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BW(P<0.05), ARKW, ERLBRAUHT, AR FTHEEN 1.10% , 7T ik & # 8 3% &
RARNAREHFEFEURRENEKBER,

KR w8 KAK; £K; R — 45

hESES: S963 XkiRERD A

Vol. 38, No. 10
Oct. , 2014

DOI:10.3724/SP. J. 1231.2014. 49283

R 0 A T B ) JC R 22—, A B A 2
B EETHR S, EES S AP A e R
4 PN o a2 T DL MK R R e L
RARKAR 9 35 AR (0. 005 ~0.07 mg/L) , H
WA BRI £ 6 A K I 1 B A Rk
HRARI, H R — M T o S T A R il
AR B R Bt e = R B AR
KGN, okl 2 Bom , S A s 35 i DL R 20 4%

%5 B #5:2014-05-07 &8 H #§:2014-08-06

SEREAR Y o LGRS 3 R K A
YL g R E SRS, HAE A K&
KT M KX wE W BRI OE, R &
KW o
H ( Sparus

( Pelteobagrus

aeglefinus )",
) [7]
WO M
fulvidraco)'®'  ## ( Cyprinus carpio )"’ | JJH ig fa
) [10] ’ﬁl

( Melanogrammus

( Larimichthys crocea

macrocephalus ) Bl

e

=

asiaticus

(' Myxocyprinus

HEWE: H K E Ktk 8K L 5 (2011GA770007 ) 5 8@ 58 * + — 107 Bl 32 #5371 % (2007BADS7BI1) ; 5 Jb B £ % J& & i

(BC2013429)
BIEEE % %, E-mail. huyi740322@ 163. com

http : // www. scxuebao. cn



10 3] Ay S 26 Ak b A [ Bl K S X 5 AR IS AR B B R A AR AL R AR 1 R 1771
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BRR T RMBTNE MR w7k b ik
PR i S ) R AR o A RIS AE Bl FC iy S il )
Rh R S I R A, B A (AR R I 5T
Xof o B i AU A R AR ZH B S, A T
& i Y S B ES IR AR AR

1 MRSk

1.1 K56 A S &1

S G RDRE DA fORY RN GOR N B TR Al R i
JUT U, a-BE K53 Ry B U RIS 5 R0 o S A [R5
B AU B S i 0.67% (X HR4L) |
0.91% 1.05% .1.29% 1 1.53% ¥y 5 Fj 25 50 (#L
HERA 43.8% ) k(£ 1), ki 80 H i
Bk 290 43 f g, FOA dn)RE RN B 5 80 H i, 1

B FR IS R EORH G IR & ¥ &) TE =R AR T RT
FEKSGEDT 10% , BT -20 Tk IRTES
o BEMERTIN 20 % 7K I8 B, i R A
1.2 XRERFESHFEE

S5 TE PR VG ) v 57 GE R R AT W SE A
TEMEBEH R TR 1.5 mx2.0 mx
1.5 mig AR H, 94k 20 d DL3E Ry 552 56 26 45 A0 4]
b TR AR HRAE 250 38 - BB AT EE B AR AR TS 45
8o DAL F 18 9 Ak , 4 IR 50 £ 175 10 38 ¥ 48 n def
IR AR L], BB BE 1 RE T A Bk B A A K
HAE G, MG as inowy AL Al 4k (iRl gL 1)
R B 1% 0 328 M 44 o L i L ) R R L ],
) i 1 BR A B B R R BE AR A R . 2R R
FRE e B AR gk RS — By B 6% [ ) IR A BT
#(34.4£0.3) g 1750 BMEEHE 3 A
786 (1.5 mx2.0 m x 1.5 m) , & M55 3% 100
o BRAEME 1R (18:00 ~19:00) , 4% M 5 2 &
KT 3% ~ 4% , 43 W IR T 141 R 1) Rk 458 7k 3
IKELRAFE R, WS HE AR, R LI
210 JH, SCERHAE, KIS (28 £2.5) T, K
BBE &~ (0.28 £0.02) mg/L, FE &N
(6.4+0.3) mg/L,pH 7.5 +0.4, EWMNE K
LI AR DR AR S 6 1t W TR KA o

®1 AREARRSEE

Tab.1 Formulation and chemical composition of the experimental diets %
JE R A%} diet no.

