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AP ERESIRER SRS ESE KN
I 3% 2 i B | E B R

g, W %', BA#, ARE", 20, RAR, R4
(1. AR HE AP YO A SR REASRE, L 201306;
2. KRB BRI A=BISURR, S S 510380)

WENERARTAHARAIARBEMERA E A RKBERAR R BRHT IHEEH 23%
(BEMA),15% (REAL) R A SRR, ERE R P A & BRI EMA
BERERAINGEINA —HHAE R4 M BEYL WFEHA REME KEHN+ &
KHER(REHMEARL) KEN + HEREAR(MERARL) , FAE R 3 NPT, HF
FHEEH(49.0+2.0) g EE 8 H, HRXN, 2 A& I EE LA % 279.3% .
239.7% \245.6% \277.5% , A ¥ 7% K 1.62.1.88.1.85.1.62, 51K H R4 A8 b, B fm J R 8
BRAEEERKARE(P>0.05), MAMHEMEBRNRTEEHEX1S5.8% (P<0.05),
MERA K R4 0.24(P<0.05)  ABEXEARAR T A LA S HEMA LR - KW AT
(P>0.05), MEEFRERIMAEHO12345h G MKEWFHEAERRKENEER
ER BB EREROKEUBAERN LAY S HEINA KEML - WAEE3h
REFE R MEEBERELKEEFEERNEIKEERT. RAREREMELSE,
HEAFELREEFEMK(P<0.05) ,RMELTHEMABRK28.37%, ERERET, & KK
EMWEAR TR REERARN EE WA RKAREEA TR NREREARN EFREHE

R EE RARAR MEREAR: £ KRR EHEER

hESHKE .S 963.73 %!

WEE M SRS E Y & QIR
RKFMEN 3, A XBEMEYE QRHR
FIRE BTN, 5 00 S 1 R L, B
YA YR A TRE BRI R R ARG Z 5
PR AR EEARE", W AR G
ARAERBE N BIEX—REWERER. B
=, ARERANAHRERERR, —ERAKE
F SIS SR, BN, el
K LUERH AR RE R, nEKERE
BHPREIN0.4% ~1.0% SRR, 7] T 8 A=
KAB Smams BHEA—BwALY s BE
— BB 55 2 WA, 7E 88 ( Cyprinus carpio )™ | H 8

15.#8 B #8:2009-07-18

f&1E] B #:2009-12-06

NEERIRAD A

( Pagrus major ) RN - = X Rt ( Ictalurus
punctatus) " EE R SR RIS R R BT
SRR IF TR E,

BARE , R FERRTEK R AR A
BRSPS YR R pH™  BAR IR
R ERREL BIENEAERSEASE
HEMRIEAR £ BRERA KR
AR XRARRERMATERLH, BYE MR
BHAARNERER. NkRE" L, 7
SERE RPN T R B, E A A KRR
B B R AR T AR EE , MR R T HA
FAtERE, B E T K, 7T B ( Carassius

AHEE: EETEAFNERTE (Y1101) ; AR b AR KR BRETE S (nyeyx -49); LETHZERERTE
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auratus gibelio) " HE") | HIIRIE

A5 L)L B A ( Ctenopharyngodon idellus ) iy
PRX 4, 26 LB A b IR A&, [F
BEARDR b R PR M R — R R & i
T RS 5 FExd A K MR BB AN I 3 B i
BRERR | BB EH RS W , B ERTE K
PR - BN R AR AR R

1 wRETk

L1 Rz

W AN T L KRR RS, F
REMYBEHARME R R, 8BHEEN
(49.0£2.0) g, PhFRMEH ) £ 7 360 BB, BEHL S

12 OARKEM(3.0 mx2.5 mx1.2 m)H,
B 30 B,
1.2 Rt 5RmEs

DEMEE 23% B EHE = ZoRxy R4,
ML ERY B SRS ERE Dy 15% , CRE 3 n sk
AR SR AR =10 1) PRI R R4
M AR b, o0 BIrh R R AR, A
BAKPFARB SR EMA 3, SHERKFRRE
FHA—F, L4 MEHEE, G EHEHAR 3 AF
17, R T H R 1,

