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¥y, 65%m ok FHAEAK =ik, SR, LA gR
M7 2, TEAS A B A R K 3 i 4 R A 557 M 3k LA
A7 K7 IR G T oK, DRI I S0 2R i ) L
IF e ok BRI DF S AAE AT . RE A SR
R EKREEH T LI MA14.8%0 k™, (HZ
X W SCAR T il )k v A IR AR AR Y
il 24 PR 2R i kD 5843 YRS

—H LK, SRS R bl A
ZHHEMEARZ —. FEAKHAL, SHEZR
W2 A R R B R 45 i A B IR 1 o A X 8K
I, HoadE PR ) B AR R AR B b BRI 1 SOH Y
AW, RIS, ST AR KGR R
1 (antigen protein, AP). KEEHER . &H AT
Ml FHMEEEREZMPUERKN T, WEHE
FRAC Ak 1 P RE R i o 7F 88 42 B (Perca
flavescens)® . K& fii(Larimichthys crocea)® . #}ify
1 BE A (Epinephelus coioides) " FIAL & (Lateolabrax
Jjaponicas)ERE R R, HGMER A, o
K ) K SLh R AR 1 A] R 2 i i 5 Y
BEJRIN 5 SRA 54 LE R R 60 me/g K&
BRAE 15040 mg/g pIAEBKEE 1, 5l 5
(Clarias fuscus) Mt ) B84 . [FRIEF, NRC
P& BP0 E R R BT A PR S 5 Bl ) Y A
KRB B AR BRI S, WS hE SRR
- B BN, FNER G RN A SR, S T KL
Pt b 2R R K S i T s e, ol YR
B RN R AE TR AR R G E A,
H R BT M, SRR AR, &
A i e R AL B S B Kk B ORISR
HAL, KREEAW M EA/NK, WERAT
BILAASKF By 2 A

H AT i o AH G SOk B R LB A O A
MR EEE W, Fitk, A5 IR SUR
LS E S TS0 S [ e S NS E Wk g &
() 52 FH ) 2l A R RE DA R i R A B
A AR A BE R SR fok B RO 5 R SR
EHMKEER, DR E R E R85 0 5
MORVER S ON, DU O SO S BRI AL
IR 5 il b A, PR £ M 2 kL b B DR S 3
RS % |

L bR T i
L1 SRR 5ER
gL SA A WA RE IR SRR D

F2e gl A fR R (R 2) 45 44 . 32 A RE &R 1) DL Al
Ky SRR B TORAE R FEE R, KRBT
T R A Y R AR A R, SR T
WiV SR R AT BRA R . % RPN E A
KA (FMH, FEPEXSIR) . (Rt 44 (FML, XA
2. KR Kk I ORI 4L (FMLF) RIS Ak SR 4

F1 SRERERERREEFKFER TR
Tab.1 Composition and nutrient levels of
practical diets (air dry basis)

Tl
diets

FMH FML FMLF FMLS

JER/% ingredient

i‘%l‘fﬁmeal 52.8 43.0 35.0 35.0
gj&ean meal 0 15.0 15.0 27.0
?fr?fjni% soybean meal 0 0 113 0
r@jﬁ meal 2 2.0 2.0 2.0
JBJ[Ill(iF/(})J\d meal 3 3.0 3.0 3.0
Ry fﬁfﬁmea] 15 15 15 15
e 281 250 223 216
%Zlmoil 2.4 3.0 3.5 3.5
e
ﬁéﬂiﬁfﬁﬁ%ﬁ 10 10
ffl&gjlci‘gl%@lloride 0.5 0.5 0.5 0.5
7 o 47 1
c%n%?uéﬁi%iﬁt};mins and minerals L5 15 L5 1.5
ot e S 5 230 0
sodium carboxymethylcellulose
;}E}ﬁ,ﬁs’%‘;ﬁ& 0 0 0.1 0.1
r%eﬁﬁiine 0 0 0.1 0.1
@ﬁ?ﬁﬁm 0.2 0.2 0.2 0.2
i&%%immem 3 3.0 3.0 3.0
aRERE 0 18.5 33.7 33.7

replacement of fish meal
B 387K F/% nutrient levels
HEA

crude protein
KRR
crude fat
KRSy
crude ash

Ko

moisture

B BE/(MJ/kg)
gross energy 1831 1870 1896 18.88

KEREEHSE/% content of 0 49 49 8.8

soybean antigenic proteins

42.6 42.9 432 432

7.8 7.8 7.8 7.8

13 14.5 11.7 11.8

7.9 7.3 8.3 7.2

A SRATIEBK ARG R AR
Notes: Compound vitamins and compound minerals were obtained from
Guangzhou Sintun Co., Ltd
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]2 FALIARRRHE B R E 7R K T (R £t
Tab.2 Composition and nutrient levels of

semi-purified diets (air dry basis)

