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Effect of dietary soybean protein level on the growth performance
of carp and nutritional components in the muscle

WU Li-fang,QIN Gui-xin,ZHANG Dong-ming, WANG Hong-he,SUN Ze-wei,SUN Ling

(College of Animal Science and Technology ,Jinlin Agricultural University ,Changchun, Jilin 130118 ,China)

Abstract; [Objective] The research investigated the suitable replacement level of soybean protein in
Cyprinus carpio feed. [Method] The trial was carried out on healthy carp (Cyprinus carpio) with the ini-
tial weight (50.134£0.41) g in a controlled temperature single recirculating system for 8 weeks. Fish meal
was used as animal protein sources while soybean protein was dehulled as plant protein sources. The carp
was fed diets that contain different levels of soybean protein to replace fish meal (0%,15% ,30% ,45% and
60%) as semi-refined feed with equal protein (360 g/kg) and energy (15. 2 MJ/kg) to investigate the
effects of different dietary soybean protein levels on the growth performance,feed conversion efficiency and

nutritional components in the muscle. [Result] The results indicated that when soybean protein replaced
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fish meal by 15% ., the productive protein values (PPV) in fed fish were significantly higher than that of
control groups (P<C0. 05),while specific growth rate(SGR) , feed efficiency rate (FER) , protein efficiency
rate(PER) had no significant difference with control groups(P>>0. 05) ; when soybean protein replaced fish
meal by 30%,45% and 60%, there were no significant differences in specific growth rate(SGR) ,feed effi-
ciency rate (FER) and protein efficiency rate(PER) between the fish fed with these diets and the control
groups(P>>0. 05) but the productive protein value (PPV)of soybean replacement group was significantly
lower than that of the control groups(P<C0. 05). In addition, when the soybean protein replacing propor-
tion was increasing,moisture in the carp went up,and there were significantly differences in the carp fed
with the diets when soybean protein replaced fish meal by 45% and 60 % of soybean replacement group(P<<
0.01) ;when protein and fat content gradually descended, there were significantly differences in the carp fed
with the diets when soybean protein replaced fish meal by 60% (P<C0. 05) ; but the ash in every group had
no differences(P>>0. 05). The total amounts of amino acids and essential amino acids ascended but there
were no significant differences in each group(P>>0. 05) ,and flavor amino acid in each group had no signifi-
cant differences,either (P>>0.05). [Conclusiovn) Therefore, when the protein content was 36 % the soy-
bean protein replaced fish meal by 15% ,the maximum replacement was 45% in the trial. Excessive soy-

bean added in feed would affect the growth performance and feed efficiency rate. The protein and fat con-

tent in carp declinded,but the amino acid content in carp was not significantly influenced.
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Table 1 Diet formulation of C. carpio g/kg
, . PR JEE - L aviiky R A S LU e e O]
H AR AL The percent of fish meal protein replaced by soybean protein
Diet composition -

0(CK) 15 30 45 60
1t 4 Fish meal 558.5 471.0 384.0 296.0 224.0
2% J2 TK) Dehulled soyabean meal DSBM — 117.5 234.9 352.4 469.9
WkS Dextrin 339.5 299.3 268. 8 239.2 197.9
E K3 Corn oil 10.0 12.1 14.4 16.7 17.1
i3l Fish oil 10.0 12.1 14.4 16.7 17.1
AL B Choline chloride 5 5 5 5 5
2 Z WUR R Vitamin premix 10 10 10 10 10
TeHLEL TR #} Mineral premix 20 20 20 20 20
214 % Cellulose microcrystalline 42.0 48.0 43.5 39.0 34.0
Zh4 7 Binder 5 5 5 5 5

1 O YA R BUR R & ke R AL AR 15 mg 32 RS 80 mg, LEF 400 mg. AW FHK 1. 0 mg, FMH I E 60 meg, TR MM EE 20 mg. %
W& 20 mg,Va 2.0 mg, Vpl.6 mg, V100 mg, Vg 0.7 mg, Ve 500 mg, Vpiz 0. 3 mg, @ JCHLEL TR K M & kg R4 . MnSO, -

