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Effects of dietary selenium on growth performance, quality and
digestive enzyme activities of grass carp

SU Chuan-fu', LUO Li', WEN Hua>*, Chen Xiao-chuan', Sheng Xiao-sa', Chen Zhuo'
(1. Department of Fishery Science, College of Animal Science & Technology,
Southwest University, Chongging 400716 ,China;
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciencse, Jingzhou 434000, China;
3. Freshwater Fisheries Research Center ,Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract:630 grass carps [ initial length; (10. 16 +0. 14) cm, initial weight: (21.20 +0.24) g] were
randomly divided into 7 treatments (90 for each treatment, 30 for each replicate) to study the effects of dietary
selenium on growth performance, nutritional composition and digestive enzyme activities of grass carp by
feeding 7 pure diets with 0, 0.15,0.3,0.6,1.2,2.4 4.8 mg Se/kg diet. The basal diet which was added
0 mg selenium per kilogram was used as control group. After a 84-day feeding trail, the results showed that;
dietary selenium had significantly affected growth, nuiritional composition and digestive enzyme activities of

grass carp( P < 0. 05). The special growth rate (SGR), weight gain (WG) , feed efficiency ( FE) , protein
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efficiency ration( PER) , protein reservation rates( PRR) , the crude protein of fish body and muscle as well as
the activities of the three digestive enzymes were highest in fish fed diet with 0. 6 mg Se/Kg diet; while the fat
content 1s the lowest. The specific growth rates ( SGR), feed efficiency ( FE) increased 28.37% and
38.30% respectively while hepatic and intestinal lipase increased 205. 55% and 249. 33% respectively
compared with the control group. All of these results demonstrated that the activities of digestive enzyme were
enhanced by adding selenium so as to improve fish quality and accelerate grass carp to growthr.

Key words: selenium; Cenopharyngodon idellus; growth performance; nutritional composition; digestive

enzyme
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Tab.2 Experimental design
RS 1 2 3 4 5 6 7
&S i ( mg/kg) 0 0.15 0.3 0.6 1.2 2.4 4.8
LI EE (mg/kg)  0.04 +£0.02 0.18 +0.02 0.36 £0.03 0.66 £0.02 1.29 +0.07 2.67 £0.13 4.05 +0.04

1.4 E$str 57k
1.4.1 4KigtR

REATE 15 BA/EAVIRAERA SN EREAR, RIS RaHI AYUR 24 h JFHERFRE, WE4S
KER ARF AR B REG(BREE/ K WEE/ RE T REE/ RS REE M AE) W
FEH=FE,

WER(%) =(W,-W,) /W, x100% ;B EEKF(%/d) =(In W, —1n W,) x100%/d ;AR5 %
(¢/g) =(W,-W,)/ F ;BERBEW (g/g) =(W,-W,)/(FxP) ;fABEHRIRE(%) = (W,P, -
W,x P,) x100%/(F x P); AR E = W/L' x100% ; AT %L = MAEE (g) x 100% /& (g) ; AT IR
AEFE % = IR E (g) x 100% /fafAREE (g) ; PRAEHE SN = MR E (g) x 100/8 8 (g) ; % H = (AKE
H-NEE)/AESE x100%.
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RIS REHAIR A YR 24 h, AR5 B, 3L RURIE, ZEvKSS i Hl, BUH B AT BRAE (RIBR 24
HIRE I LSRR R HIZERK (4 C) gl ENAY , R EH K57, B RE, FRE
JEBRE, B 10 mL Z518K (4 C) , MBI ABIH SIS 5K BB L (3 500 r/min) 30 min,
¥ L iE W HHE B R EUR B VK AE (4 °C) FIRFEE R

B A BHEEN E S 08 Folin-Bygkt T, & FIBEE 7 005 .76 pHT. 6, R BKE (VM E A 5 mg/mL,
(37 £1) CHRMATAIR 15 min, LA 1 min /KIFEEEH A4 1 pg BRERA— MG BAL, TSk BETE M
SR 3,5- Tl HER(DNS) 3 S HEAT, TEMBEIE 1 B0 S TE— BT, T Bk A A, L
1 min NEFTEHIER /B4 | mg ZFHMBEIEN—NEHRA . BIHEEENESRR G
A PLAL UK AR L BEAT , DERT RS 118 XN FE— BT BE B K ARAE T, LA 1 min 7= 4= 1ug g
JU R 1) Bl e A — 1 T B
1.5 Bt

