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(1.4l KK r= 20, #idt BRI 430070
2. P E KPR B R B IR =B BT, B SN 4340005
3. WL AK=BGE BT, 4TI WM 313000)

BEFTLEKAFRRAREREYEN AT RNFTEE, U Ca(H,PO,),-H,0 3 &,
4 Ak K T2 5 H0.18% (xHHE 4),0.40% ,0.71% ,0.98% ,1.38% F11.66% t 6 4 % f 4
KA, FHUANARINEL, FNEEUKR20RVUEKREA N4 T g4 H, £ 8
FWARE, HEK ANRE RFEE . YEGNAFALREIBERFRSNER L EHRTH
o ZRZA MEABTRLENAG, AUHEEL AHAEANBTEKREEFH (P <
0.05), EE0.VA AL BEA, REMEANBCERHin XEEHFEFEK(P<0.05);RE
ARMAWREEREEG TABLA(P<0.05), EAFMAREAEEFER(P>0.05); A8
BN ARS HEERFPEBEN S ELEEEH(P>0.05); Y ANELER
0.71% ~1.66% 2 H & , A EFF XL FHELEXZRFAEF(P>0.05), B8 FH THEL
#0402 RBA(P<0.05), Z2RFTLERLNMBH AERLRBYERELERKTE RS
AP AR FPHRNEEE K0.88% ~1.00% (& FHH),

XER: v R84, 528
FESHES:Q591.8;S 963

BRARFTEEN -—MEERNTYLE B
MR AR R EETH R, t R R4
BHERAS  FEESSHRT - ERERA
FRELRIN, B ENE MR A A BRI A
BEBATIBFRFERNMEM. AXTALNM
K P E R OB (B IR BE K A R B VR BB R A
R ELR i R B G, R O R 7 B B B T A )
HARE Y, R, B R R EUK A E E SR
BEERR , BAmA ke Ef mpess g, i
HRERERTENART , B AT S BEBRK
k. BRTKSHFHEARNBENTERIR
EAME, i o™ #mb) R el KR

5 H #8 :2007-01-29

NERFRIRES A

al BEabnEwalP LAl EERKR
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BRI Ca(H,PO,), - H,0, & A 7] 46 & 1 8%,
MRERBYHENBHNFTER, AL KREHHEE
B BRI R R UK

1 MRSk

1.1 REeH#E

5 BG4 63 B E KRR B AR B R LK =
S AT R Y 5 B IR 4, M iR R R & R
(4.7£0.2) go RBEBEMBEEN T AH
Ca(H,PO,), H,0, 5 S B H16.2% , Bi S & KX
22.45% ;R B B MEREER 4R
Y% A A B R 5 K S A E R WA
W B TR R R
1.2 RBAMNERESA

FEEUBEAMEARAESR, DB
BV, DA K S0 A0 5 R T Ok B 7 UR B gl 4k 1 R,
FEFRAET R BEEERSBICM13]K
HEEEER SN, R H Ca(H,PO,), - H,0 4 5l #

0,1.2%,2.4%,3.6%,4.8%, 6.0% & i, LA
CaCl, WRFBEBKEN 1.2% LR, UG 4%
FHRHEEE 2 RN AR5
FELE 1, R 1ESFEHBTRAMBE,
i L AE 28T 0.45 mm B 4347 57 , T F AADREBL
il & ©2.0 mm KFORAE, BT - 10 CTHRABRAE
BH. W E, AR TR EE S5 A
0.18% ,0.40% ,0.71% ,0.98% ,1.38% F11.66% -

RETFTSHA2H -10 A 20 BEKITAFH
TP EEEREYFEBIT . ¥ 360 BE K
SRR R AR B R 2 B YIS 2
J ik @ R R R KA AR R R, B RE LA
18 X 400 L R & S AR KR4 300 L) W,
ERFEFREEA 8 A,

REFK6H, BHA43 1 MNEE, B MEE20R
Lo, i VR B B I 4 R0 6 4L S RS EIRRE, B 4
REAVRETEEZRAEE(P>0.05),

F1 WBAMKNAR

Tab.1 Compositon of the experimental diets %
4> ingredients A groups

1 2 3 4 5 6
EAEERL  basal diet 88.25 88.25 88.25 88.25 88.25 83.25
HEHER  vitamin premix 1.00 1.00 1.00 1.00 1.00 1.00
HEE7YE  minerals premix 2.50 2.50 2.50 2.50 2.50 2.50
B — 4455  Ca(H.PO,), H,0 0 1.20 2.40 3.60 4.80 6.00
S CcaCl 2.35 2.04 1.74 1.4 1.13 0.83
MBFHER  micro-cellulose 5.90 5.01 4.11 3.21 2.32 1.42
AR BESE  phosphorus level 0.18 0.40 0.71 0.98 1.38 1.66
ARESE  calcium level 1.21 1.22 1.23 1.25 1.37 1.39