AR mBHILTEH)N A ERARE
fit, M ERR Y Lys-HCL, I AMRANS BN
8% ; MM BRT B AR ARTEN 9%,

®1 ABEAREEFEM

Tab.1 Ingredient and nutritional composition of diet %
Ba/ &8 REMA (AR L Ak Lys 4 8 Lys 4
ingredients/content high soybean meal low soybean meal crystalline lysine microcapsuled lysine
¥} fish meal 2 2 2 2
¥ soybean meal 23 15 15 15
F8¥5 cottonseed meal 10 14.6 14.6 14.6
3Z¥H rapeseed meal 25 29.6 29.6 29.6
YA wheat middling 25 25 25 25
$k iz wheat bran 10.3 9.1 9.01 8.92
a7 fish oil 0.75 0.75 0.75 0.75
i soybean oil 0.75 0.75 0.75 0.75
B8R — & 55 monocalcium Phosphate 2 2 2 2
&1L E5; choline Chloride 0.5 0.5 0.5 0.5
Y R IR R mineral premix 0.5 0.5 0.5 0.5
Y RIREL vitamin premix 0.2 0.2 0.2 0.2
SIS ER crystalline lysine 0.09
HIEHIE R microcapsuled lysine 0.18
41t total 100 100 100 100
E 7R % nutritional composition
7K 4y moisture 11.77 11.83 11.75 11.72
HEH crude protein 28.67 28.59 28.54 28.58
MABH; crude fat 3.65 3.45 3.85 3.89
¥ K4y crude ash 7.5 7.47 7.49 7.49
SR Lys 1.43 1.36 1.43 1.43

¥ A R AR R 7E UM P B IR N R (me/kg R : V4,6 000 TU;V,y,2 000 IU; Vi, 505 Vig 55 Vi , 155 Vigy , 155 Vigs, 30; Vigg, 105
Vg7,0.2; Vg1 ,3; Vg2 ,0. 03 ;Inositol ,100;Zn 80 ; Fe 150 ;Cu 4 ;Mn ,20;1,0.4 ;Co,0. 1;Se,0. 1;Mg,100,

Notes: To contain vitamin and mineral in diet added as premix ( mg/kg diet) ;: V,,6 000 IU;Vy,2 000 IU; Vg,50; Vg ,5; Vg, ,15; Vg, ,15;
Vgs 5303 Vg ,10;V B7,0.2; Vg, ,3; Vg, ,0. 03;Inositol, 100 ;Zn , 80 ; Fe, 150 ; Cu,4 ;Mn,20;1,0.4;Co,0. 1;Se,0.1;Mg,100.

1.3 RAFERE

RRTE L1 KRR K = R W %
17,7 R4 56 d, KBy 80 cm, & H %
BRPFFHEATAR, K ERN, €8, €& RN
HATRER, B R 3 K, 4 FI7E 8:30,12:30,
16:30 #A7, BB E NAEKE 3% ~5% , FHRRF

HA-FWRBE, FEMEKENR22~29 T,
PH %(7.6 +0.5) , Yf#%E,096.7 ~7.4 mg/L,
1.4 WNEBESHE
AxREgE BBRABRSERNKE,TE
WEE IFRERNRBR, TTEFEBRY
WHEE(%) =CKE-¥E)/PIE <100
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R R = FRHEAR (g) /S E(g)

BIER (% ) = KRB ¥ RS <100

hEEHEBALER FHEHEARERE, D
AEREE 0.1.2.3.4.5 h, GHifEa} E B A 4
B, BREIKELIL, FH 1% R R NS WAEDLBER . I
FE 1.5 mL B.04 % 4 000 r/min &.0> 10 min
Ja, M EEW AP, F -20 CRERN, XA
BEER(T-AA) WRE(WTFEEEREY T
) ME MK SIS EERN S &,

LR EEREG REFERL,RAEZDH
SE2EANEEN & (W TEREREY TRH
FOWEMFEAEATE,

AEBAKFEXRE  HERKPBRER
P =M Bk 100 mL, HIA 2. 00
g MRS EEAER, RG2S TKaPHE
5 min, FEE_EIE W, SR AE =B E KPR
EE, BPBUKEEREE 0.5 mL,in 15% TCA 0.5
mL,#%],1 500 t/min .0 15 min, B F &%
0.01 mL, A pH 5.5.0.2 mol/L FyEEER L4 wh
WZE 2 mL, B =R (2 g B =F% T 50 mL
ZPEHEBLS 25 mL pH 5.5.0. 2 mol/L B&ER
EZ W ,25 mL £EF7K,0.08 g SnCl, - 2H,0)
2 mL, F#K H & Bk 30 min, % ZE RN 50% &
B2 6 mL, UAINFR ARG (LAZRBAKRE) Wi
BB AR, 721 B 066 T 570 nm

