.306+37.374
669.774+125.223
6.049+0.368
7.530+1.074
6.965+1.458
822.368+82.038
892.457+62.455
2.149+0.220
10.016+2.702
17.160+4.339

2 SOD i ) W& & Tl . X R4 (P<0.05).
IR . = IRAURE 2 4)Z SOD i JIAN A H] 2
Ji] 247 L 3R 3 2% 5 (P<0.05), fIRIRZHAIZSAE 0 d.
10 d i} SOD {if J . K F 20 d. 30 d (P<0.05).

ERA4ZALE 0 d. 10 d B SOD & 1 Em T
20d. 30d (P<0.05), H 0di} SOD & BEET
10 d (P<0.05), *fR&ZH 142 SOD i J) Jo b 3 2%
S (P>0.05),
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AR BE A TR S 4 SR I CAT 16 )
AR A UL E] 2b o AN )3 4 40 2 R S I CAT 36 )
2R FHP<0.05), 0 dif, miRA . KRGS
CAT 3% 77 58 3 5 T X B 41 (P<0.05), 10d, miE4l
41Z CAT 1 J1 1o 2575 TR R4 . % B 2H (P<0.05)
20 d, fRIE4%Z CAT % B E T EiEdP<
0.05), XJ HE 20 5 HoAth 9 41 8] UG {2 3 25 5% (P>0.05) .
30 d, fRIRALE 3 m XA . miR4(P<0.05),
3 AN AL BT RS S 4012 CAT 1 JI#EAS R B[R]
S 2 5 (P<0.05), [KIE414hZ CAT IF
HTE20d BER T 0d. 10d (P<0.05),0d, 30d
WEET 10d (P<0.05), 4415 CAT i J11E
0d. 10d BFE T 20d. 30d (P<0.05),30d %
=T 20 d (P<0.05), XTHEAh %)= CAT i 1 o ik
+ 7 5(P>0.05),

AN TRV B A5 A T AR S 4 SR AKP
6L 2c. ARIRIEA LIS AKP iE )
#Z5 B (P<0.05), 0d B, HiR41%1Z AKP 3%
B TARIRA . X HR4(P<0.05). 10d, %R %Z
AKP % 5 Feiadl GR41(P<0.05), HAKEL
i E T E R4 (P<0.05), 20 d. 30 d, fKiR41%)

CJ0d XX 10d n=3; x+SD

% AKP BEE T EIRA . X H41(P<0.05), 3 1
T A PR BN S 405 AKP 3% 116 A [R] i ] o5
I 22 5(P<0.05), RIR41Z AKP i /)
7£20d. 30d BFE®H T 0d. 10d (P<0.05),0d i
FZET 10 d (P<0.05), XfHRI%hZ AKP i JI71E
0d. 10d &% 20d & & T 30d (P<0.05), miml
4% AKP G J10d. 20d BE®E T 10d. 30d (P<
0.05), H 30d W% & T 10 d (P<0.05).

AR PRSBSOS ERY LZM
WAL A 2d. ARIREH LIS LZM 36 )
ZE A E (P>0.05), 3 AN EEALFRZ KE W 24 2
LZM % JI7EAS [R) B ] 5035 T i 2 25 5 (P>0.05).

AN TR A5 1 T RSV S 4 SR WY MDA
SR 2e, 0d I, FHiR41412Z MDA &
FEE TR . AR (P<0.05), KA . Hikd
%1% MDA & 7 A [ B[] 5 2 o 3 % 7
(P<0.05), KIH41%Z MDA & #1530 d &
T 10 d (P<0.05), H:Ath sy a] 5 18] JC i 2 22 5 (P>
0.05). 4412 MDA FE7E0d &M T 10d.
20d &% 30 d (P<0.05),10d., 20 d &% 30 d Z[a]JC &
FEF(P>0.05),

3 Ola mB20a &2 304 2A 40 rp Cod R 10d 2071 ¢ Co0d &2 10d
'é I aAaA ~ 35 F B 20d O 30d ~ aAzA EE 20d £33 30d
= 5 bA ‘é =
2 bBbB, bB E 307 - E 15t
< 4t bB =) @ o
4 S 257 &S
2831 22501 SS90t
%3 £520 28510
2t 1.5 g
2 | W 10 oSy
4 Booo0st N
L= 0 . 0
23 28 33 23 28 33 23 28 33
1R/ °C temperature 1R JE/°C temperature 1R E/°C temperature
10y CJ0d &3 10d 12 [ 004 =2 104
B8 20d FE3 30d —~ |~ E320d F=30d aA
g 08 aA aA o ,3ggp sAaA ,;51 10T 5o
=) 0.8
32 0.6 E <Qc
- 04| & =
*g 1] 04 1
02 B o2
0-
23 28 33 0
1R/ °C temperature YR E/°C temperature
B 2 OR[EHRE & T RS 4 2 R b S A RS & ey JiEG 712 1

