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HurE PRI #HER, ROWITERRERE . W
S e B — IR E R L SR A Tl SRR M i
SRR, R, MBS R AE40% 8
fi, BREE R AP R AR LB 4, EE &
el R Y, & BE S A5 19 00 B e R
B HEHWAAAE— L8y, XHE% B AE(Or-
¥ Al (Ctenopharyngodon
idella)™® . 4R (Carassius gibelio)™ . H 3k (Me-
galobrama amblycephala) ™ FIUT 8 (Oncorhynchus
mykiss) S IMESE R IR, AR PSRRI R, &
IHIK PSP A L S KR A BRAEDLAE
RCHEE A TR s R, e
ARG, MR . BT TR, HATRACE A
B ECORN T R 174 ) A 28 38 1o 1% & 0 d AR OBUAIG S
M2 T o, B 538558 A L, 172 3UK
SR R BT S AR T — AL R

W R Y 2, — SR
KGR T MGG T, BAZMAEYEE. 45
BT R RIS AT AR LR R R)
R I B LE-3, 4 - BN RITH B R G, M
XPorFIEAR K, NESEOKME, BAbEk
PR, Z RGBT (R = AN R TC I AL
W, (HRTAERR . B I SR 1R R AR A, K
A5G L T UE, HE RSN B E B A E T 5
HARSS, BABMRWNPUEFWBERY, K
fiff BEL T PR R TR B W A ) R IR S HAT AR
Yy, AHXE o T BURE R 500~3 000, 45t %
e, s rrh E RS RRE, HeiEll, &—
FiOt R AL SR, XA B A EBRAE T
TR AT A A AR R Bk, AT S & A A
WWRABEEGY, W5 &8 7455k
HAIH AR, X &R B &
Z% o TERAF RGPS I 0.2% 58 A B 1] L4
HIgEMH R ERE, R EBRM, 02%K
il BT R B iR K AR B T A T A, e SR
YA IE AE RIS FE S RS AR In A 2.5% K fif
o, ERBESERA PR, RS A
T, BT ALK sh b i T S i A
MR EZmn T, Ao, TEmeihasimnese
KBTS, X B8R (Labeo rohita) %)) i i) = K
TeARFZ M, AR T A .
HEBMBRED S &I 1EKI & (Dicen-
trarchus labrax )RR IR 2% (1) 7K A 507 ) i 2%

eochromis niloticus)" .
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FEAR R & 5 A K [m 8 (Cyprinus carpio) i
TE SR 10 mg/kg A BT 5 19 L7 7K I W 2 S 3 PR AL
ARG S0 UL, KPR Rk i i
BB BT 800 P R HB 43 B BT 5k . AR SRR
S XTI = A R T, MUK 25 7= A B RN
K 7275 H (heat shock protein, HSP)2 — 41 2543
HORSF IR IR A BT, B RE A8 PR I Y
R AN ALAE , PRP AR S 2 440 . T HSP70
W Hrp e sr R e W — R A, 2
EIBZS g SN R N S S N A 2
i 5 A R A

FE AL RS Z AR I DE s T, iR TR U S )
() A R TIR T TIR3 M6 K 36 ik 2 3 TR A 1A
WLV 3 R T i sl 4 1) R, 1 AR R R 8 5 i)
R FL R FRAT, e A B R R, )
PBEATRP T, 23 RO I DR SZ AR T2Rs
MRIA, W —RIVESH RN, SR
W PORR T WAT , BRI R, X — oA
Ry AR A B B — R R AT Y SR
R SRR W, K™= sh i 3 & 47 R vl iE i 9l ik
AR, A 40% 50K 0 Ak X e i AT 43R
BEEDERM, E237R0914b, R
HAEIEH K, I, RS2 50 4 65 S0AR il
Xof BT A 1 A7 R ) b T SE AT Bk R R

e PR R A e, SRR o £
Wy Ja, [R) I 3% Bk 0 Ry A A e /D B B T AE
MPLE SRR F R, Kk, SR 7E LR
Tk T ASCUS BT 1 5 A BB A A b A R
R AR o3k I R A1k 5 RS 1 A= T 243800
R, AR SRR A R T
BEAOTEILR L K AR T I SO 7 Sl B . 74
AR . IERE 5 X P B Ak R s s e, 3
K =R R 2%
1 eSS
1.1 Wi S5ER

