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PEBHEFEMEFRFEEESBRNFR

I X

K OBTH A &

(B M F LA, B B 443100)

M OE RAEOR#ENRENERTQRERSETER, R EEA4F, LA LS g ez, i+ 15
HYREHEORETTET A 35.41% —49.00% ; A E iRk, A £kt 9 RaE s in
O, BASHRELAKROARER TS EA . FG K 40.41%, 68 9.06%, #25.56%, £+ 4.
08%, SEHRESHPRUA LB EQAAERYhi b Faf>BE B8 AT ESAH B4
ARPABRABENGIRAR(P<0.05); ABEHENRES EXRSL R - FFEFRE 2R

P

L=~}

X@iA TR e mOPH, ERELR

RTFREEFTRROMRERHERCH TSR
BT, Moore B J R TREE( Acipenser
tmmmonmnus) ﬁ%ﬁﬁ#%ﬁ W%Egs if}\j‘}g
BHR(AE 145~300 g, 200 AR N EREELRES
BH(40.5+1.6)%, RIEBWHEEN 9% ES, &
#D- WEHES BN 21%. Kaushik ELIHETH
HFEEF(A . baeri) HEHRRLTHEBAOTR
AR, M AT ARERRE 22~ 44 ¢, 18T) 4
MBEEESHESRP0.0£2.0)%, HEKgEN
BB THIERE (A, schrenck YA TR, IV ABK
F{EI-12 ) MEMBEARSTREL 30% ik
ek, PEBRA. snensis ) BERE —-EEIP2H4
EHERTROVIRHARME. FLRHAER
B B R 35 05 L OF 22 1R 56 54 0 g I B B 4R 3% v o
RS e BEFREFEEHROWE, LTRF
CRATESFENFEARIEMSERRNET
HER, AR ERE R A TE SR 5 R 4R
FARYE.

1 HH5RZE
HES 3 EAHT. BRI T OI2ERE

WO 1998 - (4 - 03

F Bk BE B e s, (B 38R MR I b A 30 0k .
TN it )

B ] aafhEAR NINMEEYEQR
BE, BERAEYENFREN - Hh. B . 24
B RMENLBAN, ARTEFHEEME IS
M. RE 1, AE—-XEOQRRBE,

= 1O T RIRER

Table |  Diet formulas in experiment ] Y
[iiAL) RS die No. 7t 58
composition 1 2 3 4 5 6 7 8
1 4

fish rmeal

s 72 56 48 40 32 24 16 8 0 BB

dextrin

« BH
carbohydrate

HE
others *

BEARK

protein

TEAEER EALNE, EM. CMC & 1%, Mixed vitamins, mized
inorganic salts, bean oil and CMC cach 1% .

WETERERR LGHRITRAMPEER.
REWT AR XY, Lo dl, EEHRENSE
RPREBMT. EHMN45.0%,40.0%,35.0%;
BBHE % 9. 0%, 11. 0%, 13. 0% ; ¥ 35 20. 0%,

g control

32 40 48 36 o4 72 B0 B8 0

B 8 8 8 8 B 8 8

4 4 4 4 4 4 4 4 4

9.92 19.84 24.80 20.76 3472 30 68 44 64 49.60 34.56 O
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Gl I

L

25.0%,30.0% ;5P EER2.0%,4.0%,6.0%, i
RN Aak. KSh 0N EA%E RN
AN, 2 PFENRED. S« - EH. K
B R4 E () R TR R E O R IR R
BEASE, HEBEHARENERERETESN

EEFENATE SHURMERETRBLE 2.

HE AR . 1RGSR REEREH
B, LIGE AR, R R R TIRM R,
FHRIMERAR SRV EE RFURY, WHE
W 3, KBRS R R T g

£ ETRAREERFERNEERAT

Table 2 Nutrients and levels in diets of experiment [I %
- FHRRES dien Ne.
B composition 1 2 3 4 5 G 7 8 9
EAMK protein 45.38 45.38 45.38 40,41 40.41 40.41 36.69 36.69 36.69
BERY far 9.06 11.04 13.03 9.06 11.04 13.03 9.06 11.04 13.03
B2 crab 21.59 25.56 2%.54 25.56 29.54 21.59 29.54 21.59 25.56
HHRE cellulose 2.04 4.08 6.03 6.03 2.04 4.08 4.08 £.03 2.04
#£3 AW AAMAR Bt A RIS £ 3~ 5 BRI AU 51 ¥ ; Ak I
Table 3 Diet formulas in experiment [l % FH%E:F,@E‘, HES BRI E{:E%%, ﬁﬂgﬂﬁﬁﬂi B
Bt composition 1 ﬁﬁﬁ% e iR, KW R,
Ty -z RE 1 N AFESEREANERNES
IR dextrin 24 24 24 24 P, B Duncan’s test ST 2B, R I ALK
MISFRE cliise 6.5 45 25 05 SRR EARAKTHTEE, 1 ERRR
SEbmdl 2856585 gy SRR AEREREEL
REW far 5.06 7.06 9.06 11.06 Eo l‘ﬁ!}ﬁ I F}fﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁo

cMABEFE BSENG . BRESE 1%. Mixred vitaming,
mixed inorganic salts and colloid, each 1% .
1.2 RREBFE

RERAEHRGEIEMOEART, BB 1.
.0 s8R T-Ha i E 2 R4 (.00 0.16)g.
(8.324£0.13)g M{40.73 £ 0. 64) . HHEE &AL
i, KAHE, FEBABRE2 m, KEO cm K
B AR .

B3 T .M AHKBFAK, BB 510 L/min; &
1 485 ERRBOK, M ELREHEE, 51K
1/3. BT M¥ 30 d, kil 13~17C, F¥ 15T,
e 30 B, B 2 M7 AR 1 8528
d, KR 12 ~16.5C, FH 13.8C, B LIH 20
BB A8 28 d, KiR 13—15.5C, F#14.3TC,
HEWHELE 14 B, B4R 3 P4,

FRUEBL 2 7 4y 1 G, Aet ok, SRS kR
40% A KSR, 8 KX T 9.00 # 16:00 F1717 1
W, HBmE AR s AH. 8§10 dEERM
BEEREEME 10 BRFBEGARREE,
1.3 SRz

RBEFthmE R, ZRHEBHAN LK K
HRARFHREERF#EFESSE 3 ~5 B, REER

2 HR

PERMFANESRYRNEETRE

RE I (F4)RW, BN RE MEE HEA
FHE 2R EARKTHNEN, FELEDR,
MRABREKHNANEARE 39. 68% ~
44.64% 2 ), BEHRAFREHINE 49. 60% ~
54.56% B, M A KUFER TR, HEREER,
M EEERT 9 R HERESHANHLER, T
HESENABREES., ERHREQRKTM 24.
80 % HHNF| 54.56% B, B AR ERH TROA
#, ERAAAEENHSEARRFHEMUNE
th. RE B BT KT 19.84% B FFIE BT B
HitamEREN, ARNEREKTM . 2% HE
39.68% B, MR E MALRLKR AR LA, &
—ERER(X<39.63) W ER(Y) SHEKERD
BEE(XOHERGENR. Y= -41.224 4+ 9. 549X
(r=0.967 4>rqq). ERNMEARTRRERL
WHEA, HRHEERSHHERR SRR KLk
XF, HNWERSE IR Y= - 189.8421.5X -
0.219X%(#*=0.855, P=0.003 1), WA 1. “&HK
AR R RS S RIER35.41%);

2.1
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RPBET L A BESRORR9.09%), B
AR SR B s AR ER EE & B

PR 35.41% ~49.09%,

F4 DB HEREARTRIHNAERNEARTANES
Table 4  Effects of dietary protein levels on growth and feed utilization in juvenile Chinese sturgeon(experiment T }

) BB diet No.
MR rem 1 2 3 P s 5 7 8 9

ESREE/ % protein levels 9,92 19.84 24.80 29.75 34.72 39.68 44.64 49.60 54.56
WIEIBW) /g 8.16s 8. 14a 8.04s 7.78a §.08a 7.82a 8.12a 7.88a 7.84a
FE{FBW) /g 12.29f  16.03e  21.06¢  25.32¢  33.02b  38.60a  37.8la  33.86h  30.88b
HRAE(WGRY % 50.61f 96.93c  161.94d¢  225.45c 320.57b  393.61a 365.64a 329.69ab 293 .88b
16 = M(FGR) 3.03a 1.53b 1.31b 1.23b 1.00b 0.84b 0.87k 0.92b 1.10b
BEHE¥E(PER) 3.33 3.29a 3.08a 2.74ab  2.88ah . 3.00ab  2.57ab  2.19ab 1.67b
BERBIRARPPV)/ % 43.13a  37.42ab  38.84a  34.78ab  32.72ab  33.03ab  28.74ah  24.44b  21.10%
HIEE(SR) % 81.7c 91.7h 96. 7a 100a 1Ha 100a 100a 100z 98.3a

EBEREXFATRAERTHERZE(P<0.05), T, Daa followed by different letters are significantly different irom each other( P

<0.05), the same below.

