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and digestibility of tilapia (Oreochromis niloticus X 0. aureus)

YU Hai-rui' ZHANG Qin** JIANG Yan® HU Xiu-gui® LIU Shi-wu'
LI Wei-zhong! ZHANG Bao-ren' FAN Jing-jing' CUI Ying'

('Key Laboratory of Biochemistry and Molecular Biology in Universities of Shandong,
College of Biological and Agricultural Engineering, Weifang Bioengineering Technology Research Center, Weifang University, 261061)
(*Key Laboratory of Marine Biotechnology of Guangxi, Guangxi Institute of Oceanology, Beihai 536000)
(®*Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003)
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plemented replacement by peanut meal supplemented with lysine and methionine on growth, ap-
parent digestibility coefficient (ADC) and body composition of juvenile hybrid tilapia (Oreochro-
mis niloticus X O. aureus) at initial mean body weight of 7. 3040. 12 g, which were stocked in
floating net cages suspended in an earthen pond. Five isonitrogenous and isoenergetic experi-
ment diets (D1~D5) were formulated with low fish meal content (2%). D1 was used as control
containing 30% soybean meal (SBM). D2 was formulated with peanut meal (PNM) replacing
50% SBM protein. D3~D5 were formulated on the basis of D2 supplemented with crystalline
lysine (0.25%) + methionine (0.05%), microencapsulated lysine (0.25%) -+ methionine
(0. 05%) or microencapsulated lysine (0.50% )+ methionine (0.10%), respectively. Chromic
oxide (0.5%) was added as an external indicator to determine the ADC for nutrient or energy of
the experimental diets. The results showed that no significant difference (P>>0. 05) were found
among survival rates of the experimental diets. Specific growth rate (SGR) had no significant
differences (P>>0. 05) between the control and D5, which were significantly higher (P<C0. 05)
than the other three diets, and D2 resulted in the lowest SGR. Fish fed D2 and D3 had signifi-
cantly higher (P<C0. 05) feed conversion ratio than D5 and the control. Fish fed D5 and the con-
trol had significantly higher (P<C0. 05) protein efficiency ratio than D2 and D3. Condition factor
showed no significant difference (P>>0. 05) among the D4, D5 and the control, which were sig-
nificantly higher than D2 and D3 (P<C0. 05). There were no significant differences (P>>0.05)
in viscerasomatic index and hepato-somatic index between the experimental diets. ADCs of dry
matter, crude lipid, gross energy and essential amino acid had no significant difference (P>
0. 05) among the experimental diets. ADC of crude protein had no significant difference (P>
0.05) among the microencapsulated amino acid supplemented diets and the control, however,
which were significantly higher (P<C0. 05) than D2. Whole-body proximate and essential amino
acid composition of the fish were not affected by replacement of SBM with PNM or supplement
of crystalline or microencapsulated lysine and methionine. Compared to crystalline amino acid,
the results indicated that dietary microencapsulated lysine and methionine supplements obvious-
ly improved the growth performance of juvenile tilapia and the ADC of dietary protein under the
conditions of this experiment.
KEY WORDS Tilapia Soybean meal Peanut meal Lysine Methionine
Growth Digestibility
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AR A K AR A B i I SE (El-Dahhar et al.  1993;Wu ez al.  1998;Riche ez al. 2001;Gonzalesden
etal. 2007 ;MRMEMGEE 200834 #ESE  2009: G METESE 20100, & L4 (2009) K I, & A 20 R F
BRXFIE 5 5 4F 6 Oreochromis miloticus A= TE B 128 AU 10 £ ORI B . 1L 1 5 2 22 5 T f
5K PR VR IR b 5T 7 SR MR KBS AE 22 57 A K (Zarate et al. 199938 i) 4245 2005)

6 S R A B IR 53 ) S S ARDRL v R 22 O W 2 1 RO A B — L BRI R R L X 4 R S ) i IR R
KRB MM Z RGN IEH LA A EE M E N (Hauler ez al.  2001), HFT. 5 TR A FE J7 0 50K RS
FAB RS 135K 55 5 T8 0 R 2R A6 A KR 2 A i S5 TR K L Ak o T 0 A 5 R T 4 A R R 1R A IR o A
LM 50 26 22 AT R ae (0 FE A o i ek v B BE R AN - . AR ST A ZE AR AR KRR AR 50 06 ORIV 1 I A A
H 0 0 AN I o AR Bl G 2 i U R AN AR R X B P A AL (Oreochromis niloticus X O. aureus) "4 JH AL R FAK
JL 53 B S0 o oA B8 R R 1) A 80 T 4 SRR 2 3
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P LA BRER TR L AR 4 78 500 s i IR R O H AR A A2 A AR P DR 9 DL- R A 80 i
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ST AR E SR 2 (NRC  1993) I 45 & [ N 52 B 2B 7= 4 B0 3 1A e I 7 0 ) B 5 45 0 CHLZR 1
Ji i 32%0) ERE CRLAEN 13 kI/g) AR & R (2 YO RS AR (D1~D5) (£ 1), H , DI 4D & 47
30 %0 SR, JCAE AR s AE D2 B AEAE KR (AR D1 rp 50 %0 1 GORIAR 1, R A SR R F R 2R s D3 ~ D5 &
FE D2 B SERE_E 43 AR 0. 25 Y6 & PR3 20 1R + 0. 05 %0 dh AR B 2R L 0. 25 V0l e 1 2 2 + 0. 05 V0 ff 4 78 2 1R
0. 50 % T BE 2 MR +0. 10 0BT 2R . FE TR IR N 0. 520 1) Cr, O 4F 2 S 448 7 3510 FH 1 2 8 3% 1 oy
SRE I M R . IR T AL TR AL AL R 2. B AR R R S SRR AL T A JEORE Y i 40 H B
TR JEORHR A 257 TN BB AR 00 A S IR 5T . 225 K N T E L SRR AT R AR L (QE5 B L AR B
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R I I BE I AE 90~100 C, fRDEHSURL T 2 N B AL TG AR FEAE — 20 CUkFEH % .
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A et e s B I AR E . R B R K R 26. 5~32. 0 C LA K T 5. 0 mg/L,