ingredients diet 1 diet 2 diet 3 diet 4 diet 5
ffi 5 fish meal 43 43 43 43 43
M1 soybean meal 21 21 21 21 21
X # wheat middling 7.36 6.61 5.85 5.1 4.34
a-JEFy a-farina 20 20 20 20 20
f 3yl fish oil 2 2 2 2 2
R — % %5 monocalcium phosphate ( MCP) 0 0.75 1.51 2.26 3.02
iR k' premix! 1 1 1 1 1
WF# shrimp meal 5 5 5 5 5
75 &7 phagostimulant 0.1 0.1 0.1 0.1 0.1
Sk IE B chloride choline 0.5 0.5 0.5 0.5 0.5
[%5 %5 7] mold inhibitor 0.03 0.03 0.03 0.03 0.03
PiA AL antioxidants 0.01 0.01 0.01 0.01 0.01
& £ 4B B proximate composition
F1#E [ crude protein 43.8 43.7 43.8 43.6 43.9
FHIE i crude fat 6.2 6.2 6.3 6.2 6.1
B total phosphorus 0.67 0.91 1.05 1.29 1.53
JE i B2 # non-phytic acid phosphorus 0.55 0.80 0.93 1.17 1.41
MR W phytate phosphorus 0.12 0.11 0.12 0.12 0.12

TE o1y 77 B S A Wy R PR 2 m M

Notes: 1. Provided by Qingdao Master Bio-Tech Co. Ltd( Qingdao, Shandong, China)
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ARSI ST IR FI LS BN
BUBEER AT 24 h, & ) 4 S5 £ 73 ) B BR L
SEH] BR R % 4 (initial body weight, IBW ) f1 2%
5T 5 ( final weight, FW) , 71533 5 % 10 S 5 K
PEMARDRE A, TF O AR ROR ] A ST T
W, 3 A Ak 1 % (survival rate, SR) . ¥ R
(weight gain rate, WGR ) | & [ Jii % % ( protein
efficiency ratio, PER) | fa] £} % 3% (feed efficiency,
FE) . & ¥ & ( condition factor, CF) . JIf /& It
(visceral index, VSI) #l if & Lt ( hepatosomatic
index ,HST) 93T AR F .

WGR(% ) =100 x (W, = W,) /W,

PER = i {4 8 5/ 85 1 Bk A Bt

FE(%) = (W, =W, + W,)/W,

CF(g/cm’) =100 x W /L;

VSI(% ) =100 x W, /W,

HSI(% ) =100 x W,/ W,

KA, W W W Wiy W (W0 5l R BOR
H(g) WMy E(g) SET-ME(g) NIEE
(g) JFHEE (g) s a4 A mR (g) , L&
A (em) .

ARG RIS BHEEILG
HHATIRA BB o B8 B BRI (MS-222,50 mg/
L) Ji5 A o 6 43 S AR o, 0 o A o SR FH R Rk B
I, M 4 THEE 8 h,5 000 r/min B .0 10
min, B _FJZ M3 B T - 20 C oA 77 5 45 40 Bl b
W6 J ik i o3 15 L P NE AFEIE , 4 S5 R I 5k
BN fif ) o BRI TE UK B EAT ; 53 AP BEALI 6 FE £ R
BIWLPA, B AE R B AT K S min, FLLZE IR K i

Lo N Y D R [ i A

SEIARSAT K R B LIS DT RO K
O3 AR IRARE T 25 (AOAC 1995 ) AT E o IfL 7
HH B 45 B o A AR PH #% R 6 (alkaline phosphatase ,
ALP) i R F B ot B0 & 0 o FRDRERE b 1Y
SVBEIN A2 4% GB/'T 6437 —2002 Rl b Sl i I o
o KA ) BB SE 4% GB/T 11893 — 1989 /K Jit
CEVBE I ) SHIRER e e B
1.4 HiEHitSH

45 5L R A mean + SE IR, A Excel #E17 456
38, FI A SPSS 11. 5 %1 {4 Xf %4 4 /F One-Way
ANOVA J5 2 43 ¥ i J: fitll | >R F Duncan [G 5 3
AT A L SR AT R R A A R
ZHOE SIS S