OD fH,

Btz {5 8| W AR S (NH, ) ,S0, 50 mg, i
KEZZE 100 mL, 4§ 0. 5 mg/mL f (NH,),SO,
FRETS R , % — € ¥ & (0.,50,100,150,200.,250,
300 pg/mL) BRI 58 =8 8 &, W ODsy,, ,
PL(NH,),S0, R & N8 HR, ODspnm 4
5,48 N-ODgy,,, PRl 22 o

HRIEHFE i OD o, fEL7E N-ODy,,,, i i 25 1
AN N &, Lys-HCl (R & 812.08% , % T
BRARIE

WEABRKPERE(%) =

N x8.28 x FBefEst %100
FRER =R R N SRR 2 < FEE R (g)

1.5 BELERSH

TR R £ inizFRR, Kk SPSS
11.0 4347 34 #E 17 L B R 5 2 5347 (one-way
ANOVA) , X 2 5 & 3 # #17 Duncan K Z HR
I, P<0.05 FrERBE,

2 HER5S

2.1 RESHBEHESBRKPELR

Rk SHBRARKPBRER SR E
(xR 2), ARBEREKFPHBRENR
69.82% , & BLE, HAKPBEREDEREMR
(P <0.05) U Y F R E R 28.37% .

x2 B MESSBREAKPRRE
Tab.2 Leaching loss of crystalline and microcapsuled Lys %

HEBR\JELZR amino acids\leaching loss

EA{K crystalline %% microcapsuled

&R Lys

69.82 +0.99? 19.81 +0. 86°

B : AT LN FRARRRWE ZH A BEER (P <0.05),

Notes:; Values in the same row with different letters are significant difference( P <0.05).

2.2 IFEEFIREFRERNES KRN
-4

231 56 d 7P, RANAKERLE 3, &
HEAHRRABRGFWEKERE KER N
239.7% ~279.3% AR AZ¥ R 1.62 ~1.88, 7
BAFHEYMN, B ENAHBNEARE R
B E R (279, 3% ) AR DB &R B
(1.62) ; R REMA S EA BA R
HH(339.7% ) Fism B R %0(1.88) , 5%
SRR B, BRI Lys X R B AR K R I

TozE (P >0.05) ; By mf & Lys W B Z 2 k5
AR, A R ERIER 15.8% , B R 5%
f50.24(P <0.05) , B E5REMHE—-FWEK
PEBE
2.3 #EERLAEREFERESEAIAKSH
=

M4 00, ZHEANPRRE A AR .
MKy K EFEEEZR(P>0.05), 5KE
MAM L, R EREREHEIANEASE
TEHE BRI (P>0.05),
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R3 FANRASHESSBYNEE LK MG
Tab.3 Effects of supplement crystalline and microcapsuled Lys on growth performance of grass carp
A3 FIPIE(s) FiRE(s) WER%) TR R BAER/ %
group initial body weight final body weight weight gain  feed coefficient  survival rate
B X4 high soybean meal 48.9+0.2 185.6 £0.7* 279.3+1.1% 1.62 £0.022 97.8+2.2
{E K340 low soybean meal 49.00.1 166.6 +1.7° 239.7+3.5> 1.88:0.05>  92.213.3
RIS R4 crystalline Lys 49.0x0.3 169.4 £2.8 2456 +5.6° 1.85:0.04® 94.415.6
BSR4 microcapsuled Lys 49.020.2 185.2£2.9*  277.5%6.7° 1.64£0.04*  97.8+2.2
ANOVA 4#7 P fE ANOVA analyse P value 0.432 0.001 0.001 0. 000 0. 606

& A LN EFRARRR _EZHAE BEER (P <0.05),

Notes; Values in the same array with different letters are significantly different (P <0.05).