L4 HEmBEESSTAE
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IzE K 100 mL 235 AINA 3. 00 g Ab RS S ZHE IR . £ 21 )5 T 28 COKHHh i B 10 min. i JE I E I .
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Table 1 Formulation and proximate composition of the experimental diets (% dry matter)
J5 Bl Ingredients D1 D2 D3 D4 D5
X il Soybean meal® 30. 0 15.0 15.0 15.0 15.0
R Peanut meal® 15.5 15.5 15.5 15.5
A i A R Crystalline lysine 0.25
SIAE R Crystalline methionine 0.05
AR5 B2 Microencapsulated lysine 0.25 0.5
TR AR Microencapsulated methionine 0. 05 0.1
10Ky Fish meal 2.0 2.0 2.0 2.0 2.0
SERFH Rapeseed meal 23.0 23.0 23.0 23.0 23.0
Ky Wheat middlings 25.0 25.0 25.0 25.0 25.0
KOBEKG Rice bran meal 8.0 8.0 8.0 8.0 8.0
LY % Beer yeast 2.0 2.0 2.0 2.0 2.0
113 Fish oil 2.0 2.0 2.0 2.0 2.0
KNG Soy lecithin 1.0 1.0 1.0 1.0 1.0
Ay Zeolite powder 2.72 2.22 1.92 1.92 1.62
B A8 Ca(H:POp, 1.5 1.5 1.5 1.5 1.5
W) 5 TR R Mineral premix® 1.0 1.0 1.0 1.0 1.0
Yk K TR R Vitamin premix’ 1.0 1.0 1.0 1.0 1.0
FALMagE  Choline chloride 0. 25 0. 25 0.25 0.25 0.25
AR Fk s Ethoxyquin 0.03 0.03 0.03 0.03 0.03
SR CrO; 0.5 0.5 0.5 0.5 0.5
BFRH  Proximate composition
HEH Crude protein 32.31 32.12 32. 65 32.50 32.57
LG Wi Crude lipid 4.70 4.47 4.51 4.62 4.77
KAy Ash 6. 35 6. 27 6. 46 6.28 6.22
e Gross energy(M]/kg) 13.28 13.16 13. 20 13.22 13. 29

el S 49. 81 LR 1.2, 22 YOMLIG D7 . 3. 06 Y #i 2 B A1 0. 71 %6 28 2Bk ( %6 T 91 O

2. 547 48. 23 VO (1 .2 4T VORI WG L 1. 53 YR MM 0. 32 W A (U T YR

3. ET R W R WIRE B S A :CoSO, « 4H,0,0. 15 g;CuSO, « 5H,0,5.0 g;FeSO, « 7H,0,50. 0 g; KCI,50. 0 g;KI,0. 1g; MgSO, « 2H, 0,
101. 7 g; MnSO,. 4H,0,18. 0 g;NaCl,80. 0 g;Na;SeO; « H20,0. 05 g;ZnSO, « 7TH,0,30.0 g

4T AR BTURB S A - VA REREREL .3 000 000 TU; VD3, 1 200 000 TU; DL-a-4= & - 80. 0 g5 FVZEAR . 8. 0 g3 B - HCL, 10. 0 gs B 8 % .
10. 0 g; DVZ 855 ,20. 0 g; ML fE-HCL,8. 0 g3 ILAEE, 200. 0 g; DA, 1.5 g MR, 3. 0 g ZILEE . 10. 0 g5 MR . 20. 0 g3 VDB12,0. 02 g; 4= % C
£ B (35%),50.0 g

Notes:1. Containing 49. 81% crude protein,2. 22% crude lipid,3. 06 % lysine and 0. 71 % methionine ( % dry matter)

2. Containing 48. 23% crude protein,2. 47 % crude lipid,1. 53% lysine and 0. 32% methionine (% dry matter)

3. Containing the following in mineral premix (per kg): CoSO; * 4H,0,0. 15 g;CuSO, « 5H,0,5.0 g;FeSO, « 7H,0,50. 0 g;KCIl,50.0 g3
KI,0. 1g;MgSO, * 2H,0,101. 7 g;MnSO, + 4H,0,18. 0 g;NaCl,80. 0 g;Na,SeO3. H,0,0. 05 g;ZnSO, « 7H,0,30.0 g.

