RESESAMEEEARSEAREERES MR

W FERME PR
CHALRZ B SR 2R N 434025)

RE

LA A AT S I, ALl L fal RS | 2T 43 AR OSSR e 35 )

FUR AR BRI R R R 5 ANE A FUKE BN E AKE D M s MEEY , ik
KA EL R SRR R B PR |, SRR 8.73 g £0.79 o [ 4L
( Aiperser sinensis) FRIE B8R F TS i M L8R A g LLREAT TS 22ad i) 8 Al ik 4 2R
FW] . P A A A DR S B R S VS Y 35.7 % ~ 41 .8 %, RN AEE R
HHYEEY 21 .85 ~30.05 ng/ 7. iR IIRHE A BTSN 40.3 %, SEAREELAY 27 .85 ng/ J
I, IR 0 SRR A T AT HON 11 .60 £1 .20, BARAIARIRE N 1 .68 £0.23, LLK

WEMNEATRSCRN1.58% £0.14%.

KA

FEISES 5963 XHktRiIREY

’:F'ﬁéﬁ‘( ﬁci;emersimmis))%ﬁf%ﬁ%’é JREE AN |
ogwia H SR H R DT a2 Ty
AT R EAIT T R R RV T
7N E AR,

R s N TEI RSN T 10 R, H
A RNLAEH R RAE D HGE? 7, TG B
PREFRILTT . HRTFRBLRE b AF 4t iR Al 3R
PG | A3 A 2RAE VAR | T b U £ ek
AR AR | Gz rhARE L ISR, SBER
Farh HIL T AR RCRAIG R DR AR Ao R i 45 )
BEBE N T FRAE AR SR T FR5E WA Rk FF e
BN LA AR T AR o T A SO AR
S 5 Pk o A R B AR R LUk AT T
T, BAHBRHIE E A TERCA RS | i
B ORA P AR X B

1 MRS

TR FH £ R ] 7%
HRARET AT goo FRIN B K ARG SRR A | B
7% 7 d Ja BEPLE A FUERH: | R4 750 &
P gt aae fa s KB R ITE 10 .25 ¢ /b
Wy 7.53 o SPHIRRTTR N 8 .73g£0.79 . TIFRRLE
PRI = WA IR L JEAORAE P BT |, AR 3
AN KR SR IGRE 10 RBAG A FR0E T K B,
7 d L BRI R, JKIERAE 22.3~25.1 CZIW, 24 h

1.1

E'Jitk‘—@%l‘( Aiperser sinernsis) JRETR EA RS R EOREELL

A XEHS 10003096 2003) 04003806

SRR AT 6 mg/ LULE pH A 7.6 /F
A7 BHE 0.1 mg/ LEUR L3R5 31 )5 K42 £ o 22 (1)
3 %M AR A IAE 8 00 A 16: 00 PRI
FEARIE AT — R R s OO R B AR
LB 7 d I S RFE R I R A R, LA
TR & . B R — B TR B M S e
e, BRIET 60 CIEMR MHLFERR TR . W5 T 2001
11 A 20 HE 20024F 2 A 14 HIHAT JLg A
1.2 gkl

AT 25 R e A B 1R, LRI AR 5 AN EE K
VA E AR LA s Mg, It s 41 . fE4l
IR Rl Gl e BT RIEEY | UAS
e S (RORRS R R e g 22 | LASF 4 R0 BT o 1
2100 %, FIRMHELER 1, FTE EEHRA AR I
NIERIK , AL AHUERL B A 2 mm, kL
J5T 60 CHIE THT%H .

« WAL BE ITHFIH 2001803004 5
PB—VEH RN AT 1967 5T BIEEE AR
BIE RS ERIIFSY . A bk Wb A TR T R AL 88
SAEAR A BESI IR E R, WS 434025, Email: wenxbo @
sina.com
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F 1 REERER( %)
Tab.1 Ingredients of the experimental diets( %)

EPORTS

FADRLRE (% 100/ g) BEABE R %)

) , ) .