WRIEIEY L B + AR HE2E (mean + SD) K78, G5 R SPSS 12. 0 jR&GE 4K 4 ' One-Way
ANOVA J7 k4T )7 225087 , 323447 Duncan [REZFE LA, P <0.05 AEF B E,
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2.1 AR R RS A K BRR
R RIS 248 SO A K OB IR 3o FTLATR 1, 5 L% 4077 W S35, 46 95% DL
SEHH AT R RE (P >0.05) o BELE KT DA RIS SRR 22 R S (LR
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HEHBURMIA R E B TSR B A B E S (P <0.05) o HAP @AM INEN 0.6 mg/kg
W AR R A L AR A KRR LR, X BRAAAE EL , AR 8 A K AR 38 3 03 B 4R 755 T 28.37%
138.30% o MFEEAE AT 0.6 mg/kg J , RILUSMEIE I, 4 KBS K H

R3 AR ES SRR

Tab. 3 Effects of dietary selenium on growth performance of grass carp

T VR IR B (me/kg) 0.00 0.15 0.30 0.60 1.20 2.40 4.80
WRIEE(% ) 96.7+2.12 97.1%1.23 97.3+3.35 97.5+1.12 96.920.86 97.0+2.98 97.9+1.23
MBEHE(g) 20.90 +0.45 20.78 +0.53 22.25+0.30 20.28 +0.08 21.30+0.75 22.38+0.24 21.20£0.24
LREWHE(g) 43.69 +0.01 45.58 +1.23 49.76+0.01 51.100.50 51.79 +0.56 49.83 +0.57 50.20 £0.65
BEAEKE(%/d) 0.74 £0.01° 0.81 £0.01> 0.85x0.01"™ 0.95+0.01¢ 0.92+0.04°" 0.92 +0.01° 0.88 +0.01°¢
WEAR(% ) 104.15 £0.42%119.39 +0.38> 128.78+2.07™ 152.03 +1.53¢ 183.53£1.2¢ 13.04+1.32 134.71 £0.43¢
k(g g) 0.47 £0.01* 0.53 £0.02> 0.57 £0.01"¢ 0.65 +0.01° 0.61 £0.03% 0.58 +0.01* 0.55 +0.02>
EHBENEL(g/8) 1.50 £0.01° 1.70 £0.05> 1.83 £0.01™¢ 2.08 £0.04° 1.96 £0.09% 1.85+0.02% 1.76 +0.03"
AR EATTRE(%) 18.20 +0.04* 21.00 £0.60" 21.07 £0.08" 24.72 £0.37% 23.07 +1.30" 21.85 +0.36" 20.43 £0.30™

E:-FA—fTREARTFHERTEREE (P <0.05) , F&RRA,

2.2 X E AL TR
AR E TIAER (RE/ A R TBRAE L RS H0 JERE Mo, 4R LR 4,

F4 NI EERAIERRE RN
Tab.4 Effects of dietary selenium on body index of grass carp

TR0 BE (me/kg) 0.00 0.15 0.30 0.60 1.20 2.40 4.80
hE/ K 2.79+0.11 2.62+0.08 2.92+0.16 2.82+0.14 2.8620.09 2.94+0.14 2.85+0.12
RS 5 8.82+0.63 8.74:0.18 8.88+0.21 8.64:0.36 8.68+0.22 8.15+0.16 8.87+0.21
BF AR FE 5 2.21+0.17 2.43x0.14 2.55:0.16 2.56+0.06 2.56x0.06 2.56+0.09 2.45x0.13
LA 5 0.190.01 0.170.01 0.18+0.02 0.1620.02 0.17+0.01 0.17+0.01  0.17 +0.01
Rt 90.76 £0.42* 91.67 +0.44°> 91.12 20.21*" 91.85 £0.51" 91.32 +0.68 91.36 +0.35%% 91.13 £0.21*
I i 1.96£0.02 1.94+0.02 1.85£0.03 1.94+0.03 1.93+0.07 1.86+0.03 1.8710.03

MR 4 AT LR, TR P S IR S R PR/ R | PO B BT BRAEE LU | B R RCRI AL 15 B ST 1K
IR ER N (P >0.05) 5 0.6 mg/kg £ H92s 50 R W3 5 TXRELR (P <0.05)