il

diets

APO APS AP8  API2.5

JEFL/% ingredients

iy 6.0 6.0 3.0 3.0
fish meal

it 2 425 245 16.5

casein

o-JERY 220 220 220 220
o-starch

WK 100 106 11.0 114
dextrin

RESBEEAEPEED) 157 252 393

soybean isolated protein
(including antigen protein)

fhth 32 33 34 3.5
fish oil

LRV 32 33 34 3.5
soybean oil

PR R YR 3.0 3.0 3.0 3.0
sodium carboxymethylcellulose

AT HER 3.4 35 34 3.8
microcrystalline cellulose

S 0.5 0.5 0.5 0.5
choline chloride

HE2H 1.0 1.0 1.0 1.0
compound vitamins

RtE2 0.5 0.5 0.5 0.5
compound minerals

TR — 245 1.5 1.8 2.4 3.0
Cay(HyPOy),

AR 0.5 0.7 1.1
lysine

HEMR 0.4 0.5 0.8
methionine

PIXAN 0.2 0.3 0.4
threonine

T AR SEHm 0.2 0.2 0.2 0.2
DMPT

B 3.0 3.0 3.0 3.0

squid ointment

377K F/% nutrient levels

HEH 428 431 429 427
crude protein

Ll 1l 7.7 7.7 7.8 7.8
crude fat

i 5.7 6.5 6.4 7.2
crude ash

K5 8.6 8.6 8.5 8.5
moisture

1B B8/(MJ/kg) gross energy 18.87 1898 18.95 18.94

KEREEESE/% content of 0 5 8 125

soybean antigenic proteins

E: L RESEEARA LBEBEMRNERAA; 2. E52
B, a2 Bk LR 2R R AR AT

Notes: 1. Soybean isolated protein were obtained from Shanghai
Yuanyao Biotechnology Co., Ltd. 2. Compound vitamins and compound
minerals were obtained from Hangzhou Haihuang Feed Development
Co., Ltd

(FMLS)#t44H , H P FMHYA A & GHIA Ak BT
K1, FMLA G HIZCFMHT 18.5% /) ks, H.
5 H i A= 7= vhw A9 4 BHEC 7 AL, FMLFS

http://www.scxuebao.cn

FMLSH] M 7E FMLAL 1 JE ik I 49 590 FH & 1% SR Fl
TR ACE A Ky . IRFMHZALAN, HA =4
AAFESEMRGHREN, FMLMFMLFZA N
4.9%, FMLSZ }8.8%. L iki&il BT =M
T T O Ry (R R AR R 25 57

Faifb iR RN EN . KEAEEN
RHAENEEEA, RN, KOoEEADBE
KEYUREHCEPEREH179.74 mg/g, pEERE
F1138.18 mg/g)I#h 1K . 1% R 31 1 APO A XF HE 4,
TR GHEE M, AP5, APSHIAP12.5%% HIFEXS
ML DIRMAFR B KRS Es&En, il
PRE AN RASES 5%, 8% 12.5%,
S Sl S NEIRS ¥ S PNICE W) ¥ A = PO e
S B 0 L R ORI N K T R ARy R AR Ak
W25 5 5 KGR & A Ok

SFh iR FMLSFIAPSZH B &5 A AHALL & 2 )
KEPUREF(8%), HHTH KEPREMA S HAM
PUEFRHTIREGMAE, FEREPRE S
EAE, UL e K G BT T 2R A% SR R B A5 2L
N 25 o

P BEEC 7 eI, B A A1 i H A 1 R R
WwE . 60 H TN . YSRGS R B
BRI FT I K, S B PRk . 2L 84
TRV SRR SR T i8S, AN ER, B E
A5,

1.2 LW 5EFER

S5 T FH 65 SR T il ) i R 5 R (39.84+
3.09) g, WF AR =WGE T, A SRR K7L
TV T AR OB DX B R RV I R XY b v v
KW SR S AT . B SR 5 10 m?,
M 5> F AN FRFE TG, 8 FRFH M 4324~ 5%
FAHLTT, WHEEE HIEME, BV R8A . HIW
I 5 f0 B AL RN — R, B IEE S TR
IERX g, S ], R 2R AR R M IR
(8: 30fI16: 30), &I M5 NIk B &t iy
1.0%~1.5% K BRAL, 53 BB AR 48 B 77 8 i £ 31k 5%
T, HRBDIRE - K (wiv)=1 070K, PR
AlJa, §l& B gk, & TFHEeka s, #%
NS 25 AR B % 250 AR il (R I AR B O LA 9
%, HICRARMARANFE o 5256 1 8] 57 58 FH 7K R
IR K, SR K IR 70~80 ecm, JLEE20~35 °C
ZIa ANEMW IS K, 24 hESE TR ; HMA
(DO) AR FSmg/L, AAFE/NT0.6mg/lL,
FEFH ] K20154E6 H 26 H—20154E8 H 26 H
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1.3 #H@mRXESNE

