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(D1,D2,D3,D4 1 DS) , BG4y 85.95 ¢ (¥ /EER AN 6E 14 J5] . S455RFH] - (1) B FBRR 5 IO T
FEB AR ST 22 e b THIE TR I 1E D4 LA E IR ; D4 4L R R A KR 3% KT D1 A D2
(P <0.05) HRHR LR F T DA D2 41(P <0.05) . (2) MHELT DU AL, 2R R & H 41 AL SR S LA v
RGP R AR RLER 11 LR 7 A5 53 1 & BT, Herh D3 4R (s i i % K DI 41(P <0.05)

(3) TR I A A RER 2 (1. 108% ~1.308% ) RE R

B AL SR A AT IUE R A S8R i L R ) LA

JEPRIE R B i B S 7 (P <0.05) o 24 LA R4 2R, FEBR 4 8 X0f 24 R R A9 7 SR &0 1. 308%

KA AR JEBREN; A TERE; THALRES )
HESES: S 965 SCBRARARED: A
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HEREE, MO ER =Ry .

s HEE: 2015-12-07 f&[E HH#A: 2016-07-19

ELWMB: LiiRAPORZ R E SR TTH (13320502200)

TR 17y 8 fi 3= 22 5% 5E o AR H AR 88 (Anguilla
Jjaponica ) FIKR I 48 & ( Anguilla anguilla) , i T H
RORBG B G IR AN W 2248 , 1 AF K B8t 55 5 A 7l
(i % J 2 BRI S T i A 688 0 2 B s ol
[ N TF 46 Bl 22 T e AL B S ) N T 5% 58. AHLE T
H A 5 S 760 DX 1 688 B , 4 58 S iy U A= 3 A
fg , BJE I A C TR  HARRLAOR, A B i) &
JERi o TEAEBREAY SR R WS¢ I 1, B B
A ARSI HRIE o AR5 L AE 58 6 4)) 68 1y
I XF G, TRE AR A= B R AT % H AR K AT AR
TEE TR 3 B0, 0 S A 0 4 4 0 24 i T2 1) 3
TR, §TE ARS8 BT A 1Rk i F ) 4 it 40
HS AR

IR ik

L1 sBigitRE

IG5 5 EHEL, AL 3 AFAT, BT
7100 & 85.59 ¢ /AT TESRMANEE. IERIFLR
PR A B2 27 10 88 2 4 i
(KB , W BUML A T |, W HEA R 2ty

TEERAN: 7 B(1991—) 58 A-E Ao A, W98 5 1) K P2 sh )8 55 508, E-mail : heming390411497@ 163. com

BEEE. HEE  E-mail ; jzhgao@ shou. edu. cn

http: //www. shhydxxb. com



228 (SR (T E NI S S 1 26 45

0.708% a5 T FH A= fed R W) 19 V4 22t AR A Bt
A WRAR (B, AR 9% ) o EHEERE
ARV 0% 0.20% .0.40% .0.60% .0.80% [
AR R , 38 5 B G TR 21 i i AR B R
51K 0. 708% 0. 908% 1. 108% 1. 308% .
1.508% 1y 5 2 i 5 ik}, 43 51ic 4 D1, D2 D3 |
D4 F1 D5, A3 TR R A4 o

&1 EARERARS

Tab.1 Approximate composition of diet %

TiH Koy HLHEA HLUIE i Koy
Items Moisture Crude protein Crude lipid Crude ach
% Content  5.52 49.90 5.17 15.51

1.2 Rz E5RFEE

IR 7E b1 T Al R A Sk 6 35t 4%
HULHE T o IR 1 900 2168 il 7 #m i3
FEAEOS L A B A, 91572 H Je 6474041, 1k
W [R] B R AT R 85.95 g AiAT Ak
BB 1 500 B2 H5R T 15 42 m x5 m = A K
e AT 14 JE B IR IR, K IR IE H 7E 80 em
itio i FRaih s — 2Rt 8 R G A 172 1]
FUHERH I A R 4Kk 173 e F i Ve g p . 37
B 0 ) U A SRR B TE S mg/L LA b KR AE
24.0~29.1 CZJa],pH 2} 6.5 ~8.0, TAYARA <
0.5 mg/L, &% <1.0 mg/L,