4. Containing the following in vitamin premix (per kg) : Retinal palmitate,3 000 000 IU; VD3 ,1 200 000 IU; DL-o-tocopherol acetate,80. 0 g;
Menadione, 8. 0 g; Thiamin-HCI,10. 0 g;Riboflavin,10. 0 g;D-calcium pantothenate,20. 0 g;Pyridoxine-HCI, 8. 0 g; Meso-inositol,200. 0 g; D-bio-
tin, 1. 5 g; Folic acid, 3. 0 g;Para-aminobenzoic acid,10. 0 g;Niacin,20. 0 g;Cyanocobalamin,0. 02 g; Ascorbyl polyphosphate (35%).50.0 g

®2 RBRAMMSEREBRANROEEBEMD

Table 2 Essential amino acid (EAA) composition of the experimental diets (% dietary protein)

WA KR EAA D1 D2 D3 D4 D5
#i % iR Lysine 5.17 4.58 5.24 4.92 5.19
HEHA R Methionine 1.58 1. 46 1.53 1.51 1. 60
Ki% M Arginine 6. 59 7.16 6. 98 6. 89 6.79
H& R Histidine 2.57 2.40 2.39 2.31 2.33
AR Tsoleucine 4.18 3.99 4.07 4.25 4.10
AR Leucine 7.34 6. 88 6.98 6.83 7.02
RN B Phenylalanine 4.70 4.89 4.75 4.86 4.74
772 R Threonine 3.90 3.61 3.61 3.55 3. 65
R Valine 4. 86 4.73 4.78 4. 83 5. 04

T B HROK Al (R AR . 53R 5,58 6 ]

Notes: Tryptophan was not determined due to acid hydrolysis. The same as in Table 5 and Table 6
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KR IS (B s 15 20100 ik Tk i i & SR R i L THIRIE R &,
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Z: M Austreng (1978) (A8 vk B2 280 . FE R D HE £ 6 h 5 DR HAN A 7 b T &/ (1 ¢ 10 000)
JREE, 2 K A T I & T b R R B R AR E M SRS ZE LT 3 cm AR 5% 1 L 7 0, i 4 3%
i BRI ORAF T — 20 CUKARHfRE
1.4.3 ¥k

T SRR B 45 o AT B 24 h JE X R AR BLA f AT RO R . VERAR TR BE AL R 3 B A —20 Cok
FAPRAT T AR 0 M . o INERAE R AL ER 10 2 #0000 2 M | A F, 1 980 JIE 36 B 5 o e AR i ) BROED PN
VL PRI A PR o 3 38 R A4 Lb R0 AR L

TR | o R RS AR 9 B B4 A M R L AOAC (1995) [ 5 5. v, /K 43 1 I 5 2 0 B i 8
105 C LR Ht T 2 1 5 BLAR 1 A T SR L TG R (Keltee 2300, Sweden) s MR 5 I 2 >R A &R IRl 42
X (B-801, Buchi, Switzerland) I 7 5 FHLK 43 (4 I 72 5% FH i i 4 o (550 C) kA . B2 A9 2 >R F Parr 1281 7 [
B4 AL (Parr . Moline., 1L, USA) 5 & L 2 i I 5 2K Fi H 37, 835-50 1 5 3 & 3L R 43 #7 A ( Hitachi Ltd. Tokyo . Ja-
pan) ., Ak AN ZE A rh g 0 I i >R P H B 6 5 S IR G T% AL (TICP-OES, VISTA-MPX, VARIAN , USA) ,

1.5 HES5%itaH

FETE R (Y%) = 100X N;/N,

g KR (SGR, % /d) =100 X (Ln W;— Ln W) /d

Kk 2B (FCR)= 1/ (W, — W,+ W)

H M E(PER) = 100 X (W, —W,+W) /(IXP.)

JEG B (CFL, %)= 100X W, /Ly

JEAA EE (VST %) = 100 X W /W

R CHIS, %)= 100X Wy, /W,

P N N30 R 2 A A g R R GG I 1 R EG W Wy W, WA W3 S Dy #0126 AR R 2
R A R L R T T ) Qe A i R A ) A R R R () 5 T o B E 9 DT B () 5 Pk ) Bk 9 2 1
s Lo AR AR K (em) 5d it REL .

PRI AR T B L SR oy CRR T 5T L R T A T 0 3 R ) M fiE i 2R WL L R 1 115 4 U2 I Maynard
(1969)

Tl BT S 1L 2 (ADC) =100 X (1—fa b Cr & /280 Cr & i)

BRI RE R RV AL = 100X [1— (PR Cr & 5 X S B 55 o s i 5 1) /(
i RS IR U BURE B D

JIT A B A DL F 24 88 4 bR E 25 ORI A A 43 B TR 0 A BT E AT SCIE 5% B 4 L LLSPSS 11. 5 for Win-
dows FRAFHEAT BRI R J5 22 43 Ht CANO-
VA Z & i, B F KR P<

23

EfE Cr

\

#*3 RESHESEBREKST 10 min BEKE%)

Table 3 Leaching rate of crystalline and microencapsulated amino acids
0. 05, in water for 10 minutes (%)
2 #=® A SR PO
Amino acid Crystalline form Microencapsulated form
2.1 BUEMPBBESERNBRER B Lysine 77.26 + 1.79° 19.22 + 0. 45
HEHAIR Methionine 65.19 + 0.88* 14,78 4+ 0.57

SV BB R K o 2 " 4
Sk 77.26 %6 F0 65. 19% (£ 3) . fHZ D S S
XA (P>0.05)

T HE £ % Howk ge &k H
1&’(% @%ﬁﬁ s AR {ﬁ‘gi }QE = B%{E,E (P Note: Means &= S.D. (n=3) with the same superscript letter in the same