ARMHRMNE  FRIHLE SR ATASE24 h,
P58 AR N A S SOR 7 i, SRR, It
BT 485

BV I 2 (survival rate, SR, %)=100xN,/N,;

1 B R (weight gain rate, WGR, %)=100x (W~
Wo) Wos

Tk 2 $ (feed coefficient ratio, FCR)=Jjl £ 1H
/(AR B E-Y G D EHIET A H);

HH H 53R (protein efficiency ratio, PER, %)=
100 (2R i 4] iy 5 )/ 430 P o <) BL 2
Gigs g
Arb, NRB)FINGR) 3 5l S S5 56 AR 3 F 490 3 1
SURTTWEIAF IR R W) Wo(g) o il o S5 R
UL TR S SEN e

g 0 A LS R I 0K T il 1) S8 TR L Sk
B, WTREAKSERE, HEFRL. LE
f8E8 MR

A& L (hepatosmatic index, %)=100x W,/ W,;

3. 5 45 %5 (head kidney index, %)=100xW,/W,.
Ko, wi(e) MWy (g) k58 % I E Ak B & o
W(g)h S50 AR AR T

LR FAERMNE  EREBERE, &
MRS HCS R Ar, BUMIZR LA WM LIAL . LA 220
BRI K 5y, —20 CCH-AF R I KL 35
g1 HLE A YL E Z A 2 (GB/T6432-94); Hi
I W F 2% XAl 4925 0 52 (GB/T6433-2006); HLIK 43
72 GB/T6438-9277 il i ; LA 2 B R 248 $h R UK
it Ji R & FEBR 43 X (Model S7130, Syknm)iil] &
(GB/T 18246-2000).

AR BMARI0EM, AT
Tl RIS, RS IFIEES, e, #
ML A LS mLE O H, #E4h, 2000 r/min
B0 10min, HCEVEWR RN, —20 CCLRAERRI,
TR AR, HWUIFIE, —20 °CLRAERED . I
FE I JHEAE AL LU A BEER K HEA T 213 (wiv=1 : 9),
3000 r/min5.0>10 min, B W, 24 hp 5E BGi
TE o ML IS AL S BE(CAT) i S Ak 4 05 1k il
(SOD). ™ & (MDA)FI B $i & L HE J1(T-AOC),
HF e 5 Ak S B (CAT) . MR 1k ¥ 5 1k B
(SOD). N (MDA R FE nt @ a4 T 72
A B2 AR SR

Ao 7 A AT 8 AR [F] b J7 2 4R 45 1
B, W E 4 A sh A 2 B A0 E 45 T8 s il

(ALT), ¥ 5 Bi(AST)., & (TPYFH & A
(ALB).

1.4 BUIEAIE

S50 A AV Y5 B A5 o 22 (mean+SD)JE 2
Fon o MIISPSS 17.0% 4, 735 % 52 FH 1A kL £
1) 12 gt Ak fDRE R 0 A BOHE AT R R T 2
#1(One-Way ANOVA), i g 2 ) 7317 Duncan
[RZE A, P<0.05F/RERBE; XFMLSH
APSTH ZH B s LA T 46 46 (¢-test), P<0.05F /R 257
BE,

2 4

21 ANPAEMREEENBEARGHEK
aEAT

ZURERY], HAFE R IR EFIEZR R (K3,

SRR 9 b B AR FMLF A ey, 3%
T HAh2H (P<0.05), FMLS5 %} B ZH FMLAH . 76
VR 2E 5 (P>0.05), BHYEXT A FMHE 3 @& T
X HEZLFML(P<0.05). LA L 45 5 Ui W] SR 25 A
3 A8 AN B2 e S £ ) AR, T A I R
o3 B AR AU I8 BB B e 2R AR T . R alifb iR
FHh, PUREAAREERYARBES T

R3 BOUARAHEKERE
Tab.3 Growth performance of obscure puffer

A3 &SR WER%  WRRE EARBE%
groups SR WGR FCR PER

FMH 97.78+2.22°  56.45+0.72°  2.08+0.06° 1.08+0.05°
FML 99.44+1.11"  48.29+2.75"  2.48+0.08° 0.95+0.08"
FMLF  95.56+4.06" 66.65+1.07° 1.89+0.06" 1.14£0.07¢
FMLS  94.07+4.63" 51.30+£2.12° 2.50+0.22° 0.824+0.09°
APO 94.07+8.41* 39.71£1.77*  2.86+0.04° 0.68+0.02*
AP5 97.224+2.80* 64.90+3.83° 1.74+0.12* 1.26+0.12°
AP8 97.04+5.13* 56.46+3.39" 1.92+0.09""  1.29+0.04
AP12.5  97.78+1.81" 44.98+4.34° 2.40+0.03" 1.11£0.02°

e ZREEESLHAE RSN RN, TR R R
FIHKRSFRERR, BB AHAZERRERARSE
(P>0.05), AFFEERRZEF T3 (P<0.05); APSZMIHIR* KR
FMLSHAPSZH 2 [0 2 57 it 3 (P<0.05), &I