T KA WL T R, 5 R Dy B8 B K I 4 (1)
3% Fe Ay A MR [R] AR K 7:00 1 1900, B F 4%
W — 5 R R S 5 1 60% ~T70% o 4]
BES 1.2 A5 BT /K IR A, H T ATHORS PR R}
AT HEME o AR 0 1) 55 1 175 100 I g %) % 45 i
o MRS 30 min (AR, FRE 05
1.3 HmXESHE

RIEEE T AR AP TR 24 h LB S
PR f i BT AIBEL 15 S p AR K AR R
o B PATREPLERL 3 A fa, F MS-222 ik i
e ) A AR T i, o IR R WL IR 4 5 P
iU i I 1 i s S T = BN 7]
FFIE, F 0. 86% ¥4 i A BRER K wh sk 9 2591 31 531
R R R AR 07, A IE R R T K5y 5
- 80 CARAF, FH T IHALBETE 1 , Ir A 45 4E 34
FEVKEE EEAT o

Wi (%)= (W,—=W.)/W, x100 (1)
s W WG E R W, BRI (2) s W, R
BIwiA R (g) o
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Sen (% /d) = (InW, = InW,)/t x 100 (2)
S MREE AR R 1 R RE(d) .

H (%) =W,/ W, x100 (3)
A H AR L Wy IR (g) s Wy ik
FitE(g) o

Vy(% ) =W,/W, x 100 (4)
A Vo AR LE s Wy I IERT () o

C.(g/em’) =W,/L,” x100 (5)
K Cp MIETHEE s Ly AR (em)

S (%) =N_/N, x100 (6)

P Sp NAFIE RGN, ATFIGREG N, AL
.

Fer =F/ (W, =W)) (7)
N F o AR REGF .

1.4 #HmUNE
141 bRl A=A IR I o

DA IR 7K it 125 4R 45 ) ) o 4 1 R O R
Sykam443D 2 LR H 2 43 B AL (78 [ 3§ R 4
Sykam 24 7)) HEATINGE o SRATINE R TRC 2 R] A=
PR A R RAE AR TR o (8 SR AR AN s (0
# : LCA K06/ Na; Wil :570 nm; Jii shAH : #7°45
1245 A =0.12 N,pH 3.45;B=0.2 N,pH 10.85;
T 58 ~ 74 C B B 42 i s I 7 YR AR 0. 45
mL/min + fi74: %2 0. 25 ml/min; JE J7:3 ~4 MPa,
1.4.2 RSN E

3R A 105 CHE TR E L HLIRE Ak
ST B IO AT 9t (550 °C) 4 6 12 5
TERCFIILPA oK 23 LS B R B AR K 0 1Y
ik, WL LA B MR D5 FORL R 9 1) 25 R
F =50 C& THE R WL RE G AT R .
1.4.3. HALEEE ) E

0.3 ¢ Zctn B BB AR, InA—7E
ol i v 0. 86% A= B £k /K 5 35w, 1T &Y Je
AD300S-P B 2J S AL UK i3 212 (7 000 r/min) , 10
/R B 30 s, 4L 3 IR, ARG VR ES .0 (O
°C,3 000 r/min,10 min) , B F 5 H T &5 5
AT E o I T 45 4 0 05 TG 16 3 P 9% R 0
KETFF] 6 000 1/min,

TE R I i s Tl 1% 0 120k P R s AR )
TTAREREFE BT AR 7 R S AT I E o Tk S
TR e SO AR R e TE 37 CHIE
PIAE I 30 min, Kfi# 10 mg JEH & SN 1 ADTER
Bt 3 B2 (U/mg) o I 7 B ) B SR
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7637 CHAMFF G BN SRYRM L min, 1.5 #HiEStH