S L AM SF A E R R (R ), D
¥y EMAESE AN EEEAIE, DAk
FA3% LR TO N X ], fofy & er, H
I 2 H TR A BT A R, IR IN0%(T0). 0.25%
(T1). 0.75%(T2)F11.25%(T3) /K fif B, i g 26
Mo KR T =g b S A A i s ST
=168+ 1, [FRFE MR . B W A 24 R


http://www.scxuebao.cn

6 4 W, S5 KRBT NS BUR T SRR R A . T ARSI AL BE D 3808 1451
*1 LRARESSEFERTYREM)

Tab.1 Ingredients and proximate composition of experimental diets (% dry basis)

TO Tl T2 T3
kL% ingredients
il fish meal 43.00 37.00 25.50 13.60
B casein 0.00 4.20 12.60 21.00
¥ soybean meal 15.00 15.00 15.00 15.00
PI%Y  meat meal 2.00 2.00 2.00 2.00
14 blood meal 3.00 3.00 3.00 3.00
o-VER  o-starch 25.00 25.00 25.00 25.00
FKEHER  corn gluten meal 1.50 1.50 1.50 1.50
g fish oil 3.00 3.50 4.50 5.40
/KA hydrolysable tannins 0.00 0.25 0.75 1.25
R FLLFYERS  sodium carboxymethylcellulose 2.30 2.95 0.75 0.05
SZALAHER  choline chloride 0.50 0.50 0.50 0.50
"&£ 48 compound vitamins 0.50 0.50 0.50 0.50
HELH compound minerals 1.00 1.00 1.00 1.00
B A5 Ca(H,PO,), H,0 0.00 0.00 3.50 6.00
W lysine 0.00 0.20 0.30 0.40
FEZE methionine 0.00 0.10 0.30 0.40
7% B threonine 0.00 0.10 0.10 0.20
BACHEHISEH  DMPT 0.20 0.20 0.20 0.20
BI4E  squid ointment 3.00 3.00 3.00 3.00
E7EKF/% nutrient levels
MEA  crude protein 42.89 42.96 42.93 42.67
HIEWT  crude fat 7.79 7.78 7.79 7.68
HK5>  crude ash 14.50 11.50 10.50 10.50
HBE/(MJ/kg) gross energy 18.70 18.71 18.70 18.58

T LKA I T B BUE XA, AR & EII%AN TEM)2. EEYER TR (g/ke BT Y): 4E4:FKA, 6000 1U; 4E4EKD3,
2000 IU; 4E423FRC, 400 mg; 4EAEKE, 50 mg; 4E4EFKK3, Smg; 4E4EBL, 15 mg; 4E4EFB2, 15mg; 4E4EEB3, 15 mg; 442 FKB6,
6 mg; 4EAFEBI2, 0.03 mg; 4E4FEH, 0.2 mg; "R, 3 mg: I, 200 mg. 3. A YR TREN (g/ke 1AET4)5): 1, 0.4 mg; Cu,
4mg; Zn, 80mg; Fe, 150 mg: Mn, 20 mg; Mg, 100 mg: Co, 0.1 mg: Se, 0.1 mg

Notes: 1. Hydrolysable tannins was bought from Wuhan Baixing Bio-Technique Co. Ltd., effective substance content is 99%. 2. vitamin premix (mg or
IU/kg diet): VA, 60001U; VD3, 2000IU; VC, 400 mg;: VE, 50 mg; VK3, 5mg; VB1, 15mg; VB2, 15mg; VB3, 30 mg: VB
5, 35mg; VB6, 6mg;: VB 12, 0.03 mg; biotin, 0.2mg; folicacid, 3 mg; inositol, 200 mg. 3. mineral premix (mg/kg diet): I, 0.4 mg; Cu,
4mg; Zn, 80mg; Fe, 150 mg; Mn, 20 mg; Mg, 100 mg; Co, 0.1 mg; Se, 0.1 mg

o G e Al 1.2 ZRHP5EFER
i RRTC J7 , BR e 1 i I e R S T B 45 7 77 00 e 1 5 g (39,84

Frir, 6O N, WS G, MR 3.00) g, W FiETIKERESON . FEEE L 7R A
e YR 5 WL 42 28 VBC T oK, s B R T v T A T X B R T XY T
UL AR ERHE FR SR TT B8, AN E KRR IR T . B A 10 m®, i
2, BArEE4SRMN, W6 1 5 R A FREE 0T, 4 SR, 3
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16 FRFHHTC, {HEE R, BEAL 44 .
SO 0 FH 68 £0 R SR A — ], IE R R )R
TR IE S . SCg e, AR UL I 21K
(8:30M1116:30), U B M 5 R 5 & A9 1.0%~
L5%M kL, A ROBHR 4 e 7 s faily, #okr Ik
Bl oKwvy=1 207K, wPERA R, A AR
B GRR, B TR G B 5250 B ) 5% 58 H K
g uE W K, FRAE MK 70~80 cm, i 24~
32°C; ANEMWIGHIK, 24 ELSTR; HRE
(DO) i e E >5 mg/L, £ A (NH, " -N) i ik
J#<0.6 mg/L.

