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Table 1
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M2 mm BYFORLERL, ARKT )R BT —20 Tk
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Ingredients and proximate chemical composition of the experimental diets

X5 1A K Experimental diets

i H Item

X} #E 4 Control PM25 PM50 PM75 PM100

14 Fish meal 24 18 12 6 0

K Soybean meal 26 26 26 26 26

RE MY EAE PMD 0 12 22 32 42

Ik Wheat starch 9 15.9 11.9 7.9 3.9

T R KB Wheat bran 16 16 16 16 16

% I 3k 2T 4 “MC

Ingredient/ % BT 5 CMC z 2 2 2 E

#13 Fish oil .5 2.5 2.5 2.5 2.5

E K3 Corn oil 5 2.5 2.5 2.5 2.5

A THLEE Mineral premix? 4 4 4 4 4

H A YA E Vitamin premix? 1 1 1 1

Cr; Oy 0.1 0.1 0.1 0.1 0.1
THE Dry matter/ % 89.96 90. 56 90. 35 88.10 90. 41
e M Crude protein/ % 30. 63 30. 79 29. 84 29.52 29.61
Proximate MU B Crude lipid/ % 12. 94 10. 87 10. 58 10. 25 9.57
composition W4 Ash/ % 9.72 9.13 8.70 8.07 7.78
JBfiE Gross energy/(kJ/g)® 20. 37 20.02 19. 97 19. 99 19. 89

DPM:IRA MY E1IE Plant protein mixture; 2) MR Y% Hsieh %5007 fig il Jo WL R 71 1R Bl A 2 4= & FiliR ¥} According to Hsieh formu-
lal®); 3) AR 5 25 11 5 IR WG WAk K Ak & 0 B9 RE 5 (23, 6.39. 5 F 17. 2 k] /) 315 1)k} i BE & Dietary gross energy was calculated ac-
cording to 23.6,39.5,17. 2 kJ/g for protein,lipid and carbohydrate, respectively.

1.3 fEAFikK

AR A 3 ANHEL BN ER 30 BPAE
i, i 37 T 400 L W SRFE A h. B R 3 W
(08:30.12:30,16:30) , £ MR A g (R BT 19 126 ~
30 B 2 ARG 1 Uk AR R BT A 1 I R R
T YR AL W 22 TV AR R UG 174 R U RN P A HE L
Hid sk B ek & KIET- 16 O, 758 i 5 ¢
ZE 10 J&] #5500 6] 3% 2100 A, PR3 K I IR AN
5.0 mg/L. FRFAK IR (21+£0.5) C.pH fHZ
N 7.0,
14 HRKEEHUNE

FRFH IR 45 T e i e YLk 24 h, x4
AN Y 1 g R AT FR B TF 58 4 & (weight gain
rate, WGR) | % & 4 K # (special growth rate,
SGR) .2 H Ji % % (protein efficiency ratio, PER)
J Bl R B (feed conversion ratio, FCR) ; 8811 4% 41
FFET 1 B, 11 5 % 3E R (survival tate, SR) 5 £ 4
B 5 2 i S Ik AN N BIE R i L 3 55 IF AR EE Chepatic-
somatic index, HSD) Fl JJE & [t (viscerasomatic in-

dex, VSD . iH8 AW F .

W (WGR) /% =[(m,—m,)/ m;]1X100;

FiE A KR (SGRY/ % =[Un m,— In my) /t]X 1005

RS (PER) = Gn,—my) /(g X N, ) s

R R B(FCR) =m;/(Tm,— Tmy) 5

JIE R (SR) /% = (N;/N;) X 1003

FFAREE (HSD / % = Gmy /m) X 1005

IEFAR L (VSD / % = Gny /m) X100,

K m RIS ¢ REHA T () mo ¥ IR
R () s m AP M R B (), T, KI5 ¢
R R T () » Tom R 56 400 ey s A, o o
(g)ym R IKTBT G (@) my Ny AR FFIE BT & (g) my
AR IR B () o N, R Y 2R 5T 5 4 40
B N AKRBENCAPIIRRBEL.
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Table 2 Amino acid composition of the