Notes: Lowercases were used to show the difference among the practical
diets, and capitals being to show the difference among the semi-purified
diets. Values with same letter superscripts mean no significant difference
(P>0.05), while with different letter superscripts mean significant
difference (P<0.05). Values in the AP8 with * mean significant
difference between the FMLS group and the AP8 group (P<0.05), the
same below

http://www.scxuebao.cn
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X B2 (P<0.05), FfiE K S0 8 H & o i
i, R T R RS, APSERIL &
T I A RIIR VR B A B e AR T RE AR o 5
Wap AR, EMHLPIEA S EAELT, ok
ali 4k 1 B &R 5 B9 AP S H S A R & 8
FMLSA B {5 1 14 5 %(P<0.05)

TR R E G bR, FMLFEHIFMHY) B 5% T
X B 4H FML(P<0.05), FMH&E # /% TFMLF4
(P<0.05), APOXT 20 1} R 4kl 25 5 T HoAfh 41
(P<0.05), BEAPURE SR, kR
ARG MBS, 54 KRR ELSMHER.
APSTRRE R HUE K T FMLS4 (P<0.05).

1 SR FMH A FMLEY; 58 38 5 1% B 4
FML(P<0.05), 538 R45 R K0, (HFMLS i 3%
ICTF X B, 10 B 22 £ 8 A o RIS 22 43.0% 0T,
P G AH  fa BARRE i E, B2
TR A RO Ak R R S
W F R A A, R WS S AT LU L
R RUIR . APSZ FIFMLSZH He 45 4% i 5 448
AR,

FESE R RN, B A o8 Y e D (B
SR, R RSk B S 5CR B
NS, RAEFMLFMFMLSA 8] G i & 22
5, (HS5FMH4 L E, & L& BE SR ok 1)
BRI 3 1 T GOk ok i AR . 7
paifb ik, PR A R0 2 AN T
M H Ak B R B ()

22 ANPAREMREEEXNBENRGHANA
£H B HY 52 )
TE SRR R B, A T SR B AR AR

x4 BYURAHESFEER

o 32 2L 52 e L PORLAR 197 A0 K 43 B 5 (P<0.05),
ML ai el , PUREA S RN ZHE EE
sEm LR K 43 KRR D5 UK 43 7 £ (P<0.05);
i 22 5] 19 Tk o L PR 2 1 5 48 O B R
(P>0.05)(#5).

%5 BELUER T EEAL AR (T H)

Tab.5 Muscle composition of

obscure puffer (dry basis) %
i K5y HEA HLIR W HLR Sy
groups moisture crude protein crude fat crude ash
FMH 78.94+0.62° 89.14+0.58" 1.81£0.17°  5.64+0.11"
FML 79.04+0.40" 89.47+1.86" 1.88+0.13°  6.07+0.07°
FMLF  79.10+1.14° 89.30+2.45° 2.25+0.07° 5.84+0.11°
FMLS  78.90+1.42° 89.01+2.91° 1.8740.13"  5.55+0.04
APO 78.93+0.31"% 87.94+0.33* 1.82+0.06"  5.33+0.03"
AP5 78.32+0.80* 91.02+1.68*  1.98+£0.12*® 5.55+0.10"®
AP8 78.87+0.22"% 89.01+0.84* 2.3540.16°  5.93+0.24°
AP12.5  79.11x0.61° 88.49+0.25*  2.07+0.08°¢  6.04+0.07°

Tab. 4 Morphology of obscure puffer %
415 JFF AL KB
groups hepatosmatic index head kidney index
FMH 15.15+1.28" 0.49+0.11°
FML 14.97+1.42° 0.46+0.08"™
FMLF 14.1£0.75® 0.41£0.1*
FMLS 13.88+1.44° 0.37+0.08"
APO 14.35+1.71* 0.41+0.11*
APS 14.93+1.32* 0.40+0.11*
AP8 15.111.61* 0.41+0.08"*
API12.5 14.38+1.73* 0.44+0.1*

http://www.scxuebao.cn

JUL PR v 5 22 B R B i A S DR R 5 4%
A IE B EME2E R, FMLSY & B i fk; Paifk
TR B A DO AR R, AT A R R A R
B RS, AR EEER . PR R
PRk, RS R A AR B S T A
iz #H ) (F6).