A M e Wit T S Wi S
1 24 .5 3.6 4.0 8 .37 8 .52 25 24 .7
2 24 .5 3.6 13.0 10.05 10 .24 25 25 .1
3 24 .5 3.6 24 .0 11 .72 11 .87 25 24 .5
4 24 .5 3.6 35.0 13 .39 13 .51 25 24 .6
5 24 .5 3.6 43 .0 15.07 15 .24 25 23 .5
6 28 .7 4.5 4.0 9.21 9.40 30 29 .3
7 28 .7 4.5 13.0 10 .89 11.04 30 28 .7
8 28 .7 4.5 24 .0 12.56 12.76 30 28 .2
9 28 .7 4.5 35.0 14 .23 14 .45 30 30.3
10 28 .7 4.5 43 .0 15 .91 16 .07 30 27 .7
11 32.6 5.7 4.0 10.05 10.33 35 33 .8
12 32 .6 5.7 13.0 11.72 11 .87 35 33.1
13 32 .6 5.7 24 .0 13 .39 13 .58 35 34 .3
14 32.6 5.7 35.0 15.07 15.25 35 34 .6
15 32.6 5.7 43 .0 16 .75 16 .88 35 33 .4
16 36 .3 6.6 4.0 10 .89 11 .15 40 37.5
17 36 .3 6.6 13.0 12 .56 12.76 40 38.9
18 36 .3 6.6 24 .0 14 .23 14 .47 40 40 .3
19 36.3 6.6 35.0 15.91 16.18 40 38 .3
20 36 .3 6.6 43 .0 17 .58 17.78 40 39.1
21 41 .1 7.3 4.0 11 .72 11 .95 45 44 3
22 41 .1 7.3 13.0 13.39 13.59 45 43 .2
23 41 .1 7.3 24 .0 15.07 15 .34 45 44 .7
24 41 .1 7.3 35.0 16 .75 16 .90 45 45 .1
25 41 .1 7.3 43 .0 18 .42 18 .64 45 43 .7

) RN IE R %) cal B, 1S b T, 1 s el EEFOREW 1 A DHIBGREY | 45 e RN R AL R

2100 %.

2) PARHAR B THE MV B IEl RS WK A AR5 R 3 .77 x 1041 .67 x 104 ,1 .67 x 10%), 4 FATHAE(Y .

1.3 FEMRE SR R &

I TFaR S &5 R 23 Bl ie fa AR R i it | I
MR T B VE LU R U4

PRI KA = (RARTE - VI Ty / 4]
PR

AR %) = (RWTE - YIRTE) /[ (%
V- BRI x BRI TA R 1% 100

TARLRE = (B - Ry R - 3]
(NDE Ty

2 WEER

e 8 FAMFRIEIRGS B | IRI6 A AR R A |
LSS ZIE 100 % , FLARFRILE Bk 2 Fios , ik 2
L GRS HEE R AR E RIEE N 23 5% ~45.1 %

(R, HAREKIEHE KR 15.41 ~37.05 ng/ 1, &
TRIREEAC R . M A RERILAh 22 ~ 30 ng/ T 145
AR EERK TR R O AR A 2 4,
ME5 IR FEHAN MR I Re R Ll 27 .85 ng/ 1,51
FHN 403 % (55 18 ) W, A B R4 R KA
11 .60 21 20 F5  EBARTEL RS 1 .58 £0 .23 FlEK
BEFME 1 58%10.14% ., FEEAFTES NN
25 %,30 % ,35 %Al 40 %M 4 DA B R AR
R, ORI RS F R RCR IR | kLR
NG

R AR N 40 %l | R FE K% S
K, T30 8. 86 11 .33 1 ; MR REERME, TN
1.87%X0.56; AN ERRS, FHHN136%
0.18%., HEARE EIREE LT 45 %l AR
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Tab.2 Results of feeding experiment