a. ALY BALEE; b W EALER; o, RVEBERRME; d. W EM; . W8, AF/NS TR R — IR EEH N A [H]
W] I 5 2 [R]85 25 53 (P<0.05), AN [) RS SRR ] — JBUARE ol 1] A [] it 88 20 =2 [T Y . 2 25 57 (P<0.05).
Fig. 2 Changes in antioxidant enzyme and immune enzyme activity in the body cavity fluid of juvenile
Holothuria scabra under different temperature conditions
a. SOD; b. CAT; c. AKP; d. LZM; e. MDA. Different small letters represent significant differences between
different time points in the same temperature group (P<0.05), and different capital letters represent significant
differences between different temperature groups at the same sampling time (P<0.05).
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24 BEMNEESSHSEERSNEBR RELE
&M m

ANTRRLEE 2500 T B 2 4 2 1R BE I B A AL
KA REBEG 1092 AL I 3 Fros . IR B 44
TR 24 21488 SOD 1% /125 4k ILIE 3a, Al
IR 2 2k BE SOD i )1 i B g 3 22 7 (P<
0.05), 0 d W}, FEiEdEE R TGRA . X RAH
(P<0.05), KR4 5% B4 G 3 22 5 (P>0.05) .
10 d B, iR 3 v 6 R4 (P<0.05). 20d.
30 d W, fREA R Em TX A SR P<
0.05), (IR . = iRALKEZ4Z SOD {if Ji AN [F]
B[] A 25 1 B B 3 2% S (P<0.05) . R4 4 5
SOD {f H7E 30 d &3 i T H AR E] 5 (P<0.05),
20d B3EE T 0d.10 d (P<0.05), & iR 4142 SOD
W 7R 0 d B3 T 20 d J 30 d (P<0.05), HA4

i ] 55 1) TG B 3 22 5 (P>0.05)

ANFIRLEE 258 T RSV 2 4 SR BE CAT 1% 148
TR VL] 3b o AN )i B2 4 4 2 AR BE CAT 16 H1 A7 7E 8
F 25 (P<0.05), 0d i, R4 E R TIRRL
X HRAL(P<0.05), 10d, midl. KR4 EE&T
X IR ZH (P<0.05), 20 d B, fRIEA & T ER
H . X HREH (P<0.05), i 2H 2 & T R (P<
0.05), 30d, IR W& S T iR . X R4 (P<
0.05), KR4 . =iRAAEE S92 CAT I JIAH
P i) 5 2 1R 300 8 35 25 57 (P<0.05) R IR 2 42 CAT
W J17E20d.30d %= T 0d.10 d (P<0.05), 10 d
BERT 0 d (P<0.05), miR41%ZS CAT i 11E
0d#F ST 10d. 20d & 30d (P<0.05), 10 d .
ZET 20 d. 30 d (P<0.05), X HRAH4hZ CAT
T 1 A5 B[] TG 2 22 57(P>0.05) .

% 200, A oa  ® 2 1501y —od == 104 Tlew Tiod &2 104
g B8 204 =3 30d aA 2 6 EB20d A 30d
= 150 Ar‘ % aA n=3;x+SD 1 aA
S i £ oot g5 sy
20 . 2 BEa 4|
S 100 ) < gud
= ] W sof = o)
] 50 E ~ &
S & W E 1
E o & R : 0
it 23 28 33 23 28 33 23 28 33
1R JE/°C temperature 1REE/°C temperature 1R E/C temperature
20 ¢ 60T al .=
= N co0d ®210d 3 e = Saq  THESD
S aA B 20d €9 30d & 20
e 15+ & 30
g & PR
22 10 g
= £ =
B8 & 20
i 5 Tl
= &’

1R E/°C temperature

(=)

1B FE/°C temperature

P03 RIRELE 25 1 T B I 2 4 2 R BB S8 AL I B S P2 B 172 4k
a. ALY BALEE; b, i EBE; o, BRIEDERRES; d. IWRIEE; e . ARVNEF AR —REH N AR
IR} 1] 63 2 ) B 2. 35 22 57 (P<0.05), R [R) RS - A0 [] — BRORE I 18] 7S [ 3 132 2 =2 (18] B9 S8 25 25 57 (P< 0.05).
Fig. 3 Changes in antioxidant enzyme and immune enzyme activity in the body wall of juvenile Holothuria scabra
under different temperature conditions
a. SOD; b. CAT; c. AKP; d. LZM; e. MDA. Different small letters represent significant differences between different
time points in the same temperature group (P<0.05), and different capital letters represent significant differences

between different temperature groups at the same sampling time (P<0.05).