FHIRE T wmol JEAH—ANETE F1 2600 (U/g) Bl T2 MH + bR 257 R, R A SPSS
PR LS ) SR AR M B A0 120 BEFakpE One-Way ANOVA 3 Fiiff7 7 22

E 1% TREZEBAERIRY. | mL BERS 2 4307, JFHE1T Duncan [R 2T [LA, 4K T h

mL IS4 7R R A IS, F 40 CRB PR B 10 0.05,

min, A 2 mL =450 ZBRE L . SRR E N

10 min, 32t JEVTHE G B 1 mL B, A5 mL 1 2 HREIT

Na,CO, (0.4 mol/L) I | mL AgAREHAF, AL 40 2.1 H-EEEEITEEBEM £ K 4 Ae T RIS iR 0 B

C 44,20 min JG7E 680 nm KT, LK M

SRR AR T bR, B R 0 E SR E 40 FHE 2 RN, B 2 T R A ek 0 1 o, 46

C(pH =7.5) &MFF 2B ATE | min WK SAOA VR R 9 SR 2 A K SR8 L e L7

ST 1 g BRI — S SN (U 5 PRI, e D4 ik R (i, H D4 2

mg) BAEKT DI I D2 4L(P <0.05) . HPHR
VSRR IR LA O i e ak RIUE TS LTS, JE7E D4 4155 5 S (%

BEATINGE , R AR s @ AR TRBFSE A=, Horh D2.D3 D4 4L ik 24039 2%/ T DI

BB (TP M A £, i e BRI A A0 41(P <0.05) , 25 B R 24 88 0 11 4735 2 A

SREAE EC AR U RN RS B B R

R2 (AR KT 8B £ K R AR AR FE AR O 4 M
Tab.2 Effect of taurine on growth performance and figure indices of Anguilla marmorata
4H 5] Groups

UH Ttems DI D2 D3 D4 D5
WA Fi /g Initial body weight 83.36 =1.74 81.65 £3.77 83.43 £0.88 84.10 £3.45 82.73 £3.66
HKAK TR/ g Final body weight 221.39 +13.23" 225.02+£8.22b  234.27 £1.56® 238.93 +4.82°  230.00 +9.03%
1ER/% SR 90.33 +1.58 92.67 £1.53 91.67 +1.53 92.33 +1.53 91.00+1.73
HER/% WGR 165.49 +11.85" 175.83 +12.14> 180.83 +3.43%  184.33 £8.82%  178.78 +9.66"
FeEE K%/ (% /d) SCGR 1.00 +0. 05" 1.03 +0.05" 1.05 £0.01* 1.07 £0.03" 1.05 +0.04%
TR REL FCR 1.93 +0.13" 1.78 +0.04° 1.77 +0.07° 1.75 £0.15a 1.79 +0.08
JF& /% HIS 7.13 £0.27 6.03 £0.72 7.00 £0.98 6.98 £0.77 7.29 £1.25
WER /% VSI 1.75 £0.31 1.58 £0.41 1.86 £0.03 1.87 20.04 1.78 £0.59
BEWEE/ (g/cm®) CF 0.28 £0.02 0.28 £0.07 0.29 £0.08 0.29 £0.01 0.28 £0.19

T R 7 B s8R R AR A R PR RN ZE R AR (P >0.05) , AR/ NE FREFROR 2 B35 (P <0.05) . 3 [H
Note: In the same row, values with same small letter superscripts or no letter superscripts mean no significant differences( P >0.05) , different small

letter superscripts mean significant differences( P <0.05). The same in the Tab.3

2.2 SRR IEEAL A E MR R BUE ETHE P RER S o D3 F1 D4 241

HIZ% 3 nl R, RO AR TR & A, fE88 MBS KT DL A DS 41(P <0.05) , 1
BRLA K S R B R RS TS ek MRz A B 2R AR T DL A
D4 K SR B AR, b D4 /T S I o & A BT AR, (02 SRS T
DI FI D2 41 (P <0.05) . HIEHAMHMIR&RE 2.

