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95 gt BC A R ROk S AR 20%0), AR
K TR, R R LT, AL LI20% M)
T RRAL, 10% MK (R 418 fod iR, R HIK
3 ARk b S in AR 6 R X 8 AR AR Ry . AR A AR
FolEMT At TR, BRIk, Bhiaz
P BT S, Sk 2 R R AR AR R 0 0 B Rt
LN SR AIE S N2

R R SRS RES

1.1 (ARE S A&

DL 4l £ 52 ) Oy S, DE X AR
H (LK 20%), Fxt BB (K 10%), 445
2 EAR A (R 10%) Tk 20 3 78 2R B i
0.05%. 0.1%. 0.2%. 0.4%(F1), Mtk 4efh
Tk o RRL A Z R0, Ry RN 0N A A R R
2SR E, A0 B TR, FREREC H /NE R B 2

1 EMARERRERKTE
Tab.1 Composition of the basal diet and nutrition level

%

415 “ & content

ingredients A Lo loos  Tou loo  loa
ff1 ) fish meal 20 10 10 10 10 10
T H soybean meal 24 32 32 32 32 32
F#1 cottonseed meal 12 16 16 16 16 16
SZHH rapeseed meal 8 10 10 10 10 10
KB rice bran 5 5 5 5 5 5
UK middlings 26.46 21.46 2141 21.36 2126 21.06
1 fish oil 15 25 25 25 25 25
A% choline 05 05 05 05 05 05
MR — 545 Ca(H,PO,), 15 15 1.5 15 15 15
TR} premix 1 1 1 1 1 1
TR taurine 0 0 005 01 02 04

P antioxidants 0.01 001 001 001 001 001
[ %77 antisepic 0.03 0.03 0.03 0.03 0.03 0.03

R4 R nutrient composition

HE [ crude protein 37.36 37.35 37.35 37.34 3732 37.29
HAE T crude fat 485 497 497 496 496 4.96
HIK 53 ash 688 6.06 6.05 6.05 6.05 6.05
AR taurine 0.14 008 012 017 027 047

SE AR TR A VR FEDLTE IR A
25 min, Bl J5 6 fl 5 BRI TR FE AR AT,
PRI GE 5 WK ERST, B HIN THI 1.5 mmE AR
(R RURL R, et T AR K 4 B o 10% 4547
B F-20 °CUkF PR H o

1.2 SLWHFEMNMHRXE

[F] — FLAK B[R] bk O £t e 7 £0 £0 1 DA R 4
K= T E R R MK, R
Al K 2 S e 5 bl I v FH R AR F 28 d
IE TR FE SR, AR NI — R DUIE R R
PLEk24 him, PREERIAR — 20 E gl AL 3]
18300 L, 30R8/4), T MAwIiR AR A (5.90+
0.03) g, HEREM 2K (8:00-9:00, 16:00-17:00),
H 1B A R 10 3%~5%, FR50 31 8 .
R HGKIK, oK a3, I BR A
WEEME, HFRA12hlh b, PRIERE 7 55.0 mg/L
DL b, SEE6 Rl K R (28+3) °C, pH A 7.31x0.4,
TP A WG, W ERKEN, EFEAAER
PERYA4L, XFREZL . RIBINAEER AL (1) . 4K i
UF 20 (Lo, ) M AR B R =5 AR N (1g.4), 5 HRBH £
U Ganga 5 U5 v, AT 2B R
SN, HAHEHET A % R B 100 g/L, BEA
WHEINEE, HARSBRIT . L8R riha, &
2 B AR 1S R AR — 8500 850 1) 54 45 2]
HRAEHR25 em YRR, B 3E364 /Ml B
IMATLK, HBE100 /L, PEATIESE24 hilH;
fBipif o SEEG AT AR HF IE B Bk . AR, IR
WA . W AT OREELH . Bk
BRI