experimental diets per 100 g diet DM g
) Xt 18
i H Ttem CK PM25 PM50 PM75 PM100
5
HAm 1.96 1.96 2.00 2.18  2.02
Arg
{1 4 R
nam 1,97  1.78 1.69 1.65 1.4
Lys
o1 S
’H%M 0.72 0.68 0.71 0.80 0.72
His
B A A
REEM 00 112 L1 116 106
Lle
D ’“fk@k 2,22 2.26 244 2,60  2.50
- ~eu
Indispensable -
. . AE R
amino acid Val 1.47 1.37 1. 34 1. 40 1. 35
(IAA) 4
iR
2a2m 0.48 0.53 0.49 0.46  0.40
Met
S A iR
FRER 1.45  1.44 1.50 1.60 1,52
Phe
IR R
1,10 1.04 1.03 1.06  0.94
Thr
5 s
MEM 1.44  0.94 1,04 1.07  0.90
Tyr
GIAAY 14.01 13.12 13.38 13.98 12.81
K ETTR
RERR 2.58 2.54 2.54 2.61 2.38
Asp
V24 7
“ZEH 1.90  1.88 1.90 1.98  1.82
Ser
IN SR
ﬁ%m‘ 5.25  5.32  5.60 6.02 5.74
Glu

i 2 2 . . ,
fnFEER  p, 157 154 L6l 170 156

Dispensable

amino acid ﬁjﬁ& 1.73 1.56  1.45 1.40 1.18
(DAA) Y
WA 1.58 1.58 1. 60 1.68 1.54
Ala

il 0.30 0. 34 0.30 0.34 0.37

Cys
GDAA 14.91 14.76 15.00 15.73 14.59
IAA/DAA 0.94 0. 89 0. 89 0. 89 0. 88
GAA  28.92 27.88 28.38 29.71 27.40

D GIAA: BT E IR Gross IAA; GDAA: B A% % &= E M
Gross DAA; GAA: SLZ LR Gross amino acid.
1.6 RUHLERNE
FWE A A E R Cr, O, 88 7R %k . RH
BRI AL 55 WO 23 O o6 BE i (AA320CRT) il &
WA, RIS 2 RS .8 RERMEL b
JE BRI L3 h 5 T A SR L W 92 W 4R R R Y 36

A THRERAS T, —20 CHRM. TRGTERMOPT
W I A5 T AR 0 45 Ak L2 ) Ak 1 5L D M B
R F LT AL

Tk v B R a3 Y R WL AL R 6 =

LGN,
(1 C2><N])><100,

Kb CoAFRF Cr, O, B &8 (%) s C, N FR{E
i Cr, Oy 1 25 8 (Y0) 5 Ny R Tl B v 8 3% 9 o 1 %
H#(0) s N, P EFRY BN & & (),
1.7 Sitah

0 E s H P B £ AR i 22 s, R STA-
TISTICA 6.0 Z il # - H One-way ANOVA #E47
T Z0Hr, 3R Duncan’s 2 5 & 0 #rifk 56
G E SR EN P <0.05 AN A B ELES,

2 ER55MH

21 REEVERREREMNFTEEHEEK
4R A ) B %

H1 26 3 AT, 25% .50 %6 .75 %6 R AR 41 i) Joi 1 444
i RRE AR R R BRSO RN R FR S R R 2 TE
3 25 5,100 %0 B AR AL 0 I 4G LR E AR KRR
B R B AT A A B R R
THABA PR

BAL PR A BT AR LR 1. 79 ~ 2. 39, AR 1L K
9.36~10. 18, AbHIZ{ A LW E 2 5F . KB RL
e A IS R T 0 2=
22 REEVWERREREMGTEEaDHEHEA
a:sEA