1.3 #H@mRESNE

EB S Y FRIH LI A R AT A 24 h, HU
XA P T A S SR D ik, TEERORREE, AR
SR B RN R R AR

FEMFEIS RS, T 7 I (100x10 ) R
i, BUZ L EIINLIA, TR A, T
REKATJEFRE, HHHEIF AL,

B0 LK, T & (100x10 )k
[y SRS Y DA i = = N1 01| AP 1197/
LS mLE A, #E4h, 3000 r/mini.C
10 min, WA, —20 °CCLRAFRFIN . M
k4, BUHME. HfMals, —20 °CIR7,
FH 0 5 A= Ak 8 s 0 Ab B S 1 o

HMAR3EM, F4ILi2E. HT &
(100x 10y JpRAE, o 45 7F T, Wl dg R M
JHNE . HORMER, Ml Tl A ## 2 -80°C
K RAE & . BAHLZRBAEGH I—1 IR
A, BHM3ANEE, FHT I E R SOR 7 il AN [\
ZH LU T2RIFIHSPTOHE K 5% S A X ik i

A KoM 58 AT AR R AR

89 2R (survival rate, SR, %)=100%%N,/N,;

1 H K (weight gain rate, WGR, %)=100%x(W,-
Wo) Wos

T B & 8 (feed coefficient ratio, FCR)=Jl % 1H
/(AR BT - YIRS E T T);

5 1 Jl %% (protein efficiency ratio, PER, %)=
100%x (4R BVH -] 4 o B )/ RV B0 1 o < AR R R
o i)

1 % (feed rate, FR, %)=52 % 1H & x100%/
[ 5 s ] > (2 SR BV EE 490 4 G EE)/2] 5

JIFA EE (liver somatic index, LSI, %)=100%x W)/ W,;
K, NRB)RINGR) 537 > 5% 56 R 91 ) 19 s
BURTT S RITETR B, W) Wo()or il h 555 R
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WU - B A T i, (@) ok e T 4

WUR & HLE Il 2 LR 28 ¥ VR T 8 1
WK J5, —20 CCPRAF R B0 75 4 5 A
B PG E AU %E (GB/T 6432-94); HLAS Wi
FH =S W - F Bl o 5 R 5345 GBY/T 643892
FEME; LA ZEFEBR L6 mol/LEL IR T E 454k
AT 110 °CKf#24 h)5 R F & L1 5 H1 A (Model
S7130, Syknm)il| 7€ (GB/T 18246—2000).,

HRE Ao i L AALAG AR 2 EATFAEZH S
T A A B R IR R AT 513 (W/V=1:9), 3 000 r/minE§
L0010 min, B EIEW, 24 hSERGINE . i yE
AAE T (CAT). ALY LEE(SOD), N
1 (MDA)FILE AT E AL BE J1(T-AOC), Mt A ik
AMFH(CAT), WA ALYEALREE(SOD), N [ (MDA)
YR FH gt A W TR A B A w ) e A I

FF B F o 7 2 A 57 48 A7) S ) b7
3 B AR L 5 RS R, e A T
YHEME(ALT), AR (AST), MLVEA N
B (ALT), 2 555 & B (AST). B (TP)FI &
FI(ALB), R Frg mt g A ) TR A R Ak
A

WAL BE TE M AT TH A TE ZH 20 A A 2
EARWv=1 : 9HEATAIH, 3 000 r/minS > 10 min,
W W, UE K T R D e R o AR ) T
FEAT BR 2> w10 ek, 2 1wl A [ AR vk (GBY
T 23527-2009)K5: 0

FFAEHSP70. & R Az ok L AR T2R149
F Ak H-80 °CYKFH TR AER TOFI T34
FFAE . HREJEFEA, Trizol(Invitrogen)ik $2 X
MRNA, RNAJFHEHE 25T 100 ng/uL, OD,g/ODsg
21 °41.8~2.0,