R4 FMBSEIMERSRHRNE & A AR R0

Tab.4 Effects of supplemental crystalline or microcapsuled Lys on muscle composition of grass carp %
a5 x4 HEA LB MRS
group moisture crude protein crude fat crude ash

B X4 high soybean meal 78.63+0.24 18.07 £0.12 1.03 £0.07 1.23+0.03
(R EHi4H low soybean meal 78.19+0.20 17.82 £0.23 1.06 £0.04 1.28 £0.04
SIS ER 4 crystalline Lys 78.44 £0.08 17.95 £0.11 1.05 +0.08 1.27 £0.03
HIEHIE FR A microcapsuled Lys 78.35+0.11 18.19 +£0.15 1.09 £0.07 1.29+0.03
ANOVA 4#7 P fE ANOVA analyse P value 0.352 0.424 0.934 0. 657

24 HERREHEARENREFBEERS
BHTL
HABREAHFME LR SR QARS8
ML 5. WK S T, EaFam EMmA
TR ERA R , M5 B R E R BOK
RAEHEON— 3, R R MK B /R
KR RT3 A0, 7E 3 h sk MR ik e, /5

TR TR EDR R B R AR RS, I
R AERK PR RISERITE 2 b, KE TR
T % & TSI i @B IRRHE , 3 B e |
BRI B SR RARNER—3,H
5% GBS AR K P I (E = TR AR R
(P<0.05),

x5 BREAHMEFAAMERLRAFERERSENTL
Tab.5 The change of plasma total free amino acids at interval time after feeding pmol/mL
31 IR SR
interval time afer feeding
group
0Oh 1h 2h 3h 4h 5h

-
W‘E*ﬂg‘ﬂ‘ a a a a a
high soybean meal 37.7+1.0 45.0+1.8 51.2+0.4 65.3+0.7 55.7+0.3 49.9 0.5
RE s 36.2+0.7 42.5+1.22 47.3£1.0° 56.8 +0.8° 52.8+1.3% 47.3+0.3°
low soybean meal
=}
““ﬁ%ﬁ@gﬂ 37.2£0.5 49.9£0.7°  69.1+1.1°>  52.2:0.2°  46.40.5> 53.2zx1.2°
crystalline Lys
ﬁg%ﬁ@éﬂ 36.6+1.2 43.4£0.9° 52.1+3.9% 67.9 1.6 55.3+1.3% 49.1+1.8°
microcapsuled Lys
ANOVA 5347 P {8 0.744 0.003 0.000 0.000 0.000 0.042

ANOVA analyse P value

& A LN EFRARRR _EZHE BEER (P <0.05),

Notes; Values in the same array with different letters are significantly different (P <0.05).

2.5 REBREEANENREAZEECENE
4
EABRSHFEME LK SEASBIEN

RFE6, EABRAAMRME MXBEHTE
KBS R, BIRR)E 0 ~1 h, MK BEH
FEAR TR, ~2 h HERREBRME, HE R
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BB, 24 hRBIEE R G CREEE, 7R EREERTENREBER(P <0.05),
A P BB R LK B8 B K B

®6 BREEAMETEMESRNRAEALENEL
Tab.6 The change of plasma total protein at interval time after feeding g/’L
IR A
i interval time afer feeding
group
Oh 1h 2h 3h 4h 5h

%E*ﬂﬁ a a
high soybean meal 25.5+0.3 26.5+0.3 24.5+0.4 29.9+0.5 39.210.3 33.8+0.5
R 26.6+0.2 27.6£0.3 22.7+0.8 30.6 £0.9? 36.6 £0.3° 34.210.6
low soybean meal
ﬂ%ﬁﬁ@éﬂ 26.0+0.4 27.0+0.5 22.5x1.5 27.9 £0.5° 37.0+0.3° 35.5+0.5
crystalline Lys
ﬁg%ﬁ]@éﬂ 26.9+0.4 26.7+0.6 25.7+0.2 29.1+0.4% 41.0x0.6% 33.8+0.3
microcapsuled Lys
ANOVA 517 P { 0.000 0.353 0.134 0.021 0. 000 0.139

ANOVA analyse P value

& A LN EFRARRR _EZHAE BEER (P <0.05),

Notes; Values in the same array with different letters are significantly difference (P <0.05).