2 45

2.1 fAMBEENEEERKEENZN

S5y 0 ] 5 TRk 2 6 £ 257 DR 4R A v 1Y T 3
(88.9%~97.2% ) , S EH AR EH, Lk
Y34 2 (WGR) AR &L 3 (FE) Fl 8 B 80%
(PER ) Fifi 45 ) e} v ol 5 55 00 38 Iy 7 ey, 25 A )
BES mIAE] 1.05% J5 #E A& 1, 5 s (e 1 3 7E
T kL wE S BN 1. 29% kb PR AL G ORE R S B
1.05% .1.29% Fl 1. 53% 524 41 w5 6% () WGR FlI
PER ' 2 & T & & 0.91% 1 0. 67% 52K 4]
(P<0.05), faeprp & it T 1.05% 25 2 1)
JHAR LU AE S 35 I AT RRZH (P <0.05) , SEE0 fa iy
JIE 6 I et ol 5 1 G L 1. 29 % 4k PR H
BEmTHMAIA (P <0.05),H 585 &
1.53% b EFARE(£K2),

x2 AMPREBKENEEDEEKPZN

Tab.2 Effect of dietary phosphorus levels on growth performance and

feed utilization of juvenile rice field eels( Monopterus albus)

SR (% W) diet no. (TP)

diet 1(0.67) diet 2(0.91)

diet 3(1.05) diet 4(1.29) diet 5(1.53)

1T /g IBW 34.54 +0.30 34.28 £0.32
K&/ g FW 64.22 +1.74% 66.30 +1.45%
B 2/ % SR 90.5 +5.4 92.8 +4.2
HWH %/ % WGR 85.5 +4.3" 93.4 +7.2°
E B % PER 1.25 +0.04° 1.40 +0.08"
ki Z% FE 0.52 +0.04* 0.60 £0.02%
A4 HST 6.54 £0.53"° 5.62+0.07™
WA L VST 13.26 =0.85 13.30 0. 64
AE 8 B CF 1.46 £0.23° 1.50 £0.09"

34.53 +0.28 34.19 £0.44 34.51 20.41
70.41 £1.74° 70.70 £2.00° 69.91 +1.55°
88.9+2.5 88.9 5.1 97.2 £2.5
103.9 £8.9¢ 106.8 +12.5¢ 102.6 +6.5°¢
1.68 +£0.04° 1.78 £0.10° 1.67 £0.07¢
0.68 £0.01° 0.69 +0.03° 0.60 +0.02%
5.41 £0.90* 5.48 0. 16" 5.08 £0.59*
12.19 =1.44 12.32 £0.45 12.03 +0.01
1.51 £0.05* 1.84 +0.09° 1.67 £0.12%

TE B RS N E + AR MELR (1 =3) IR L EAR L FIAE I EE (n = 6) 5 Al — 47 8 b 5 B R ) O 22 5 1 % (P < 0..05)

Notes: Data are presented as means = SE(n =3 ) ; HSI, VSI and CF(n = 6) ; Mean values in same line with different superscript letters are

significantly different( P <0.05)
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2.2 fANPBEEXNEEEARNZN

X R fr (AR R 07 % o e o, ML R 1 R K
oy & e SR S R KO AE 1.53% I
R o FORLER B3 5235 e i, ML 07 55 2 B 11K
SR 25 B35 (P <0.05) o Hoth 25 55 55 2 i)
Koy MEBR CHIE S EZEFHARE (P>
0.05)(#%3),

R3 AP R R K x5 8 H R R

Tab.3 Effects of dietary phosphorus levels on
body content of M. albus %

S R B Ky HEH ML iy
diet no. (TP) moisture crude protein  crude lipid

diet 1(0.67)
diet 2(0.91)
diet 3(1.05)

72.31£0.88 15.58 £0.54" 4.33 £0.53"
72.75£1.22 15.93 £0.24™ 3.80 £0.17™
73.75 £1.13 15.76 £0.69% 3.70 £0.33™
diet 4(1.29)  73.16 £1.25 16.37 +0.15" 3.62 +0.27%
diet 5(1.53)  73.59+2.39 16.64 +0.20° 3.11 +0.05*
T B RN N P ARAEIR (n = 6) s [/ — F B4 B4R PR
[l 25 B%E(P<0.05)