H,O 37. 6 mg,MgSO; » 7H;0 4.1 g,ZnS0; + 7H,0 0. 88 g,CuSO; *

5H,0 8 mg,FeSO, + 7TH,0 0.8 g, AlCl; + 6H,0 3 mg,CaCO;

0.75 g,NaH, PO, « 2H;0 6. 78 g,CoCl; » 6H,0 24. 8 mg,Na;Se; O3 0. 24 mg,KCl 1.9 g,

Note; (DVitamin premix supplied the following per kilogram of diet: folic acid 15 mg,calcium pantothenate 80 mg,inositol 400 mg, biotin

1. 0 mg, thiamin hydrochloric acid 60 mg, pyridoxine hydrochloric acid 20 mg, riboflavin 20 mg, retinal acetate 2. 0 mg.chelecalcifero

1. 6 mg,vitamin E 100 mg, vitamin K 0. 7 mg.ascorbic acid 500 mg,cynocobalamin 0. 3 mg. @ Mineral premix supplied the following
per kilogram of diet: MnSO, + 7H,O 37. 6 mg,MgSO, « 7TH,0 4.1 g,ZnSO, » 7TH,0 0. 88 g,CuSO, * 7TH,0 8 mg,FeSO, *« 7TH,0O
0.8 g,AlCl; « 6H,0 3 mg,CaCO; 0. 75 g,NaH,PO, + 2H,0 6. 78 g,CoCl, « 6H,0O 24. 8 mg,Na,Se, O3 0. 24 mg,KCI 1. 9 g.
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Table 2 Level of different diet formulations of C. carpio

R LT R A SR 2 1Y i S 6

HIKT The percent of fish meal protein replaced by soybean protein
Nutrition level —
0(CK) 15 30 45 60
HLZE /(g » kg™ ') Crude protein 360. 2 360.1 360. 4 360.1 360. 6
Mg/ (g « kg™!) Crude lipid 51.1 50. 9 51.1 51.4 51.1
MWEF4E/ (g« kg™ ') Crude fiber 44.8 44.7 44.7 44,7 44,8
KAy /(g + kg™!) Crude ash 63.7 53.6 43. 8 33.7 48.0
HAE(M] « kg™ 1) Gross enery 15. 26 15. 60 15. 90 15.10 15. 00
L3 #HaiBESNE AWE

PRIG 25 TS 24 h 5 BR AR 5 R OFf f 2
0.01 @), &3 KL 1G M fif i) 10 J2 . B P kA0 BT | i
JIE FRE R A ) 0. 01 @), 35 A Lk (Hepatoso-
matic index, HI) . i {& H ( Viscerasomatic index,
VD B A K (Specific growth rate, SGR) |, 7] ¥}
R H (Feed efficiency ratio, FER) . [ JE % Z (Pro-
tein efficiency ratio, PER) . & [ Jii /Tl f2 % (Protein
productive value, PPV) 454545, DL &S HMITHA

AR B/ Y60 = CHF IR0 = /6 R J5 ) X100 %%
WEAAR B/ Y0 = (P E B/ A S 5D <100 %6
B K%/ % =[UnW,—InW,) /t]X100% .
TR RCR = (W, —W,) X 100/1, ,
FEHE SR =(W,—W,) X100/1, X P,
BRI E/ % =[(WP, —W,P,)/(I, X
P)]X100%.
AW, W 4300l S 28R T i o K i & (g) ot o
WIGHFE] (D L I () HEA TR, PPy Py 435
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JEARRE AR R PG R T B RS (V) .
AR Z R G ULt 10 B, 0T fa ik 2 SRS