23 ANPREMEEANBYARFHEHRE
1L BE ST RO R

S AR B2 B Hp I BT AR RE T A
FMHMIFMLSH ¥4 1 2% 5 T %) B 2H FML(P<0.05),
MFMLFZH 5 %5 B2 0 i 3 22 5 o e gl fb ) k)
#50d, MAPS. AP8. AP12.541, RfiHilnE A
TR, JRAAMCATE MZEH LT
e, @AY B AL (SOD), N (MDA &
PLEALBE J1(T-AOC) & 85 T J5 B il 4
APOZFR T 9 W 1 35K T B A 4 56 (P<0.05),
SODAMIT-AOC .3 & T-AP5HIAP12.541 (P<0.05),
CATI 53 & T Hifth =41 (P<0.05); APS4IIR T
SODHE 5 i & 7 TEMLS4 #b, Hifb bt &AL 45 b5
PHEFFMLSZL (P<0.05) (7). 4553 s 52 F il ket
SRNEIGR SR A ik e ) | NG R N IR 7=
R T3, B4 g BT ik AP0 LR i & I SR
QAR B £ I G B K R, I A G e B Y
KGR TR 25 ML I s B 48 Ak 45240
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Tab. 6 Amino acid composition of obscure puffer muscles (dry basis) %
AR AA FMH FML FMLF APO APS AP8 AP12.5
DFREER EAA
Lys 4.08£0.31"  4.99+£0.05° 4.24+0.58"  4.08+0.36"  3.88£0.06"  3.58£0.31*  3.76+0.21  3.71+0.05"
Thr 2.30+0.18" 2.35+0.02* 2.40+0.25° 2.29+0.19° 1.99+0.03* 2.09+0.17* 2.23+0.14* 2.16+0.14*
Val 1.61+0.23" 1.51+0.02* 1.63+0.23* 1.56+0.17* 1.29+0.01* 1.40+0.16* 1.57+0.18* 1.50+0.08*
Met 1.11+0.32% 1.41+0.01° 1.10£0.16™ 0.91+0.26" 0.99+0.06* 1.00+0.21* 0.95+0.02* 1.06+0.22*
Ile 1.39+0.21° 1.29+0.01* 1.42+0.23* 1.36+0.18" 1.08+0.02* 1.19+0.16* 1.35+0.18" 1.26+0.11*
Leu 3.39+0.25° 3.51£0.01° 3.53+0.35° 3.35+0.22° 2.94+0.04* 3.05+0.20" 3.20+0.20* 3.12+0.19*
Phe 1.95+0.06 1.83+0.00° 1.98+0.33° 1.99+0.05° 1.85+0.02" 1.73+0.13* 1.75+0.06" 1.76+0.04*
His 1.82+0.08" 2.13+0.05¢ 2.03+0.14 1.93+0.12 1.86+0.02° 1.68+0.06" 1.63+0.02* 1.64+0.02*
Arg 2.70+0.20° 2.77+0.03" 2.78+0.25° 2.63+0.13° 2.29+0.02* 2.37+0.17* 2.51+0.14* 2.44+0.16
TEAA* 20.35+1.70° 21.78+0.20° 21.10+2.14° 20.10+0.99* 18.18+0.23* 18.09+1.15% 18.95+0.96* 18.65+0.94*
b HEEM NEAA
Pro 1.72+0.13% 1.87+0.02° 1.78+0.12° 1.73+0.05" 1.66+0.09* 1.61+0.14* 1.63+0.05* 1.55+0.09*
Ser 2.63+0.11° 2.75+0.00° 2.71£0.20° 2.61+0.14° 2.43+0.03* 2.45+0.11* 2.53+0.08" 2.48+0.14*
Glu 7.94+0.44* 8.32+0.01° 8.31+0.83" 7.83+0.46" 6.95+0.08* 7.18+0.38* 7.41+0.34* 7.23+0.42*
Gly 2.34+0.15" 2.34+0.01* 2.30+0.09* 2.26+0.08" 2.17+0.06* 2.18+0.10*® 2.32+0.07*" 2.35+0.05°
Ala 2.70+0.14* 2.83+0.00" 2.77+0.18" 2.68+0.06 2.50+0.04* 2.510.12* 2.60+0.09* 2.62+0.03*
Cys 0.37+0.06" 0.41+0.00* 0.38+0.03" 0.35+0.01° 0.33+0.01* 0.33+0.04* 0.34+0.02* 0.40+0.13*
Tyr 1.57+0.07° 1.63+0.00" 1.62+0.17* 1.54+0.06" 1.41+0.02* 1.39+0.03* 1.40+0.03* 1.41+0.07*
Asp 4.42+0.31° 4.88+0.01° 4.59+0.24% 4.37+0.11° 4.00£0.04* 4.06+0.23 4.160.14* 4.17+0.28"
TNEAA* 23.68+1.35" 25.03+0.04" 24.47+1.82° 23.38+0.69" 21.44+0.29" 21.71£1.11* 22.41+0.78" 22.21+0.80"
TAA* 44.03+3.05* 46.81+0.24* 45.5743.94* 43.47+1.67° 39.62+0.48* 39.80+2.274 41.36+1.74* 40.86+1.74*

: TEAA: BETREIERR; TNEAA: BARLFEER; TAA: BEIER
Notes: TEAA. total essential amino acid; TNEAA. total nonessential amino acid; TAA. total amino acid