> 0 0
0.05), ’flj\] 19. 22 Aﬂ] 14.78 A ° row are not significantly different,determined by Tukey’s test (P=>0. 05)
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2.2 MFIFBEEMERKRIT

TR I I 1A] , 25 100 2 2 3E i ) LS I TE 95 V0 DL (R ) VLR JE B 3 25 5 (P>>0. 05) , TP IE MY
SGR f i - H5 D5 42 7 A 8% (P>0.05) ;D2 AP JE ) SGR £ A%, {H 5 D3 412 5 A W3 (P>0.05), .
H YR FALT DADS FIR R 2H (P<<0. 05) ;D4 P JE 1Y SGR i3k T D5 44 (P<C0.05), FCR 7E D2 5
D3z E2ERARE(P>0.05),D4 41/ FCR W E LT D2 41 (P<C0.05),{HY5 D3 4 & % &~ W% (P>
0.05), = F ¥ 25 T XA D5 4 (P<<0.05), PER 748k #a¥ 5 FCR # % . D4 4 PER %W % & T
D2 41 (P<C0.05) ,fH 5 D3 4122 %A 3 (P>>0. 05) , = & ¥ i BAL T X 41 f1 D5 40 (P<<0. 05),

XA T AR B TR e . B & T D2 Ml D3 4 (P<C0.05),/H5 D4 f1 D5 tHzZ [ £ 7 AR (P>
0.05), 1 D3.D4 5 D5 4 Z [a] JC i 3 25 5% . % Ak A i I 1A BRI TF A HE 78 45 1 2 18] 25 S AN B 3 (P=>0. 05)

x4 ZFHARATEEHRBFEMERKMGE

Table 4 Survival and growth performance of tilapia (O. niloticus X O. aureus) fed the experimental diets

i H Items D1 D2 D3 D4 D5
A% % Survival rate (%) 98.33+3.54 95.83+1.77 96.67+3.54 95.8341.77 97.5+3.54
YIGAE  Initial body weight (g) 7.3040.12 7.30+0.12 7.3040.12 7.304+0.12 7.3040.12
KK fkFE  Final body weight (g) 161. 7142, 10° 141.93=42.65° 145, 5243, 26° 152. 061, 86" 158. 1542, 66°
BEAEKZE  SGR (%/dD 4. 4340, 020 4.2340. 03¢ 4. 2740, 04° 4. 34420, 02" 4. 3940, 02°
Tk RZ¥ FCR 1.1040. 02¢ 1.3040. 02¢ 1.2640. 05 1.2140. 02" 1.1440. 02¢
EHFME PER 2. 8040, 06 2.3940. 04¢ 2. 4740, 10 2.5840. 05" 2.7340.06°
MEWiEE CF (%) 4. 35240, 09 4,05 £0.07" 4,08240.13b 4,170, 08 4, 2340, 10
MEIRLE VST (%) 10. 46+0. 12 10.830. 19 10.7140. 28 10.58+0. 26 10.50+0. 21
PR HSI (%) 2.0720.09 2.27240.08 2.2340.08 2.13 £0.13 2.15240. 05

T« 22 PROE R T B AR ZE (e =3) , [R]— 4T AR [ (9 1 b 5 B 38R 25 R 35 (P>>0. 05)
Notes: Means®S. D. (n=3) with the same superscript letter in the same row are not significantly different, which was determined by Tukey”’

s test (P=>0.05)

2.3 FiEAEFIE

XTHEZL AN DS 41T 9 i i 2 AL R 2 & F 5 oh 3 (R 5) LA Z M2 R AR E (P>0.05), X4
BRI AR 1S DA FI DS A2 E R E 25, = H R E S T D2 41(P<C0.05),D3 41 5 H fth
K Z R 26 5 AN 3 (P>>0.05) . D2 21 A 17 14 28 WL 1 36 5 %o B 2H e (IR AH 7E 45 21 =2 6] 22 5 K W 35 (P>
0.05), EAAERY R A 27 45 41 Z (8] i 35 25 =% (P=>0. 05),

W R IR 1 AL RAE A A Z A 22 F A B3 (P=>0..05) Horb, 2 8 70 28 0 IR 1 70 A R v 1
0 T TR

2.4 XFAEBMEAL SRR

AE AR AR B S T o S B ol 0 S R o 0 A (R 1 K 0 RELEER 1 LR 0 K 23 B X T 3 S
(P>0.05) (3% 6), {H D2 41 % 4 fa ) ML 2 11 0K At 2 W A7 R A1 T 0 007 D0 s A 8 gy o 20 A 0 R 119 6 i S TR
FHRAESHZ A ZERARF(P>0.05),
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Table 5 Apparent digestibility coefficients (ADCs) of dry matter, crude protein, crude lipid, gross energy and

essential amino acids for tilapia (O. niloticus X O. aureus) fed the experimental diets (%)

I H Ttems D1 D2 D3 D4 D5
F¥ i Dry matter 74.6341.48 71.37+£1.12 72.2040. 80 72.894+1.21 74.11+1.43
#EH  Crude protein 85.2041. 15 82.57+0.51" 83.7040. 72 84.8340.78 84.7740.912
MW Crude lipid 87.6042.23 91.66+2.52 88.4742.10 88.1741. 84 89.33+1.36