SERF 9O T PCRAT M JE IR ik, £ 8-
actinfE NS I, AR YE WG BUR J7 6 B-actinFE A
(GenBank: EU871643.1), HSP703 X (GenBank:
FJ429326.1). T2RI1Z£[H (GenBank: EU272034.1)
() cDNAJE SR SF X 38, i FH Primer 5.0k 4% 11
PRI WKL) 5P LT84 R A ]
B

i FRT-PCRIA T £ 150 1 13 SuperReal SYBRGreen
(TianGen, FP205), FHABI7500iF17%¢ % & £ PCR,
{8 F Goldstar PCR Master Mix(2x)i#]10 uL, 514
1.2 uL, ROX0.4 pL, ¢cDNA2 pL, dH,0 6.4 uL.
PCRIZWEZ: 95°C, 15min; (95°C, 10s; 55°C,
3285 72°C, 32 s)A0MEI o S i i £ oA
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FR2 ERRHAEEqPCRETASI
Tab.2 Primers for gPCR

ST GenBank & 3% 5 ElEZIER ]l ElEvES
primer name GenBank accession No. primer sequence (5’-3") primer type
CTCAATCACAAGGGCTCG Forward
HSP70 FJ429326.1
TGGATCTTTGGGATACGG Reverse
CGTGAGTGCGACAGAAAT Forward
T2R1 EU272034.1
CAGCGTGAGGAAGCAGATAA Reverse
TCCTGACAGAGCGTGGGT Forward
B-actin EU871643.1
TCTCGTTGCCGATGGTGA Reverse

95°C, 15s; 60°C, 1min; 95°C, 30s; 60 °C,
15s, Hrf, M60°CH|95 °Chy THE i FE 1 4£0.3 °C
KA —WHINAT T . BB ESL, BA
FEA R AT H bR 3L 5 2 58 B (B-actin) ) )R
N, RS RERE DA AR R R 25

AR ALLLB-actinh Z BN . FE K R IA LG
SR AR AR AIE, D222k i Tt

HAR R AT DL SR AR I T4, B
158 T i 5 S0 6 0 AH T I Y SR i, BE B 43 B
INEEBEANME (30 cmx80 cmx80 cm), FEA
HEESEM, £R VEEE 7 3 a , K To.
T1. T2FITIZH PR3 57 % 45 5 (100 mg/kg) A 7]
PR i# oo R AL . Akl . S A
TREOVE TG R TG L 4 B oK il 2% o 3 5f
R B—FEREERBUSIRA, g
AERE, MWERM, BEE1S minfi BRI, 1h
JE W AR, 20 °CARAF, I 2l P AS R4 £
JCR M A, MRS R LT R
St ) O AN [ G ) A A R Y

T BL60~70 °CHE T ZEfH T, MR R T
PR EEE, WAL S FICPMS 77007 i j&
A B TR A (B, 22 E)XRE &
i LR AT E R AE

s 15 45 WEL % S0 AR il 1 ARk e ) e A
RALN, B8R RR PR o0 2R & i
TR R e R R AR B A dd,, IR
MR LTRSS ETR TR R
VBN /f o VAT 48 £ I i 48 BOH LT 2450
FRP,

=10

K, o Feh s idh i LOuR S i, o FE i

Wi LU R B w, d R SRR LR S
W, doAFR R LR B yEERRR
N =8 a Ty i

Y s iy . HTO, T1., T2HMT3H
T ek ] 77 8 S J ) I SR T SR Sl I S Y S5 5
i, HDSRIFRM LA NG, fER NS
TR LRI ISR, /3 EHEZ B AN /NWEE
o, BRSNS o i BRI A 4R 1R O iR A
W iy 230 A 7 B 43 1) FH 4 AS T) #6948 & I ot
ENGREESTR=R (5
14 HIEALE

S R DLV 4 B A7 1 22 (mean + SD)JE 2
FIR o FIFHSPSS 17.0%K {4 X $i4iE it 47 5 I 2 0y
/3 HT(One-Way ANOVA), 200 &g 2 i 5 9547
Duncanft £ & W, P<0.05FE/RERDE . HK
ZART, R B HSP7OLE W 4L 18] (1) L 35 D0 5 FH 46 565
P<0.013R/R 2 5 i 2%

2 4

2.1 EARFKRETIRESR G EE KR

SR TN, FAUNIER, WER AR,
B TURCR SR F 34 TC 25 22 5+ (P>0.05)(#3).
TORMITIZH A bt R A 2 /5 T 124, T24 %
5 T T340 (P<0.05).