S PR bR S, FE 5L A R R B
1, CATHSFRFMLF &2 (5 T Xf I 41 FML(P<0.05),
FMLS i 2% F %) B 20 (P<0.05), SODAIMDA
F b A AR A0 1R RE = 4 TR) O i 3% 22 5% (6 8). FH
PEXT FRFMH S BLCAT A (E FIMDA S i fH . 7%
fali AR, CATIG M Rl & LR AR (Vs i 1
WhN G, SODTEAPOZ ¥ {8, 7EAPS.
APS. API12.541[H 28 L FHika %, MDA H B
SIS I S, DL b2 R U R R Bk
SRR ARER A Ry, i R L S52.8% RN &
35.0%, BANSHE NG LA LR S, (HAH R
M, SRR bt s R T R
P GO AR AL, B — VY K G TR R

®7 BURGHRERELIER

Tab.7 Antioxidant indices in liver of obscure puffer

U/mg prot
A5 TEAEAR BEAEEE W aiEERS
groups CAT SOD MDA T-AOC
FMH  19.71£0.53"  30.02+1.99°  10.65+0.60°  0.34+0.00°
FML  14.72+0.12°  18.20£1.52"  5.68+0.30°  0.25+0.04*
FMLF 14.42+032°  17.75£0.90°  6.05+0.54*  0.27+0.02°
FMLS 26.04+1.73°  27.70£0.96™ 16.35£1.50°  0.44+0.04°
AP0 34.70£0.91°  28.14+0.69°  6.40£0.53*  0.37+0.04"
AP5  14.69+0.70"  25.54+0.74®  8.72+0.36°  0.29+0.03"
APS  18.29+0.33%  31.30+0.43" 10.92+1.11<  0.38+0.02"
API12.5 25.80+1.14°  22.23+0.69*  8.18£0.49°  0.28+0.03"
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Tab.8 Antioxidant indices in serum of obscure puffer

®9 BYURAEMESLIER

Tab.9 Serum biochemical indices of obscure puffer

gl puRER AN A A B N W5/ S5 BHERN SAEERN HEE/ B/
;o . (U/mL) (U/mL) (nmol/mL) ;0 S (U/L) (U/L) (g/L) (g/L)
group CAT SOD MDA group AST ALT ALB TP
FMH 7.80+1.32° 499.77+15.58" 18.16+1.30° FMH  9.65+0.10° 5.46+0.33°  13.25+0.95"  39.07+0.24™
FML 10.30+1.10° 494.50+8.08° 12.73+0.09° FML  10.87+2.02°  3.80+£0.58"  13.05£0.48"  42.21+0.98"
FMLF 14.95+1.24° 534.26+35.93" 12.27+0.75° FMLF  10.29+0.90"  4.20£1.17"  12.50£0.14°  41.20+0.67%
FMLS 8.01+0.36" 522.13+19.09* 15.56+2.27% FMLS 15.14£1.22°  3.73+0.85° 12.07+0.78"  40.19+1.06™
AP0 4.13+0.19* 528.77£9.21" 14.80+2.73* AP0 12.00+0.15*  3.49£0.57*  12.85+0.35"  38.31+0.20°
AP5 6.20+1.03% 470.15+13.45% 18.06+1.65"" APS  13.40+1.22%  435+0.87*®  11.10£0.59*  36.34+0.95*
AP8 7.92+0.01¢ 499.95+3.37*® 19.12+1.62° APS  15.13+2.49"  541£091™  12.20£0.76*®  40.01+1.04°
AP12.5  11.83+0.37° 510.42+27.55" 15.29+2.31"® AP12.5 12.90£2.28"  4.63+0.83""  12.63+0.35"  41.06+1.40°

R AN Sl N LR
1o A PR XU

24 ARPAEMEREZEEXNBEIARSHME
X d: A

W S0 2R 7 L AR Ak An b, SR A B R
G 2 23 B 5 G B (AST) T M 7E FMLS 4 &2 Bl K
i, 5 T X B4 FML(P<0.05), FMLF5 X}
HFMLAH FL P A IS A ke bn ) e i E 2 5. F
afifb iRl R B0, ASTIG PE A4S 75 i & B (ALT)
RIS Y, HEEA(ALB)Y & .
MIEEH(TP)& EfEAPS, APS. AP12.54] [a] 2 #1
Bl 0 i AR 11 G I i g, APOZL
IALBE i KIH(3R9)-

3 i 375 A S5

3 iR

3 ANPEHBIBRENRNAENESR
B X BE 80 2R 75 A K B #2

b F 5 38 TA A R AR R R AR ARy 2 i K
PR, L HR RN B, R )
e SR O BRI ERE TR
XU, kRGNS A S E RS, &
FRY Rl 2K . ZILREY R, SRS
A R, A A K G TR R B R
ik, BARAERNSBCRY, Rtsed, SHEMH
e ACHH R e ) 8 £28y (FMH/FMLF/EMLS . FML/
FMLF/FMLS) &k #1858 K Lb 451 1) £6 83 (FMH/FML/
FMLE)AHHE, & T8 GORA 2 7 DL BRHS e 0k B 4
RRSR, 5 EAWANREREATLXR,