AR R AT T RE i S 4h 2R BE AKP {5 T
WALULIEL 3c. AR EEZH A 2R EE AKP {5 177
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g . xF 2 (P<0.05), *fIR4H W 2w TR 4l

(P<0.05), 10 d B}, fIREA W& & T X B4l (P<
0.05), HiR4 5IRIR4] . X R4 B %5 P>
0.05). 20d B, £ 470 W 3% 2 5% (P>0.05),
30d, flRIRA W T R4 (P<0.05), XIS
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a2 T N 2 22 F(P>0.05), R4 . a4 ks
2412 AKP T S AS[F B ] 53 B 25 5
(P<0.05), KIH4%1Z AKP i H17E 10d. 30d &
FET 0d., 20d (P<0.05), Hii4141% AKP % )
fE0d, 10d M 20 d BT 30 d (P<0.05). X
AL S AKP F AR S TR EES
(P>0.05).

AR BE S5 S RS S 4 SR LZM 36 )
AL 3d, AR E AL SIREE LZM 3§ 117
16 #2253 (P<0.05), 0 d i, {RIR4L. X R4 0
Fim T REIRA(P<0.05), IR . X FEZH TG i 2 2%
S(P>0.05). 10d i}, IR E R TEEa . xF
HRZH(P<0.05), il 3 i 1% B4 (P<0.05)
20 d B, I ZH S R T LA R R IR A (P<
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3 AR EE AL BRZH R TR 2412 LZM G J1 A [ ] 53
I B 3 22 57 (P<0.05) . {RIR414hZ LZM 6 H
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H4h% LZM 3% 178 30 d BEEHT 10 d. 20 d
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(P<0.05).

ANFEEE S5 T RE T S 4 2 K8 MDA & i
AL 3e. ARRIEH LS IRBE MDA & 817
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BB 1 AS AR I 4 B . ARV BE 4
TR S4B 38 SOD i 112 L WLIE 4a., AIF]
R4 2 1B SOD i 1122 5 8.3 (P<0.05). 0 d
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T EIR(P<0.05), 10d. 20d, 3 MAbFHL >
8] JC i & 22 57(P>0.05), 30d, il s T
TEH | X HRAL(P<0.05), ARi4H 5 %) R4 1) o . 2
Z5(P>0.05), IR, SRR S48 S i
SOD i 1 A [A] B[] 2 [] ) 18R & 3% 22 57 (P<
0.05), fKIE4 %2538 SOD i e 0d BEHE T
10d. 20d & 30d (P<0.05), 10d 5T 204d.
30 d (P<0.05). R4S il SOD i J17E 30 d
BEET0d.10d(P<0.05),20d B Fm T 0d (P<
0.05) XF BR £ 412 I3 SOD 1% 178 AN [|) B[] JIC .
FEF(P>0.05),

ANV BE A5 1F T RS 2 40 2 3l CAT 1 178
TR UL 4b AR BE AL 4 2 138 CAT 6 25 8
#(P<0.05), 0 d i, R, SR W T X
M4 (P<0.05), HIRE A B E & T HIRAHP<
0.05), 10 d. 20 d B, R4 S5 &ERAEZ 2R
A (P>0.05), HI¥ W E R T X E41(P<0.05),
30 d B, SiRA R ES FARL . X4 P<
0.05). IR . =IRAIEEE S 4258 CAT &)
TEAN [RS8 2 [i) 2 30 4 35 2% 57 (P<0.05) (IR TR 41
B WE CATIEHE0d BE & T 10d, 20d &
30 d (P<0.05), 10d. 20 d %% T 30 d (P<0.05).
FIRA LS IAIE CAT I 175 30d B & F 0d.
10 d 1 20 d (P<0.05). XTHEL1 4218 CAT i
FEAS A 8] G 4 3 2% 5 (P>0.05)