HLERER(%): BEB45.0; 018 ,8.0; 145,250, K E i ,5.0; EXM,5.0; FALHBK, 0.25, 2. HAHER (mg s U-kg™!
TR : BER By ,50; BAER B,,200, ER B,, 50512 BRE5, 400; HBL, 750; PHER, 155 B E K By, 0. ;L ¥R, 55 JLBR, 2 000; £ XK C,
325, 4K Ky, 40; 4K E,100; 4K D,,2 000 IU; 42 E A,5000 IU, 3.2 A7 W (mg kg~ 7% ): ZnSO, - 7H,0, 350; MnSO, *
411,0,40; CoCly*6H,0,80; CuSO, - 5H,0,12; AICL - 6H,0,15; KIO; , 5; FeSO, * 7EL,0, 1 000; NaCl,5 000;Na;SeO;,6

Notes: 1.basal diet (% ): casein, 45.0; gelatin, 8.0;dextrin, 25.0; soybean oil, 5.0; maize oil, 5.0; choline chloride, 0.25. 2. vitamin
premix (mg or l'U'kg'1 diet) : vitamin B,, 50; vitamin B,, 200; vitamin B,, 50; Ca-pantothenate, 400; nicotinic acid, 750; folic acid, 15; vitamin
By, 0.1; biotin, 5; inositol, 2 000; vitamin C, 325; vitamin Ky, 40; vitamin E, 100; vitamin Dy, 2 000 IU; vitamin A, 5 000 IU. 3. minerals
premix (mg-kg™! diet): ZnSO,*7H,0, 350; MnSO,-4H,0, 40; CoCl,*6H,0, 80; CuSO,-5H,0, 12; AICl*6H,0, 15; KIO;, 5; FeSO,-7H,0,
1 000; NaCl, 5 000; Na,SeO;, 6

1.3 AFFGEMER
R KEANE S TUIE A S 385 K, B A

BRI 15 78 R4 (THHBE o 8 UK AR A0 FH
MOW#EST. BRETHFSUEKR 1K, BH
WA 1 W FIRHE, KB HN(25.6+2.0)

C,pH (7.6 £0.10) ,NH; -N (0.50 +0.13) mg-
L~1,NO,-N (0.029 +0.016) mg-L',Ca’* <0.032
gL', BB <0.098 mg-L~1, /K& THARE
(F# 8 L-h1), M Atilad 25 SR WL KR 18
#(DO)=6.0 mg-L™%,
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P

R2H

REAT4 ARRERKAKEREN 3.0%1%
BG4 % 2.0 8RB, A BT —~XNEZR
BEREYHERBE, 8RXEM 4K (7:00,
12:30, 18:00, 22:00) , FK 4 3 KR , SR AIR
AFE] 24 10 min, MRS5S 1.5 h J5 AL E B A
FHt Y. B2 A RBRARKRE —K, RIBAHR
B R RRE,

1.4 HERAXEMEN

IR IR SR A, 28] 24 h, X\ B HE
ERBAHTHE, ICRVHEETEEMAKRER
BT BEHEERNREERR, BREBIER
BEENMEERBRRAERE, RS R R AR
B IDRFHMFETHE M, TH B SRS R FEALE
10 EAKREBRAKERK ITREEBE.

5 F 00 AR v BE B4t B A PR A0 e A 3B m
HEEERAE, SEEE, TR, BH)EZBH
Bl T B, R A P K A 5B
B 5 4 $13% GB/T 6438 — 1992 18} i ML K 43 B
P E H B GB/T 6436 — 2002 1K} H 45 i il <€
% \GB/T 6437 — 2002 186} Hp S 8% i i 22 >R A 4306
HEE. ANERRBREPREIR 3 Bf, kb
B, BE AR . HLA H K4 LR B 5 AHLIE B
84y B1# GB/T 5009.3 — 2003 £ & H 7K 43 i )
SE ¥ \GB/T 5009.5 — 2003 £ 5 & 15 & il &
J ¥ GB/T 5009.6 — 2003 £ & #p LAk B B0 I <8
Tk e,

