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(Epinephelus fuscoguttatus) N1 4% 7% 22 11 K ) B &
Filr 35t A% 7 MORRE A B DR A R s B e it
T AE R A 1 LR S FE AR A 7T BB B FA 0T Y R Ml
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FPAFRFEENY) L B A £ 07 IR i S BA R
PR G 92 | 3 2F 4 AR i T AL BE 0 i A D,
P& N T2 e I Bt o b IET 5% . B 7E 01
TE AR b T2 2R e 1B A B R At 8 R DR BT B K
TP RF S IR0 8 [] B, Sk W 8 9 R Y S R L AR R
R LA SRS Bl U W T A B T G A ) R 1
SR Z IR AT AT VAR DT 22

ABIFFE R H A AR 1 FH G B I T 20 Ak 2
WEE » DU W 3 AT KUK, 382 8 0 5 1 1 PR
B E FE AL P2 B e E A B AR, SRR
XTES Bk e 0 B A T Ak DL K f 92 P R Y 52
SRy R TR 5 O A BRE A DR b A 107 P SR AR B AR 4 L [
It Ay W 22 07 T Y B 8 BT R 25 e
BRI B2 TR R AL 2

2 MEEINE
2.1 B

A BT JHWF O 2015 48 3—4 A BT JH 34
FAMEIR MRS . B IEK A, AR MR,

7 S 5 T Ak S A SR K o e, Wi, B,
A 60°C HEFHET . R FIA Uik i T HRAIL CLLAR =0
AN A A B2 3D 8 SO & R, i
200 H i ) CRI A A BL 72 AR K F 0.074 mm) , i H3 E
T B 35 W EL B 2% il — TR0 s ek % 1 Bl ) O
T at e F R A R A A, EE R LR DA
1% EAKH, FIRINA 65% BIZEK . 2 AR Ry
350 X450 mm, JEREE R 10 221 L BEAS . BE LR 4
~5 d, BN A BN & XS BRI .

B BRI AT BE A0 W A AR A AR L B TR A
BEfa S5, B SR INL G TR B 27 MK 3R
B . BTSRRI ARDRL B R B R 2 Ik, K
B R V5 4K K — e 1/4~1/2 Z 0] A8 57
b 7K TR 1T AR A A K M 2R, 42 R AR AR 4R KR 26
~29.8°C, IWH KT 6.0 mg/L,pH } 7.5~8.5, A A
WRE/NT 0.3 mg/ L. 37 58 W P9 T00 A9 305 BH . o 5 L 5
I R NG B 58 B o 100~500 1. B 1 TG )6 BE
FRek 14 d J5, HERRUA et TTHs To 0 A% — B
BRI A B, FEAL 4 BC 2 5250 G0 (K7 80 em X
50 emX 50 cm, SEFRFFFHAKARL Sy 160 L) I 525,
6 4, 4l 3 A P47 18 A UKD, L 30 R,
S £ S A A BT R (19.16+0.25) g, 1RK K (10.63
+0.56) cm,
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Tab.1 The main active ingredient of starter
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2.2 fARANE R RI8IE T

6 TRl FH A Ak (T 0T T AR A AR A B
3] ORI A3 K BE AR E SR LA WLER 2) RN TEE
TR SR FH B GRS WK W B R 5 el L 7
AR GRS N LG 2 25 ClRRHAS R Bk 094
1%.2% 3% 4% 5% » L il R L (4E g B T K 2= B
gzl AT 5 i SOREAR S 2.5 mm (1) Uk Y 4Rk
FEAR R bR e Ry X BE 4 (0% . Diet 1(1%) 41, Diet 2
(2%)4H .Diet 3(3%) 4. Diet 4 (4%) 4l . Diet 5(5%)
2 )RR M o e 0 AR T o 1Y 300 25 A R, AT e B
B DUASCRE B R 2 5 A R B (7:00—7:30,17: 00—
17:30) % MR 2 W, H W 0] 5% B 55 48 2 [w) 47 77 40) ] 28
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Tab.2 The composition and nutrient levels of compound feeds

JEokH Ei/ %
iy 42.00
HE A 3.00
GX 27.00
[0 19.90
i 2.00
i 2.00
Uil 2.00
EZ: 0.30
ZH 0.50
R 0.30
AR A4 1.00
B IR T Y5 91.50
HEH 48.08
MR 10.13
KK 12.09