2.3 mEXEALE PLIREFHRNZN

HaLA RN EFRAR(aEKS HES B AMEKS) kS5, TE2eadZA,
HRHFEMAETES S EMEN SEWA BEZM(P <0.05), HEARMEIEH Z R EIH AR,
FIZEZSIMERN 0 ~0.6 mg/kg B, FEER I E RYIE M, EER S EHE MM S & D; SR MEN
0.6 ~2.4 mg/kg B, FEVRINE BOBEAN , 76 1 & BT AR A 2r BN, R IRANE % 0. 6 me/kg B, £
EMURAED S B, 77 X BB R 8. 6% 1 5.9% s le i & B 5 AKX, 7 5 b X BREI X 15. 62% FiI
9.95% . A X B A fa R K S R TC B E W (P >0.05) s FENLA & /K& J7 i, BEEs i & A3 i,
K BRI, P 2.4 mg/kg HEAALNAK D& EBXTIRA B ERML(P <0.05) , 18R}
HAARKSEEZHAEE(P>0.05) RN KSSEHFE, IBMO0.15.1.2.2.4 mg/kg HWLA
ROy B SR T4 (P <0.05),
2.4 X R TH AL B T B S A

AL A S AR X B e B RR A AN A 1 T AL B TS M R 2 i L3R 6, MAFR 6 BT LLE i, 4RSI Al X B
18 HYE F B SER BE IS B BHE e i 3 (P <0.05) o HSINZH MBETE M3 s TR BR4H (4. 8 mg/kg 4
FFRERESE M BERRAN) o BEE AR R ES N E A3 i, VHFLES VG e 2 B oA s R Rk e 3. Husm
29 0.6 mg/kg B, A FRAEFAIE 3 FiE L BTG MY A o E, KPR EE G MR R R . AT IR
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Tab.5 Effects of dietary selenium on nutrients composition in whole-body and muscle of grass carp

g m vk B 0.00 0.15 0.30 0.60 1.20 2.40 4.80
(mg/kg)

&

MK (%) 76.27 £0.18  75.71+0.09 75.86+0.24 75.76 +1.05 75.59+0.64 76.06+1.22 74.78 +0.49
HEE(%) 13.89 £0.27° 14.30 £0.27% 14.52 +0.66* 15.08 +0.05> 15.150.11> 14.73 +0.11* 14.44 £0.04"
MBS (%) 6.120.104  5.69+0.01¢ 5.31+0.01> 5.08x0.01° 5.42x0.01" 5.77+0.01° 6.68 £0.03°

HLK Y (% ) 3.29+0.01*  3.37+0.02> 3.22£0.01* 3.240.02° 3.260.04* 3.21£0.05"° 3.36=0.02"
N

MK (%) 81.09 £0.10" 80.24 £0.17*" 80.86 +0.60"* 80.09 £0.04%" 79.88 £0.57" 79.84 +0.24* 79.92 £0.18%
HEBEE(%) 14.50 +0.18* 15.26 £0.05> 15.02+0.02> 15.28 +0.04> 15.36 +0.07¢ 15.18 +0.01% 15.13 +0.02%
HIEM (%) 1.81+0.02" 1.78£0.05™ 1.62+0.08" 1.63£0.09"™ 1.80=0.03% 1.84£0.07° 1.81 =0.04%
MR (%) 2.37+0.10°  2.66+0.09" 2.4520.06" 2.40+0.08" 2.69+0.02" 2.70+0.04"™ 2.52 +0.02"

R IR R 5 k53 75.52% MR E 15.63% MENT 3. 19% ,HLK S 1. 54%

R 6 (RBIELXTE & BT RAE BAE AL EE M R R I

Tab. 6 Effects of dietary selenium on activities of digestive enzyme of grass carp

A e 2 0.00 0.15 0.30 0.60 1.20 2.40 4.80
(mg/kg)

EHR

FFRE 498.60 £2.17* 514.69 +1.13° 588.59 +1.58 669.88 +1.60° 660.75 2.08¢ 652.49 +1.76° 632.49 £2.00%
i 882.01 £1.89* 895.49 +1.42" 1023.72 +1.98% 1063.72 +1.5771047.20 +1.15°1021.55 +1.1591003.29 +1.56¢
iRyl 9.43 +0.05>  9.86+0.12" 11.93+0.78% 13.57 +0.19° 11.56 +0.11% 10.60 £0.25"¢ 7.88 +0.43*
75t 31.51 £0.14* 37.01 +0.24° 40.97 £0.25¢ 42.92 +0.25" 38.84 £0.47" 34.76 +0.23" 34.46 £0.94"
gt