3 g

R REEEERN S EEYHaRER
HEBERERDY , &SRR AR R, TR
RS e, RN R, — R A
a0 P anR R gt o o B R AR R,
REE R, BN RYGER, Xk g% &
B WHESEH ERTHEA EREE" &
R ok e 7R £ AR T S I PR AR A
HAeEKEREER, ARREAKHHEERN 2%,
SHIAEH 23% PR 15% WAL EMER PR 7
R ERNE AN A KBTS EER, Sk
RSB, XHRFEMBIRSREDR, &
R FERRMERRR 5K = sh P Fhde AL
Bt pH AR | RAL BRI L R E R R VW
BAFRZFHEESR X,

R ER A KN, e ER S
SR TS, S A ARBERD . Xk R
a1 RS2 0, 2 A AR E K H198 8 10 min S5
AR IR 13.2%; A, ERFTHE
#7 BE A A Y s vt R IR, AR
KEGERIEBRBRT K, TR, AEIER
KPR BB AL o

XHFKESYA A SRR EER, B
Bl — R B RIS ] ER S EH
DREEBRTAFEMER A E e sk
HFRIEN AR ALE 5 1R PR A PRI G A L

B AR HREAERSEEISED T, BH
FHPIR R0 6F A EAE RS, IR A
BUKTFAE 3 ~5 h BRI i, T B PR
R S5 , FEE IR TR I BT XA R gk
By, B 4 e ol A ARDRL S B9 I Y0 T8 LA R K
FAE3 ~5 hkBIEE, TSc RN ~3 h ik
BEe, ABFST R R, A B A X A,
W AN AT 3 h AR I TIE A B R
SRR RS R e (8 e IR ERAT L b, 5 BR
WA, BEREEREBGTR, R e
KPR SRR SR, IF BT I8
HOME R LU A AR, R A R H R
FEBMB ) TR B SR T B
B ERMFIAR,

BB GBS RRIEK P YA R, B R
SRR E B RBOR B, T A R R R R
BRI — R R, XA RS, B
IR AR R R E K I 10 min JE VA R R
H13.2% , TABE N 4.8% ; EEE" A%
E IR K AL A YRR AR B ARG
RMHEAKPBEERNEYETREZERY
23.8% ~37.1% AERBR I, Fii 2R 25
BTGRP BERRBERK, 5 L RE .
RAREREREERLIE, BET KPEELE, R
B, B T HAE WA A TR B L FE3R T I
th LR IR TR A, XUk R W E
a0V peRE ) B e 6 B DR b
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IR IR K I, ML B K - ) L0 (i
6] 5 % B 4 A — B, BRI S AR R R R4 SR
ARSu R TN, B 15 A v R AR S B
FRLELFPRHS , I3 M D B S L RR I e (1 114 A
6] —3¢, 3% 3 h, 5 FRIREHMF

IR AR R NEH, B E —
BRFSTHGE, Xk RS 7 S R R A0
ERURRR 0. 4% , A AR ER M 192.3% BE
3222.0% , TG0 @ B AR R E; B E
1 ZE SRS 43 BRI LB A i AR B e A B
MBERNEER, AR BRI RARS
18.6% \17. 9% ; ¥& 6] ZE 451 75 i 9 1R0b) o 43
BIFMUATRE e AR S EER, 5
BRI T R 20. 5% .19. 7% , N AR
M 0.40.0.39; R B %" 8RR B A %
BHRE, ARSI AR , S A
FRSAN ARSI 55 TRMEEAR K
¥,

Bt 7 F B L ) 25 g PR ) R 4
HOMAER,

%0k :

[1] Small B C, Soares J H. Quantitative dietary lysine
requirement of juvenile striped bass Morone saxatilis
[J]. Aquacult Nutr,2000,6(4) ;207 —212.

[2] Dabrowski K, Dabrowska H. Digestion of protein
by rainbow trout ( Salmo gairdneri Rich.) and
absorption of amino acids with in alimentary tract
[J]. Comparative Biochemistry Physiology, 1981,
69(1):99 -111.

[3] Williams K, Barlow C, Rodgers L. Efficacy of
crystalline and protein-amino acids for amino acid
enrichment of diets for barramundi Asian seabass
[J]. Aquaculture research, 2001, 1 415 —429.

[4] Cheng Z J, Ronaild W H, James L U. Effect of
lysine supplementation in plant protein-based diets
on the performance of rainbow trout and apparent
digestibility coefficients of nutrients [ J ].

Aquaculture, 2003, 215: 255 -265.

[5] Pongmaneerat J, Watanabe T, Takechi T, et al.
Use of different protein meals as partial or total
substitution for fish meal in carp diets [J]. Nippon
Suisan Gakkaishi, 1993, 59(7) : 1249 -1257.