1.5 HELE

I R STATISTICA 6.0 it 84
HEREFEZHW M/ BEZEF % (LSD) X H K
B340 65 T € 98 4r #EAT S BT AL 3, P <0.05 BP

=R2

WHARBERZR . TAEERYLUPHE « n
i ZR BN o

2 ZR
2.1 AR hEe B K94 69 £ K g aEFIE
B ERERE WEH AR BEEEX L KES

G E R R B A K AR R R IR W A RS
RPEHNLE 2, HR27G,AEPHRSERT
0.98% B}, 5o £ 36 B R AR MR E A KR
EBIE A R B 2 B 30 T 4R s X R B
MERIAF 0.98% B, H R B SR MK ELE
KRB FREE; GRS EET 0.98%
B HARMREERKEHNESRMA T K,
AR PN SEED .38 NETEFEE KT
0.98% AbIH(P <0.05), FEARKIAEH, WA
M RENEFERFEREE , RABAER, AK
SR LN, XA 0.40% 0 BAH e KER
AEE(P>0.05) {6 8 E KT H M0 B3
(P<0.05), REEFMANREREES TX
BHA(P<0.05), EERMARNKAEEER
(P>0.05), 5% 0 AL 7 B Bl GRRL 5 2 09 38
MG ,0.98% AL ¥4 B2 & T X A 0.40%
Wb¥RH(P<0.05), HE5B TR 0.71%.1.38% H
1.66% R BHERARE(P>0.05),

DRESSENEEZE(X), UREERKRN
HER(VHEELKERSN, 4B EHAER ST E
Y=2.13+1.32X (R®=0.95)f1 Y=4.05-0.60X
(R*=0.80) , AT RBH M X =1.00% , B 5 [R47
MR AREEARARH AR FEERESERN
1.00% (K 1),

AMRGENERBYHREREETARBERHRME

Tab.2 Effect of dietary phosphorus level on growth performance and feed efficiency of juvenile Amur sturgeon

meanzx SD, =3

WER(%)

RELkE BB (% )

FRBARE) mkmR e KRR o (%-d"))  EREE(e) TRER) gpmwiq)
initial weight final weight i specific feed efficiency survival rate
phosphorus gain rate factor
growth rate

0.18 4.8+0.20 18.97+0.62 205.90+21.25° 2.45+0.18° 49.03+4.35° 0.61+0.04° 96.67=1.67"
0.40 4.9+0.15 22.32+0.74 355.88+32.92° 2.50+0.10° 55.30%3.65° 0.62+0.05° 100.00=0.00"
0.71 4.8+0.25 24.78+1.10 418.32+24.73* 2.95+0.12° 70.24+3.38° 0.63+0.01° 100.00+0.00°
0.98 4.8+0.15 34.41+2.70 614.46+25.15*° 3.51+0.11* 102.17+3.04* 0.66=0.09® 100.00=0.00"
1.38 4.5+0.27 25.65+0.92 466.50+29.34° 3.10x0.21°> 78.68+3.45° 0.67+0.07* 100.00=0.00°
1.66 4.6+0.19 27.29+1.12 491.96+19.54° 3.12x0.16° 82.49x2.9° 0.66x0.01® 100.00 = 0.00°

E:R—AFEARFBRIHERRZREE (P <0.05)

Notes: Data marked with different letters in the same column mean significant difference ( P < 0.05)
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22 ARBESEXEREHFU AL FAR
pAl REESRBRAHGIA KD HE
HEMERESENLES, AR3TNL M RHAMA
HURF KRGS RMERBESEES, HEOR
BEBRMN; LB BKEE 1.38% 0 , A KR
FHEBREERS, KaAEEB & &2 &MK,
B & 20 0 A L PR K 4 SRR B AL B | A
BEEZRHYARBE(P>0.05),

4.0

w
o

w
[S]

2.8

Fee B K% !
specific growth rate

0.0 0.4 0.8 1.2 1.6 2.0

BB /%
dietary phosphorus level

B 1 B K E SRR E A2 R SRR Y [ 5 A
Fig.1 Regression analysis between dietary
phosphorus level and specific growth rate

3 ABPHRESENEREYHIAHABRYRE
Tab.3 Effect of dietary phosphorus level on the muscle
composition of juvenile Amur sturgeon

meanzx SD, n=3,%

FRNAR  xn I HEAR

phosphorus moisture crude lipid crude protein
0.18 78.97+0.62° 6.13+0.37° 16.48 +1.08°
0.40 78.49+0.35% 5.84+0.19° 16.92+1.24°
0.71 77.67+0.53% 5.34+0.44° 16.98 +0.95*
0.98 76.70+ 0.48° 5.56+0.63% 16.84 +0.80°
1.38 76.45+ 0.65% 5.03+0.39° 17.12+0.10°
1.66 76.72+0.26° 5.36+0.76° 17.01+0.18°