HHE  Gross energy 80.274+1.66 82.15+1.91 83.70+2.53 79.93+2.31 80.06+1.52
&  Lysine 91.7540. 27 89.5640.41 89.6840. 54 90. 1540. 24 90. 76 +0. 35
EHEIR  Methionine 89.5840. 37 87.7740.28 89.2340.43 88.4640. 46 90.1140. 50
K% lW2  Arginine 87.684+0. 36 88.1240. 32 88.5740.55 88.9140.49 88.6440. 37
AR  Histidine 86.6340. 46 86.8240.52 85.9740. 40 85.5440. 65 85.7740. 39

FE R Isoleucine 88.1940.51 86.9040. 46 86.1540. 43 87.9140. 37 87.7840. 62
@M Leucine 90.8840. 79 91.78+0.57 90.9140.55 91.0340. 56 91.6240. 62
KIN&HBR  Phenylalanine 87.4940. 54 87.9740.45 87.0340. 40 88.2940.47 87.8040.59
H %R  Threonine 85.1040. 50 83.7340.33 83.2540.52 83.9740.44 84.0140.48
Hi4 R Valine 87.9240. 39 88.8040.42 88.4040. 62 87.5140.48 88.16740. 30

W R B KR A AR 2E (n=3) Al — 4T TP A A Y AR T B R 28 5 AN B 3 (P>0. 05)
Notes: Means + S. D. (n=3) with the same superscript letter in the same row are not significantly different, which was determined by

Tukey’s test (P=>0.05)

6 HELARNEXBAFTFEGEMARLSIFTLEIERAM
Table 6 Whole-body proximate and essential amino acid composition of tilapia (O. niloticus X O. aureus)

fed the experimental diets for 10 weeks

i H Items D1 D2 D3 D4 D5

HWHLALS>r  Proximate composition
(%BE) (% wet weight)

7K4y  Moisture 73.3240.79 74.3140.90 73.67x1.19 73.7620.51 73.5141.22
#EH  Crude protein 17.09=£0. 36 16.5340.19 16.7340. 15 16.77£0. 21 16.93£0. 25
MAEWT  Crude lipid 4.60£0.19 5.0240.13 4.83£0.15 4.7140. 26 4.8740.28

K4y Ash 3.9140.23 4.3540. 25 4.42720. 30 4.51%0.27 4.3740. 15

DR KEARY  Essential amino acids profile

W(%EH) (% protein)

Wi Lysine 8.704+0.11 8.3840.13 8.5940.17 8. 40740, 21 8.57+0.29
H% B Methionine 1.797+0. 04 1.75+0.05 1.72+0.07 1.77+0.05 1.74%+0.03
WM Arginine 5.0040.13 5.1240. 22 5.1040.16 5.1840. 24 5.0840. 20
K Histidine 2.1740.07 2.0840.11 2.1440. 05 2.2440.09 2.224+0.08
B2 Isoleucine 4.2840.12 4.2740.15 4.3340.13 4.3540.18 4.17+0. 16
ZHEM  Leucine 6.0140.15 5.93+0.19 5.7840.26 5.9540.17 6.0240. 24
KW  Phenylalanine 2.75+0.18 2.69+0.09 2.77+0.22 2.80+0.11 2.77+0.08
7598  Threonine 3.62+0.16 3.6240.15 3.5140.17 3.60+0.07 3.61+0.16
#HEf  Valine 4.03+0.19 3.95+0. 26 3.934+0.09 3.86+0.18 3.87+0.25

T R B 2R A P AR UERE (n=3)  [7] — A7 AR [F] 19 LR 5 B 3R 78 22 5% K8 i 3 (P>>0. 05)
Notes: Means == S. D. (n=23) with the same superscript letter in the same row are not significantly different, which was determined by

Tukey’s test (P=>0.05)
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T ek AR SR o SO 2R T G e i S R R M) 1 ST A 0 — i B T e R R 1 T A 2 L T B ke
HA 2L (Halver ez al.  2002;Wu  2009;Li ez al.  2011)., AHBFSEH, 64 KIEAL 50 % oK1 1ok
TR b SRR A LA 2 B AR T B A A K R R DR 9 B T 3R AR AR R A i BOIR T
. MRHAESE(2008) & B Rl 26 AR AR 100 D0 BRI AR (1 I 58 J8 2 A a0 A KR RE RN AR 1 R RIOCR I B
M., ot 25 (2005) %t 2t Ctenopharyngodon idellus WAFFE WS B A LAY 4518 . Khan 28 (2003) 1A N, 6 4E
b 2 R R AR AR R I BT & BB SR T2 BB EE Labeo rohita A=K 38 B FURDELF A R B =22 R