R G BN LT IR e HE 2.1 REEAXMEEERKRARNT ANZNE

FERAYy . K4 (Moisture content) ] 5 2% ] 105 C fd FIGERRM, YR GE BN AR &AM
TRHE 2 H  (GB/T6435—1986) , Ml % 1 (Crude 43400 15% Wf, PPV B #F & T X M4 (P <
protein) Wl 5 5% A 9L G 2 A % (GB/T6432—1994),  0.05);SGR,.FER.PER 4k &5 T % #8240 , {5 5 % B]
KA Wi (Crude fat) U %2 R R K LWL L (GB/ 4125 REFE(P>0.05)., MK EABFAaNE
T6433—1994) , M1 JK 43 (Crude ash) il 22 % F T 45 4 1 5 4 5k 30 % Fil 45 % ik, SGRLFER.PER,
Kibeik (GB/T6438—1994) . DL EFEFRIGBANI (Y3 PPV S5xFRAZFHW AR E(P>0.05), [ KkEE
by i LA f6F B A R A3 B, EJEBR (Amino acid) 2R PR AR & (A9 IR R4y S0 60 % B, SGR PPV

A FHEm A 30X (GB/T14965— 19940 il 72 , BT B4 (P<<0.05); FER.PER i F %t
1.4 BESKITEHH ML XA 2 R AR FE (P>0.05), £ 414

IR B R T SPSSA12. O #h X Br A 48 hR itk AT LA 3. 47~4. 13, IR L 9. 36 ~11. 62,
F197 20007 A 22 5 B3 - #12R H] Duncan’s 2 [ 5 B FE K AR 1 R AR by A P 0 B R I A
BT AT AL ) 1) 22 S b AR PRI AR LG TE W 3 52 0 (P=>0. 05) .

x3 ANPAEEEEREAMEANEEEKEREBF AN
Table 3 Effect of replacement of fish meal by soybean protein on growth,feed utilization of C. carpio

RER R A 8 A B S 6

Iﬁlﬁ; Replacement of fish meal protein by soybean protein
0(CK) 15 30 45 60

fﬁffjﬁi{li body weight 50. 1340. 31 50.1040. 62 50.2740. 57 50.1740. 32 49.9740. 42
i%rilﬁ}?nji;gbody weight 87.83+4.38 ABbc 91.3044.12 Be 84.40+3.21 AaBb 84.0340.36 AaBb 79.39%2.14 Aa
SGR/ % 1.08=0. 09 be 1.15+0. 11 ¢ 1.00+£0. 06 ab 0.98%+0.01 ab 0.894-0.04 a
FER 61.1343.08 ab 63.7240.96 b 60.07=45. 40 ab 59.6644.51 ab 54.97+3.58 a
PER 1.7840.09 ab 1.83+0.03 b 1.74+0.16 ab 1.7140. 13 ab 1.59+0.10 a
PPV 31.4742.45 b 36.4442.02 a 33.054+2.37b 27.094+1.22 b 18.00£0. 40 ¢
V1/ % 10.95+1.15 a 11.6240.13 a 10.62+0.14 a 10.48+1.23 a 9.36+0.81 a
HI/ % 4.1340.05 a 3.9440.60 a 3.6840.27 a 3.6440.31 a 3.4740.25 a

W AT B S5 AR AN TR K5 5 B3 3808 26 F il B 35 (P<<0. 01) AR A l/NE 2013 R 26 |7 i 3 (P<<0. 05)
Note; Data in a row with a different superscript captical letter indicate difference at P<C0. 01, which with different superscript letter are

different at P<C0. 05.
2.2 REEAXMEGNAEZEFMTHIFIT 0. 01) s KL F1 MUK AR My 5 B il Ok =3 1 A Le 491 7
K ARY L HEERGEASRLO TS Ak S E TR b RS E ARk 5 R
Koy B BT R R EEABAREAR R 8O 60004 50 B 22 5 B 3 (P<0. 05) 5 % 4
SECR ASYO RN 600 Al S X IR 2 R B E (P ZRIKSEA BEEMP>0.05),
x4 ABPAREEBERENEANEENAERAS BT