[6] Takagi S, Shmeno S, Hosokawa H, et al. Effect of

(7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

lysine and methionine supplementation to a soy
protein concentrate diet for red sea bream Pagrus
major [ J]. Fisheries Sci, 2001, 67 (6): 1008 -
1096.

Zarated D D, Lovell R T, Payne M. Effects of
feeding frequency and rate of stomach evacuation on
utilization of dietary free and protein-bound lysine
for growth by channel catfish Ictalurus punctatus
[J]. Aquac Nutr, 1999, 5(1): 17 -22.

Wngk N, Hungs S, Heroldm A. Poor utilization of
dietary free amino acids by white sturgeon [J].
Fish Physiology Biochemistry, 1996, 15(2): 131
-142.

Strorebakken T, Shearer K D, Roem A J. Growth,
uptake and retention of nitrogen and phosphorus,
and absorption of other minerals in Atlantic salmon
Salmo salar fed diets with fish meal and soy-protein
concentrate as the main sources of protein [J].
Aquaculture Nutr, 2000, 6: 103 - 108.

Jaramllo F, Gatlniiid D M. Comparison of purified
and practical diets supplemented with or without -
glucan and selenium on resistance of hybrid striped
3 to
Streptococcus iniae infection [ J]. J World Aquac
Soc, 2004, 35: 245 -252.

De la Higuera M, Garzon A, Hidalgo M C, et al.

Influence of

bass Morone chrysops @ x M. saxatilis

temperature and  dietary-protein
supplementation either with free or microcapsuled
lysine on the fractional protein turnover rates in the
white muscle of carp [ J]. Fish Physiology and
Biochemistry, 1998, 18: 85 -95.

Alam M S, Teshima S, Koshio S, et al. Effects of
supplementation of microcapsuled crystalline amino
acids on growth performance and body composition
of juvenile kuruma shrimp Marsupenaeus japonicas
[J]. Aquaculture Nutr, 2004, 10; 309 - 316.

Lim C. Effect of dietary pH on amino acid utili-
zation by shrimp ( Penaeus wvannamei ) [ J].
Adquaculture, 1993, 114 293 -303.

RHE, E. BEHEN 5 EEEER BRI
AR EERRERZ N[ T]. FRIT S, 2005, 12: 50 -
52.

XA, AR, XUHRHE, %, SRR RN SE 45 &
BRAEEERN A 4K M &R
WERARSRENRMI]. k=28, 2002, 26
(3):252-258.

i, RHE, 208, % FRRRNEEEE
Bt R EREE R AR BEmIT]. gk



472

K =¥ R

34 %

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

(26]

FEREEEAR, 2006, 15(3) : 365 - 369.

BRE, RHE, /)8, % GEREEEER
xR A RBORBIIE(T]. KEEWER,
2008, 32(5): 774 - 778.

mrtt. B=EEWERBENSFKBEEAR
[J]. st Iol, 1993, 14(9): 18 -20.

Floretoea T, Bayerr C, Brown P. The effects of
soybean-based diets, with and without amino acid
supplementation, on growth and biochemical com-
position of junevile American lobser, Homarus
americanus [ J]. Aquaculture, 2000, 189 211 -
235.

BEE, EhE. FAFENBRNAERNRE
[I]. EAK=, 2002, (2): 67 -73.
K, D . ME R PR IRE RN R
[J]. fARlptsE, 2001, (6): 31 -32.

XSG, ARE. BinRbEEREREEKF
X AR PR R [T]. R Talk, 2001, 22
(6):9-11.

SRR, BB, B4R, E. BEAER TR IMERE
R ARAR[T]. [R5, 1999, (4):5
-6.

REE, 8,208, % FRERnRERG
FERE L B X S AR A D I i S A RK P
RIEmT]. K=K, 2007, 31(6) : 743 -748.
Wk, ok, RRE, & FERTERNH
BRRERIMERMT]. FF&H#L, 2004, 21(11):
41 -43.