AR FE 5 R AN R R 2 R 0 I AR R T AR a0 A K R TR R R fa e A AL
FIAMBEE R, X558 %2009 MHF 5245 KA — 8. Zhou %5 (2007) 764 B i i 0. 16 26 £ 5% 1 20
12, KB Cyprinus carpio (Var. Jian) 134 8 48 0 358 TR S A X AL . XK R 45 (2002) WF58 & 3L
#MFE 0. 4 Y040 5 A R 3 8% & 1 30. 000 2 i 1) 48 B % LB 1 BRI L LI b o T B R IR 1Y Y- i H5ORN 2K 1
JT A 1 B A T R D FE SRR AR FE 0. 4 V0 SR A SR A0S i 79. 00 A, DRk Hh S o s RS A S R 5 )
I D 78 JIE T PR 2 R N AR B 5 4R R T 2 Apostichopus japonicus (Selenka) i Az K B (CF 5 47 45
2009,2010) . Alam & (2005) 7E H A X HF Marsupenaeus japonicus {7l 4 fig it 28 FE R A7) [ InF b 78 4 155
TR SR R R AR A K ORI T (R B 78 A A 2 IR RN A SR L M AR T R R R R sk B R . PR R
B, b R S R 7E B W s B I ) TR A 45 S S A LR (Zarate et al. 1997) H &40 i 5 ] 9 /> Ho7E
K H RV e N 4E 2 7 A i3 TP UK T B (Manuel ez al. 2004) . AR S0 L TR 2 40 1k b B IS F B A 0 £G
Cyprinus carpio LR M)W AA H B0 T A AR BE A9 43R (XK 45 1999.2002; ¥ M E% 2010) ., ARHFFE
BB RN A IV U 2 2 TR ) vk BB AR Ak (IR G 45 SRR L 5 RO 2 R AN AR R A L A ASOES nE  H
50 Y0 1 ol T Ak 36 2 1 A B A IR X B A a1 A A R AR R R 1A T RCR T B E OO O  E f R A £ 1A
7 3 P )RR TS R A B E 5, AT i 1 O 5 DR b g A R Y [ A0 W, B G A R IR 1 R AL
FAMTEAREG K. A5 H,D5 8O ST D4 41, 38 Wkt b il 28 20 L R 1Y) b 72 5 AN [7) 23 52 1
TRk v T S R R A L TR e 2 R A AR B . Ah A R B B AN TR R A K P
Vi IR B FNAE K ™ 2 ) W T VR 1) B A Bt AN ], 1T 52 ) T B 1 B R A KPR RE . SRR & B AR S
KRBT AR A4 Z I (Teshima  1993) A 5858 F H A8 1 W2 40 Bk 09 0 0 R, L AE /K rh i v Ok
FWFART S AOIR ZEE IR 5 R R A (2009) (18 ] 4245 (2010) FHs D5 5 45 (2010) (U BIF T 45 SR — B, X Wl %%
(2007) P T WS R 4F 4 I . B oK BV 26 11 L R S B8 RS A T2 H 3 188 43 91 4 9 o AR S0 B R X 8 8F Paralichthys
olivaceus H= & WM o & I LARFAR IR H 0 BR AL Bk 0 0 A8 RBOCR fe b . R, Dy 388 v it (AR S0 SR R 1 ) FH 2%,
B — A ST e A5 T A A R ARk A R AR it 4 2 35 R 114 7K v I R SRR B R R R 3 R A R 1 TR IR0
GRLTEESF 2009),

3.2 IEHAERMEI

R A RN J2 LR R rh BRSPS SRR R o ELRT X T K 3 2 Bt S A TR AR PEAG 2 — PR R
FETR I Ab FEROCR 11X T BB 78 50 — Rl 1 2 KL 1R 5 [ I b 58 191 7ol 124 R i 14 2 35 1 o 31 1 3% 114 572 W) 41 3
A, FIBHESEC006) & B, R b 78 i A48 2 B2 X 7 B R Carassius auratus gibelio 55 1 5 1) 2 WL 16
HRICHI W . £ 55 B 55 (20100 X8 I 2 i AF 5% 22 B Gtk oo [] i b 75 JE ot 1R 2 20 1R 1 0 IR 5 ) I b 5
A, RS 2 I P I i L b 7 A MR TR A LG X 5 AN T AL R B R B RS T RSN &
FIBT RIS AL . AT ST v o kb 58 M S0 R X 2 1 T A 3R 180 AN () R 2 1 42 g o L s 78 Tl 38 S i R 1) IR L
AR S 1R A5 R B B I X AT BB 5 DR v b T B R R Y DL S R R 2 A WS 5 DR v 4 S A SR R A TH AL
B AT AR R A R 2B PR B B A R .
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3.3 WFFEMEMS BRI

AWEFE AR 50 20 TR 1 X6 27 I £ B 2 B 75 8 TR 4% T 0 35 S s b T i R ok 2
SR 2 A0 R Y RLER & A T TR R A T AR 2 W AR kb T R R A R R UL P R R
XSRS RAN— 2 AR R B AU TR R B P AR A (WA 2 2008) A A (o0 £ 5%
2005) (YA EE 11 IR 107 A0 K 4y JC B AR A . AR S (2009) X il S 1 0F 5% A5 AL S e . BRDRE T Rb TS
0. 206 AR X B A 1 3 MU A3 R SEFR 2 WA 7= A S I (R K IR 4% 2002) 0 R 45 (2009) A g fapk} o
2 e R 1) b 78 Bl R X AR R R A RTE W R e i RN W SR AE (2011 K B[R] I b 5E
i A 2 PR L B A TR M 5 R CA A FE 420 Sl 0,45 90,0, 41 % F1 0. 15% L F ) fig 2 35 8 5 46 5 Lateo-
labraz japonicus W EH M5 & XL IR 22 5 Al BEJE by T F0 A9 i Bl L 1RDREIC T 25 0 L 2 3 TR b 7T 19
AN LE ] B W5 25 AF AN TR] 45 PR 3R BT 2L