F3 ARSREERK T LSRR E MR S8R
Tab.3 Effect of taurine on approximate composition in muscle of Anguilla marmorata
H 5] Groups

I H Items

D1 D2 D3 D4 D5
K43/ % Moisture 69.43 +2.56" 68.92+£0.72"  65.99 £1.53®  65.40 +1.70*°  68.58 +2.50
M /% Crude protein 15.37 £1.36° 16.54 £0.24"  18.58 £1.01° 18.52£0.18"  16.96 +0.76"
KNG/ % Crude lipid 10.71 +0.96 11.08 +0.69 12.06 +0.39 13.13 £2.28 10.46 +2.06
JK4¥/% Crude ash 0.87 £0.06 0.99 £0.03 1.05 +0.15 1.05 0. 02 1.01 £0.23
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2.3 HEEERX RS IERE R

i £ TR R 5 o 1 348 o, 6 5 e S 0 O o
(IVE RN 155 BT TR, Hrf D2 1 D4 4111
ek G 77 i 2E KT D1 AT DS 41 (P <0.05),
D4 2] {4 JHF-JIE € ¥ g 3% ) B2 K F D1.D2 Fil D5
41(P<0.05), WK 1. Rpi&ve s A i T
B AHAS 2R R A 2200

0.30 O B Stomach
JGi& Intestine
@ FFE Liver

e
Do
[=]

A EERG 71/ (U/ng)
Amylase activity
e
=

%] Group

B 1 Syt EigamiE v s nm
Fig.1 Effect of taurine on amylase
activity in Anguilla marmorata
A AR/NG FHREFRARA BEEZES (P <0.05),F5
AR/ NE FEEEFORARIT B #F M2 5 (P>0.05) 1423
[&]
The means with different letters are significant differences at the
0. 05 probability level,and the means with the same letters are not

significant differences, the same in Fig.2-3

WE AR TR 75 i A 1, il AN S A A
J1Ek BB ETVE T RERES, Horp D4 4]
10) 78N S SRR RTE /N R Ol I R =] 3
JIRFRT DA DS 41, D4 4UFIEEE H B )
BERTD2HE2),

400 O B Stomach a

ab J@i& Intestine

o FHE LiY)er
ab al

EAEE S/ (U/ng)
Protease activity
g 8

—t
(=]
(=]

%] Group

B2 Sy EigtnE A EeE e
Fig.2 Effect of taurine on protease
activity in Anguilla marmorata

W A1 R TR 25 12 (Y 99 00, i 3l A0 A0 A A
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2B BTG TR B, W0 e RS
WA bk AR IR 5 1 5 7 7% D3 41k ]
ORAH, H KT D1.D4 F DS 4, Jid g 105 il
WAE D4 3k B 5 A, HANHA A 2 [ 35 A
FHTEER . DS ZHr H G V5 S 71 8% KT DI

D2 AH(E3),
25 O B Stomach
a2 I8 Intestine
20 @ i Liver
s
&3 ab
S5
Iz b
@ g
[=%
gj ab)
5 b