23 HamEE

RIS S W A LR AL B 24 ho & T
o JoR I I X T AR A T, T AT S TR R A
B J o DA R T BEAL PRI 9 B, I FH R Bk R 1
WCER AR S Tk & h % 250 =, T ACUKAE
FIF R (2 18 h) , If-7E 4°C .3 500 r/min 554 F & .0
10 min, & EIERIR A (AT IE 455035 L s drid  AF
kA ST A LT R S T —80°C vKAR AR AF AT
ARG ) i 375 AR S 1 B 2 A DG FE B 5 B DA R B AL
3 RABEA L AR TR R 4 T ik g Ak
(1R A6 2 S SR B4 o FH AR AR I ~F- A7 2H 104 IS ik
B s 3 A Rt R AT A 3, I R B i 2H 2, R
B A B Sk 0T I A R SBT3 ) AR A% i T
RIGBCCHSD , LAiZ 4 A i BUE K - BE AR S Al
NPATA I HST $8 45, 50 B 1 18 J5) AR 5 . 6 i 4
A E AL T — NV RS T B A —196°C i
R R ELEEE T —80°CIKAE h I/ 17, &
T s JBCAEE I T B ) 50 S AT M T TR A O Ak
it i A S DU G D 25 A R A AT ZE S
24 HROSWKRNGE
2.4.1 ERIER T

BERWGR, %) =W, —W,) /W, X100, (1)

BE A KER(SGR, %/ = (InW, — InW,) /t X

100, (2)
Tkt ZE(FCR, %) =F/(W,—W,) X100, (3)
FETE R (SR, %) =N,/N, X100, (4)
JFASE# (HST, %) =W, /W, X100, (5)
JESH BE (CF, %) =W, /L* X100, (6)

KA WA W 2500k £ B AR BT (@) (8 T 4K
o ) AW IR B T () st NI RE(D s N I
No 530k ¢ RIGFAIMG A BEGE e RINERE
fR EEDRHEE (@) s W L W 43 1) A JFF DRI T £ () Al £
B R () L ALK (em),
2.4.2  HALBGEE bR 2

DU TF AR 5 7 B, AR A ) T A Bl 0y 25K,
TRLRE 4°C JHEFE R 0.7 Y0 i Az BRER 7K 5 R I B i 4% L 5]
RA AL AR AE VORI 25 29 12 000 r/min
B 43 ) R L e B 1 S SRR =2 e AT TR S
#L 2 500 r/min, B> 10 min, B 5 W 00, 7€ 4 B
TEPECAMS) | I W5 1 35 1 (LPS) | i 4 (1 1 35 1 b 20
ZURE A (TP) & & 18 B ot & B W) TR W52 o 42
A I 37 0 5
2.4.3 MU AERE SR SRR AR I E

I3 F L 4R B2 A il (T — SOD) i g Il
SR AR B A I R R R 2 T RO TR
i SOD # il %35 50 %6 B B %) i i) SOD 4 R — 4> 1
FIAE (U 5 15 B il (LZMD 1% 7 Fn i S AL Bl (PO 76
¥R F ELISA A5 U350 Sk, 507 2 U/ mL; Pk
R B (AKP) B0 & X4 100 mL Ifi 7 76 37°C 5 3
FiAEH 15 min 774 1 mg Byl 1 AN J5 5007 FRME 0
M2 i CACP) SR HI bR 325 D 2, 57 oA 43 IR 557/ 100
mL, ACP ###i% . T—SOD,AKP K I i % H ¥
SUHE RAE W TR B 5 BT B AR 7 3R] I L PO AN
LZM W b 285 B A A PR w4 At ) e
25 HIESsItSHH

TR I B G 24 5% ) SPSS22.0 $ 48 Ak 4 E 4T 58 1%
A R R K 5 2 43 Duncan %, A (E +
FrifE 25 (Mean=SD) 37 , U 7K P2 P<<0.05, %
PE AL PR FH Origin8.5 A4 5E hl .
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0. 05) , T X B2 e JH A7 B £ (4 JHF R 48 20 CHST) FiAE B Ay 4% 21 v B KA, S5 LRI XF WGR Fl SGR 4847
Wi EE (CF) LR AFTE R (SROFEMA R . SXTIAME W 190/ 2% i & B e & 41 2 80 A A7 7 i 35 M 22
FL M 1% ~3% M R B & . RE B B MR Bk K IR 5, HSI 1 CF FEB &k 1% B3k 20 4 21 e KA
ABEtA Y FCR 42 WGR 1 SGR(P<20.05), FCR A5 HABA ] JC 8 F1E 2% 7 (P=>0.05) (F 1, 24
PRI 200 4 PR Il B 5 HAh i e e AERIGAREE R, T LA B, KRB &S BRI
B35 25 5 (P<<0.05) \WGR 1 SGR TEU IR 1% 1%~2%.,

W AR B Diet 1 (1%) M Diet 2 (2%)
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160 40
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YRR BLFCR /% TFIG 3 SR/% WK WGR/% » HEE K SGRIY%  JWARSREL HSI/% T3l BE CF/%
a. AR EEAE AR b. AR AR AR

Bl 1 R E X2k e IR B 0 A KA AR 1 5
Fig.1 Effect of fermented E. proli fera on growth performance of Pearl gentian grouper
B AP TR bR AR TR 2R 22 8 B3 (P<<0.05,2=3), FIA], ERKIEAREUE, ISR L EERKER,
B 1a N 1b
Corresponding indicators in groups with the different superscripts have significant differences (P<20.05, n=3). Indexes of growth performance

were described in the diagram and divided into figla and figlb because of the significant difference in the values