4 it

ABETESAT T PR AR A K AR 50 20 SORIER (1 2 A £ A R 5 AR K RSN AR 1 B0 I 3 AR i Rk
AR FEI . R AN FE 0. 25 % SRR R M 0. 05 Y R AR - B AE £ A K Pk BE AN RS CR TG W 8 B
PERT . b 78 fol 2 9 8 IR R B IR I 5 4 s 17 20 I ) A Rl R R H X e ) 8 P B R R AR B 1 B R
AL S, HoAr AR 5 0. 500 B Z R A1 0. 1 20 T 3 2R R 7T 35 ) 5 X B2 — B AR K BUR

2 % X M
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E R EWOE 22 K75, 3R 8UI. 2009. 7EGRDIE b S in 62 58 20 2 X 05 0 24 2 A K T AR R BRS39S IR K = RE A L 28 (5) 1241 ~245

ERN L BER L EA R AT E E A AR . 2010, V8 A AH AR 1V 0 b TR S0 R R A 00k () )R ) A 0 R A K N o 5 AR AR 1 R L K
2egeik 23 (1).15~23

A AR S AR 2010, P B RS VA 0 fof e 8 S I R A A0 ke L4 v ke R 2 K el 2 O b 3 B AR 4 1 R )L W TR R .34 (3):15~20

XE I 22 AR, S PO 3K SO, T /N L RLE . 2007, IR [R] 22 ik 2 4l Oy vk Xt 2 T A A R I 3 A A AR AR I S L B SR AE 19 (6):706~713

MO R ERFRDTH R L T AR L SRR, £k st o 3R M. 2005, Ky TR SOMTAROR A8 A R X B AR A ORI A AL BE Y 52 .
FAR Tl .26 (12):17~21

A dkLERW L F R BROKE  BRLLE L EEDOR. 2009, R 0 R S A @ R X B AR S A K g . B S AR EOR 2E . 28 (4):466~473

X7 AN, RIMRE R AR /NS R kL PR 2, SE R, 2002, S AR b 78 b 14 B 40 58 48t 2 ot e £ A K | I Y R A A R R UL Y AR
F A R I SE R 7K 7 24T, 26 (3):252~258

XTI XA S FE N B ol R ). 1999, T fh 4w o 45 i 1 ful BOR 202 19 A5 W) RO0E. K 7 2% 4. 23 (S1) :51~56

I, bR LT, B AL A% A AL XA S, 2010, AR R GRDRE I 0 6 2 BT AR AR IR S L 4 Y X SR I P I 1 1 S L B RO R
11.308~310

Wi ZE, £ 5. 2005, B4 A A 0 5 AR R o VR i A U R 1) 5 e ARDRLAF 5 L 12:50~52

W BBl AN RONRGER L 2000, TR b R T i 44 sl Gl 3 U TR T A G TR BRI R L S IR 2. 22 (6):1 599~1 606

KT B L AT/ B 2001, B8 £ GRDRE o VR I 2 R 1Y U8 RDRHATFSE . 6:31~32

MALAG. 2009, B2 B | o x5 i 4 2 1 R R B8 s ) R SR AR AT 5. 0« o 0 ¥ DR 22 A AT 5 A 2 618 3

AL 22 e AR /AL . 2008, 52 F A RL o s T4 b 2R R % % AE AR R AR AL R 52 . K AR AE W2 AR .32 (5) :T41~T749

il 3. BAIRE R mZE /N RONRG AR AL 2010, ARk rb kb FE 1R G R A TR X R A KR I U S R R I R . K A
.34 (3).466~473

G W L R0k B, FHH BE L P43 5, AR . 2010, R 2R 1 KSR R I i 1A 0k i o 28 =l 0 28 K0 B Rk AR T 00 52 1m0 /K 7= 2 4. 34 (9) ¢ 1 429~1 438

JAGEHR RS R T B R IBENY. 2006, 5 F AR B 4 f0 % iR Ak el SR 04 A B T R E A K AE A 2. 30 (3):247~255

bR AR K OS2 PR EME R 2009. TR R] G2 R AL 3 A BR A 5 AR SRR b 9 R RCR S AR Tl . 30 (8) :28~30

s i BLE ML RFIEOPRME.E 5. 2011 SRR IR IR S IR 2 W B B R AL IR o A AV . KT AR 35 (2):268~275

B WRI LR B BRAKE. 2009, K7 Sl Py X A kL b o A g B R R A A o TR AR I A L .24 (2):3~7

& R S XK F A . 2009, 238 % Ak U 4RDkH SR R B ORI RD R R SR MR R R A R AT AL B K5 (2):28~33



nz,

122 wwoolk B o R 33 %

WIFIF T A BN, By Z0, 4 B 2010, Kb AR R A R R AR SR AT R A0 AR PR RR IS R S SR B R, 22 (3):804~810

Alam, M. S., Teshima, S., Koshio, S., Ishikawa, M., Uyan, O., Hector, L., Hernandez, H., and Michael, F. R. 2005. Supplemental effects of
coated methionine and/or lysine to soy protein isolate diet for juvenile kuruma shrimp, Marsupenaeus japonicus. Aquaculture, 248(1-4) :13~19

Association of Official Analytical Chemists (AOAC). 1995. Official Methods of Analysis of Official Analytical Chemists International, 16th Ed.
Association of Official Analytical Chemists, Arlington, VA, USA

Aoki, H., Akimoto, A., and Watanabe, T. 2001. Periodical changes of plasma free amino acid levels and feed digesta in yellowtail after feeding
non-fishmeal diets with or without supplemental crystalline amino acids. Fisheries Science, 67(4):614~618