&4 A FH, 2allEA TSR

(55.49%~51. 33 %) Bl AR LU 5] 1 185 I A7 B ARR 1
o0 BERAemMEATE B E EKT
25% .50 %% .75 Yo R AR AL Xt TR 4 5 4 a5 T By
(31,9496 ~39. 00 Y0 A8 Ak ¥ 35 55 ML 2K 11 5 £ 53 4K
AH S o BV AR B 31 %) 38 s 5. 75 %6 . 100 %6 B AR
HAefafIE N R B E R T 25% .50 % B4
FXF BRZH , HLW 5 2Z A7 A 8 M 22 55 5 2 0 IR 43 T
T H (8. 54 % ~12. 22 %) Fifi 25 22 A e 1) 1) 38 o i
B, 75 %6 . 100 Y6 BR AR 4 4 40 IR 43 i i 23 B0 i 25 11K
T 25% .50 Y6 B AR 41 Rt A 4L (H B 2 )G
P2

25 Ak B[] JUL PR ) REL B 1 RELRR D K 3 I R )
HEnEXES,
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Effects of replacing fish meal with PM on growth, feed utilization in Nile tilapia fingerlings
i H Ttem Xt iR CK PM25 PM50 PM75 PM100
YIE A TW /g 7.9340.69 7.5740.52 7.084+0.61 6.6140. 86 6.6140.80
KEH FW/g 45.1641.75 37.5241.99 37.5143.05 31.6541.13 26.6743. 86
WHE WGR/ % 472.84+68.33 b 396.43+25.21 b 434.12+84.05b  383.24+56.55b  312.13+73.10 a
FEEA KR SGR/ (% /D) 2.4840.17 b 2.2940.07 b 2.3840.23 b 2.2440.17 b 1.9940.37 a
HEHFEMF PER 2.3940.20 b 2.13+0.16 b 2.16+0.34 b 2.022£0.05 b 1.4440.02 a
AR R E FCR 1.4140.16 b 1.6040.15 b 1.6240.26 b 1.7340.02 b 2.4540.05 a
A& L HSL/ % 1.7940.52 2.394+0. 36 2.09+0.08 2.14+0.31 2.36+0.39
WA VST/ % 9.3640.59 10.1840. 25 9.5941.12 6540.51 9.6440. 83
MG SR/ % 98.81+2. 06 100. 0040. 00 98.77+2. 14 97.43+2.23 91.56+9. 16

D RATEE AR EA R R RoR 2 7 3%, TR,

the same as follows.

Values within the same row with different letters are significantly different,and