Table 4 Effect of replacement of fish meal by soybean protein on nutrient ingredients

in the muscle of C. carpio %
52 A B Ois gk O ; 5 -
XEREEAAREQMREN R/ K K5y HL I LI s B
Replacement of fish meal Protein . . oo
. Moisture Protein Lipid Ash
by soybean protein
0(CK) 78.4140.25 A 17.1940.06 b 1.64+0.05b 1.83+0. 04
15 78.7240.34 A 17.094+0.09 b 1.6040.03 b 1.8940.02
30 79.0040.30 A 16.97+0.67 b 1.59+0.05 b 1.8640. 04
45 79.894+0.31 B 16.70+£0.10 b 1.55+0.01 b 1.8540.03
60 80.0640.42 B 15.64+0.33 a 1.4240.02 a 1.8540.03

RSB G R AN R RS i R 22 30 3 (P<<0. 0D WA AN RV/NG FHE 3 Rom 2 57 B 3% (P<0.05).,
Note; Data in the same column with a different superscript capital letter indicate difference at P<C0. 01, which with different superscript

letter are different at P<C0. 05.
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LA HP R R R S | A 5 R TR AL A R R TR

R IR HA AR 22 58 B35 (P>0.05).,

5 AP REEZEEEREANEANEENASTERARNTNI
Table 5 Effect of replacement of fish meal by soybean protein on am ino acids in the muscle of C. carpio
J KEEABR AR E AR RESE/ %
%A%E& Replacement of fish meal protein by soybean protein
0(CK) 15 30 45 60
ORITLRE M Aspartic acid 1.85+0.09 1. 84+0.09 1. 84+0. 04 1. 844+0. 04 1.8940. 01
% JR & R Threonine 0.8040. 04 0.8040. 04 0.7940.04 0.8040.03 0.8140.01
22 W2 Serine 0.70+0.03 0.70+0.03 0.70%+0. 04 0.70+0.01 0.70+0.02
OB AR Glutamic acid 3.14+0.16 3.13+0.16 3.08+0.18 3.18+0.11 3.28+0.01
oH & Glycine 0.77+0.04 0.78+0.02 0.7940. 04 0.80+0.02 0.81£0.02
O AR Alanine 1.08+0. 06 1.08+0. 04 1.08+0. 04 1.10+0.01 1.08+0. 04
* MR Valine 0.87+0. 04 0.85+0.03 0.86+0.01 0.89+0.01 0.87+0.03
% T %% Met hionine 0.4740.05 0.46+0.02 0.4540.04 0.44+0. 04 0.43+0.04
* SEEEA R Isoleucine 0.8240.05 0.8140.04 0.8240.02 0.8340. 04 0.8440.01
% ZL4 M Leucine 1.48+0.07 1.47+0. 06 1.5040. 05 1.5040.05 1.5340.01
% % &R Tyrosine 0.5840.08 0.60+0.02 0.60+0. 04 0.5840.06 0.58+0.05
* KN R Phenylalanine 0.8240.04 0.82+0.02 0.814+0.01 0.83-+0.01 0.83+0.01
% #iZ R Lysine 1.8240.08 1.8040.08 1.8140.05 1.8140.05 1.8140.01
AR Histidine 0.64+0.05 0.67+0.05 0.7040.02 0.68+0. 04 0.73+0.03
%2R Arginine 1.0440.06 1.0640. 04 1.08%£0.05 1.0840.05 1.04=£0.01
i & 2 proline 0.39+0.03 0.4140.03 0.4140.04 0.20740.03 0.4340.01
* e R Cystine 0.20+0.01 0.18+0.01 0.16+0. 03 0.20+0. 04 0.16+0. 06
HHER B X TAA 17.4740.95 17.46+0. 76 17.51+0.57 17.6640. 52 17.9640. 14
WFEB IR M DEAA 8.4040.55 8.6040. 31 8.6240.23 8.40+0.11 7.90+0. 11
G bR 1 HE R B 2 DAA 6.36+0.82 6.83+0. 31 6.80+0. 33 6.90+0.19 7.1040. 22