FEI LR ZE R, YUk24 h, JEFTRRE R
B, BAMMALBGRE M, vk, HR N
BT KB BRI A G i N 259, BT (5
— AN YT RIS A ) 4% H B [ e, g IR AR
ite AR —HaOMHERaR Y F . LB
0 7E 2B A FT 0 h)FI B th2 . 8. 24 hifk
IR, BHGSREM, FTAMREE, FH1mL
A R BB R bk B . M FEFE4 °CREE 12 h
J&, PA3500 r/min.0r 10 minfhl 45 L7, A A B
TR VKA (80 °OVRAF# H o
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T BRSSIREE . AR, AR %D,
I BICHAF S EVEDIZAE S A R bR I s 45

14 E£49th

MBE(GLU), AP AR (SOD) ., 45k
HK(GSH) . % B i (LSZ) 43 9] >R FH 4 %5 1 21k
i —l E ALY B . BRI . OB E L I
WOk I, R S TR A A B A
Al AMARC3SR S L ik AT I e, a7 &
W WA IR A |5 e Bk H Elisafh 281855 £ 5
JIT A 46 b 24 FH B A (284 5 Thermo-1510) 451 .

1.5 HEFAEMG S

g R GRS S S DO R (T SR el
738, PRE@®IE, initial body weight, IBW);
AT, MASAHRENLE RS R IR, FRIAR T
(K ® , final body weight , FBW), ff& . W
B, FEE . FFEARKE . IBWHE . IR,
BERAR L, TR ITIEIE
1715 R (survival rate, SR, %)=100x W/ W;

1 H5 K (weight gain rate, WGR, %)=100x(W,-W,)/ W,
JIE 35 J& (condition factor, CF, g/cm®)=W,x100/L’

A& L (hepatosomatic index, HSI, %)=W,/W,x100
W14 LY (ratio of viscera and body weight, VR, %)=

W/ W,x100
Kb, WO N R A R, AR PN B £k
ity Wo(e) N FRIRREYIRERTTE; W(g) N
BRARMBE; W, (g) & I 5T & 5
Wy(g) RN IER BT i s L(em)hy fafR R
SIS ECHE FHSPSS 17,08 A E A7 40 BT, X422
5t W (P<0.05), WK Duncan[Cikik T £ HE
Fb#, 453 HmeantSDFR IR .

2 4R

21 SFEBRNEaNEE KRNI

B TR ERERERARE,
5P (20% 0 ) A Ee, AR a8 R R (T,
10%Fa K3 )21 T £a 41 fa 3 5% I 38 B I (P<0.05),
i ALK 1Ry ) ek v 2 B R KCE T, T G R
BRLFETRESY, B AMEREEET
I,4H(P<0.05), JFS5XRAHMZRAREE., M
X T IR, IR A T 2H T a4l £ i AR L
AN (P<0.05), 1% a8 flk o I8 i 4 B R A 1T
KRR RS, oI 4 . T 20 AT, 20 BT AR
kb i K T 12H (P<0.05), {HA & 3 & F X i
(P<0.05), alAk e 4= 4 iR £ 0.0%~0.4%31 [l 4 I oK
g 25 e A 4 0 R L RIS BE (3R 2).

®2 TRREFBEBENFESSEKMEENRM

Tab.2 Effects of taurine on growth performance of juvenile black carp n=3

vl ¥l /g K H/g B /% B 2% JILiiHs E/(g/em®) JEAA EL /% HHAREL/%

group IBW FBW WGR SR CF VR HSI
pagicei:h

5.924+0.00 19.48+0.30° 229.05+9.45¢ 96.67+4.71 1.62+0.04 9.66+0.71 1.50+0.17°

control group
Iy 5.95+0.03 15.214+0.38" 155.63+8.12° 95.00£2.36 1.64+0.07 10.33£0.85 2.18+0.09°
To.05 5.94+0.02 15.68+1.01° 163.97+6.43" 96.67+4.71 1.64+0.05 10.35+0.34 2.27+0.07°
Ios 5.91£0.05 18.94+0.49° 220.47+10.98° 100.00+0.00 1.64+0.07 9.64+0.04 1.79+0.11°
Ty 5.96+0.03 17.23+0.14° 189.09+9.55° 100.00+0.00 1.60+0.04 9.62+0.41 1.84+0.09"
loa 5.92+0.05 17.04+0.05° 187.84+8.38" 97.78+3.85 1.59+0.05 9.54+0.38 1.86+0.10°

