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(1. 410128; 2. 415000,
3. 410003)
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, 4 , 20 0.0 1.0
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, 6.0 g/kg ; , )

(P<0.05) (2) , 3) T3
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> > >
(Matsunari et al,
2006; Xie et al, 2014), , SLX-80
0.0 1.0 2.5 4.0 6.0 9.0g/kg ( 1.5 mm
, ) 2.1 299 44
40 R 5.7 7.5 10.1 g/kg, 1
F1 EfEARMAR)REFKF
Tab.1 Composition and nutrient levels of the basal fodder
(g/ke)
0.0 1.0 2.5 4.0 6.0 9.0
Wheat flour 8.00 8.00 8.00 8.00 8.00 8.00
Starch 20.00 20.00 20.00 20.00 20.00 20.00
Soybean meal 32.00 32.00 32.00 32.00 32.00 32.00
Fish meal 28.00 28.00 28.00 28.00 28.00 28.00
Soybean oil 3.00 3.00 3.00 3.00 3.00 3.00
Fish oil 3.00 3.00 3.00 3.00 3.00 3.00
Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
Ca(H,PO.), 1.0 1.0 1.0 1.0 1.0 1.0
Cr,0; 0.5 0.5 0.5 0.5 0.5 0.5
Methyl cellulose 2.00 2.00 2.00 2.00 2.00 2.00
Premix 2.00 2.00 2.00 2.00 2.00 2.00
Total 100.00 100.00 100.00 100.00 100.00 100.00
nutrition level
/% crude protein 32.18 32.18 32.18 32.18 32.18 32.18
/% crude lipid 9.53 9.53 9.53 9.53 9.53 9.53
/% crude ash 7.67 7.67 7.67 7.67 7.67 7.67
(g/kg) 2.1 2.99 4.4 5.7 7.5 10.1
: VA 0.02g; VB, 0.01g; VB, 0.015g; VB, 0.015g; VB, 0.008g; VC(35%) 1g; 0.04g; 1.2g;
0.01g; 0.002g; VE 0.4g; VK 0.32g; VD 0.31g; MgS0,4-7H,0 0.6g; ZnSO4-7H,0 0.6g; MnSO,4-7H,0 0.08g; KI 0.0015g; Na,SeO; 0.003g;
CoCl-6H,0(10%) 0.005g; CuSO45H,0 0.03g; NaCl 0.1g; 0.15g; 4.7805g; 0.1g; 0.2¢g
1.2 (special growth rate, SGR) (feed
( coefficient, FC) (protein efficiency ratio,
) (29.07+0.19)g, PER) :
8 6 , 4 (WGR, %) = ( )/
R 20 2014 T— x100%,;
9 , (SGR, %/d) = (In In )
120cm*x80cmx80cm R x100%;
3, : (FC) = I )
5 24—27°C, pH (PER) = ( )(
6.5—7.5 X )
1.3 1.3.2 R
1.3.1 8 s 3
24h