2.2 AR KRB T I RS B AR 75 Bl AL A 4H R
B %2 M)

B A DRk v 7 SR BT I S N K ST DL 03 Jon £
1.25%, &SR J7 LA A 7K 43 BORL & 1 ot & &
TG M2 H(P>0.05, $4), TO4H K& 5
FETTL, T241, T240KLAE MG & & % 5 F 10
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K3 KERETIHREURFHE KRN
Tab.3 Effect of different supplemental hydrolysable tannin levels on growth performance of obscure puffer
Sk

inz?j;or 0 Tl T2 3
IS Z/% SR 99.44+1.11 99.26+1.28 98.89+2.22 96.30+1.28
WER/% WGR 48.29+2.75 51.67+4.74 53.60+0.30 53.99+1.84
TR FCR 2.48+0.08" 2.41£0.17" 2.15+0.05 1.95£0.03¢
HERACE/% PER 0.95+0.08 1.04+0.04 1.06+0.03 0.99+0.11
WEE/Y% FR 1.48+0.04 1.48+0.08 1.50+0.09 1.46+0.05
R L/%  LST 14.97+1.42 15.18+1.40 14.37+1.77 15.38+1.22

e FATEAR A FENG T RROR 2 57 3 (P<0.05)

Notes: In the same row, values with different superscripts mean significant difference (P<0.05)

FTI4H (P<0.05); TOHNLA 75 AFERR . B0
T B LR A B AR & ¥ 0 T A g (<
0.05, #5),

2.3 ARIPIKBERETXEN RGNS LG
JIH9E2

WFME i SE A8 R P, TO4LCATIE )1 i A%
T H A4 (P<0.05), T-AOCN] % 3 5 T Hith2H (P<
0.05), T341SODI J1 AIMDA & 34 g 3 & T 3
i 2H (P<0.05) (#£6).

M8 B R A A b, Bl 7K R B3 TS 0 1Y)
W, CATIE Ji i R AR(P<0.05), TOZIMDAZ
T 0 R T HAB 20 (P<0.05), SOD#2H 1% M 1) Jo
W EPEZE R (P>0.05)(£7).

2.4 R} K R R T R RS A 2R 75 AT A AR I
HELHE T

T Ak r B g B S O A e
B K A BT AN IR G, ASTE M v T X IR A
SN R EER; TIST2HALTIEM: B
= T TOFIT341(P<0.05) (#8).

Mg AR bR T, £ 5050 4 ASTIHG 4 TG i 3
PE2E 5 (P>0.05), ST AR, ALTIE M KE K ff 5
TN () B4 w2 B (P<0.05), T141ALB
SRETTONTIH(P>0.05), HEFE TT24
(P<0.05), TIZTP i T TOLL(P>0.05), H &k
F T T2 T34H(P<0.05) (#9).

2.5 EARPKERERT IR AR S b BT
eg:0pA

TSN 7K A8 BT A8 3 0.7 5% 1] 48 58 I 4 4R 7
fii 114 7 U8 M8 T 05 1k (P<0.05) 5 5 T B il 355 1 U] G
i 3 22 % (P>0.05); WS N /K i BT i B 2K 11 il R
i 25 il O P N 1 0 (P<0.05), 18 i M il S R
B RRAR(P<0.05)(£ 10).

2.6 TR}k i B T RE S AR 7T Sl S O e
NFERZ R RENF

HSP707E IFlE 15, TO4 & % & F T34
(P<0.05)(K11); TR AZIRT2R1ZE HEH R AE M)
()RR X 6 3k 2 A T34 3% i T TO41(P<0.01)
(F2, E3).

R4 KBETIHELRSHINAERHTZIN(%TE)
Tab.4 Effect of different supplemental hydrolysable tannin levels on muscle composition of obscure puffer (% dry basis)
Ty

it TO TI T2 T3

indicator
JK53/%  moisture 79.04+0.40 79.04+1.58 78.59+0.56 78.48+1.61
HLAK531%  crude ash 6.07£0.07° 5.54£0.02" 5.60+0.12° 5.77+0.19"
HEMI/%  crude lipid 1.46+0.31° 1.17+£0.24° 2.33+0.67° 1.96+0.36™
FIEH/%  crude protein 89.47+1.86 87.95+0.36 88.86+1.47 87.92+1.09

e FTER A FVNS T RROR 2 57 535 (P<0.05)