ARSI AAAEBREHNERTEZFEE (P <0.05)
Notes: Data with different letters in the same column mean

significant difference (P < 0.05)

23 ARTBRSENEREHEERERS

i {:sk Al & A R MR K
o 55 BEERMSBRILI TR, BARATR,H
HEFRY ENBSEEANTHRSRERE
B SRS RN 1.38% 0, S P
Ko RS RRFARK, HEZEHT 0.18%

0.40% FiIXIMA (P <0.05); MEBHEETELE
0.71% ~1.66% Z A&} , B B K7 5B &
BANLEBEZLR(P>0.05), 1% 5
BEANSHILARAEEEZR(P>0.05),

4 ABDPHRESENERBYRHRaEE
LHERFRSTESHRSBORNE
Tab.4 Effect of dietary phosphorus level on ash,
calcium and phosphorus content in vertebrae
of juvenile Amur sturgeon

meanzx SD, =3

AR’

(%) HMEH (%)  Cal%) P (%) CarP
dietary crude ash calcium phosphorus

phosphorus
0.18 46.78+1.62° 15.27+£0.37 8.59+0.26 1.79x0.122

0.40 47.81+1.35" 15.21£0.19" 8.74+0.24® 1.74£0.13*
0.71 48.67+£1.53% 16.77£0.44* 9.46+0.36* 1.77x0.10%
0.98 48.70£1.48° 16.07£0.63* 9.63+0.29% 1.67=0.08%
1.38 49.45+1.65% 16.17£0.39* 9.99+0.10* 1.62x0.01%
1.66 49.32£1.26° 15.89£0.76* 9.63+0.18% 1.65x0.01%

®:A—FIPRERAFERIRCHERTERBE (P <0.05)
Notes: Data marked with different letters in the same column mean significant
difference (P <0.05)

DB ENAERE(X), SRS
BEARER(VERBER, BEHBAFRE Y=1.69
X+8.20(R*=0.93)F1 Y=9.68,# T TR ERE
XHAELMZSH, PR RERETHERY
BB P RESERN 0.88% (A 2),

[*]
g
£ 100) .
5 ¥=9.68
>
<8 o6t ] .
5 !
i 1
4us !
®we o !
dr 8 :
35 -
oo ss) !
E 1
o 1
< 1
%‘ 8.4 . | . . ,
2 0.0 0.4 0.8 12 1.6 2.0
[
C EEh A R%
dietary phosphorus level

B2 ERBEAKE X B S B R [ 8 247
Fig.2 Regression analysis between dietary phosphorus

level and phosphorus content in vertebrae

3 itig

ARG IT AR PR EX R RBHH
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R2H

WER RN ERKRHFEEE W,
FHE—NRAEKECAEBETE 0.98%). MK
BT X — AOERT R £ 8 B R DR R R4
EAKEHERE RS EAEMEES; & TX
— KB, X EERE THEES ., XERESD
BB BEAME -, RBFITEH 4R
SREHEREEKHANFRNEETEN
1.00% , X HEARENAEBHNFTERZER, U
KA KEBA. EEAa AALKEA EHE. 5
AR AR B E B HN0.89% ~ 0.91% 61,
0.5% ~0.6%'1.0.88%1,0.45% ~ 0.51% %],
0.67%"71.0.72% 81 $10.86% ~ 0.90% "), X
FEEMNZRTRERICRERHAAKREEH
REFAR RREBARTHBEIETRILES
R, 4R RE AR R, S IR R A B
REEMMEMEEARREE; RS KESEKE
BFHEMER, TSR ERS, A ERFFHRIE
FRENER, AN FEEROTRRELE—
wEEAaRE, HE FEREERIXTHR
ARBNFEERNHRRE BT REEN
W89 2% R B A7 7E A F) W B ) RAB T 40