32 EBUEMNBHREBAMENNFEIESEER  BERE T 34.70 %M1 38.17 % (P<C0.05) , 7£ 54041

=g LN A ) Ik B4 4l iR KA. X F AKP 36 ¥, 7238 i &

FHER 3 FIHL, R IEWF & VS INAEGS W3 S22 Bk 300400l 5 0B 348X B2 A P4t 76 504
e REA B £ 1 I3 R L CTP) & o Bl 6 7R g Af A B KL 4R R 61.01% (P<C0.05), XFF T—SOD
(AKP) R PERERR B (ACP) DL K s B AL B AL (T 5P BEE W & R i po 8, s e 2 e Th s s
—SOD)EME(P<C0.05), SXFHRLAALL, YRR & FRARH T 3G FE iR &y 420 500 B 5 ¢ BE 2
BMARAE 300F 5ol RER F A MM B E A REEESR, B T 19.6150F1 18. 4620 (P
FI & f ACP 36 . TP & R AE RN 3% f 5% <20.05) L3 H A 95 T 8 CLZNVD A 2 fL Bl (POD 15
(R B 25 N2 0 S 3 3R T 317090 M0 27.31%  MEEEA K & BEF B BTSN & AR W AR
(P<C0.05) . 7F 326 ZH B 3K 31| 4% 41 % KAH ;s ACP T 1 43

R3 ABUWENBHREEAHRENFEFRERENNZE

Tab.3 Effect of fermented E. prolifera on serum non-specific immunity in Pearl gentian grouper

BPEBERREE AKP  RRYEBERREE ACP Isyikaia

1L B A R LZM B AL RE PO
b4 /42 IR /4 IR B4k A T—SOD
TP/mg * mL ™! /U s mL™! /U e mL !
« (100 mL~ 1) « (100 mL™ 1) /U mL !
X HRZH (0 %) 43.72+2.762 8.7240.19* 7.7840.19% 111.964+7.892 78.4348.20° 54.06+1.722

Diet 1(1%) 44.68+£2.97¢ 10.10£0.35% 7.8240.56¢ 127.8948.07% 78.9042.16% 52.08-£1.82%




100 HHEER 40 5
Hx3
RS AKP  FRIEBEEREE ACP B LY N )
[IRERSSAE| N N o . VW il LZM By S AL PO
APy /4 TG /& IR 4k T—SOD
TP/mg « mL ™! /U mL™! /U mL™!
« (100 mL™1) + (100 mL™1) /U« mL !
Diet 2(2%) 49.0545.20% 10.38+0.80% 7.5940.02% 124.88412.21" 73.8643.73¢ 56.85+9.03%
Diet 3(3%) 57.5842.79¢ 12.12+1.40¢ 10.4840.93" 104.2145.83% 74,043,497 51.4146.54*
Diet 4(4%) 48,949,540 11.83+1.06" 8.87+1.16% 133.92411.14¢ 78.67+1.78% 50.87+1.66¢
Diet 5(5%) 55.6645.08¢ 14.04+1.064 10.7541.63¢ 132.63+5.38¢ 78.2042.07¢ 50.2440.56°
W LA FRERF# R R E R BE (P<0.05,1=3),
1.8 40~
35
1.5 1 c c be
7 :%30- , be
N n al
5 1.2 g 5] .
S 2
b 94 H 04
«’ %
= g
= g 157
= 0.6 gm
Ee
R 104
0.3 5
0.0 —— 0 T — — —r — —
FHEZH(0%) Dietl(1%) Dietl(2%) Dietl(3%) Dietl(4%) Dietl(5%) XFHRZH(0%) Dietl(1%) Dietl(2%) Dietl(3%) Dietl(4%) Dietl(5%)
350 - 0.6 -
| b
- 300 -~ 054 ab ab
§ T g a a a
& a
fED 250: §° 0.4
% 2004 %
= 1 0.3
£ 1504 2
ﬁ% 1 2 o
4 254
% 100- &
= 0.1
50 :
0.0

X HRL(0%) Dietl(1%) Dietl(2%) Dietl(3%) Dietl(4%) Dietl(5%)

XHALA(0%) Dietl(1%) Diet1(2%) Dietl(3%) Dietl(4%) Dietl(5%)

B2 KB X 22 e R A B A0 i 1 T 1k B i R e
Fig.2 Effect of fermented E. proli fera on activities of intestinal digestive enzyme in pearl gentian grouper
AN AR AR AR AR R 3R 22 57 3 (P<<0.05,n=3)

Corresponding indicators in groups with the different superscripts have significant differences (P<Z0.05, n=3)
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ATEA A E SR S i, 5O B A B 4 )
PET 9.4% M 7.9% (P<C0.05), H. & T H Al 45 4.,
25105 2H AR 7 T PR 48 R TR R RS il 206