Lopez-Alvarado J, Langdon C J, Teshma S I, et
al. Effects
crystalline amino acids on leaching in larval feeds
[J]. Aquaculture, 1994(4), 122; 335 —346.

of coating and encapsulation of

[27]

(28]

(29]

(30]

[31]

(32]

[33]

I RBEERSHMBEEREIARLEEXNFER
WAERKEWOPRID]. L. BEK™KE,
2005.
Wison R P, Hardng D E, Garlng D L. Effect of
dietary pH on amino acid utilization and the lysine
requirement of fingerling channel catfish [J]. J
Nutr, 1977, 107(1) ; 166 - 170.
Zarated D D, Lovell R T. Free lysine (L-lysine
HCl) is utilized for growth less efficiently than
protein-bound lysine ( soybean meal ) in practical
diets by young channel catfish ( Ictalurus punctatus)
[J]. Aquaculture, 1997, 159(1 -2): 87 -100.
Murai T, Ogata H, Hirasawa Y, et al. Portal
absorption and hepatic uptake of amino acids in
rainbow trout force-fed complete diets containing
casein or crystalline amino acids [ J]. Nippon
Suisan Gakkaishi, 1987, 53(10) . 1847 —1859.
Cowey C B, Walton M J. Studies on the uptake of
(**C) amino acids derived from both dietary (*C)
protein and dietary (**C) amino acids by rainbow
trout, Salmo gainineri Richardson [ J]. J Dish Biol,
1988, 33(2) : 293 -305.
De la Higuera M, Garzon A, Hdalgom C, et al.
Influence of temperature and dietary protein
supplementation either with free or coated lysine on
the fractional protein turnover rates in the white
muscle of carp [ J]. Fish Physiol Biochem, 1998,
18(1): 85-95.
RER. FER R RE R A £ KRR
(J]. R RZFZR, 2002, 33(6): 437 -
438.



3 BBl , % AR R SR AR A B R A BN B A RN IS R R BRI R 473

Effect of dietary crystalline or microcapsuled lysine supplementation on
growth and plasma total free amino acids of grass carp
( Ctenopharyngodon idellus )

LUO Yun-xian', XIE Jun®, LV Li-qun', LENG Xiang-jun"'"
LI Xiao-qin', WU Xiao-feng', LI Zhong-ming'
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Pearl River Fishery Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract ; At present, more plant protein feedstuffs are used in aquatic feeds for the shortage and the
increasing price of fish meal. The deficiencies of some essential amino acids ( EAA) in plant protein
feedstuffs lead to the addition of some EAA to balance diet composition. However, the effect of
supplementing crystalline EAA was not positive for some fishes. As a result, the present experiment was
conducted to investigate the effect of crystalline or microcapsuled lysine supplementation into practical diets
on growth performance, and the total plasma free amino acids content of grass carp Cienopharyngodon
idellus. Four diets were prepared, which were high soybean meal ( SM) diet with 23% SM, low SM diet
with 15% SM, low SM diet added with crystalline or microcapsuled lysine, which had the same lysine
content as high SM diet respectively. Grass carp (49.0 £2.0) g were fed the four diets with triplicate for 8
weeks. Growth rates (GR) of the four groups were 279. 3%, 239. 7%, 245. 6% , 277. 5% , feed
coefficient(FC) were 1. 62, 1. 88, 1. 85, 1. 64, respectively. Compared with low SM group, adding
crystalline lysine in diet had no significant effects on growth performance, but the growth rate was improved
by 15.8% and FC decreased by 0.24 (P <0.05) by adding microcapsuled lysine in diet. Fish fed on low
SM added with microcapsuled lysine had the same GR and FC as those of high SM group (P >0.05).
Plasma total free amino acids( TFAA) concentration at 0, 1, 2, 3, 4, 5 h after feeding were determined,
and the highest concentration of TFAA occurred at 3 h after feeding for high SM diet, low SM diet added
without or with microcapsuled lysine, but absorbing peak occurred at 2 h after feeding for low SM diet
added with crystalline lysine, which means the absorbing peak was advanced. Leaching loss of crystalline
and microcapsuled lysine were 69.82% and 19.81% , which indicated leaching loss of crystalline lysine was
significantly decreased by microcapsuling. Results above showed that grass carp fed with diet supplemented
with microcapsuled lysine had a slower absorbing peak of serum TFAA than that fed with crystalline lysine.
Microcapsuled lysine had a lower leaching loss in water than crystalline lysine. Growth rate of grass carp
could be improved, FC decreased by adding microcapsuled lysine in low SM practical diet, but was not
affected by crystalline lysine.

Key words:; grass carp( Ctenopharyngodon idellus) ; crystalline lysine; microcapsuled lysine; growth; plasma
total free amino acids
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