Notes: In the same row, values with different superscripts mean significant difference (P<0.05)
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RS KBBETHNASEREMRNFE(%TE)

Tab.5 Effect of different supplemental hydrolysable tannin levels on amino acid composition of (% dry basis)

AER  AA TO T2 T3

Lys 5.21+0.27 4.00+0.06° 3.85+0.22° 3.80+0.34°
Thr 2.78+0.58 2.310.11 2.22+0.14 2.15+0.32

Val 1.82+0.42 1.63+0.14 1.55+0.17 1.45+0.31

Met 1.41£0.01° 1.08+0.16° 0.96+0.03" 0.99+0.09"
Ile 1.55+0.36 1.43+0.14 1.36+£0.17 1.25+0.31

Leu 4.06+0.77" 3.37£0.14" 3.26+0.20" 3.18+0.42°
Phe 2.12+0.40 1.82+0.10 1.77+0.12 1.71£0.20

His 2.39+0.31° 1.74£0.07° 1.74£0.07° 1.85+0.14°
Arg 3.29+0.71° 2.63x0.09° 2.49+0.14° 2.45+0.29°
TEAA 19.42+3.55° 16.00+0.32° 15.35+0.72° 15.04+1.73°
Pro 2.24+0.51° 1.66+0.08" 1.59+0.06 1.58+0.13°
Ser 3.18+0.61° 2.58+0.06 2.51£0.09° 2.54+0.20°
Glu 9.60+1.80° 7.78+0.24° 7.50£0.35° 7.46+0.78"
Gly 2.81+0.67" 2.21x0.08" 2.13+0.09" 2.15+0.06°
Ala 3.28+0.64° 2.62+0.06 2.55+0.09 2.57+0.17°
Cys 0.45+0.06" 0.36+0.01° 0.34+£0.01° 0.33+0.04°
Tyr 1.86+0.32° 1.50+0.02° 1.44+0.04° 1.43+0.12°
Asp 4.89:+0.00 4.35+0.02 4.19+0.15 4.23+0.34

TNEAA* 25.98+1.31° 23.01+0.47° 22.25+0.86° 22.29+1.83°
TAA* 75.70+3.42° 67.52+1.34° 65.16£2.52° 65.29£5.37°

W TEAA: RUUHREER:; TNEAA: BAELHEER: TAA: BEER: ORERBPRER, KNP, FETEE LA RDNS FEREROR

7 5 #(P<0.05)

Notes: TEAA. total essential amino acid; TNEAA. total nonessential amino acid; TAA. total amino acid; tryptophan was destroyed and not counted. In

the same row, values with different superscripts mean significant difference (P<0.05)

27 AR BRTIHRELERGTHEERRFHIE

B 7 K fff BT IR I G N, R & YA
SUIR T Bl X ) bk 1) B £ O Ap A B R R, (R
St 8JH AR IS, 45 5550 21 2 IR [R) 1Y) 45
e XT3 Ak 4 & I dr B IG, XFT24H
WG TR, I R R R IR AT R B (R 1),

3 iR

3.1 KEBBETXEN ARG HEKMERERNZE

BePX s AR R SR 2 . T s
PRI ST, ar S L7 A Gt b 50101 0~0.6 Yol 4
AT, SRR RDRL R B R TR
Wi A7 3 DR R IR 1250 250, 500111 000 mg/kg

P R S R S e R P T T
IR WTERT ARG AW FT DR %R 32 4
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®o6 KBBETIHELARSHTFEMELIERNOR T

Tab. 6 Effect of different supplemental hydrolysable tannin levels on antioxidant indices in liver of obscure puffer

bz A EE/(U/mg prot) B EAYIELER/(U/mg prot) A —%/(nmol/mg prot) MPTALLER 71/ T-A0C
indicator CAT SOD MDA (U/mg prot)
TO 14.72+0.12° 18.20+1.52° 5.68+0.30" 0.25+0.04°
Tl 35.49+4.60° 16.47+1.55° 6.80+0.94" 0.18+0.02°
T2 21.74+2.31° 15.95+1.88" 6.66+1.29" 0.16+0.03°
T3 28.63+3.04° 28.30+1.37° 9.95+0.73° 0.16+0.02°

e FSIEHE EARAN NG TR OR 22 5 1 2 (P<0.05)

Notes: In the same column, values with different superscripts mean significant difference (P<0.05)