F4 AMEBEAEDEOREREMNTEEYEEARKZM
Table 4 Effects of replacing fish meal with PM on body composition in Nile tilapia fingerlings
&40 Body composition/ % X} CK PM25 PM50 PM75 PM100
At ML H R Crude protein 55.49+1.31b  54.04+1.76 b 54.264+2.51b  53.01+%1.02b  51.33+0.48 a
HLEE W Crude lipid 31.94+1.68 ¢ 32.4141.72 ¢ 32.8341.87 ¢ 35.42+0.86 b 39.0040.91 a
Whole body 15 Ash 11.9341.67 b 12.2240.35b  11.6620.53 b 9.70+0.45a  8.5440.41 a
WL ML H B Crude protein 86.9142.13 89.2041. 68 89.2641.78 86.22+3.55 88.2740.58
8 HLRE T Crude lipid 3.10+2. 39 3.67+0.74 4.61+2.15 5.81+£2.17 5.2440.05
Muscle WAy Ash 6.1240. 47 5.9640. 18 6.494+0.92 6.2540.35 5. 640, 06
BEEVEAZRENFE 09Tt ElATYRPEEREARNZ "
Table 5 Effects of replacing fish meal with PM on muscle amino acid composition
in Nile tilapia fingerlings per 100 g diet DM
Wi H Ttem XM CK PM25 PM50 PM75 PM100
AR Arg 4.524+0.06 4.53+0.13 4.45+0.15 4.49+0. 10 4.474+0.09
WA Lys 7.1240.11 7.2240.19 7.034+0.36 7.0840.17 7.1040.15
HE R His 2.11+0.05b  2.16+0.04 ab 2.15+0.11 ab 2.2040.03 ab  2.2640.05 a
AR e 3.2640.07 3.3440.10 3.294+0. 21 3.4140.18 3.4840. 09
TR IR /g LA Leu 6.0640.08 6.1440.19 6.06+0.35 6.1840.16 6.1940.13
Indispensable MR Val 3.7340.08 3.8240.11 3.65+0.13 3.6840.13 3.8640.10
amino acid (TAA) FEH R Met 2.1240.03 2.1640.05 2.13+0.11 2.1340. 04 2.114+0.06
KN Phe 3.35%40.08 3.4040.09 3.3040.15 3.3240.09 3.38+0.11
J &R Thr 3.0940. 04 3.1240.07 3.0440. 14 3.0540. 06 3.0740.07
E MR Tyr 2.4140.05 2.4140.09 2.45+0. 14 2.3640.07 2.0840. 39
GIAA? 37.7740. 62 38.341.02 37.55+1.79 37.900. 95 38.0040. 77
KA TR Asp 7.1340. 10 7.2540. 20 7.05+0.35 7.134+0.15 7.2540.16
2GR Ser 4.0040. 07 4.034+0.09 3.914+0.16 3.9140.07 3.9140.08
HAM Glu 11.90+0. 11 12.064+0. 32 11. 76 40. 54 11.8940. 29 11.9140. 26
P FTRAER/ g fifi & #& Pro 2.6140. 04 2.60+0.06 2.60=40.09 2.64+0.03 2.647+0.08
Dispensable amino  H%#& Gly 4.43+0.13 ¢ 4.4140.08 be  4.34+0.05 bc  4.2740.07 b 4.00+0.05 a
acid (DAA) WA Ala 4.9540.08 4.9840.09 4.9140.21 4.9240.07 4.9340.11
PR Cys 0.3340.06 0.3140.04 0.2940.02 0.3940.07 0.36+0.12
GDAA 35.3740. 50 35.6540. 83 34.87+1.36 35.1540.5 35.0140.76
IAA/DAA 1.0740.01 1.0740. 01 1. 0840. 02 1.08i0.01 1.09+0.01
GAA 73.134+1.08 73.97+1.85 72.40+3.11 73.03%1.50 73.0041.51
TAA» /JAA/ % 38.8640.12 b  38.8140.12 ab 38.760.22 ab_38.63+0.13 ab_38.4940.26 a

DGIAA.GDAA, GAA A% 2 FEf# GIAA,GDAA and GAA were the same as Table 25 2) TAA . 5 52 WR 2 J % ; 5 WKk 20 S R (66 K4
R AR H AR N BR Gross taste amino acid; the contents of taste amino acid were Asp,Glu,Gly and Ala.
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EREARER(RLAEAR AR AR AR
MR ) o5 b R R L] (38. 86 % ~38. 49 Y0 B & TR &
L 90 8 1 R A b 81 %) 398 T ARG L 100 96 R AR 4 A 52
R SE IR A IR L ) S AT X R AL, S At
b FEZH 2% S OR
24 REHEVEABREREMXTIELHEEAR
EARJEHEESEBRWENLENZ MM

M6 A, SO BAMEAFRBILRN
86.00%~79.10% ,100 %0 B QA 1 & B 46 % 1
FART 25% .50 .75 2o B AR LH Xt B4 L i 2500 .
50% .75 %R AR AL 5 X BB 25 R W 3 s 45 Ab PR Y
BE Wi WAL &R 94, 37 % ~92. 49 %, kb B 4 a] TG i 3

A5 R A% Ak B 2 O 2 TR A R T A R G
F 2N 100 Vo B ARHL I 0 75 LR T 1L R B IR
Tl AL B L 75 Do B QA M A R T AL R AR
T 25 Vo B AR LRI ML, A5 2 BR 11 1 3 . 51 T % 1R
41,50 0 BRI IER IR E IR TH AL R R T 2526
BARGUFI B84, B A, 2 AR 00 0 5 4 L TR
THAL R A E BRI R R I = R T R ey