Notes: Data are presented as means + SE (n = 6) ; Mean values in

same column with different superscript letters are significantly
different( P <0.05)

2.3 ERPHBSENEENRENIERNTIE

i 5 ek v Al A o 1 3 I T R B
WEF (P <0.05), 7E M B & & 1. 29% F
1.53% SCn H R BIRaE (R 4) o ARDRE A 45 i a5 2
TRV 0 R TR T R S R B R il O
J1(P<0.05)  {HA& B R — A8 R mdl | 2 5 K
BFE(P>0.05),

R4 ARPREBEA R EEMNE S ENEROE MW
Tab.4 Effects of dietary phosphorus levels on

serum biochemical index of M. albus

1ML 5 W/ Mg/ GRERERR A/
S AR (B ) (mg/L) (mg/L) (U/L)
diet no. (TP) serum serum alkaline
phosphorus calcium phosphatase
diet 1(0.67) 43.4 +£6.2° 106.0+0.36" 12.6 £1.0"
diet 2(0.91) 46.5 £3.1° 126.4 +15.6" 18.6 +2.6°
diet 3(1.05) 49.6 £6.2° 127.2+6.00™ 16.2 +1.3%
diet 4(1.29) 62.0+3.1° 129.2+6.00> 17.6 +2.9*
diet 5(1.53) 62.0+1.5° 143.2+13.2° 20.6+3.8°

TE BRI+ AR ELR (n = 8) 5 [’ — S B0dl B4R B A
[}y 25 5 .3 (P <0.05)

Notes: Data are presented as means + SE (n = 8) ; Mean values in
same column with different superscript letters are significantly
different( P <0.05)

2.4 FEARPHSEEEHENANEZN

e Aol v Bl A 5 e X 4 R HE A G B R A
OUAREWEZ W, WE S R T 1.05% i,
WEER A AR Ky E (P <0.05), 2 fk,
HHERE ARG & e b e S B A 2 BT
M IRRL R S A HE ol 1. 05% B, 4 R A
15, T ME Wi R HE 25 & it 0 ) 7 ) R B
1.29% F1 1.53% 23 2 38 B K, HiX 3 413 &
HEF 0.67% F10.91% WSZH 4L (P <0.05),
T i R 1.05% ~ 1.53% B, 5256 20 4> fa il |
HHERE A, & 0 3 25 e . SRR A% A R] 1 HE
B AR B S R (R S) .

x5 ABRPREBKEXNZESFAERNZN
Tab.5 Effects of dietary phosphorus levels on dietary phosphorus utilization of M. albus

SR ( % ) LA KRGy % LA/ (% DM) HHEWE/ (% DM) HHESS/ (% DM) 1 % Lo
diet no. (TP) whole-body ash whole-body phosphorus vertebrae phosphorus vertebrae calcium Ca/P
diet 1(0.67) 2.50 +0.13* 0.75 +0.12° 7.29 +0.16* 13.47 £0.28° 1.83+£0.07
diet 2(0.91) 2.93 +0.23* 0.89 +0.03® 7.46 £0.19° 13.61 £0.34° 1.85+0.03
diet 3(1.05) 3.23 +0.48"° 1.01 £0.04° 7.68 +0.21° 14.08 £0.31° 1.80 =0.06
diet 4(1.29) 3.17 £0.54° 0.99 +0.08" 7.74 +0.24° 14.32 20.09° 1.83+0.04
diet 5(1.53) 3.23+0.51° 0.97 +0.01° 7.65 +0.18° 14.53 £0.17° 1.88 +0.04

TE U R N ME + AR UESR (n = 6) 5 7] — 0 8dis B AR B AR 22 57 .3 (P <0.05)

Notes:Data are presented as means + SE(n = 6) ; Mean values in same column with different superscript letters are significantly different( P <

0.05)

2.5 EHEHERABBERE

FHAT AR 53 Ar 3G o 4, AT LUAS 210 0] ) o
REEERAEA KRG RBES RN 1.10% [ (Y =
104.67 —46.07(1.10 -X) ,R* =0.944 (K 1) ],
DAYT 2R A5 R 43 Bt 4 f0 FE ME B 05 O B 45 R R