Austreng, E. 1978. Digestibility determination in fish using chromic oxide marking and analysis of contents from different segments of the gastro-
intestinal tract. Aquaculture, 13(3):265~272

Bake,r D. H. 2009. Advances in protein-amino acid nutrition of poultry. Amino Acids, 37(1):29~41

Cheng. Z.J., Hardy, R. W., and Usry, J. L. 2003. Effect of lysine supplementation in a plant protein-based diets on the performance of rainbow
trout (Oncorhynchus mykiss) and apparent digestibility coefficients of nutrients. Aquaculture, 215(1-4) ;:255~265

Day, O.]., and Plaseencia Gonz lez, H. Q. 2000. Soybean protein concentrate as a protein source for turbot Scophthalmus maximus 1. Aquacul-
ture Nutrition, 6(4):221~228

El-Dahhar, A. A., and El-Shazly, K. 1993. Effect of essential amino acids (methionine and lysine) and treated oil in fish diet on growth perform-
ance and feed utilization of Nile tilapia, Tilapia nilotica (L.). Aquaculture and Fisheries Management, 24(6):731~739

Fox, J. M., Lawrence, A. L., and Li-Chan, E. 1995. Dietary requirement for lysine by juvenile Penaeus vannamei using intact and amino acid
sources. Aquaculture, 131(3-4):279~290

Gonzales, J. M., Hutson, A. H.. Rosinski, M. E. Brown, P. B., Wu, Y. V., and Powless, P. F. 2007. Evaluation of fish meal-free diets for first
feeding Nile tilapia, Oreochromis niloticus. Journal of Applied Aquaculture, 19 (3):89~99

Halver, J. E., and Hardy, R. W. 2002. Fish nutrition (3rd edition). Academic Press, New York. 824

Hauler, R. C., and Carter, C. G. 2001. Reevaluation of the quantitative dietary lysine requirements of fish. Reviews in Fisheries Science, 9(3):133~163

Khan, M. A., Jafri, A.K., Chadha, N. K.,and Usmani, N. 2003. Growth and body composition of rohu (Labeo rohita) fed diets containing oil-
seed meals: partial or total replacement of fish meal with soybean meal. Aquaculture Nutrition, 9(6):391~396

Li. P., Mai, K., Trushenski, J., and Wu, G. Y. 2009. New developments in fish amino acid nutrition: towards functional and environmentally o-
riented aquafeeds. Amino Acids, 37(1):43~53

Li, X. L., Rezaei, R., Li, P., and Wu, G.Y. 2011. Composition of amino acids in feed ingredients for animal diets. Amino Acids, 40(4):1 159~
1168

Manuel, A.S. Q.. and Reigh, R. C. 2004. Coating crystalline methionine with tripalmitin polyvinyl alcohol slows its absorption in the intestine of
Nile tilapia, Oreochromis niloticus. Aquaculture, 238(1-4):355~367

Maynard, L. A., and Loosli, J. K. 1969. Animal Nutrition, 6th Edition. McGraw-Hill, New York, NY

Murai, T., Akiyama, T., and Ogata, H. 1982. Effect of coating amino acids with casein supplemented to gelatin diet on plasma free amino acids
of carp. Bulletin of the Japanese Society Science Fisheries, 48:703~710

Nang Thu, T. T, Parkouda, C., Saeger, S., Larondellea, Y., and Rollin, X. 2007. Comparison of the lysine utilization efficiency in different plant
protein sources supplemented with L-lysine HCIl in rainbow trout (Oncorhynchus mykiss) fry. Aquaculture, 272(1-4).:477~488

NRC (National Research Council). 1993. Nutrient requirements of fish. National Academy Press, Washington D. C.

Riche, M., Trottier, N. L., Ku, P. K., and Garling, D. L.. 2001. Apparent digestibility of crude protein and apparent availability of individual ami-
no acids in tilapia (Oreochromis niloticus) fed phytase pretreated soybean meal diets. Fish Physiology and Biochemistry, 25(3):181~194

Robinson, E. H. 1991. Improvement of cottonseed meal protein with supplemental lysine in feeds for channel catfish. Journal of Applied Aquacul-
ture, 1(2):1~14

Teshima, S., Kanazawa, A., Ishikawa, M. eral. 1993. Metabolism of dietary crystalline amino acids in Tilapia. In: Collie, M. R. and McVey, J.
P. (Eds.) Proceedings of the 20th US - Japan Symposium on Aquaculture Nutrition, NOAA, US Department of Commerce, 73~83

Wu, G.Y. 2009. Amino acids: metabolism, functions, and nutrition. Amino Acids, 37(1):1~17

Wu, Y. V., Rosati,» R.R., and Brown,P. B. 1998. Effects of lysine on growth of tilapia fed diets rich in corn gluten meal. Cereal Chemistry, 75
(6):771~774

Zarate, D. D., and Lovell, R. T. 1997. Bioavailability of free vs. protein bound lysine in practical diets for young channel catfish (Ictalurus punc-
tatus). Aquaculture, 159(1-2) :87~100

Zarate, D.D., and Lovell, R. T. 1999. 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. Aquaculture Nutrition, 5(1):17~22

Zhou, X.Q., Zhao, C.R., and Lin, Y. 2007. Compare the effect of diet supplementation with uncoated or coated lysine on juvenile Jian Carp

(Cyprinus carpio Var. Jian). Aquaculture Nutrition, 13(6) :457~461