RERBA KRN S RBHENBHTE
& i g B w DR o BRI B & 2 (0.18%)
B50.82NE 4 s, R B 50 R 69 4 65 1R o R I B
RIEFEVLEN, BERKHFRFIHRERER
fib £ 2R BF 5T P B GB = AE R R IR AR S 4 A1
FHIE , X FJ BB 2 1K 5 i (] % 4 L%t B AR e &
BB &N . MBI K BB th & [F
s RGN EG I R AR R e A KR, X
HREEASENFEESE, BT EHH LA
e B K AF AR, [F) B X+ Mn, Zn, Fe 5 H il
FE B T B i 7= A T 4 4 7 10T, A TR LA 4 4R
BIIEHE £ K

fRK B S B E K= YRR BE R
AR B AR R AR, BT AakR Y 85%
MBEETB®R T, BB SETURBE
EFRNEERMER, ERRBES, W
R AR BEME N T S RGN EE SRR
AFEB SR, DAKEREBRIENER,. &
B A AP RENEE SEN0.88%, X
—ZRUUAERKRAREESERNEESE(1.00%)
B, X5 AR — BB 5T P A AALR AR R A
BRHLUERKRABREBENFTEEEZEGHN R

(- BIRE 3O 882 B O 5 0 R A B B
PEABEL REHHERNAE RGBS
ERARK B, ERBBE—EK T (0.88%),
HEEHEETFRBESERB EFREKE,H
AARRUBEHBREARNEE, #—-FHMNF
BB B —EKFE(1.00%) A REfH 5 K4
SFERKB|RE, BERARNIERIERE FH#—
H W BFFAESE

PR % 0] @) fn gy g 120) 5 B gy op W
T} o T B ) U B T DA Uk 2 A i A B R
MEEARSE, XEHRBAN R FRZ#S
R A 1 ) AL B BR AL 7R FE A T BELAS T L4 B =
BIRIEIF (TCA) AR PI 2 BE CoA ROMERL, TEZARIK
MRP ARGHEFIHARTHEEEARTE
MBS HERSEMEEAR TRS, EHSTER
BHREH HEARSTBEURK, 5 LRSS
R, FTREtE B TIRBRRBLE T 5 K4
IR AR BT BR Y -4k , AT B A T AL 4 ) A B
WiEANRERY RMEE S MEETAARSES
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Dietary phosphorus requirement of juvenile Acipenser schrenckii

WEN Hua''?, YAN An-sheng', GAO Qiang®, LIU Wei®, WEI Qi-wei’
(1. College of Fisheries, Huazhong Agricultural University , Wuhan 430070, China ;
2. Yangtze River Fisheries Research Institute , Chinese Academy of Fishery Sciences, Jingzhou 434000, China;
3. Zhejiang Institute of Freshwater Fisheries, Huzhou 313000, China)

Abstract: The Amur sturgeon, Acipenser schrenckii, is a large freshwater fish which inhabits the Amur River
basin and has been listed in Appendix I by CITES (the Convention on International Trade in Endangered Species
of Wild Fauna and Flora). Currently, the artificial aquaculture of the sturgeon has been developing rapidly in
China, but little information is available on the nutrient requirements of the fish. Phosphorus is an essential
nutrient for proper mineralization and many other physiological functions for fish. Here the dietary phosphorus
requirement of juvenile Amur sturgeon has been determined by a feeding trial. Six experimental isonitrogenous
and isoenergetic purified diets were formulated containing increasing contents of phosphorus (0.18% , 0.40% ,
0.71%, 0.98% , 1.38% and 1.66% , trespectively). Monocalcium phosphate was used as dietary phosphorus
source, casein and gelatin as protein source, dextrin as carbohydrate source, and soybean oil and maize oil as
lipid source, respectively. Each experimental diet was fed to triplicate groups of 20 Amur sturgeon juveniles with
initial weight approximately 4.7 g in 400 L aquaria and maintained at (25.6+2.0) C for 8 weeks. The results
showed that the weight gain rate, feed efficiency and specific growth rate of the juveniles increased significantly
with the increases of the dietary phosphorus level ( P <0.05) . These values reached the peak when the juveniles
were fed the diet supplemented with 0.98% phosphorus, and then decreased significantly with the further
increases of the dietary phosphorus level (P <0.05). The survival rate of the fish fed the control diet (0.18%
phosphorus diet) was significantly lower than that of the fish fed the other diets ( P <0.05) . Supplementation of
dietary phosphorus had no significant effect on the muscle moisture, crude protein, or crude lipid content of the
juveniles (P > 0.05). The fish fed the diets supplemented with 0.71% — 1.66% dietary phosphorus had
significantly higher ash, calcium, and phosphorus contents in vertebra than those fed the control diet and the
0.40% phosphorus diet ( P < 0.05). Broken-line regression analyses of specific growth rate and vertebrae
phosphorus against dietary phosphorus level indicated that the dietary phosphorus requirement for optimal growth
and phosphorus content in vertebra of juvenile Amur sturgeon was 0.88% —1.00% of dry diet.
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