Vs A= B R R R AR i35 2 7:(P<0.05), T IF]

Notes: Values with the different letters mean significant difference (P<0.05), the same below

22 HHEEBRXNBSayaiFEmnsi

AEOGF T 0 R, AR A08 Tt (1o 2H ) (i 75 £ 4))
0 M 90 E 5 B I 2 A i (P<0.05), A% £ ) Rt
N N 2 il R 0 7 0 28 B = B I 35 T 5 (P<0.05),
HE5 X 22 7 A 8 35 (33). FIXTFXT IR, fikfa
13 i) Ak (Lo 2E ) i 7 f 4 f2 T 1 o o R B8 AR TR 1Y
#a, HE SRR EP>0.05), KA EE TR
T2 5 7 0 7 o B o R B ik 3 PRI (P<<0.05)

http://www.scxuebao.cn

AHXT T BR2H A ARy (o2 ) Y 75 400 40 £a R IR 40
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B 1 FEIREFEEEE &4 & 55 R 2 0040%)

Fig. 1 Effects of taurine on the structure of anterior intestine in juvenile black carp (40%)

®3I TRIRESHBRNEFELGATMEHNEIE

Tab.3 Effects of taurine on the structure of anterior intestine in juvenile black carp n=3
A5 5B /um & 55 R % /um ARG RE) IR ES A0 B (AR )
group villus height crypt depth goblet cell count lymphocytes count
s HE ]

i 469.00+£21.40° 249.944.50° 10.00+1.00° 83.67+£5.51°

control group

Iy 381.13+14.90° 268.1+£9.62° 5.00+1.00° 73.00£2.00°

Io.0s 494.66+14.05° 230.7+8.96° 11.00+2.00% 95.00+4.00°

Ipa 480.96+19.10° 256.3+6.52° 18.33+1.53¢ 89.002.00™

loz 496.90+3.87° 229.1%15.24° 10.00+1.00° 88.33+2.52"

los 463.95+24.25 185.4+4.30° 12.67+1.53¢ 86.67+4.51"

(GLU) 2 i 3 7 T 3B 41 (P<0.05), ¥ hn4-fi
T 7 100 375 12 J5 5 RN GLU 5 2 1 35 41K (P<0.05),
SRR T AT T4 i i A 1k
fiti (SOD)I% 77 . ¥ 18 Bi# (LSZ)1% 77t (K T % HR 4.
(P<0.05), s i 4F g B8 {i 1f 35 SOD{E J) MILSZTE
J B ER R (P<0.05), HIy,. Iy, T4 #
LSI. Iy 411 i% SODE J 5 %} 4l J6 i # 2% &5
ToZH 75 £ 1L 35 45 e H K (GSH) AT #MA C3 5 i1 5 %
RRZTC 0 35 25 5, WS T4 e 1R (1 95 #0140 A
C3. GSH & i & 2 51 (P<0.05), Hop4-fif g2l
MEGSHE S5 X B 225 AR E, mAhMA
C3EHaEER TMMANA ) mMmxt i
(P<0.05)(1¥2).

P W38 (0~24 h)ffi 5 1 &) £ 10075 45 45 AR 2y
BT EE TS, MEGLU, GSHE & &
SOD{E J17E 8 hik Bl fx KAA , I 1% LSZi P Fi kA
C3T A2 hik Bl e RAE . T2l 75 o Il 37 B2 o e o

A KA I TES b, HAh 4]k 4 9 i 3 R
BE o AE2 ik B R (EH . 7R haa i, K
R URE (T4 4 75 fa 078 GLU AN B 5 i 1% = 3
i 2 T H A A% 1 R4 (P<0.05), T I35 SOD
W1, LSZihitE . GSHAAMAC3 & & i % T H:
b £ GRDRFZR, ELAR R8s )RS T A it R 9 £
I35 SODYE 71 . LSZi&M: . GSHA#MAC3 & i i
FHE 5 (P<0.05), PHEEIIE24 hE, BR T I0LTE £b
TR CIFNTZH 7 I Pt 5 e A, 5 #0010 7 H At 45 701
P& bRk 52 F W 38 7 (0 hy7KF-