~5 Yo Bt 5% B A7 AT 1 M 25 S/ (P<C0.05) , T8¢ Ut
TRIA M B N 5 1 2 . S G 2 Y SR AR 1 O PR Y
B T IR ZH (P <C0.05) , 1 4% 5236 41 2 6] B JC i
EVEE S AERINE Ty 3% A B R Rl . TE R B S
PR R TR 35 VS 0 it A 1 S 30 o — s R Y 4
S ANTEIR N o8 50 i 5 X B AL A7 AE e 22
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o 38 S8 A T
4 He

41 AREBHENZEEZEARELE KRNI
WF 2 — b AT F 6 B 98 0o AT R R R
AT Ay v K £ IR R DTS 45 K 7= 3 ) 1) PEORH G R B
IR AT 22 ROk S W MUK BT 5 1 3R L A
FEAE LR ) RN 4E A 2 A R I IE R 2 6 L
Ze AR SE A S P o mT DL 5 3h 4 9 A A A
K AR W8 R DR EORL, £ 0K B
11 ( Pseudosciaena crocea )M | K 3% 8} (Scophthalmus
mazimus)'? M40 (Liza haematocheila )P ¥ B 5
T (Siganus canaliculatus )™ 25, Y REH B L 3 3
PR A K VR 0 5 W REAR 4 b £ 1 K &
XL EIRR Y R AR, IR R WA
ARG (42 2 sh W A= KA RE AR T
TEATRI Hh  WF 3 28 I I v N 31 22 2k e I A 338
£ AR b AT AR A5 Y 0 B A L TR TS
T 106~ 300 AT LR 3 R 2 Bk e R A BE £
WGR Il SGR. [F) i i 3 B4R T FCR.AESIN T4 204
i, FCR 4541 F i . WGR il SGR ¥ . % 8 X
413X 5 B ST IO & BT B VR T AL 5 (Lateo-
labrax japonicus) W) 45 B AL, WA, 4% & 46 F0 7 Ay
& BT T & AL B S I B AE R T 1 B iR
BEA AT (Cherry Valley Ducks) 48 H 0] DA K KR &
PSSR 6, H 3 DL R AR R B WF 3 4
J& B T LR W & R TR K AR T e Y B
7 R ) 1) HE ) I A 0k R R R
k& A Z2 M FERR AL R I IR 5 A Fe B 22 1 2 AN AT
BIIIR - U n-3 RN XA 5 B AR F 0 A 10 AR
JT R T R T 20 A AR T AL A0 L R B O
TETICH B8 22 (78 TR 5 o 9 10 X BILAAR 7 A 0 o A e
FIREHEAERT X 5 23 4 4505 BF T 0 & 4 4F 2 3R I il
fift IS PR AR 2, BE B AR M AR S 1Y SGR, T
FOULTH A3 ML 11 50 3 T A6 32 DL R BE IR FCR 1Y
ERAML ., LIRS IS R T R
TR R B 5 R A F AR 8, A EL AT DAAS Y R S
AT LAl AR 5] 7 i 8 380 AR R A 41 A R A8R  axX
P B 28 B e W & VR T AL R A 4 B 3% P i
BUORE A H A 1 17 5 ) LA R ] e 3] 408 AR AL
B, AEREERIL KW, BR SRHSI Fl CF 8h. i &
Xof B e 22 2Rl JIB A B e At A KV BE RN B R T8
WFE I A 2 BT R R a3, KRR B &

Xt 25 Bk o JE A BiE i 24 K R 1) S 1 AT AR R (59 L o
IR i AR B AR A X R Yildirm 8T Yousif
GOV A R AR ST P R R B 2
TR IR A7 B 2R P RE AR AR @ s i 2%
A,
42 EREBEMEVNEREBANGMNNEFESESER