ik : TR TR (o) I AT PR 1A K TaPRE R 5 HARE  EORkRELL
WA T HRAKJF ) 5% ( %) (ng/ )
1 8.05%0.45 41 .23%3 .45 33.23%2.37  4.17%F0.52 3.65%0.14 1.10%0.06 28 .99
2 8.54 %0 .67 65.4313.27 56 .86 £2 .45 6.63 £0 .83 3.06 £0 .20 1.32%0.05 24 .49
3 7.89%0.76 37.39%2.78 29.57%2.59  3.77 %0.66 3.8310.32 1.08£0.10 20 .63
4 8.38%0.43 34.57%3.56 26.70%3.17 3.12%0.81 3.97 %0 .43 0.99 £0.08 18.20
5 9.03+0.42 33.19%2.48 24.26%2.24 2.60%0.35 4.12%0.35 0.98 £0.05 15.41
6 7.90 £0 .65 45 .67 X2 .64 37.76 £2.89 4.71 £0 .57 3.21 £0.29 1.13%0.07 31.17
7 8.77%0.35 73.75%1 .86 65.01 £2.13  7.30%0.45 2.58 £0.23 1.33£0.04 25.98
8 8.61 £0.52  67.03%3.43 58.38%2.37 6.74%0.61 2.85£0.27 1.23%0.06 22.10
9 9.11 £0.27 63 .48*2.54 53.67%2.55 5.82%0.57 3.12%0.14 1.07%0.11 20.97
10 7.76£0.73  42.39%2.63 34.64%2.78  4.4310.63 3.53%0.25 1.05%0.13 17.23
11 9 .31 £0 .31 66 .65t3.14 57.35%2.76  6.07%£0.54 2.67 £0.33 1.18£0.08 32.72
12 8.37%0.65 82.29%3.03 74.02%2.38  8.83F0.61 1.98 £0 .41 1.53%0.07 27 .88
13 8.85%0.17 78 .82£2.76  69.55 %2 .66 7 .89 0 .47 2.04 %0 .27 1.39%0.05 25.25
14 8.59%0.54 73.41%2.77 65.02%2.53  7.53%0.56 2.31 %0 .34 1.24%0.13 22.69
15 8.4310.48 64.35%X2.16 56.03%2.41 6.64 10 .43 2.41 £0 .25 1.21 £0.03 19.78
16 9.07%0.39  73.65%2.54 64.70*2.55 7.13F1.12 2.03 %0 .31 1.27 %£0.06 33.63
17 8 .81 £0 .25 89 .27%2.71  80.52%2.19 9.15 %1 .06 1.89+0.25 1.37%0.07 30 .49
18 7.5720.52 95.61+£2.69 88.16+2.54 11.60%1 .20 1.58%0.23 1.58+0.14 27 .85
19 9.07%0.29 88.36%3.42 80.03%2.58  9.21 *1 .27 1.84 %0 .36 1.40 £0 .16 23 .67
20 8.17 %0 .63 65.78 £3.16  57.25%2.39 7.07 £0 .68 1.96 %0 .28 1.39%0.11 21 .99
21 8 .85 %0 .35 66.72 X2 .31  57.56 £2.51 6.54 10 .43 2.13%0.33 1.07%0.04 37.05
22 8.79%0.33  70.13%2.18 61 .46%2 .42  7.04%0.39 2.02%0.25 1.16 £0.06 31.77
23 8.70%0.43  74.92%2.71  66.31 £2.69  7.56 X0 .45 1.97%0.18 1.12%0.07 29 .14
24 8 .81 £0 .42 87 .81 £2.69  79.01 £2.37 8.96 £0 .52 1.82%0.24 1.22%0.14 26 .68
25 9.15%0.28 74.63%2.96 65.49%2.48 7.13%0.36 1.85+0.28 1.25%0.09 23 .44
KRR PRI BT SOfiA BB, i iapek
RO P 12r .
ik P ER IR R AR L R R EOR
(TSR B 11 R LIRS, LA 11 AL o B °r .
ABKR 23 LA 25 AR IR A ) A4 DT B B A5 2 TR &R e

HONVER SR A B AR I B 1,2 A3
Bz . IR L, 3 AN P R FROR R AR B 0kl
WEARAS AT . LR RER T X 0 N2 44 5T
AT R R B R AR Y, v
Yo RGeS SR iR

(=-0.034X +1.894X- 18.763, (n=750,

) S S VAN HY S T R DU S|
r=0.6718, P<0.01) 16 18 21 24 27 30 33 36 39 42
¥%=0.009 X' - 0.543 X+10.251, (n=750, r= X
0.6455, P<0.01)
Y= - 0.003X+0.158 X- 0.821, (n=750, r= Bl PRRERRAR ) SRERE T 2 R
0.6617, P<0.01) Fig.1 The relation between the protein/energy ratio ( X)
FRPE [ FE AT A , MEHBEEIL N 28 .42 and times of weight gain ( ¥)
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2 FRERH v SHEEEAL X KGR
Fig.2  The relation between the protein/energy ratio ( X)

and feed conversion rate ( ¥%)