3 iR

ARG R, AR A DR T 4 5T
HERERFELE, RERERELR, MR
290 L BSR4 R Vi K £ U
LA TS R AR, A R £ 2 TR T A Mk
MEZG T, Wil HGUE LT 53 PR A
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Fig. 2 Effects of taurine levels on serum in juvenile black carp to acute crowding stress

The different letters mean significant difference (P<0.05)
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hynchus keta)?*, ¥ B li(Seriola quinquera-
diata)™ . Je % % At (Oreochromis niloticus)*"f#)
ST A5 AL o Dt DX AT i 2 A it R EL A v
A, I HURE B R, e
R A A] AR A B R A VS T e] ) L A B
AW . PHEAR. MEARS 56 AR, M
M 2 W2 58 A A B B A4 R
AN 0. 1%, B A EARE T REEE,
AT RE 5 Al R B A R IR, i a9 A A R 0 R
MG PR 22, BRE R T REA R, HARER I
R EHMERETNE . K H S H AR
P BE 1 A% . ARk ARy IR AE DG . andRl R R
TN I 1.5% 4 1tk 12 fi b 35 44 = K32 6T (Scophthalmus
maximus)(W] H 6.31£0.01 g)pY A&, {HXF#) &
(165.94£5.01) g KZEBF A9 A= K To B W52 i 2% A itk
M5 HE 2 B2 o 18 B AL ) AR A UL 85 (Oncorhynchus
mykiss) )3 TR, {HX] i Ry 24 T B S e Y
KK FH . (Lepomismm macrochirus) 1 E 8 (Pagrus
major) I IETE 4 1 R GE 016 ICRE 1 FEAEBER 1Y 22
SR

TE 2 P 0000 7K P XoF 4 15 #6258 1F B A= i T 3
WE BT MR — M MR, Xt
R E R R A REER, BT ®R S
Wi A A GBI PR, REE MBS E A, 2
B e A ) RABAE 2 Ao, ALK
Z BN, T T FE T 22 Y BE R % A a5
ERAN G, 25| e B AR S B T R . A
SEHAE SRR, BT a0 (8 A A0k e k) £
T B T I A W 2 R T OB X IR AL
7T A4 it R 7T 2z ol 2 P 0 45 i 3 5 1 %) L 95 B o
P2 A0 0l & TR, 5 WSk i (Megalobrama
amblycephala)'™ | B BE ¥ ¥ 4. (Siganus canali-
culatus)® R IK BLLAE AL, d B 7EAIG (o e R
oS I AR R T LR R A E s R
Bt 2P B A BE 7 T B A ST S e . B
24 W5, i U ZH R AR TR 2 i A
W B e AR S B W ORI (0 hy/KF-, (B by 21
B T EEATS SR 5 T LT (0 hyZKSF, vk BIHLIA B AT
H F R A B AR A RE T, HLAR R AT LA
A7 FAILAART A7 S 1 085 %) 3 7 B ] o

AR EA @R R LE, SRR R
UirefE e B b 8 T 55 — B B2 . v i il A
NN ORP - | R I R R
I o A AR TR T 0 4y £ TR R 1 T R