P SR IR T S I0)E o & R S R e vl ST D
B, R B AR A A S e SR 5 £
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WAK, LS RARNE, AKE
iR | F R I - R 1 o =11 (A (187955
1Y B0 AR RO B A e A K AR T AR
ARG EOYURE AR, aifbiael APSA 58
FHUABFFMLSAH 2 30 0 S 4F i A= KPR RE, — &)
AE R R B (IR AR 2SN[R, gl Ak dalRtEORHAE EE R
an FRDREIEUREBE B e AR A, ASBIF SR TP AR ERE R
B2 R s R IS X B A (Y AR S T IX —
Moy ZRSEAVER R AR Z R PUE R i
EVERT. T oMb S A Z/PrEFRE 7, M
HZ[a WS BT scE P R RO, #B 2 X B E SR AE
HF=AERE W o 78X WL 65 (Oncorhynchus mykiss) )i
8, HartUHg R GREE R | B e I
D] - 0 S50 30470 Jt DXL AT R 7 JBR R P4 A ) B
KR FaE i, 3FhPE R N IR A W,
PR PUE ST S AR T & BUE IR K T RO
JEs BT P A B AR S R B L TE X K P B (Salmo
salan/ R PRI, TR EAEREREESR,
BRI B TR A TN AR BE K b, AR AR AR
K= AR sgm, H I AN 52 w8 E R s D AR
W, WIRARE R E . APFRER—Jrm
R PR E AR AE R R SR, 55—
2 WY 0 5t 26 1Y St 80 5 b B R
BRSO Y S M . HBI R THUE R T 58
HAER, AURR T 57 5 AR R ORI LR
SRS U KBRS RN, TERESUR T
fiy ) o} v B AR IO 2 R e UK X ok B AR
RORME—N R, BAREHIPLELE T 3 — 25T

A, FMLSZH & A S & 2 1 R Ui R
H, E5XRAFMLA LA K IR EEES, U
B I S0 R T 0 R LT AR B A — E R i 52
PE, 2 gl Al fa]RE S 56 A R B R T AR
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JE S TR BRI S5 AR TE S T 28 s i DLk
S AR R B 2 Al AL SRR R R 60 mg/gR T Bk AR
1340 mg/g BAEERAE IR, #5040 FEA £l
AR ERE RS, AT, ORTE S X R SR A
T 32 PEAF A 22 57, HOH R B9 A4 22 HL ) (e 7%
HE— TR o RGP P s ma L P 2
Sz D v R B SRR 1 R R XL AR 3
B, (AFMLFAUIH g 7 & & 83575, K
O F AR . TERRT A BEAP | FLYN T IR (Litop-

enaeus vannamei)®", 28 (Sparus macrocephalus)™

FIBE 5. X il (Ictalurus punctatus)™55 858 &
B, R T GORT LA 2 K Bl 4 K S )
fFrEZESR, HAERVLHA G205,
ARE R BT A ey &g, XFWLA K
gv . KKy o MR VRS b7 & 2 354 A R R
FER s MiENLA Z IR A, KO
BACHFMLFOL T KPR FMLS . SR Z4ead &
FEab s, w2 IREY R, AR T
LR R R W, B fE AR TR A PUE RN
FHHONT, BRKEEEA & &4 F T
FEWLP S BT 2 gl A fRDRE 2 30 S 1 S ek i
- IR TS e by NS 7198 = 1 2 I 57 95
PR EAA SN A ROy, @il —e
W T, WL BT IR B

32 HRHPXERREBNBYARGHNEG
LRE BRI

RN EUR U E= WA E A B i i ORI e
PAdis, 5 m ) RE Y 8 B R, T A AL ) R
W R HLIAR e 3z 3 AL i 5 . LRI R A
{2 R G MR B2 R4, PrALEEfLESOD .,
CATHIA M H IKEGSE, EATEA LU IL X B A
3k, JEREE —E b A kB4 . SODME L A
BT 4 B F AR i AL SRR, CATI 3
fift 3zt SR AL ERCR K RN 4y AP R T A R AL
BT A AL FR G0 R A BT 7 A G R, Y
(MDAE A i i S A i B 28 7=, Al i A 2f
PEVERE; BPTEALRE S 2T MR DL L R G
UIe O M 28 A 48 b, T LA ke i 8 AL X Ab
o il AR BE S R AILIR A R SRR S 2 R
IEHP ARBFFE T, FMLSEF I & 5 H Al 2] —
FERE M 1T SODMICATH sh A4 b Xt B 48 H i 3,
HRJE R T RKMPIAMTE S, TieEa
IR & A PR E A A, Bk 2 gk i st
PUREE (A N SR SE PR R A R SRR

R R EZE R, @, Prafbds
PRPEAPSA /R IEAE, MiFAEPURE IR INE RZ
MAP12.52H e M4k, Al fig 5% B i &L ny o B AR
BB K, X(Carassius auratus) )BT K, 24
JHE 0 i 2 1 o AR 8RB L T BB B A PR BE
F, JHE PR Y B FEAR S, BE AL
il 1 A IR, Mk BT RN R, W A L
Z IR (TBA) 7 ok kil fa iy iy R i, AL
KV T AL B0 o T SRR I SR AE L
Tk, WIS EEAR, B & a9 N R A
N BAR o 24t B 4 0 8 il VR fRDBHE . FMHZ 5
TR PN R E EE AR, S
MUK & BT . 78 H AIB AN (Macrobrachium
nipponense)il 1) £k 8 [ 5 & B AR TG EL
TPl & B 4 fa M AT R IR T 5 = e T
A .