Bt TR A AR R R A AROR L BB L AR 7
BAEMR A R B HTFEAR, LA 100 20 AR A JE 0 5
IR AR AR I AR T X A

A4k B Y B R R IR AR 5 A O AR Y
A —,

X6 REBEEYEQREREABPNTEEHEFARNEARJEMEREERRWELENZ N
Table 6 Apparent digestibility for Nile tilapia fingerlings fed diets with fish meal replaced by PM %
i H Item Xt CK PM25 PM50 PM75 PM100
M AT Crude protein 85.02+0.34b 86.00+£0.84b 85.7240.64b 84.04%£2.70b 79.10£2.07 a
HMLUIE 7 Crude lipid 94.3741. 30 93.7045.78 92. 674 4. 86 92.6440.78 92.4940. 24
WA Arg 91.77+0. 29 91.88+0. 29 88.89+7.19 91.434+0. 81 87.01+1.64
AR Lys 89.484+0.50 b  88.96+0.42b 85.25+3.13 ¢ 85.96+0.74 ¢ 79.55+1.35a
2] &R His 87.664+0.00b 87.34+0.41b 86.51+1.48b 86.47+1.70b 81.44+1.15a
W REAR e 86.4340.41b 86.66+0.50b 84.58+2.19b 84.24+1.05b 79.2941.95a
i SRR Leu 85.4740.51b 86.9240.62b 85.7541.92b 85.9440.94b 81.48%2.31 a
Indispensable SR Val 85.90+0.67 b 85.42-+1.55 b 84.11-50.96 be 83.02+1.15 ¢ 75.43+0.81 a
amino acid (IAA) R M Met 77.38+1.03 b  77.17+2.83b 77.16+0.33b 77.34+1.19b 71.58+0.37 a
KN AR Phe 85.48+0.39b 87.03+0.52b 85.35+1.85b 85.91+0.76 b 81.47+1.90 a
Jr @M Thr 83.554+0.52 b 83.89+0.75b 80.24%2.06c 82.80%£2.09 bc 76.14%1.76 a
s R Tyr 94.9742.01 93.9544. 22 95.394+2.00 96.5840. 00 96.0240. 80
KEHAB Asp 86.2940.40 ab 87.7240.51a 82.3141.78 ¢ 84.00+2.81 be 81.9541.59 ¢
225 R Ser 85.80+0.30 b  86.52+0.90 b 84.8641.67 b 85.1240.47 b 80.20%1.59 a
A b 75 = FE R BHRAMR Glu 89.36+3.12b 89.33+£0.65b 86.4042.24 ab 87.69+1.12 ab 85.54+1.42 a
Dispensable & Pro 87.324+0.79b 85.584+1.96b 81.81+1.53a 80.77+1.14a 79.37+2.07 a
. . HA&m Gly 85.7340.49 b  85.9840.76 b 83.34+1.88c 82.2340.99 ¢ 76.32+0.53 a
amino acid (DAA)
WA Ala 85.6340.62b 84.3140.78 be 82.81+1.92 ¢ 81.7841.33 ac 79.30%1.88 a
Bt @ Cys 82.45+5.03 b 83.91+£8.14b 83.3549.86b 88.05%£6.79b 67.11£1.93 a
GAA 87.7540.36 b  88.1940.65b 86.6541.61b 86.67+1.48b 81.74+1.61 a
3 i ® X AR A K MR R AR B R S, A X T — A

MW ORI 2 AR AR R ELE IR I B
EERApEAERRZ —. CA NPT RV
Py B R RS ARy L XK B AR K RDRER
MR ZFFm S, Je % %k e i — A Y
LR AN K B Ol B AR 25 06 0ok X 2 Ak a2 Kb
AETC 25 3 Wi 2N 50 D0 £y £ R A PR RE 2 35 1
R o AR A AE HOE AR SR SRR 46 %0 LA R
AR BB AR A A TR A Y
A HE IR GRS L TR 8 R e B0 B AU
ZiR R RSP EA BN 2505 ~ 750 Ak,