, T AL e T Wl e R T AR S 1Y) ) ) e PR W
A5 1.05% [ (Y =0.988 —0. 635 4(1.05 -
X),R"=0.928 ([ 2)] M 1.10% [ Y =7. 696 —
0.9855(1.10 -X) ,R*=0.956 (& 3) ].

|
%
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Fig.2 Effect of dietary phosphorus levels on whole-body
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Fig.3 Effect of dietary phosphorus levels on vertebrae
phosphorus content of M. albus
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3.1 AR AESENRYEEEKYHEN
S5 S F W R A S
08 T R DR RCR R 1 R, AR L IE
B K AR AR K (1. 10% ), 3 1 W 4 ke v oy
W KT . TR ST 45 2, 2 0 45 41 1]
R D E LS BT M R N EK
N A i R 20 i L FE A A
SRAARIE T bt 7 AR R R B 2
R I BE T R
SEREIRAE A SCI PR A R I, BB T L S £ Y
339 T AR P BOCR AR, AT AE G A A B A A

FABE Z J5 R Bl =2 2 4% 10 85 ok 4 ¢ A= K, 24 1 R}
A G BRI R A L A E R E b
JH L R E AT e e AR
8 T A AR, . WA B ST & e, R P P
(Salmo salar ) W Z W A= K R 2 ma

DAY E R R bR, ST A Sy BT e W, B 6 X)
T b BB BT RN 1.10% . B T35 5
W REIR T A SE g, B A D R X ol ) 9
R P ST =Nt 1 O K 7/ D O R 7 (O SR A 8
K 91.2% ~97.0% * 77" gk B g Xk
B BT R S R M (1.01%) 7 g A
(1.02% )" [ H#1 F 82 (1. 019% )| g [C &
(Acipenser schrenckii) (1.00% ) "' frHfF 55 45 S M0
AR T E (1 13% ) T R A A
(0.96% )" B4 (0.90% )" ##H (0.69% )" .
E4 B ( Catla catla) (0.64% ) Fn g 6
( Cyprinus carpio var. jian) (0.88% ) ', A~[Efh
KW Tr S 22 S Al e & i TR A 22 55 LA R
M R BB SRR 5 (B ERTA AR DA R SR A
WA E ",
3.2 ARPREEE R 8K AR

AL A5 FE R DRE Hh S T B 4 n 2 6
kR R RIS A, S Bk R
0.7 FAA R f (Acipenser baerii) ' Eifn
BT R T LE R A L AR AP R Y B
Z x| B AR A W R b B L 5, S BOR B IR 1 B
Bk, AT 518 £ WA G A B9 R, BH R fa iR
I Rg W5 A o BE o ok U8, 5 Bt (R IR W & &
B A e 2 A A R, T RE T
Z BRI T T A A B T RE A R B i, A
T 3t R R AR R AL R
R MR R O S R LA RIE N S E TR
SERTIH B AR R L T

MRS RAEMRKRERMR LTS
PV e o o 00 ol T L R 3 o
B T B A A B A TE A ek v ol R A
ORI N o 0 S
BE AN [ W 7K T 2 S e T B EE 4 fa K gy A
BEFNAHERS & i, {0 Luo 26" 338 1R k) b AS [
KX B A ) S RIRA BE W, L
Pree Rl o3 Ay 4 fa AT HERR & i, 45 SRR W), i g
Xk R B B AR oK B4 1.05% F 1. 10% 4%
43 A 4 R A AR B BT R & (1. 10% ) .
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R FE s A R SR 0 R T R
HE AT E 4 o s a7 g 1 T
fity 2 A A R TR A W R O AR B VAR
TR B, Xu 45 W 8 P 0 A T 48 5 T
BHEPBE S RS R A BT R i (0.44% ) Lt T
34T R (0.50% ) B, BF 55 % 4 I 74 4 A1
B Y A0 S, A ME B A BRSO Ll A 2K
AR .
3.3 Xk A EE AL IS AR B0 B0