®T KBETIHELRSHMERELIRRRM =8 KRR TXIRE LR 5 B AT AL A (L FR AR B R2 A0
Tab.7 Effect of different supplemental hydrolysable Tab. 8 Effect of different supplemental hydrolysable
tannin levels on antioxidant indices in serum of tannin levels on liver biochemical indices of obscure puffer
obscure puffer Ei=%an B R/ (Uimg prot) 43 P #5& BE/(U/mg prot)
g TRRCERY LR T e/ indicator AST ALT
. ; /; (U/mg prot) (U/mg prot) (nmol/mg prot) TO 632.25+59.34" 31.8243.68"
Hcieator CAT SOD MDA
Tl 824.77+25.07° 44.46£3.23"
TO 10.30+1.10° 494.50+8.08 12.7340.09*
. ) T2 556.49+31.75° 47.4242.65"
Tl 7.32+1.36 494.34+35.80 18.47+3.00
. . T3 936.80+74.06° 34.20+3.74°
T2 7.57+0.35 498.28+16.76 16.67+1.44 - — —
e RSB BN NG TR R 22 R 1 (P<0.05)
T3 3.55+0.55° 520.19+15.18 19.85+1.11° Notes: In the same column, values with different superscripts mean

Ter [WPVER EhANA/NG T R 361 2 5 i % (P<0.05) significant difference (P<0.05)

Notes: In the same column, values with different superscripts mean
significant difference (P<0.05)

RO KRBT I RELR 77 LM A IR AR Y T

Tab.9 Effect of different supplemental hydrolysable tannin levels on serum biochemical indices of obscure puffer

£zt BB F/(U/L) BRI AR/(U/L) HEHA/(gL) MEE/(gL)
indicator AST ALT ALB TP

TO 10.87+2.02 3.8040.58" 13.05+0.48" 42.27+1.78"

T1 10.83+2.88 5.29+0.68° 13.50+0.61° 43.28+2.64°

T2 11.86+1.80 3.35+0.63" 11.55+0.79° 37.74+3.62°

T3 10.61+0.97 2.47+0.38" 12.48+0.47" 38.00+2.59°

I RSEAR EARARRVNG SRR IR 22 57 B3 (P<0.05)
Notes: In the same column, values with different superscripts mean significant difference (P<0.05)

R 10 KRB TIREL R T SLHLEE N

Tab. 10 Effect of different supplemental hydrolysable tannin levels on digestive enzyme of obscure puffer

VEBE/(U/g prot) & A E/(U/g prot) & N5 Wi/ (U/gprot)
#5475 indicator amylase protease lipase
H e} A E7
TO 0.96+0.16 0.89+0.05° 56.47+0.12° 337.34+11.34° 275.68+6.29°
Tl 1.30+0.30 1.13+0.02° 79.25+0.10° 457.27+8.12° 252.04+16.75b°
T2 1.20+0.11 0.94+0.03" 90.31+0.03° 495.05+10.38° 222.09+21.14°
T3 1.17+0.38 0.83+0.04* 124.82+0.04° 481.33+13.87° 171.73+18.12°

E: FBIEAE EARA RS R RN 2 R T (P<0.05)

Notes: In the same column, values with different superscripts mean significant difference (P<0.05)
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relative expression of HSP70

TO T3

El 1 TOFT3HHSP70ERE AP HEXRILE
x> RETOY TIH Z A7 1E & 3% 2 7 (P <0.05)
Fig. 1 Relative expression of HSP70 in liver in
TO0 and T3 groups

“*” indicates a significant (P < 0.05) difference between T0O and T3

groups
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R T2R1 AN Rk &
relative expression of T2R1 in tongue

B2 TOMTIHET2RIEEE FRBENRIAE
xR LY TOS TIH Z MAFEN & & 2% 7
Fig.2 Expression of T2R1 in tongue in
TO and T3 groups

“**” indicates an extremely significant (P <0.01) difference

between TO and T3 groups
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J5 s T2R1 ARX ik &
relative expression of T2R1 in intestine
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k2 B TO S T3LL 2 A7 16 ) 8 35 22 57
Fig. 3 Expression of T2R1 in distal intestine in
TO and T3 groups

“**” indicates an extremely significant (P < 0.01) difference

between TO and T3 groups
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iR 2R 23 00 AR o TR A A S R DN A 3R, e fi
B 5 R o Al 4 A B Lk R T o A TR AR TE
5 R H TS A BRI AR RS
Zeid 8 YL, A4S SR J5 fidi X T2 41 4k i
WARRO R R, ENR TR R AT e
PEREAR, AR A= BRALAE ™ Al N A2 AL, S 2K
FEEAT AR, R L B AR DL R 2
AHE SRR, MG R 2 R L e K
R A R,