Yy IR TR G A A TR RO A B R
AR A Y R AR AR 100 % k. B JF fa i i
B RRE AR ORI RO B RRAIL, TRDR R AL
T R AR K MR A2 B B R X R Y
U S A MRS R IR S E AR (D
KR B RN ZZ B ) B AR 50 06 ok X K VY I
M R A K 3R R R BOTE B R L (R B AR
75 % ~100 Yo a5 KV VE 65 0 8 A K A R
KDk R A 2 T R . X AT AR S A A M B R
Bl = — Db T SR DL R ) B A E A 5 v S B
BHE DT REA 6, R ZH0E Y & A IR i B &
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BER 2 B R A R AR 50 v Bl 25 A R R 9
A AR Ry L) 3, 2 2R R AR o A IR
(3 2) . IAA/DAA {EFEAK, Vilhelmsson 25 47 38 7]
B TAA/DAA A FEAR 23 T B0E A B A4 n . 246 F1 5T
RORREAR, Wy TS EB A R MY EA
TG 1 8 FH S 7 92 o FE A BTG BRI FEARIR IS 2R 1R T
FE A A IR O 1 B R R 75 %%

TR A M ) 2 1 R AR () KT 08 X & 3 £
o R A A ™ A TR R B 1 5 ), TR A A ) R
FIRE AR 2590 .50 %6 1 fa 8 it 2 fa 1 fa fR AR fb 4l
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Effect of Plant Protein Sources on Growth Performance, Body Composition and
Apparent Digestibility in Juvenile Nile Tilapia (Oreochromis niloticus)
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Abstract A study with increasing levels of a plant protein mixture(PM) replacing fish meal (FM)
in diets for juvenile Nile tilapia,was conducted to elucidate effects on its growth performance,body con-
position and digestibility. The PM was consisted of 25% cottonseed meal,25% rapeseed meal,25% corn
gulten meal and 25% broad bean. Five isonitrogenous (crude protein 30%) and isoenergetic (20 kJ/g)
diets replacing 0% (control), 25 % (PM25),50% (PM50),75% (PM75) and 100% (PM100) of the FM
with PM were formulated. Each experimental diet was fed to triplicate groups with 30 Nile tilapia juven-
iles (initial body weight 7.16%0. 81 g) in 400 L aquaria for 10 weeks. The water temperature was 21+
0.5 “C,and dissolved oxygen was approximately 5. 0 mg/L. during the experimental period. The results
showed that weight gain rate(WGR) , specific growth rate(SGR) ,feed conversion ratio(FCR) and pro-
tein efficiency ratio(PER) of fish fed with diets PM25,PM50,PM75 were not significantly different from
those of fish fed with control diet,while fish fed with PM100 had significant difference with those of fish
fed with the other diets. No significant differences in HSI and VSI were observed among dietary tre-
aments. The whole body proximate analysis showed that protein and ash contents significantly decreased
with increasing dietary PM levels, while the whole body lipid content increased. Except hisidine content
was increased with increasing dietary PM levels, there were no significant effects on muscle indispensable
amino acid (IAA) and total amino acid contents., Taste amino acid to total amino acid ratio decreased
with increasing dietary PM levels,and no effect on total amino acid content was observed. PM substitu-
tion up to 75% of the FM protein did not result in differences in the apparent digestibility of protein and
total amino acid compared with the control, whereas in the PM100 group digestibility was significantly
lower than the other groups; no significant effects were found on lipid digestibility. These results sug-
gest that 75% FM replacement by PM caused no significant effect on the growth, body composition and
digestibility of Nile tilapia.

Key words Nile tilapia; plant protein mixture; fish meal; growth; apparent digestibility
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