AR E R TR S 41218 AKP 3§ 7]
AL ILIE de., ARIRIEEHLZSIHIE AKP 1§ 177
15 % 2 5(P<0.05), 0 d i, {RIE 4 8 EmT Xt
HE 21 (P<0.05), X RE4H 2% & T = iR 41 (P<0.05).
10d. 20 d B, 3 AL PRA R) 2% 5348 8 25 (P>0.05).
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WS i AKP G A [R] B[] 22 [a] 25 1 2R 6 2 22
5(P<0.05), 1RIRA%ZMiE AKP i J17E 0 d
FEET 10d. 20d % 30d (P<0.05),10d. 20d i
Em T 30d (P<0.05), XFHR14h 2 i AKP i 1
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K4 ORIRIREE 2508 R 24 2 il e STt X S e B 1 22 1k
a. BEAYBALEE; b W EALER; o WVEREIRME; d. A EM; e WTBE. AFVNS FRUR R — IR B H N A [H]
I [H] 5, 2 [ (19 1 35 22 57 (P<0.05), A JA) K5 = R[] — BBORE I [B] AS [+ 3 182 20 =2 8] 1) f8. 35 25 53 (P< 0.05).
Fig. 4 Changes in intestinal antioxidant enzyme and immune enzyme activity of juvenile Holothuria scabra
under different temperature conditions
a. SOD; b. CAT; c. AKP; d. LZM; e. MDA. Different small letters represent significant differences between different
time points in the same temperature group (P<0.05), and different capital letters represent significant differences

between different temperature groups at the same sampling time (P<0.05).
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i, (RIRAL R E & T a4 . XEE4(P<0.05), &
TR2H 3 T TR IR ZH (P<0.05) , (IRIRAE | iR 41 ks
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(P<0.05), RIS TR CAT 15 J17E 20 d &
EET0d, 10d & 30d(P<0.05),0d. 30d B%
=T 10 d (P<0.05). iR ZSIFA CAT I )
E10dBESHT 0d, 20 d & 30 d (P<0.05), *f
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AN IR 26 1 e ¥ 2 40y 25 R AR 4R A Bl B SR B i 784k

a. BEAYBALEE; b W EALER; o BVEREIRME; d. A EM; e WTBE. AFVNS FRURF IR B H N A [H]
R[] i 22 [ 11 40 2 22 57 (P<0.05), AN [F) K 'S SRk ] — BBURE Bisf [ AN [m) iR 188 20 22 [R] 119 i 25 2 53¢ (P<0.05).
Fig. 5 Changes in antioxidant enzyme and immune enzyme activity of juvenile Holothuria scabra respiratory trees
under different temperature conditions
a. SOD; b. CAT; c. AKP; d. LZM; e. MDA. Different small letters represent significant differences between different
time points in the same temperature group (P<0.05), and different capital letters represent significant differences
between different temperature groups at the same sampling time (P<0.05).
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27 AERESHSALANEUBRREHEE
HEEKFMKBEER

K15 2 4 S A6 4 ST A AL G L e s T
EAERK AKX R L 3, 4h S WA+ SOD .
CAT. AKP. LZM i J] & MDA ¥ &% 5 SGR.
KR AR OE(P<0.05), HARX REE & miE
) SOD. AKP 5 SGR IEAHX(P>0.05), H: CAT.
LZM %71 . MDA &5 SGR i (P<0.05),
J7 it MDA & 5 57K 5RO (P<0.05), HoAhTs
bR 5K IR IEA E(P>0.05), 4 ikREFER LZM

5715 SGR IEAHCLIAR, HABFEPRY 5 SGR. 7K
A (P<0.05). SIS PR LZM G 1 5
KR IEFSC LIS, HAHE/RS SGR. /KR
K(P<0.05).

X3 AEAREBSHSHLAMENUBE REEEN
5REERKERERN Pearson X RH
Tab. 3 Pearson correlation coefficient between oxidative

stress and immune indicatorsin different tissues of juvenile
Holothuria scabra with specific growth rates and temperatures

n=3; x+SD
FEA

tebi Kk IEC

parameter /(%/d) temperature

SGR
I B —SOD/(U/mgprot) respiratory tree—SOD  —0.923  —0.564
I A% —C AT/(U/mgprot) respiratory tree—CAT —0.927  —0.642
IR -AK A4 EA4 v mgprot) respiratory tree—AKP —0.330  —0.333
A —LZM/(ng/mgprot) respiratory tree—LZM ~ —0.880  —0.809
IR —MDA/(nmol/mgprot) -0.937  -0.479
respiratory tree—-MDA

%1 -SOD/(U/mgprot) intestine-SOD 0.184 0.879
M i& —CAT/(U/mgprot) intestine—CAT —0.068 0.810