, , 1.5SmLEP  ,4°C

(weight gain rate, WGR) , 4000 r/min 10 min, -80°C
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T3 T4 (10 pmol/L) 0.5 nL; (10 pmol/L)
163 0.5 pL; 0.5 pL; 5 uL; 12.5 pL,
1.3.3 , 3 RT-PCR , Ct
3, , 0.1 mol/L PBS , RQ=2"2“[AACH=(Ct Ct ) ACt
, 4% ; ] ,
( Sigmaplot
H-E ) , 10x10 14
10—20 , Image-pro plus6.0 ,
Image-pro plus6.0 «“ + (x£SD)” ,
[ (2013)], Excel 2007 , SPSS16.0
R (ANOVA), Duncan
) , P<0.05
1.3.4 Sigmaplot
) 3,
' 2
RNAse EP R ,
, 2.1
1.3.5 Tritrol (TaKaRa) 3 , 1.0 25 40 9.0 g/kg
RNA, PrimeScript )
RT reagentKit (Perfect Real Time)(TaKaRa) (P>0.05),
cDNA GenBank 6.0 g’kg
N (Aminopeptidase, APN) (Peptide (P<0.05) 3
Transporter, PepT1) (caudal , 1.0 2.5 9.0 g/kg ,
homeobox genes, CDX2) L- (P>0.05),4.0 g’lkg 6.0 g/kg
(L-transport carrier protein amino acids, LAT2)
) ORF PCR(Real-time (P<0.05)
PCR) Primer Express 3.0 , 2.2
B-actin ( 2) 4 ) T3 T4
®2 RAEERHHWENEASHSEENINSH ’ ’
Tab.2 Primers used for real-time quantitative PCR analysis 6.0 glkg T3 T4 >
1.0 g’/kg 2.5 g/kg (P<0.05)
(bp) (P>0.05),
APN 5'-GCCCAAAACTGTGCAAGAAAT-3' 141 (P<0.05), 6.0 g/kg
5'-CTCTGATGCGTGTCTGGTTTAGT-3' (P<0.05)
L Seemeccecetoerices o .
X2 GGIAATTCCAGGGACGTGATG S TS 60 ghe
Real-time PCR SYBR Premix ExTaq™ (P<0.05) ,
(Tli RNaseH Plus) (TaKaRa) BIO-RAD /
CFX96™ Real-time PCR Real-time PCR , 6.0 g/kg
PCR : SYBR Premix ExTaq 6 pL; ( 1)
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1 (x100)
Fig.1 Comparison in intestinal mucosa morphology of crucian carp in different groups in optical microscope (x100)
2.4 PepT1 mRNA 6.0 g/kg
2 3 , APN PepT1l LAT2 CDX2 (P<0.05), 6.0 g/kg
mRNA (P>0.05) 3 , LAT2 4.0 g/kg
, 6.0 g/kg 6.0g/kg
, (P<0.05) (P<0.05) CDX2 mRNA  6.0g’lkg 9.0 g/kg
2 , 1.0 4.0 6.0 g/kg APN (P<0.05)
mRNA (P<0.05); APN PepTl1 LAT2
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CDX2 4 R
x3 TREGHEERSEESE =TT N
Tab.3 Effects of different concentrations of taurine on growth performance of crucian carp
(g/kg)
0 1.0 2.5 4.0 6.0 9.0
(g)(IBW) 29.0+0° 29.08+0.14° 28.92+0.38" 29.17+0.14° 29.08+0.14° 29.17+0.14°
(g)(FBW) 95.53+2.24* 92.24+2.64" 92.31+2.67% 97.76+£3.76" 111.1£5.39° 97.86+0.58"
(%)(WGR) 229.42+7.71° 217.13£8.13% 219.29+10.58* 235.24+14.38° 282.08+20.15° 235.52+1.84*
(%)(SGR) 2.09+0.04" 2.02+0.05° 2.04+0.06" 2.12+0.08" 2.35+£0.09° 2.12+0.01*
(PER) 2.00+0.08% 1.9+0.08° 1.96+0.09% 2.11£0.13° 2.53+0.18° 2.11£0.02°
(FC) 1.64+0.1° 1.64+0.07° 1.58+0.08" 1.48+0.09* 1.31+£0.15° 1.47+0.01°
n=4; £SD (P<0.05),
x4 TESHBREGHEE NKELBRNEZME
Tab.4 Effect of taurine in different concentrations on biochemical indices in crucian carp serum
(g’kg)
0 1.0 2.5 4.0 6.0 9.0
T3(nmol/L) 2.93+0.17° 3.36+0.20 3.89+0.50* 4.31+£0.35% 4.40+0.26" 4.19+0.33*
T4(nmol/L) 2.35+0.50" 1.86+0.55° 3.59+0.40° 21.68+0.48¢ 35.89+3.92°¢ 17.2243.62°
(mmol/L) 0.63+0.06° 0.50+0.00* 0.60+0.00* 0.50+0.10b° 0.43+0.06° 0.60+0.00*
(mmol/L) 3.23+1.05° 3.40+0.56° 3.37+0.15° 3.07+0.21° 2.77+0.29° 3.60+0.26°
®5 TRSEBREMNHEFERBEESHZNE
Tab.5 Effect of taurine in different concentrations on intestinal mucosa morphology of crucian carp
(g/kg) (nm) (um) / (V/IC)
0 838.74+11.13" 81.16+£3.38° 10.35+0.48°
1.0 871.05£99.05" 74.57+2.12¢ 11.69+1.39°
2.5 692.53+£30.84° 71.1£0.73% 9.74+0.49*
4.0 954.53+61.6° 66.68+1.86" 14.32+0.99¢
6.0 1112.99+81.54¢ 57.69+3.41° 18.44+1.55°
9.0 906.65+18.72" 65.75+2.4° 15.04+1.58°
> >
( , 2002; , 2012)
, T3 T4
, Takagi  (2006b) , 6.0g/keg ,T3
fifi R 21 , 0 T4 , (2004)
>
Takagi  (2006a) ,
1 , )
, (Whang et al, 1994) ,1.0 4.0
, 6.0 g/kg 6.0 g/kg
, (P<0.05), 6.0 g/kg ,
(P<0.05), ,
(2008)
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1600 c , ,
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18 1200 Ecsz I (Yuasa et al, 2005),
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B 8004 n =4; Xx+tSD
@ 6004 , 2009) LAT2
5 400- b
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PROPER TAURINE-ENRICHED FISHMEAL PROMOTES GROWTH OF CRUCIAN
CARP CARASSIUS AURATUS

WU Qin"®, TANG Jian-Zhou®’, LIU Zhen*®, ZHAO Yu-Rong', HAO Guang’, LU Shuang-Qing’
(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China; 2. Collaborative Innovation
Center for Efficient and Health Production of Fisheries in Hunan Province, Changde 415000, China; 3. Department of Biotechnology
Environment Engineering, Changsha University, Changsha 410003, China)

Abstract To study the effect of taurine-enriched feed on growth of Carassius auratus, taurine in different
concentrations (0.0, 1.0, 2.5, 4.0, 6.0, and 9.0 g/kg) was tested in 8 weeks, during which proliferation of intestinal cell and
expressions of genes associated with protein digestion and absorption were studied. A total of 480 individuals in body
weight of 29.07+0.19g were selected and randomly divided into 6 treatments containing 4 replicates each with 20
individuals. The basal diet with no taurine was used as the control. The results show that taurine could promote the growth
performance best at 6.0 g/kg, at which the weight gain rate, specific growth rate, feed coefficient, and protein efficiency
ratio increased remarkably than the control (P>0.05). In specific, taurine-addition promoted the growth of intestinal villus,
reduced crypt depth remarkably, enhanced the serum T3 and T4 concentrations, and reduced serum urea nitrogen
concentration significantly (P>0.05). In addition, taurine enhanced remarkably the relative expression of APN, PepT]l,
LAT2, and CDX2 mRNA. Therefore, a proper amount of taurine supplementation is necessary for the proliferation of
intestinal cell, genes associated with protein digestion and absorption of the fish, favoring the growth performance.

Key words taurine; crucian carp; growth; protein; cellular proliferation