D1 D2 D3 D4
#45)] Group

B3 Ay LeBmis i EeiE N
Fig.3 Effect of taurine on lipase

activity in Anguilla marmorata

3 g
3.1 HrERE X IEESER A KA

AREIRAE S —Fh AR & o R, BEAE
Tt L 2% T, TR EE A AR A
WE5T B R 0. 4% 11 2 i 2 5 T+ % 40 £
( Cyprinus carpio) "™ 45 \i 3 MG BT AICAL o T R
oo Z A4 B R 2 3 ML 8E ( Oncorhynchus
mykiss ) '"* 1 72 ¥ 4 ( Rachyceniron canadum )™
BIAE G, 250 ( Seriola quingueradiata) (Sl A
RN 5 4 5 B A T A B
B2 K I T A R Z R, o1 %1 fy k5%
FW], 1. 15% B2 & 5 Ae W 3 R HE AR T iy
6.3 g M RZEOFIY ALK, MK BT i 166 ¢ I, 4
PR S & HE P 0. 64% . TAKAGL 4 % 3
250 ~579 g HY To 2% WXk A fi R A SR g ak
3.4% , HEE A BB S IH L5 G0k i) K Ao AR
BT AW, Bl A B R & 2 1 3 0, A6 65 fig
AR BT R G ETHE R R, X S TE R3S
#E R0 B B B HE 4 ( Oreochromis niloticus ) 071
BTSRRI AT LU H, 5 0. 708% 4 R
Far 2 (D1) AL, 1. 308% A-fifi iR & it 41 (D4) 1k
A8 ) A A B 1 R AR AR R B 2 Y
R LWy 85. 95 ¢ e A4 Y AL B8 i {7 R}
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AR (Y Bl & i 1.308% o X —45 R m T
B5(0.2% )™ Xk 2= 1 B 1 1% ok B, AR T 6P
(1.5% ~2.0% ) ,iX 7] fe 5 ARl 2 3 5 1 4
W&+ BLRE J1 ANl A 5. TAKAOKA 25111 0 2
BE R 2 TR , 2ok 1 1) 4 ol TR AR o i 2 552 W )
AT P, 3 n] RE R AT h 1. 508% AT R o5
S AE B Y AR ROR AN L. 308 % 5 5 4H 1Y i
S

A S GG 2 TR 5 1k () 3G 0, A4 58 S
FRAE TG AL WG B 0 BT 2 i , (BB AT B 25 1k
25, X 5 75 . ( Ctenopharymgodon idellus ) [19]
Fe B A" BTl TAKAGE 45
AR50 A B4 Tt B2 R 10 35 2 e T 2R M 1) £ 375 8,
ARG J 2 A WY Sk 7 D5 R T R N A T R Ak
JERRRERARA G, DA g R FrE b KRR
FERT HABA, H R Z Ik, 308 1 ko
1. 308 % F) 2 fif R 75 2 A 88 i A 1 OR B
3.2 H-REmexS L ES N (K E M o FH L EETE
ALk

0 ST T T T 1 2 B e £ 28V A6 2R BEATL
AE Y — 00 JE 225 b , 0 T 40,288 9 T 45 R L
e A LT A MR S WL LA TR L AR
S IR A PN BE - 46 2 S5 0 A AR 1D
A, BIFFE R T B 1) 2 B TR BB I 35 4 AL 2 1Y
THALERS 12 o AR & BLE oE TR A g
Fi vE A 1088 i 5 R v % E A S . X R
Je PR Ay 21 i TR 0] DRI I 2R R T, e U i o e
JIE 20 AT i) 42 T ik A 3 D8 TR 7 2 A
Wi R INIA TRt — 2B RABIE

TR IR S 5 AR B A, HIE
Y A R R BE S TR AT AL IR, A
MR FE R A KR H . FE RV iR
RESE N AN M P Ca® IR VR T v- 25T
M A 2 AR S R BB ™, X sir
FITEFTAT ML PARK 55 16 6 (i fa e o
AN 1. 4% AR TR , Kk BLRE AR i AR G, O
P R ALK He B/ g S5 7 ) fn
(Crucian carp) FWAFRFHIR 598, A
FEEERTIR 1. 308% AR & & (4 1) bt RE R Y
FETTAE 0% 0 5 | o 3 T ) 2R B ), X
55 ) AR AR R O A Bt ) ]
( Cyprinus carpio) FWIBFFE 45182 —8H. UL
e e ) 24 BBV B R A R P 2 O 0, AT AR