% 1 AR Y 2 A

SRS T e S M S e B 59 L A AR T
eSS, AR IR A RN R
P G 2 il 2 R Ak Y B AR (T — SOD) | %5 1 il
(LZND B L5 R i (AKP) | iR P i R i ( ACP) 1 By
LT (PO | 3% BTl 2 7 U0 RN BR 5400 48 v 7
20 0 R R 7 AR R LR A 48 s AL AR B T F
B AL RE 1 55 R R n] DAGE i AR AR 1
AR % B &5 X B2 Bk e B 7 B £ 8 T R . AR
6 7 JE R ERE R S IR ) K S 19 2 B AT AR
Joi s A BRI B e T RS R A sk . B
FERI W& BT RRAR I g L s BT A AR VE L DL K
TPk 35 P 3 e HC AT T A 1 R T L 4R o G ) A
Diagt R AR AEY SR F B OR MR W AR T A
fiy A5 HRZE S IR Ry 3 90 IR AT DA S 3 g A B i 3 AN
JFRE R AKP 357 FT TP &, B 3w 1y
) T—SOD #l LZM % J1. #7550 WF9E T i & %t
5 Z: (A postichopus japonicus) G FE S I FE W 15 H
WFEWINE N 6% ~9% it Al LI 2% 3 & 05 il 2 19
ACP,AKP H SOD {& ¥, AT 15, i & X 7K 7= 3
YL R B & i fE . EARTFR B 4k
5 . ACP.AKP ) & T—SOD ZTER & & T 3% J5
A W I R, LA 28 0 o R B AT AT RE R R 7R
o 7V A TR IR VA A N T 4 R e R R A A
W 7R AV 22 R ST 3R 4 A T RN e K A6 B i AR g L X
ST L 7K A Py T R T i S O G R L 4R
LA AL IS ML TR & B A B PR 40 i
W R T Z O WF 8 20 W 20T DL 3 4R
LR G F7, Wei S50 2 RUAED Y BIF 53 1 £ 9IF 52
T — a5 R R A AT RE R B R SRR R
TR S FELARTE B S & 7R B R BERICR Y . X
I3 LZM F PO 15 152 4 W 5 1 52 e A ik 35 30
S ARA AT RS R W 2 S s
43 ERBUENERERANEREYLEEEN

=AU

T2 ) B F I oo — TR A LA B L A g 1)
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Je 2t AR TE P AR AR T L £ 28 14 AL E ) nT LA
A S I i T 9 A T T3 Ok B ARG R W], X
WFE AT R WG BOR A B AL, R R T HmiE
I 17 Tl A g A O P AR S I 200~ 304
R 8RR X T S W AR AN N D 5 00 I 5 %)
WAL AT B PR 22 5 U R B 5 1T LAAT 4R W B2 2R
Je B A BE £ A PR BE AU g R AR R T A
IR RIREIESE T R B T2 RE 4 = ALK T AL M fik
FIRS A TS0 09 M R A T . 3 2 T 4 e sh P AL
K55 M T A R 28 R W IS RO TE WL L T RE Y
JEL PRS2 PR Sy 5 A B B AT A I ) 5 R 08 52 o LA i
A TN A 1 ST B 2 2k R AL g Y 0 WA A Al E T
SAE R SCE LR R A AR R SR 2 R 2k

R b UL ) B G 5 30 4 B 1 9 38 B0 HR
A SHC 5 0 A G 05 1 VR R 75 T 2% 0 4% K 30 4
VRS T S 25 L R R T Lk ) R £
BB T ph K A ) S 0 49y K 2 2 1 B
T AL 2 FUBE AR SR FLBE 5 T LG S
P 10 26 2 T G B W 2 R R
B 100 R T FE 0 38 25 2 1 0T R A5 ) S5, JE T 5
S8 T Ak B S7 4R T I A R P R A A B
W R TR I 296 ~ 396 10 % I I 25 0T LA AR B
B i L7 B 46 i 0 T O
5 4ie

AR A PE T o 035 B L B £ Bl 7 o
2k T LA R S AR R PR R L AR R
Si£ 3 Ko o 0 T W AL R T 4 A AR R A B B LR
B 5 7 SR R I 2% 2 A

S 230k

(1]

(2]

(3]

(4]

(5]

(6]

7]

(8]

9]

WEAR TG, BFE M. JEaT. AR, 2011: 1—20, 106—147.

Yao Dongrui. Enteromorphal M]. Beijing: China Ocean Press, 2011: 1—20, 106—147.

BAEN, WREH, BRE . %W E RS AR X A R R AR R AL AR )], KR, 2013, 37(8): 1206 —1212.

Li Xinshu, Xu Tuntian, Yao Dongrui, et al. Effects of nitrogen and phosphorus on the growth, photosynthesis and pigments of Ulva proliferal]].
Journal of Fisheries of China, 2013, 37(8): 1206—1212.

Li Yinping, Cui Jiefen, Zhang Gaoli, et al. Optimization study on the hydrogen peroxide pretreatment and production of bioethanol from seaweed
Ulwva prolifera biomass[J]. Bioresource Technology » 2016, 214 144—149.

Carpenter E J, Capone D G. Nitrogen in the Marine Environment[ M. New York: Academic Press, 1983.

w s WlsE, B, AR WFE A0S B IR R EUK AR P EREERLE, 2014, 34(1): 213218,

Gao Song, Fan Shiliang, Han Xiurong. et al. Relations of Enteromorpha prolifera blooms with temperature, salinity, dissolved oxygen and pH in
the Southern Yellow Seal J]. China Environmental Science, 2014, 34(1). 213—218.

Scanlan C M, Wilkinson M. The use of seaweeds in biocide toxicity testing. Part 1. The sensitivity of different stages in the life-history of Fucus ,
and of other algae, to certain biocides[ J]. Marine Environmental Research, 1987, 21(1): 11—29.