W18 —AKP/(4: FC B A3 /mgprot) 0.488 0.961
intestine—AKP

3 iE—LZM/(ug/mgprot) intestine—LZM —0.340 0.485
5 iE—MDA/(nmol/mgprot) intestine-MDA ~ —0.798  —0.226
{A&EE-SOD/(U/mgprot) muscle-SOD -0.904  —0.727
{ABE-CAT/(U/mgprot) muscle-CAT -0.830  —0.836

AR BE-AKP/(4 G HL {3 /mgprot) muscle—AKP —0.415  —0.863
{RBE-LZM/(ng/mgprot) muscle-LZM 0.150  —0.247
{&EE-MDA/(nmol/mgprot) muscle-MDA —0.604  —0.831
1R -SOD/(U/mL) coelomic fluid-SOD ~ —0.858  —0.815
IR -CAT/(U/mL) coelomic fluid-CAT ~ —0.808  —0.697
B R —AKP/(43 FC H1432/100 mL) -0.820 —0.802
coelomic fluid—AKP

R W —LZM/(pg/mL) coelomic fluid-LzM  —0.116 0.407
A i 3 —MDA/(nmol/mL) -0.263  —0.554

coelomic fluid—-MDA

3 itig
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Abstract: This study was conducted to find out the effects of water temperature on the growth, antioxidant enzyme
activity, and immune enzyme activity of juvenile sea cucumbers Holothuria scabra. We cultivated healthy
individuals with an average body weight of (1.70+0.24 g) at three temperatures: low temperature at 23 ‘C, control
at 28 C, and high temperature at 33°C in temperature-controlled tanks for 30 d. The specific growth rate of H.
scabra juveniles was measured every 10 d. Juvenile H. scabra body walls, coelomic fluid, intestines, and
respiratory trees were collected to determine superoxide dismutase (SOD), catalase (CAT), alkaline phosphatase
(AKP), lysozyme (LZM), and malondialdehyde (MDA) content. The results showed that: (1) The SGR_3¢ of the
control group was significantly higher than that of the high-temperature and low-temperature groups (P<0.05),
and the high-temperature group exhibited a significantly higher value than that of the low-temperature group
(P<0.05), indicating that long-term low temperature had a greater impact on juveniles than long-term high
temperature. (2) In the low-temperature group, SOD, AKP, and LZM activity and MDA content in the coelomic
fluid were not significantly different from those in the control group at 0 d, and SOD, CAT, and AKP activity were
significantly higher than those in the control group at 30 d (P<0.05). SOD, CAT, and LZM activity, and MDA
content in the body wall were not significantly different from those in the control group at day 0; however, SOD,
CAT activity, and MDA content were significantly higher than those in the control group at day 30 (P<0.05). All
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enzyme activities in the intestine were significantly higher than those in the control group at 0 d (P<0.05), except
for MDA content. Then, only MDA content was significantly higher that of the control group at 30 d (P<0.05). All
indicators in the respiratory tree were significantly higher than those in the control group at 0 and 30 d (P<0.05).
The results showed that the coelomic fluid and body wall of juvenile H. scabra needed to cope with oxidative
stress caused by prolonged low temperatures, while the intestine had to deal with oxidative stress from short-term
low temperatures, and the respiratory tree had to adapt to oxidative stress from both short-term and prolonged low
temperatures. (3) In the high-temperature group, SOD, CAT, and AKP activity and MDA content in the coelomic
fluid and body wall were significantly higher than those in the control group at 0 d (P<0.05). No indicators showed
significant differences from those in the control group at 30 d. CAT activity in the intestine was significantly
higher than those in the control group on day 0 (P<0.05), and all indicators were significantly higher than those in
the control group on day 30 (P<0.05). All indicators in the respiratory tree were significantly higher than those in
the control group at 0 and 30 d (P<0.05); CAT content and MDA content were significantly higher than that in the
control group (P<0.05). This suggests that the coelomic fluid and body wall primarily faced oxidative stress from
short-term exposure to high temperatures, whereas the intestine and respiratory tree had to deal with both
short-term and prolonged high-temperature stresses. (4) Antioxidant and immune enzyme activities in the four
tissues of juvenile sea cucumbers were negatively correlated with SGR, indicating that the increase in antioxidant
and immune enzyme activities conflicted with rapid growth, resulting in a significant decrease in SGR. In
conclusion, both prolonged low and high temperatures generated oxidative stress in juvenile H. scabra, and
juvenile H. scabra had greater adaptability to high temperatures.
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