fiX, WINAEEER IS, & g faMRC3 S & M
T I R T e, U AR ROk DRk v s A i R
fifi 9 0 &)y 0 AR Fp S Mk e DI RE HY B, 5 A B
(Cyprinus carpio) I WF 58 45 R — 2, 5 ] (0~
2 h) St BB 0 T 4y £ v A MAR C3 B i A
VS AT e T v, U AL AR LA I e s
A4 e P i 98 R B D 5 i A 2 B B 3B 1Y RE
FIEC AR AR DR S AR B R S, LT AR
A C3 55 £ FIE P I 005 1 LU AT F0089 ) sk 4 55 s
FER R, UL BH 2R R T DL 3E Ao 48 A LR
A4 S i T R AP 2 A A R B AN IE R
MUATIA — & 52 BB (N . SOD)FIAE BT
AALRGL (AN : GSH), U ALREE IS MY & K g
S RALATE B B B BRI RE B AR ok iRk
ERRER RN P RTE 4 i SR I S Tt )
fi 1M1 5 GSH% 1 MISODIE J 2 i, Ul W A+ B iR nT
Zffh s EYE A EMIUA A BT S, IR
FBrat F ARG N, PiEA T RN, X571
FHEA 4y 61 (Cyprinus carpio var. jian) b 5845
— P, BEFA](0~2 h) 2 PR B i n i 5 fa 4 fa
IML7E GSH & MISODIE 1 Tk, 5 W1k 45 Rk
LU, R B A i 5 4R w5 L GSH A & i
SODJE J1 2K 15 B 2t S0 85 Wi T AL ™= A4 [ i 2
MIRE T . 2RI 0 T A4 i 2 e kL 2H 1Y 5
2Jy A7 B v B AL GSH & 1 FISODTE Jy, B4
Tt 12 A A T AL HRBT A A N, Re i ML T
RS, HYLE A fE— 205 .

4 5

TEAS SCH 26 PR, AR AR08 ARDRE v 35 o 2 Rt
WA R T A M A K PERE . R i 454,
et eI St a R 1, HASIE b 0.1%H0 n]
K FN B RIROR

SE R
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Effect of dietary taurine supplementation on growth, intestine structure and
resistance to acute crowding stress in juvenile black carp
(Mylopharyngodon piceus) fed low fish meal diets

TIAN Qiangian'?, HU Yi"’, MAO Pan'’, XIE Jun’, FANG Bo‘, PENG Huizhen"’

(1. Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization,
Hunan Agricultural University, Changsha 410128, China;
2. Collaborative Innovation Center for Efficient and Health Production of Fisheries in Hunan Province, Changde 415000, China;
3. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
4. Yancheng Tech-Bank Co., LTD, Yancheng 224056, China)

Abstract: An 8-week feeding experiment was conducted to investigate the effects of dietary graded level of taurine
supplementation on growth performance, intestine structure and resistance to acute crowding stress of juvenile
black carp (Mylopharyngodon piceus) (initial mean body weight 5.90+0.03 g). The diet containing 20% fish meal
was set as the control group. All the other groups contained 10% fish meal and were supplemented with 0% (1),
0.05% (Ip.05), 0.1% (I 1), 0.2% (I, ,) and 0.4% (I, 4) taurine, respectively. Each diet was randomly fed to triplicate
groups of 30 fishes per tank (300 L). After the feeding experiment, according to growth performance, a 24 h acute
crowding stress was conducted in 4 group (the control, I, I ;, I 4, and the density is 100 g/L. The results showed
that the weight gain rate (WGR) of black carp in I, group was significantly lower than that in the control group
(P<0.05). At the lower fish meal level, WGR of black carp first rose and then decreased with increasing dietary
taurine supplementation level, and the maximum value was found in 0.1% group (P<0.05), who had no significant
difference with the control group. Compared with the control, the villus height of the I, group were higher, crypt
depth and number of goblet cells of the I, group were smaller; At the lower fish meal level, all fish fed the diets
with dietary taurine supplementation had a greater crypt depth, goblet cell and lymphocytes number. Moreover, a
lower villus height, villus height, crypt depth, goblet cell and lymphocytes number of intestine in the I, ; group
were significantly higher than the control group (P<0.05). As the growth of the crowded stress time, cortisol, blood
glucose (GLU) and lysozyme (LSZ), complement C3, superoxide dismutase (SOD) and glutathione (GSH) all had
a trend of first rose and then decreased, and the maximum were found at 2 h and 8 h. There were different increase
of these indexes among dietary treatments. The serum glucose and cortisol of fish fed the diet with 10% fish meal
level were significantly higher than those in the other group (P<0.05), but serum LSZ, complement C3, SOD and
GSH in I, group lower than those in the other group (P>0.05). These results suggested that dietary taurine
supplementation can enhance growth performance of black carp, improve intestine structure, and increase the

ability of black carp's resistance to acute crowding stress.
Key words: Mylopharyngodon piceus; taurine; low fish meal; acute crowding stress; intestine structure
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