B R R TR B — X RS2 A A

& 11 YHEATE T RE R RS S R 75 8130 1 Bl S AR R IR R M IF 18 8

Tab. 11 Feeding preference index of obscure puffer with different practical diets groups before and after domestication

TjiH Yk wi YILIETO Yt fETL ik fET2 YISET3
item before domestication  TO after domestication T1 after domestication T2 after domestication T3 after domestication
TO%A R} 1.28+0.00° 1.23+0.01° 1.2240.01° 1.20+0.03¢ 1.21+0.01°
T1ER: 1.02+0.01° 0.960.06 0.89+0.07° 0.89+0.07° 0.84+0.05"
T24AR} 0.93+0.01° 1.39+0.04° 1.51+0.07° 1.55+0.03¢ 1.53+0.03
T34k} 0.79+0.01° 0.56+0.03° 0.54+0.11° 0.52+0.01° 0.57+0.02°

E: FBIEAE EARA RS R RN 2 R T (P<0.05)

Notes: In the same column, values with different superscripts mean significant difference (P<0.05)
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Effects of supplemental hydrolysable tannin on feeding preference, nutrition
digestion and antioxidant ability of obscure puffer (Takifugu fasciatus)

YAO Jingting "**,  KONG Chun "**,  HUA Xueming "**, SHUI Chun‘, SHI Yonghai *
(1. Centre for Research on Environmental Ecology and Fish Nutrition, Ministry of Agriculture Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;

3. National Demonstration Center for Experimental Fisheries Science Education,

Shanghai Ocean University, Shanghai 201306, China;

4. Shanghai Fisheries Research Institute, Shanghai 200433, China)

Abstract: Total 720 Takifugu fasciatus (initial weight 39.84 + 3.09 g) were fed with four isonitrogenous and
isoenergetic semi-purified diets for eight weeks: control diet (T0) with hydrolysable tannin-free protein sources
(containing 43% fish meal) and three experimental diets supplemented with 0.25%, 0.75%, and 1.25%
hydrolysable tannin (called T1, T2, and T3, respectively). In experimental diets, crude protein content was
balanced by casein when fish meal level decreased, and the ratio of casein to tannin was nearly equal to that of
protein content to tannin content in rapeseed meal (16.8:1).The results showed that the weight gain rate was not
influenced, while feed coefficient ratio decreased significantly with increasing tannin level; the muscle crude lipid
of T2 was significantly higher than those of TO and T1, and the amino acid level of TO was significantly higher
than other groups ; for liver antioxidant index, the activity of catalase (CAT) in TO was significantly lower than
other groups, while total antioxidative capacity (T-AOC) in TO was significantly higher than other groups, the
activity of superoxide dismutase (SOD) and the content of malonaldehyde (MDA) in T3 was significantly higher
than other groups; for serum antioxidant index, the activity of SOD showed no significantly difference (£>0.05),
while the content of MDA in TO was significantly lower than other groups, and the activity of catalase (CAT)
decreased with increasing tannin level; for serum biochemical indices, the activity of ALT first increased, and then
decreased at T2, paralleling the result of ALT in liver, the content of album (ALB) in T1 was higher than T3
(P>0.05) and T1 was significantly higher than TO and T3 groups, the total protein (TP) content of T1 was higher
than TO, and T1 was significantly higher than T2 and T3; the activity of intestinal amylase in T1 and T2 groups
were significantly higher than TO , the activity of protease increased with increasing tannin level in both stomach
and intestine, the activity of lipase decreased in stomach; the expression of T2ZRImRNA in T3 was significantly
higher than TO both in tongue and intestine(P<0.01); the expression of HSP70 mRNA in liver in TO was
significantly higher than T3 . Furthermore, the preference decreased with increasing tannin level before feeding
test , while after 8-week domestication, the fish preferred to diet containing 0.75% tannin in all groups . In
conclusion, feeding obscure puffer with diet containing no more than 1.25% supplemental hydrolysable tannin
would not decrease growth and feed coefficient ratio, while it would change the digestion of protein, lipid,
carbohydrate and anabolism of protein, and when the amount of supplemental hydrolysable tannin was up to

1.25%, antioxidant ability and anti-stress ability were both damaged.
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