AL, INEMK, B, TS 2 RO K A B Y A SRR EL) ], MR 2017, 39(4): 107—116.

Wang Chunzhong, Sun Fulin, Hou Daiyun, et al. Study on the microbial characteristics of seawater pond based on Enteromorpha bloom[]J]. Haiy-
ang Xuebao, 2017, 39(4): 107—116.

AR W T AR A R O B R R LD W & EREE R, 2015,

Huang Zhijun. Study on the rapid solid fermentation of Enteromorpha prolifera and its product development[ D]. Qingdao: Ocean University of
China, 2015.

Wk, B, EICER, S JE T R 2 M R E SR A A L. O BT i S AR ME, 2013, 3(4): T0—75.

Yang Huan, Li Zhongbao, Li Yuanyue, et al. Species identification and nutritional composition analysis of Enteromorpha in Xiamen coastal waters

[JJ. China Fishery Quality and Standard, 2013, 3(4): 70—75.

[10] sk5, XIMSEE. ReMEot. W& AR ABT S L], e IT R 545 3, 2009, 26(8): 97—100.
Zhang Yong, Liu Pengxia, Cheng Xiangsheng. Progress in the usage and researches of Enteromorphal]]. Ocean Development and Management ,
2009, 26(8): 97—100.

C11] Hffl, XU, Sk, BF & BT TS VIR T [T, SR RH . 2016(15) : 258 —260.
Shan Junwei, Liu Haiyan, Ma Dong. Research and resourcfulization application progress of Enteromorpha[]]. Modern Agricultural Science and
Technology » 2016(15) : 258 —260.

[12] B, FLAEMH, 2R MK, 45, A a A BEM () X Bl A BEM0 () 2238 FAUIRIR B AT HEL) fo % & A IR IR L2 [T ], Mol B4, 2014, 35(5) .

135—144.

Chen Chao, Kong Xiangdi, Li Yanlu, et al. Embryonic and morphological development in the larva, juvenile, and young stages of Epinephelus



434

TGRS B & X S Bl ME A R £ AR AR A AR e R 5 R A T P 14 2 T 103

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

fuscoguttatus ($) X E. lanceolatus( 3 )[J]. Progress in Fishery Sciences, 2014, 35(5): 135— 144,

Yildinm O, Ergiin S, Yaman S, et al. Effects of two seaweeds (Ulva lactuca and Enteromorpha linza) as a feed additive in diets on growth per-
formance, feed utilization, and body composition of rainbow trout (Oncorhynchus mykiss)[J]. Kafkas Universitesi Veteriner Fakiiltesi Dergisis
2009, 15(3): 455—460.

Asino H, Ai Qinghui, Mai Kangsen. Evaluation of Enteromorpha prolifera as a feed component in large yellow croaker ( Pseudosciaena crocea
Richardson, 1846) diets[J]. Aquaculture Research, 2011, 42(4) . 525—533.

IR BT EIED . G5 TR R A X SR O A R AR A S e e R ). T A KRR B ARRRE R 2015, 32(1): 62—
66.

Lu Qing, Yang Ning, Wang Zhengli, et al. The effects of dietary Entermorpha prolifera on the growth and non-specific immunity of juvenile tur-
bot (Scophthalmus maximus)[J]. Journal of Qingdao Agricultural University: Natural Science, 2015, 32(1): 62—66.

LT, MR/NA, XUV, RRAVOHE £ 6 PLAIE S MR AL EEE D s ma ], £ R ARSI AR L 2015, 6(2): 472—477.

Wang Wangian, Chen Xiaojin, Liu Yang. Effect of ultramicro Enteromorpha prolifera on activity of digestive enzymes in Litopenaeus vannamei
[J]. Journal of Food Safety and Quality, 2015, 6(2): 472—477.

EE, BRam, Bha, . RSN & BEREE ST AL 5 (Lateolabrax japonicus) A= K PERE T AL BE IS 5 A1 Gy s L) ], Ve 519, 2015, 46
(6): 1549—1556.

Gao Zhan, Chen Qiang, Li Zhongbao, et al. Effect of fermentation Enteromorpha prolifera on growth performance, digestive enzyme activities
and serum non-specific immunity of Lateolabrax japonicus[J]. Oceanologia et Limnologia Sinica, 2015, 46(6): 1549—1556.

A, AR M. BT BT AR . 2004 253 —253.

Li Zhongbao. Feed Additives] M]. Xiamen: Xiamen University Press, 2004: 253—253.

ALz, WFE RGN A B REVE PR SELD]. AR A2 BRI, 2008,

Zhong Liyun. Studies on the serial products of Entermorpha with its activity and physiology functions[ D]. Fuzhou: Fujian Medical University,
2008.

EIZAR, SRR, LI, AE. TEDRER R S A b e AR AR K R BCR AT SE L) . BERHRSY . 2012(3) : 64—65, T1.