22 YRBEEEKNEFRTER

I SGRAE-SELERRRE, Hkshe
R ES R R MR RN REKTE, BB
Brigs MEARKEREREZRBHEMRNES
REEREARE HEFERARBE 3 PKE,
TSR UA K L H(SGR) BB BBR(PER) A
PR RBFGR) fEREMMKR, BRAR S, W
Gt (&) EREY, BAHRKFHAEZD SGR,
PER fl FGR WM X, EHREES BN 0.
88.0.61 F10.28, HERAKT X P; HUC IR, #
EES5250.30,0.22 0. 10, KRR KT H Fy;
BUCOE, KBRATR S RS RERAKF#
2 SGR B &4 C,, 1RIE PET M FGR WER C1, A
BRERBIAEREETE G, Bl fARRE
THAFEEA, EEHREMNGBERLH BHR
REOHFRHERERRED. BAR> B >H#>5%
EAEBRRUHHNRERNEREREESN. &
AF> B >SEE>H S ERENRRESS
P.F5,C. BEFH 4 HERRARSRALAE

| IR, MRS 4 A8 SGR.PER B K, FGR B
KRBT FEHARMHNEORSRSERI B
HMESFRAEK T, ER%E 6 HHK WOR B

o
=]
o

b
=]

a
(=]
(=2

weight gain ratio
8
(=]

2

2

WMEE%

[=]

20 40 60
HHEARET %
dictary protein levels

B SRITEEEARSESHRENER
Fig.1 Relationship between dietary protein levels and weight
gain ratio in jovenile Chinese sturgeon

%5 EXHBHR
Table 5 The results of erthogonality experimeni
i P dier No.
W irem 1 2 3 4 5 5 7 8 9
W E(IRW) /g 8.42 8.36 8.25 8.19 8.29 8.15 8.28 8.34 8.58
FHE(FEW) /g 28.7 28,47 25.45 32.39 29.09 29.08 25.09 21.96 25.24
ERHHESGR/ % 4.380 4.346 4.023 4.91t 4.483 4.543 3.959 3.458 3,854
BEREE(PER)  2.099 1.968 1.852 2.781 2.525 2.719 2.310 2.065 2.412
HHEMIFGR) 1.45 1.12 1.19 0.89 .98 0.91 1.18 1.32 1.13

H:SGR={lnW1— InW) X 100/d.
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6 %

B, FGR B IL, P AR 2= 43 B e 3 W 5 4 e il v 4
SEAYE,

FEMMTERHA - EH, BAOFH SGR(P <
0.05) . PER{P<0.05) 1 FGR(P=<0.01)HEWE
DES WK BRTFERNEREABER(P>
0.05), Bk, EHRFEHEL AT 3 MWL
FEHA,

B LERRRESOEEEERMNAEERE
SERN BAM40.41% J5HT 9.06%, B 25.56%,
HHER4.08%, UOHRE EakE %, E
100 g SIBR/REEREN.EHH2.02 2, 8
Bi0.45 ¢, 8 1.28 g, FEF 0.20 g,

2.3 FEMPTEERS R HEEKE RN

ERRBIBENER BEVNEESRENT
BIOKFH TR aTEWREOKTEARMEE
ERE MNEHT a K FHRVBERS, &5
(F 7)FRH, B3 iR IR S B A 9.06% B, 4)
WK BEMMERES(P<0.05), MR EHRE

R(P<0.05), BAMANE IASH 2 HUBHE
Bh7.06% ) MEREAEE(P>0.05). BERE
RETBEHETRAKT -8 MRAFEH—F
EEAE,
2.4 SEEHESH

Wi 1 ks R 10, SEHEHRMKE.
EOR.KGMWIBETABNMERERCVE
1.67% 9. 02%), BN SREARR(CV A
39.09% ), FAREBEARK 39.68% ~49. 60% KA f
RSB 4.71% ~5.26%, AREAK 9.92%
~34.72% S B RIR S BE 1.67% -3.94%
A, &ERBGAL . ES AR HK &0 T
Ar9(80.54+1.35)%, (11.8240.77)%, (3.45
£1.35)%F(1.70 £ 0.16) %, iR B Al fa R 4H LR,
Ky 86.21%, BAB Y. 32%, JRAF 2.40%, K
1.41% ;430 5 L& B 170 4 i 4 (R B0, K
87.02%, BRI 7.76%, A8HH 0.88%, Ky 1.23%.,