B3 EHANRCHR w) SRREAE X RR
Fig.3  The relation between the protein/energy ratio ( X)

and protein efficient rate ( ¥%)

ng/ J B ARBUE R KAREOR BN RAE ; M R L
4 30.05 ng/ TN AELREOEBI/IME ; B A Re =
L6y 21 .85 ng/ J W) R EURBCRIRBIRCRAE . SKHIAR
iU pIRPR AN i AR g = Diaens WKLV IE LRI b
FRERE A PR AEEWE 4,5 F 6 Fix .
HEARELRITOEEL, 3 A oS R IE A
BZRIERSs . EAREEN X N AAR
Tt G R A A TR R BN R 1 TR (I 4
BN Y., Yo Y, MRS AT R 5 R
X

Yi=-0.009%X*+1.500X - 21.507, ( n=750,
r=0.7910, P<0.01)

Y.=0.006 X>- 0.518 X +12.769,( n=750, r=
0.9378, P<0.01)

EPORTS

127

10+

20 25 30 35 40 45 50 &5

4 PRPTEMKAAR V) SEARSEIICR X)
Fig .4 The relation between the protein content ( X) and

times of weight gain ( Y1)

PR

16— ——
20 25 30 35 40 45 5O

X'

55 60

5 BRLARE V) BEARE R PRR
Fig.5 The relation between the protein content ( }() and

feed conversion rate ( Yz)

Yi=-0.002X>+1.503X - 1.251, (n=750,
r=0.6653, P<0.01)

AR EDA TR A LA e A iRk B AR
TrEN 35.70 %I H ARSI R RAS S K AR BT E G K
MEETE TR 39.69 % Ak REUA B ME ;4
TR R F TS RIS 41 .80 %), i TS B 5K

3 Wi

A U OE R KR SRR R SR,
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20 25 30 35 40 45 50
X
6 EHAFHCR Y) SEAREE X MKHR

Fig.6  The relation between the protein content ( X)

and protein efficient rate ( Ys)

TR A P AL S RIS 4) . kbR e Z B A
MBSt | AERORAESE | i B AR EW
&SRS A IR YN AR AN G S N (S P
MARR P E ARG ELE, —WAEE, 4
FEAIPURNGHE | EmfaER | BESEERAMR
g, DRI A SRR R A A S BT R R )
RO ARG R | SR 5 SR W60 B 5 ) S
REHN 40 3%, MBI RARGESHER 44
RER B FURRCE 2 B EE > Hr R ] | rh A3
HRIEE T REN 35.70 % ~ 41 .8 % . RBLAHLE
INA | 53 A7 TN [F) HI ) J L 6 et ARl B )
s RARE BT VIR EF( Aiperse r bae rit) AT SR [ H
( A. schienckii) 125 Bl $5 KA K HURE I o el 2 11 7
TR ERARIE SRS A 40.5 % £1 .6 %A1 39 .8 %), fih
KITEWTTNA | S0 I & fa k] B 1 & BN AE
40% K AT, Moe HFHFR KXW, &Y HE
( A.tmns nontanus) G R G E RS RN
36.5% ~40.5 %" 1. W [F]— 830 = B3 | Hung MIBFA
A R TR 40 % £2 9%, XEEL5RI A
WFFT 4 AU .
MRERKNEEREZ —REE A5 EN
N AR T T SR A RS KN FRIE K A
B 7K T4 DR 2 Tt R AR AR AL DREH IR R R S /KT )
RIS I TSR, Prather AT Lovell 1973
SEHED , AERE R AR T OL T, BRI R
PSR AT S )1, Samantary A1 Mokantyl 997 4F
METERE, S ENEEEE AR | ARk
AR K IR R AR R R UK AL TR AR
MR AP . BRLER RIGIA R @& oK
SPalh s A A e A AR R