B g 40.00 +0.01° 46.67 £3.79%" 57.78 £2.22%° 122.22 +1.73% 75.56 +3.97% 66.67 £1.20*" 51.11 £2.14"
W& 9.00+1.71* 17.78 £1.94™ 20.56 +2.03% 31.44+1.60° 22.78 +1.26% 18.33 +1.92" 16.67 +0.01"

(1) BEABFEESEA  pg Tyr/ (g « min) ; JEMBFEYESAL: mg maltose/ (g - min) ; JEAHEHEMESAAL : ug fatty acid/(g - min)

3 HHE

3.1 AFXE A A R A R

MiREE A FRCEE S LB BRNESE ., BRMAE BIRFSH 9T aT UGAR UL P K 3R % 38
LA R SEATNLP A LLL B S B AT o0 PSS JILPA & s B % P BT SR B, 4K e
LA ARG R T AR R TR R R m LA R R B A T,

ARMEFRNETERE TR P RE RN S EZ"Y, AR EEaEExRAsMa
IRTEARFEBR R AT X B L TR R &5 SRR W) B 8 SR 2 40 R M S 3, X B VS G ] R R B
AAEMIIRAYIHERSE, RICHIE & 2, M S aE Rl aom NI ER, it E A n &
JOT 5 ARDRH S AT %o B £ () T AR FE B A AE 6 5 I S 3B S2 ), 1 B ATG Xo  f AR R R B N R AR R
3.2 Whi5EMAIEILEEE M

T AL BTS2 I e 2R AL A BB A — T B 45 hr . W S IH AL MG TS e ST RE AR 30 R, 4 FF
JRIEIEE DhREH 6, BRI R EEWIEAMR, EE 0B B e JRE S MEE L, HEY
MR R B SR BRI AL B . Gries 251" B 28 R 451V A RRS 45 Y BOA X XS 10 R B A T E
WE, W% PR RE, e R X RIS SRS TR IR E . I MRE I AR, 6 ML IF EM
FifE B RIS T A RS 0 I S RIS R DB, (R EIRB & .C K A KMEEHEBEEKET
Mo Bk DOBTAT T, 78 5L peRe XM A 75— S A B A T B AR K B Y SR S B T
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TEME, YE R AR AR M T K B8 5 A8 T B R B o

A XS K S I A S M g D . XU/ PR S HRIE, VRN 0. 6% Tl e £ B 5
B AR A AT R A A 1 W M LT BB AR 1 43. 7% s TSN 0. 3% AT BB (50 7 B 4R 8 iz | A A e 0 B 05
GBI LT BRZHHE T 84.2% F195.4% , AHESY P, B B2 1 B D8 40 R S P I v e o 0 e e S o £
MR L FE THREGEABINE R 0.6 mg/kg i, B4 AFEAE F 78 3 FEILEETE 15 5
KE, MEEZWEBEMS, WX BB EENEZNRE N EE IFEREENEES THE. BBEA
HE U kPR U e gy B gR s i AR AT Rl R F S WA B R IR 2 AL , R AR X T A 1E % T
BERYAERFE IR T IR A B
3.3 WOXTE A KPR R i A PR

MRAREKFVFNEETE XK ERAKER, 2552 BxELE" X 2ER
BIRORF ST, F 22 U003t b B X AR A BT ST B B , W AE 5 2 1 B SO AR K AR IR 4 SRR B, 1R
HHA AN AR KB E , IINE R 0.6 mg/kg HEAMAERMRERE, FEERKR WEE AR
R EARSCRMERE QIS E LRSS,

FRYE AR , R HE s A K FE2R/ U EmALE] : — 7, YE A B IS B4 S 2H
oy, BB SN TLEALRE S SETR S ThRE , R RSE T, SR AE K B — T AR 5 R
WLEG ) H AR 57, - FAR IR R T SRR e, ik T, 5B A58 T, T, il E A KB R IR RERM
KRN AR, T, BEEIR B IR Rk E (RN R B RS 5 AR, Wt K 72 AR ke
FEARRL R ES AR 5, B A TH AL B TS AR I, IR 8 B FE 9 R IR AL R, Xt B By PR AR K . H1H
B INE A (0. 6 mg/kg) B, B AT FEAL AN ip 18 26 % € 0 BE AN RS I EE X SR 1B B KAME, Sbh, B fa i
BR FEA K RAERSCR SRR AR KE,
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