¥ o EREREAENDEKIE BERYENDE YRR

Table 6 Effects of dictary nutritional components and levels on specific growth rate,

protein efficiency ratio and feed conversion of juvenile Chinese sturgeon

#H¥F index AR ERSGR)Y % EHERF(PER) 1A R B(FGR)
HAE factor P F 5 C P F ) C r F s C
1 4.26 441 413 4.24 1.97 240 2.29 2.35 1,12 104 1.09  1.05
AT level 2 4.64 411 4,38 4,29 2,58 2,18 2.38  2.33 0.93  1.14 1.05 .07
30376 4.4 415 4.13 2,26 2.33 2,23 2,23 .21 1.08  1.12  1.13
B range 0.8  0.30  0.25 0.16 0.6  0.22 0.6 0,12 0.28 0.10 (.07 . 0.08
BHEARF better level P F, 52 Cy Py F S2 Cl P F S C
F I factor order P>F>»8>C P>F>5>C P>F>C>5

#, P- AR protein; F- 47 (a; S— 8 sugar; C— 5FHE cellulose.

£7 ANGFREGSENGEEKNRHAENER
Table 7 Effects of dletary fat levels on growth and feed oti-

lization in juvenile Chenese sturgeon

HH itern T diet No.
1 2 3 4
F§ME SR It levels(%)  S5.06  7.06 9.06 11.06
HME(IBW) /g 41.59a 4D.72a 40.53a 40.06a
FIE(FEW )/ e 5R.96b 70.46ab 82.53a 61.60h
1E®AE(WGR)Y/ % 41,76c  73.04b 103.63a 53.77hc
¥ R B(FGR) 2.20a 1.33bc .94 1.80ac

56 I A9 fa 5 S A R (3R 8) B, RIF A
HERF KT H kROl 6 kg &2
B A (CV=233.20%), HREERAR(CV =
7.60% YRR (CV =7.19%), SIEAERHSE

TMEREMBER) IR ETEREARK, &
REARK XAk SRAFAREN
(P<0.05), HEE HFEKEBILA & K& BT
{LEH B B P >0.05),

BEMMWEFEINERER, KBS AKDHT
PR BRI ATAY 12.10% B SRR 21.92%, H
SEHREATHI 44.80%, BA K. IR K G E
A LRI BTN 35.04% .67, 64% F1 38, 15%, H
SO ARG & BRI MA A B,
2.5 fREsRR

BRI P EEAFAMARRERN, MEFRN
-2.75%, FEIEHF N 60%, MBLAEEREFREN
(N)95. 1mg/ kg(BW)-d '], LEEHEN KB
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HE(0.88%) LR HT(2.40% ) PRI T 63.34%.

8 EBRERHEKENGEIE &SGR
Table 8 Effects of levels of nutrients on body composition of

Juveniles Chinese sturgeon

BEE *F A EAR  HE o
nutrient levels mmsture  protein fat ash
36.69  86.00 10.1 1.99 1.53
Ea_ﬁ 40.41  83.58  9.7% 3,69 1.62
protein
45,38 8323  9.12 3.57 1.41
BER) .77 0.98 1.7 0.21
WA P) €0.05  >0.05 <0.05 >0.05
- 2.06  83.53 950 2.77 1.57
Efm 11.04  84.30 978 2.712 1.49
13.03  84.98 973 2.77 1.50
BER) 1.45 0.28 1.05 0.08
HAE(P) >0.05 >005 >0.05 >0.05
21.59 83.80  4.29 2.78 1.54
i 25.56 8461 §.31 3.3 1.55
carbo.
29.54 8440  9.40 3.09 1.46
BE(R) ¢.81 0.98 .6 0.09
BEP) >0.05 >0.05 >0.05 >»0.05
2.04 8486  1.57 1.54 1.49
HER 4.08  84.22  1.49 1.55 1.51
cellulose
6.03 8373 1.50 1.46 1.56
HWER) 1.13 0.08 0.09 0.07
maEP) >0.05 >0.05 >0.05 >0.05
3 itig