33 ANPXEMEEANBEY ARG EME
R td: b0

ML % A= b 48 b 18 A i 0% e AE f0 2K 19 5 9% |
it B R X PR 05 1 3 R O o A LG Sl (AST) A
NG M (ALT) = A4 T REDE A0 M, 3 5 78 40 i
B REAER, M EFERMK, EWELT
JFREALTF 55 22 B AL IR 3 1R A AR i, &
H e TR, AR FHURE DU, 72N
PO, I 20 M 3 37 1 B B3R BE, F
ASTHIALT K f i 2 Bk, A LAINLIE 1 AST A
ALT{E 3w AR 05 i 48 m Y, B
FA B 1 R A = B A i A0 5 5 R ML TR 35385 T
SR R R R S R E P B A ) R
RGP, FMLSH AN 2f 4 4k 7 kL R %0 1L AST (.
FT v, B R OR B TR R AR A RS R
T2 06 f0 (0 JIF IE (R ;. FMLSZH BB I & 1
AR FE B I T FMHB{FMLA , "lfige&h T &
rad EE AR R, 2R 3R R T R B A
T 77 A 0 25 B0 T 500 365 A T X IR AIE A £ 1T
Wi o e 2l A T sk 2R 30 Bt o B D B IS R B Y
B, MIEALTE EARXT R E, A E A M AE
F e B ke g, HEI R B TR A AL
A 2 R RN B 1 ST 1 A AR SR RS, L
R 45 5 PR R B AR R RN S A BT
FEHRFEA RN 255 .

4 #Eig

5 B b SR 43 B 1R (33.7%) )
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Nutritional physiological effects of soybean meal substituting for fish meal
in the feed of obscure puffer (Takifugu fasciatus) and its
relationship with soybean antigenic proteins

KONG Chun', HUA Xueming ", YANGLu', LIUTao', YANG Jingfeng ',
WANG Tan', WANG Gang', WU Zhao', SHI Yonghai®’, SHUI Chun’®, SU Meiying*

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Germplasm Resources, Ministry of Agriculture,
Shanghai Ocean University, Shanghai 201306, China;

3. Shanghai Fisheries Research Institute, Shanghai 200443, China;

4. College of Engineering, Yantai Nanshan University, Yantai 265713, China)

Abstract: To study the effects of soybean antigenic proteins on growth, physiology and biochemistry in obscure
puffer (Takifugu fasciatus), the fish with initial weight (39.84+3.09) g were randomly allocated to 8 groups, fed
with 8 isonitrogenous and isoenergetic diets which were the practical diets containing high level fish meal (FMH),
low level fish meal (FML), fermented soybean meal partially replacing fish meal in FML(FMLF), soybean meal
partially replacing fish meal in FML (FMLS) and the semi-purified diets with different levels (0%, 5%, 8% and
12.5%) of soybean antigenic proteins respectively (AP0, AP5, AP8 and AP12.5) for two months. The results
showed that the growth performance of FMLF were significantly higher than that of FML, while that in FMLS was
not significantly different with FML. The growth of purified diets was increased, followed by decreasing tendency
with the level of soybean antigenic protein. The nutritional composition of the muscle was affected by practical
feed and semi-purified feed with varying degrees The malondialdehyde (MDA) and total antioxidant capacity (T-
AOQC) in liver and MDA in serum of soybean meal replacing group were significantly higher than those of FML,
but the fermented soybean meal replacing group had no significant difference with the FML . The soybean
antigenic proteins level of 8% of purified diets had the peak value in antioxidant capacity that were significantly
higher than all the other groups. The glutamic oxaloacetic transaminase (AST) of FMLS in serum was significantly
higher than the FML and AST of the FMLF had no significant difference with the FML, while the AST and
glutamic-pyruvic transaminase (ALT) of purified diets were fluctuated with the level of soybean antigenic protein.
Above results indicated that fish meal partially substituted by fermented soybean meal could promote the growth
of obscure puffer compared to soybean meal partially replacing fish meal. Soybean antigenic protein was an
important factor affecting the effects of fish meal replacement with soybean meal. The influence of soybean
antigenic protein on growth, oxidation resistance and biochemical indexes varied with its content, existence state,

alone or in combination with other anti-nutritional factors in diet.
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