EPORTS

YERERMATHRE . KA A R4lrh | 8 A b A%
bR R RN g N g o AR S )l AR Y N el o A S D
AR ARFE T . AR TR 4G R | A6
Bk AR R (I RER LR 27 85 ng/ 1, BRI DR}
BIRRERE N 1 .44 107 I/ kg. [MENE A RERE LS4
JE KR | R R BN R A R (K B 4
R, AR A A RS B AR T RE s LR R 21 .85 ~ 3005
ng/ J. TEULIEFE LAS A ARDRE | 44 5Tt AN 8 1 Rk
ZRIJAR T RRL R B IR NR 9K IR A e
HA T B . Daniels 1 Robinson WYUK AR 43 ¢
HRBEPLAT 1 1 ( Stiaenogs ocellatus) HIE H R LN
23.41 ng/ I, Nematipour SERFIT T ARG A 35 g 2%
Tﬁ)ﬁ( Miore chngops € x M. saxatilis  8) HIEE [ BE &L
tEA 26.75 ng/ 1"*!, ErSayed FH Teshi ma 303X 44 5T
A 50 g AR Nile tilapia) BEATWIG A HOd
AR 24 .60 ng/ 1™, Takeuchi FFHFFTIN N
B4 ( Cyprinus cano) (20 g) HIERHREEEILY 25.79
ng/ JUeV FREEE RN NS £ ( Ereochio mis niloticus)
(45 o MEOREELLN 21 .73 ng/ 1177, HRAEPRAEHI 5T
THM ( Mylophargngodon piceus) (3.5 g) M H e
L 450 26 .25 ng/ 1", Catacutan F1 Coloso X 4R fifi
( Lates calari pr) 40f0.(1 .34 g+0.01 o) IAFFLIN N | BE
M ERE ALY 30.57 ng/ ™), Sumantaray Al Mo
hanty FFFINR G ( Ghanna stiata) 98 A RER LN
21.71 ng/ J I FRAGFE I KA B M R R H 0,

MR ZESR , FECEFRTHRAN , M HA RS
N BT R R A e i & AR IR, AR A
JR KA SR BRI I RE R ATNEE 1 67x 10 ¢,
1.67x10*F13.77x10* ) g, AWML 2.34%x 10 *,
1.72x10°F1 3.98x 10 * J/ g VFE70, PR IE W [k
SEH R WL —HE AN R S A A e e LU
SR,

AR, EETREN 0.98% ~1.59 %, T3
123 %0 .06 % , FEOS AL 00 T fa U GRS
AT RARACE . B A TR R A AP e
SN S PE 3 g i Lk S D BN A
FERE AL PR ZE M), Catacutan 1 Coloso
TERT IRt 4 £ R 1 RE R LU IO RIF T I R RO, BT
HIEE AR (1.62~2.26) FEEH Tk EIE
PR (4 4 R SR W 5 UL PR S BE R 2 AR B ), ARG
B, AT A S 2 b AT U IR
AT B A2 0 1 [ AT AR AE | JREOR: B TRl R R i A
HA I (UG B LA AS 2 | DS AN [ 2 B 1 2 1) 1) B 43
AEAL SEE AR AR T #b) 5 A AR
ANV,

S Rk
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PROTEIN REQUIREMENT AND OPTIMUM RATIO OF DI-
ETARY PROTEIN TO ENERGY FOR JUVENILE CHINESE
STURGEON, Acipenser sinensis

WEN XiacBo KU Yao Mi  LUO Jing Bo
( Departnent of Aninml Science , Hubei Agriculture College , Jingzhou , 434025)
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Abstract

The opti mum protein require ment and ratio of protein to energy for juvenile Chinese sturgeon ( body weight, 8 .37 g+
0.79 g) were determined using practical diets in a 5 X 5 factorial experiments . Five protein levels (25, 30, 35, 40 or 45)
and five dextrinlevels (4, 13, 24, 35 or 43) at a fixed lipid level of 3 % were tested. The ratios of the experi mental diets
ranged from 15 .41 to 37.05 ng protein/ J. The experimental fish were reared for 8 weeks in 150-liter flowthrough tanks with
groundwater at 22.3 ~ 25.1 ‘C. Based on calculating weight gain, food conversion rate and protein efficiency rate , the
experimental results indicated the protein require ment and optimum ratio of dietary protein to energy for juvenile Chinese
sturgeon were 35.7 % ~ 41 .8 %, and 21 .85 ~ 30.05 ng protein/ J respectively. The diet containing 40 .3 % protein and
1.44x 10"J dietary calotie/ kg diet with the matio of protein to energy of 27 .85 ng protein/ J was found to be opti mum for
juvenile Chinese sturgeon under the experimental conditions used in the study.
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