TE % R T R R R 5 O 78 BF IR 2R TR

Note: #* essential am ino acids; ¢ delicious am ino acids.
3 i
AEZEB X & 4 KK H B F AR R0
A TE G5 F v DL Y, 7 0 ) fa 09 N T RG
B RS — i R L A R AR AR K
KA 34 30 48 o B S e 2 ] £ 3
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(Oreochromis niloticus) WY &k w1 4351 i 55 %0 1 4=
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R A B N T AR 5 2RO SR L JBERR OR S2A 2H Y A=
K e FxERE 2, Dabrowski 2517 75 o 6 (4 1 e} v )
180,25 %6 550 6 1Y i K 52k B AR fr b L 45 SR 3R
WYL V8 0 K SRy 1300 I 0 i A= K S 0 R 2 A
25 Vo IHM R A= 4 L 50 60 B A K ZE AL BE TS s W N
R LB e R R 1 W Wi R T B . Kikuchi 460 %) 2
WF(Paralichthys olivaaceus) BT 5T & B, LA RE K
TR AR 2500 i Rk 2 1 B AR K I v T
2 AR LUBE AR K 5L AR 45 00 1Y 00k B L 2 6
WAERKFER AR S AZERARE ., £ %E
L=l 2 W 40 (Rachycentron canadum ) 1) B} v LA

%

3.1

0% 5% ,10% ,20 % FI 30 %% iy GORVEE AR f by 772
5, 5 R AR W], Y BL Al ARDRL b SRR R 1Y
ANEB AT 10 06 i, 6 22 £ (1 14 R ARDRE R B T
R R T A R R T A L AT
il (Erythroculter ilishae formis) [ 1E R, ) A
[] b ) O B B AR R SR L 130 504,27, 004
40. 5 0 B AR AL i) 3G AR R AR [ RO 0 B4 2
AN, Escaffre ZE1 VW HF5E 300, DI fa f1 f (PR
0.17 g ZEAD AT L ARG EAERanEn
7K T 400 mf AR ROR 3 T I, A3l 5
ERCEE BPNGR: R =S A A IO B N Ny iR
WELTEASE N B, EE R THAE TR
Fe P 28, M AL 454 th 1R (WA B L AR
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B i £ S A7 24OR FH R W4 A Y st R 22— ] g 2
REEATEEIERKN T, REhEEMHUEF
K+ A 2 1 B 40 ) K] 7 (protease inhibitors) , K&
BEHE 2 (soybean agglutinin, SBA) | K & $1 J& (soy-
bean antigen) . #fi if (phytic acid) . X & & ## (soy-
bean oligosaccharide) . 2t H Ik Bf i Kl + (goitro-
gens) . H. 7* (tannins) , }g 1f (saponins) , 5 # i
(isoflavones) . HT 4k 2= & A F (antivitamin factors)
&, BAREROUMAD I TE, —2HONRE Mt
B R DR A 1 i A1 ) PR JBE R 1 e A R T
W 22 45) AT LUK B HE K AL RIR A
WA E M PUE RN CRE U5 5 & AR 5
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Ko 4 REE A S, 2 e b & 5w
B ERV A R AR AT RE P AR M RIAE I . )
b U R 1Y 2 AR KR B B UE TR E SR
Wl BREHHINASEAETE 10 Fhh 75 2 HL IR . 18] B
— HLfl = 3 80 G SR » 25 (0 4 BAR 1 0 0 4% b ik
i L 451 2 A B o At 20 B R 1 R S 224 1 S R TR
3 o 5t R A 7 Al i RE R T AR 5, LTI 3 R
BRAAGH, SHmMt, REEHVHAER
BRI U i R A L S DR B ) £
ZExER R H B R A ] . R A A s,
5w i 0 A4 < Ve B R ARDREER T L T BB 2 i T A
T ek v e 7 B I R CEFAD Bl = sl A S 5 BT 8, R
R ELEE Y ) U 0 A 8 2 i i)t rb (9 00 55 s D R
e = B P S 2 SRR IR R B AR K2 B
LTS O ¢ 81 K| A2 Vel LN R -4 & DIVBTE = = X Avic b )
FE T el e Y 22 R R B T R B et T A L 0
G HRAT R NS B S a4 K H 1Y,
3.2 REEpAESZAFANMYPHNETRNE

2R PADRL R LA AR N & R AR TR X
IR SO MK LU 28 5 A K R 1R
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