FRDR FR A ) W o Al S 35 S T 0L o i
Ty, H 2% R I3 P B O SRR I3
251 R R W T RO R Ol A AR
Wi SR IR AR T A% ST 4L ) OV A A
2SR B3, AT B T A T LIE S 3R AR 4
AT L 5 S Rz 240 DA FE K A
G S B G o b A R R Y L B R
(ALP) 555 R 1) 1Q 355 5% 9 A0 56, 76 451 20 A
I 00 R T A . AR S P B AR
W oy R HG O, BEEE N ALP 35 Pk B 3 o, R
Tl RHBE BE A HE ALP 35, 3 11 5% 3 9 £ 3 R
XX AE St F S B AL TS BRI BF S P AR B T RS
A R G A ) g i 2 3 b ALP 3 1
RS M ALP 332 2 N Z 0, 1
IKALZE AR R A KB B P hT
I35 ALP 78 4 2585 - 9 B B4 0, AR A 4 BT
HE— 2 B 50 S A 5l 15 0 28 A R 3R 55 I 2
R,

AT A5 R F WY, By o 6 4 1E AR K
HRE LT T o AT AR S By B Y R e
Tl R ME B B o, 459 20 1t b AR 3 W 0 )
F1.10% ,1.05% F1 1.10% , 454 A4 KR
B A1 O, g 0B BE RDR R B B R R
1. 10% B 48 Ry 3 FL o
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Influence of dietary phosphorus levels on growth performance,
body composition and biochemical indices of
juvenile rice field eel( Monopterus albus )

HE Zhigang'?, HU Yi'*, YU Hailuo', LU Fu’, ZHANG Lu*, XIAO Keyu', DAI Zhenyan'
(1. College of Animal Technology ,Hunan Agriculture University ,Changsha 410128 ,China;
2. Fisheries Research Institute of Hunan Province ,Changsha 410153, China;
3. Yancheng Institute of Technology,Yancheng 224051, China;
4. Tongwei Co. ,Ltd,Chengdu 610041 ,China)

Abstract; Phosphorus is one of the most important minerals required by fish. Due to low concentration of
phosphorus in natural waters,and low absorption rate of phosphorus from the water, fish must obtain most of
phosphorus from their diets. The optimal amount of phosphorus supplementation in commercial feeds is
important not only economically, but also for environmental reasons. Phosphorus metabolism in cultured
aquatic species has become a popular research subject, due to rising concerns about phosphorus discharged
into aquaculture environment. The present experiment was conducted to evaluate the effects of dietary
phosphorus on growth performance, body composition, bone mineralization and blood chemistry index of
juvenile rice field eel ( Monopterus albus). Five practical diets were formulated to contain graded levels
(0.67% ,0.91% ,1.05% ,1.29% and 1. 53% ) of phosphorus from dietary ingredients and monocalcium
phosphate. Each diet was randomly fed to triplicate groups of fish with initial mean weight of (34.4 +0.3)
g in floating cages(1.5 m x2.0 m x 1.5 m) to apparent satiation for 70 days, and each cage was stocked
initially with 100 fish. The results showed that: (1) fish weight gain rate ( WGR ) , protein efficiency ratio
(PER) and feed efficiency ( FE ) increased with increasing phosphorus from 0.67% to 1.05% (P <0.05) and
then plateau over the level of 1.05% . Broken-line analyses[ Y =104. 67 —46. 07 (1. 10 - X) LR =0.944]
suggested that optimum dietary phosphorus content is 1. 10% based on WGR. (2) whole-body protein
contents and condition factor( CF) were significantly elevated ,however, whole-body lipid contents as well as
hepatosomatic index ( HSI) were significantly reduced by increasing dietary phosphorus. (3) Diet phosphorus
level can sighnificantly enhance the content of whole-body ash and phosphorus ( P < 0. 05). Broken-line
analyses[ Y =0. 988 — 0. 635 4(1. 05 - X),R> =0. 928 ] suggested that fish fed diets with phosphorus of
1.05% presented highest whole-body phosphorus content. both vertebrae phosphorus and calcium contents
increased linearly with increasing dietary phosphorus levels while vertebrae Ca/P ratio was not influenced.
Broken-line analyses[ ¥ =7. 696 —0.985 5(1.10 - X) ,R* =0. 956 | indicated vertebrae phosphorus content
showed highest values at the diet phosphorus of 1.10% . (4 ) Dietary TP had distinct effects on P, Ca and
alkaline phosphatase contents in serum. This research revealed that 1. 10% dietary total phosphorus was
required for maximal tissue storage and mineralization as well as optimal growth.
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