Yan Jie, Zhang Xin, Kong Xiaojing, et al. Research for the effects of dietary with Enteromorpha on the growth of Barracudal]]. Feed Research,
2012(3): 64—65, 71.

Yousif O M, Osman M F, Anawhi A R, et al. Growth response and carcass composition of rabbitfish, Siganus canaliculatus (Park) fed diets
supplemented with dehydrated seaweed, Enteromorpha sp.[J]. Emirates Journal of Food and Agriculture, 2004, 16(2): 18—26.

IhER, A, RIGE, SE. AR ORI E S INK ST X A A KRB S M RR Y e [T ], S HBEE, 2010, 42(7): 33— 36.

Sun Jianfeng, Zhao Jun, Zhang Zhiguo, et al. Effect of different dietary levels of Enteromorpha proliferain on the growth and slaughter perform-
ance of Broiler chicken[J]. Animal Husbandry &. Veterinary Medicine, 2010, 42(7); 33— 36.

W RMESR . AR, R WEE AR LA AL BE SR i AL R B D], b B MO, 2015, 51(3): 29—32.

Hu Jing, Zhu Yajun, Zhu Fenghua, et al. Effects of Enteromorpha prolifera on digestive energy and nutrient digestibility and in growing-finishing
swine[ J]. Chinese Journal of Animal Science, 2015, 51(3): 29—32.

JRRT . BRI, REE . AR BFE R A SR BTG [ ]. YRR RS . 2001(6) 0 68— 69.

Zhou Wei, Xu Xiaoming, Ji Zhen, et al. Research of dietary Enteromorpha prolifera on the meat rabbit[J]. Jiangsu Agricultural Sciences, 2001
(6): 68—69.

WAL, Jr At 1G5 R B R AR BE A G 2 Ktk R ry sz [T, BBORTLE BB R, 2012(4) ; 81—82.

Yang Chunhua, Fang Xixiu. Effect of seaweed fermentation feed on growth performance of cherry valley meat duck[ J]. Heilongjiang Animal Sci-
ence and Veterinary Medicine, 2012(4) . 81—82.

Rickert D A, Meyer M A, Hu J, et al. Effect of extraction pH and temperature on isoflavone and saponin partitioning and profile during soy pro-
tein isolate production[J]. Journal of Food Science, 2004, 69(8): C623—C631.

e, B RER, FOWESRSHSERERMNE P hEARE, 2013, 20(5): 1092—1099.

Li Xiao, Wang Ying, Wu Zhihong, et al. Effect of Enteromorpha prolifera on growth of Apostichopus japohicus[J]. Journal of Fishery Sciences
of China, 2013, 20(5): 1092—1099.

ZAl, WA BRVUG . S TR P S IS0 A LR BT R A S A AR T AR AR R R R R PR S e B R S L) ). K. 2015,
39(4) . 547—556.

Qin Bo, Chang Qing. Chen Shiqging. et al. Effects of dosage and treatments of Enteromorpha prolifera on growth, digestibility, digestive enzymes
and non-specific immunity enzymes of juvenile sea cucumber (A postichopus japonicus Selenka)[]]. Journal of Fisheries of China, 2015, 39(4):
547—556.

B, MGk, B, S OBMB BEEEE (Enteromorpha prolifera) X 4685 A & IE 55 57 1 B0 ST AL Tl 06 PR A9 s i [T, 96 1 5509,
2015, 46(6): 1494—1501.

Xu Anle, Jiang Pengda, Li Zhongbao, et al. Effects of Enteromorpha prolifera ultrafine powders on growth performance, non-specific immunity

and digestive enzyme activity of Lateolabrax japonicus[]]. Oceanologia et Limnologia Sinica, 2015, 46(6): 1494—1501.

ZEF, AN, AR S e B SR LT, WIR AR, 2012, 41(2): 26—32.



104 W 40 5

Li Li, Li Chunmei. Research progress on non-specific immune of fish[J]. Journal of Henan Agricultural Science. 2012, 41(2): 26—32.

[31] 47, SBehih, EE. PRI a3 05 5 2 40 S 4 K O AR IS PR S 2% 07 i s2 e [T, A7 R4, 2016, 35(5) : 498—503.
Yang Ning, Guo Zhongshuai, Wang Zhengli. Effect of dietary green laver Enteromorpha prolifera on growth, activity of digestive enzymes and
immunity in sea cucumber (Apostichopus japonicus)[J]. Fisheries Science, 2016, 35(5); 498—503.

[32] Ajila C M, Brar SK, Verma M, et al. Solid-state fermentation of apple pomace using Phanerocheate chrysosporium — Liberation and extraction of
phenolic antioxidants[ J]. Food Chemistry, 2011, 126(3): 1071—1080.

[33] Wei Jianteng, Wang Shuxian, Liu Ge, et al. Polysaccharides from Enteromorpha prolifera enhance the immunity of normal mice[ J]. International
Journal of Biological Macromolecules, 2014, 64; 1—35.