R A TEAC IR, [RIE, 355 i A P54 2
R (B R A 37 ok 2 £ A N 5 B 4 3 R A b
JEURHA AR R, T SE 2 1 & A IR S 5
FE R A 8. 3t AT AR A G o 1 68 i
LA LR S AR S R R . 55— I, AR
I 23k R v 48 68 i i g b A BR LS i KT
A R RS 0, X 3 B R RS
ETRA Ko 02 H E A BEE 71 ¥ 7SR IR T 4%
7N B, — % pH ££2.0 ~3.0, {54 K8
K3z 67 H & (RS R AaE pH N 2. 05 i
4428 I 42 5 ( Perca flavescens) 8 2 1 WG /1
it pH o 2.5, AR SE06 ol 2 i 4L 40 K 1
it 334k o B TS T, i — £ 2 R
B 1 B E pH R 6.5 ~9. 5% T 584 Ai
1 v AR B KT B S R R T .

TEA N A, AR R 5 IH IR L 3G 58 40 IH iR
SV S MR B A Tk EL IR 24 sk 6 o 4 JIH PR 6 445
AR ER , AR HERG D7 T Al ™, kst
B 2 R I R A 5 1 5 0 R Y] f9L i T T
U F R B I S 300 I i R 3 B A
ZZW 4 ( Pachycentron canadum ) (32] WL H B FEL g
Ji 5 fi o (HLh A R 5T A R 2 Bl R R 2 0F B M R
AR NI A B o ESPE 25 %84
TERRFRAIC T R VEVEEE (Salmo salar) LA H 1 1R 7
Tt o AN & B[R] A it R 7 12 % 6 3 fig AN
[RE AL 2% B Ne Wi e S 1 B4 HEVE R A —FE R,
B TE I A R 5 T T ) e e 43 SR g
A TERR VA R 1.508% .1.308% #11. 108% .
B R, 1. 108% (1244 T R 2 B RE L 4T 1 42
TE 498 B T 3 1 i IS 7

25 B ATIR, 1. 308% 1) 25 1 R 7 it fE D 4R
o AE BB Y 3 TR R A R IR R R B
AR e A i R JEE IO P 0 A T L R 1 T
J7 VA A H B4 B B BTG 7 (P < 0..05) , i AT
WAL IR 65 (85. 95 ¢ Zi Ay ) WYL= B R 1
TN ERITE 1.308% A45 .
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(7): 1418-1428.
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nutrition and application in fish feed[ J]. Chinese Journal of
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Effects of dietary taurine on growth performance and digestive enzyme
activity of Anguilla marmorata

HE Ming, LIU Liping, QU Hengchao, ZHANG Xiaoxiao, GAO Jianzhong
(College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; A 14-week feeding trial was conducted to evaluate the effects of dietary taurine on growth and
digestive enzyme activity of Anguilla marmorata with initial body weight 85.95 g. Five experimental diets,
which were formulated with 0% , 0.20% , 0.40% , 0.60% and 0.80% taurine respectively, and contained
0.708% , 0.908% , 1. 108% , 1.308% and 1.508% taurine (named D1, D2, D3, D4 and D5). The
results showed that: (1) With the increasing of dietary taurine , the final weight of the fish first increased then
deceased and peaked in D4 group. The weight gain rate(WGR) and specific growth rate(SGR) in D4 group
were significantly higher than those in D1 and D2 groups. (2) Crude protein, total lipid and ash contents in
muscle were increased and moisture was decreased along with the increasing dietary taurine levels, the crude
protein content in D3 group was significantly higher than that in D1 group. (3) The fish fed the diets with
1.108% -1.308% taurine displayed significantly higher amylase activity and protease activity in stomach and
intestine and higher lipase activity in liver. It is therefore suggested that the optimum dietary taurine level for
Anguilla marmorata is 1.308% .

Key words: taurine; Anguilla marmoraia; growth; digestive enzyme activity
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