Moore B ] %“%%%ﬁﬂﬁﬂﬁ(ﬁ%ﬁl’:ﬁﬁﬁ&
BEREH=62:32:8) ABAEMFEF, EEHAE
B E 1. S% T, DI E RN 15T, AL
BEHAHE, BEE(KE 145~ 300 g) A EA RS
BAEEEEN36.5% ~40.5%, BEMEERER
57 49. 6%, H Broken line model #5E, 1808 & 5 R &
EEEN(40.551.6) %, Kaushik S ] F FAak
MATRIFAFESIEN, £ A RIAR S % 4EE
2% B, L H 4 8 = K545, FIS Moore B J HF
HWHE BUEAMES(HE 22~44 ) AREH
BMBESTRIM+2)%, BEHIERERY
49% ., FUTRAEA AR KK %A & 0 Py
BSREE R E T E(35.41% ~49.09%), &
EHEIEAFRKF(39.68~44. 64%), BTSHER
FRABELXRBEHANEEEORAFESY E 2
MENEARTRT4MIE, H5 - R aEa%,
WEE(41%)19), KO 8543 1%) S, T F
B (25 2% )M Bk (26%) SR AHRM
ool (AR, pEEYSUE 2 FEHEORER

MEREHEREZNHMNBER (g/ke WD), ME
MH ST TR g/ kg(BW)-d 1B 2 A RR, e
B34 kg FENBERQ.02) LLAHAMFE#(0.8)
BEE0.61)ER, XS AR R PESG
BRI A %,

ERTRF, YEMEORSEAISERS,
LHAEER TRAIE, X086, Fo, B% 85
HarpEFARENER BERERAERMNE
Hmpa sk, YENEARYBEHIRESER,
HEEMH TRALSRE, XRS5 AR M ERK
BeM4ARA X, X2 MENIR, RBAE
(4r%)24 20C i 18C YIRS & M 8E L KOKIR, Wi
AWRFRRKE R 140 Ef. YkBREN, A
PR RS I SO R A, AR S B &, W
AH T % R A ik E R,

A I LA W o S A 6, A IE 329 58 0 RS B A
BERESHAHE R RERT SN 9.06%, &
iR 5 Hung S SO FWIRIEHhiE (MM EXM:
il =10 )N RHETHEE ST R,
BB E RN RERR RN 0% BA 5,

Fynn - Aikins F K U8, W5 a8k
D-HERHEESEN 1% BEREHAMNAR
BRNEAERBEHRANEORESEN 27%,. X
MERATFTE H R R BEE T E 25.56%
MEERRE, XABERTHRERIATHKTFEE
FR i P EL.,

TERLEG T b, fak 3 3 A B 2 AR RS O 2L Rl
P, 45 Cowey ZIRE, DN RS ES
AR AR, RZ A AEE, Y58 50% 5,
FIFERET —2. HERE T MR M T4
Stk AR R E, MEERKE S
mmEEL 0% 5, IREALARKRBBATESE
Bk, FEREQEEA D, BT RHYBRESER
Ak, O D, ARARAEERFRMILR
RE, HAAM K, AR FI s — kI
MEETR, XEAREEH TR SR B
#, RO RERI R R KR B LS R A RE
BEHEAHESEARMER. ME 50N H8 e
AHEERROROEE B SAERRIRET
FENFER 2 B, EREHEAREELG A F
REA R,

AR ILFAER A B B 2 BT ML R R A
MR, Bt — B mp P a8 s8R
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Studies on suitable nutrient content in
formulated diet for juvenile Acipenser sinensis

Xiao Hui Wang Jingshu Wen Zhihao :Lu Xuebao Liu Hai
(Institute of Chinese Sturgeon of Gezhouba, Yichang 443100)

Abstract The nutritional requirement of juvenile Chinese sturgeon { Acipenser sinensis} for protein, fat, carbo-
hydrate and cellulose were studied through 3 experiments. A protein gradual experiment was conducted to deter-
mine the dietary protein requiremnent range by juvenile Chinese sturgeon which were fed with a dietary of about
5% body weight per day [average body weight{8.00 £0.1)g/fish, water temperature 13~15TC 1. The protein
requirement of juvenile sturgeon was estimated by the WGR %, using both methods of polynomial regression aned
parabolic curve, to be 35.41% ~49.09% . An orthogonal design was employed to determine the nutritional re-
quirement for protein (40.41% ), fat (9.06% ), carbohydrate (25.56% ), and cellulose (4.08% ), respective-
ly, by using specific growth rate, protein efficiency ratio and feed conversion ratio as the biological indexes to as-
sess the feeding effect. The results show that the influence of nutrients on the specific growth rate and protein ef-
ficiency ratio is as following order; protein > fat > carbohydrate > cellulose, in the range of the factor levels. Thus,
the nutritional protein level has a main effect on growth and body composition of Chinese sturgeon { P<0.05).
Feeding experiment with various fat levels were done in order to repeat and affirm the result of the orthogonal
experiment.

Key words Acipenser sinensis, juvenile, formulated diet, nutrient requirement
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