[34] #h5 R0, skaEbR, MAAM, 4 WFE SRR, sk K%M A AR, 2014, 29(3): 46—50, 59.
Han Xuefeng, Zhang Zhibiao. Lin Bokun, et al. The study of Enteromorpha polysaccharidesJ]. Journal of Shantou University: Natural Science.
2014, 29(3): 46—50, 59.

[35] Umemura M, Kim ] H, Aoyama H, et al. The iron chelating agent, deferoxamine detoxifies Fe(Salen)-induced cytotoxicity[ J]. Journal of Phar-
maceutical Sciences, 2017, 134(4): 203—210.

[36] Campa-Cordova A 1, Herndndez-Saavedra N Y, Ascencio F. Superoxide dismutase as modulator of immune function in American white shrimp
(Litopenaeus vannamei)[J]. Comparative Biochemistry and Physiology Part C: Toxicology &. Pharmacology, 2002, 133(4): 557 —565.

[37] Hur SJ, Lee SY, Kim Y C, et al. Effect of fermentation on the antioxidant activity in plant-based foods[ J] Food Chemistry, 2014, 160; 346—
356.

[38] Zhang Zuofa, Lv Guoying, Pan Huijuan, et al. Production of powerful antioxidant supplements via solid-state fermentation of wheat (Triticum
aestivum Linn,) by cordyceps militaris[ J]. Food Technology and Biotechnology. 2012, 50(1): 32— 39.

[39] Cahu C, Ronnestad 1, Grangier V, et al. Expression and activities of pancreatic enzymes in developing sea bass larvae (Dicentrarchus labrax) in
relation to intact and hydrolyzed dietary protein involvement of cholecystokinin [J]. Aquaculture, 2004, 238(1/4): 295—308.

[40]  SBUB. ASTEVGRDELAS 0 22 (A postichopus japonicus) HA T LA BEAIRE BRI MLD]. # & . hERGHE K, 2011
Guo Na. Studies on the effects of different diets on growth, digestive physiology and energy budget of Apostichopus japonicas| D]. Qingdao: O-
cean University of China, 2011.

[41] KM=, EFde, SR, 320 R R K ReZ B g (1], sh# 8 344, 2002, 14(4): 54—58.
Zhu Xinchan, Wang Baowei, Zhang Tingrong. Studies on effect of A. nodosum polysaccharides on growth of broilers[J]. Chinese Journal of Ani-
mal Nutrition, 2002, 14(4): 54—58.

[42]  =FRRE. MRE P ZUMEX A0 45 42 VR FIALER A R 7E (D], U rE . 558 Tl ok, 2015,

Xin Yueqiang. Research on the mechanism of GOS applied to intestinal probiotics| D]. Ji’nan: Qilu University of Technology, 2015.

Effects of fermented Enteromorpha prolifera on growth performance,
non-specific immunity and digestive enzyme activity of
pearl gentian grouper

Xu Anle' ?, Li Zhongbao' ?, Shangguan Jingbo' *, Hu Xiaowei''*, Huang Yongchun' *

(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Fujian Provincial Key Laboratory of Marine Fishery Re-

sources and Eco-environment , Xiamen 361021, China)

Abstract: To evaluate the effect of fermentation Enteromorpha prolifera on growth performance, digestive enzyme
activities and serum non-specific immunity, 6 diets adding 0%, 1%, 2%, 3%, 4%, 5% fermentation E. proli f-
era were respectively fed to pearl gentian grouper(E pinephelus lanceolatus & X Epinephelus fuscoguttatus $) (19.
1640.25) g for 28 d. The results showed that with the increasing of fermentation E. prolifera level,the weight
gain ratio(WGR) and the specific growth ratio(SGR) in each group showed a trend of first rising then falling, while
the feed conversion ratio( FCR ) was on the contrary. The WGR ,SGR and FCR showed significantly better than the
control group at the content of 2% (P<C0.05). Adding fermentation E. proli fera enhanced the activities of serum
total Superoxide dismutase (T—SOD), Alkaline phosphatase (AKP) and acid phosphatase (ACP) significantly
(P<C0.05), but no significant differences were found in the activities of Lysozyme (I.ZM) and Polyphenol Oxidase



AW BREIRGE R N B O R A B A AR SR B 5 T Al I A P S 105

(PO) between trials (P>>0.05). With the addition of fermentation E. prolifera ., the activity of amylase, lipase
and trypsin were significantly increased (P<C0.05), and the best level is 2% —3%. In conclusion, fermentation E.
proli fera can obviously promote the growth performance, improved the activity of non-specific immunity enzyme
in the serum and digestion enzyme in the gut, it is recommended the amount adding is about 2%.

Key words: fermented Enteromorpha prolifera; pearl gentian grouper; growth; digestive enzyme activity; non-

specific immunity



