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Effects of dietary soybean protein on the activity of digestive
enzyme and blood biochemical parameters of carp

WU Li-fang,QIN Gui-xin, LIU Chun-li,SUN Ze-wei,SUN Ling, WANG Hong-he

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

Abstract :[Objective] The effects of soybean protein on the digestibility and health status of Cyprinus
carpio were investigated in this study. [Method] The trial was carried out on healthy Cyprinus carpio with
the initial weight (50.13+0. 41) g at controlled temperature in single recirculating system for 8 weeks.
Fish meal was used as animal protein sources and dehulled soybean protein as plant protein sources. The
Cyprinus carpio was fed diets that contained different soybean protein levels to replace fish meal (0%,
15%,30%,45% and 60%) as semi-refined feed with equal protein(360 g/kg) and energy (15.2 M]/kg) to
explore the effects of different dietary soybean protein levels on the activity of digestive enzymes and blood
biochemical parameters. [Result] With the soybean protein proportion increasing, the activity of protease
in the hepatopancreas and intestinal tract of Cyprinus carpio descended. When soybean protein had re-
placed fish meal by 45%, the activity of protease in the hindgut and hepatopancreas of Cyprinus carpio
were significantly lower than that of control group (P<C0. 01); When soybean protein had replaced fish

meal by 60% ,the activity of amylase in the hindgut of Cyprinus carpio was significantly lower than that of
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control groups (P<C0.01) ;but the soybean protein had no significant influence on lipase in hepatopancreas
and intestinal tract of Carp(P>>0.05). When soybean protein had replaced fish meal by 45% ,the contents
of blood glucose, total cholesterol and the activity of Glutamic oxalacetic transaminase were significantly
lower than those of control group (P<C0. 05) ,and the concentration of triglyceride was significantly higher
that of control group (P<C0. 05),and soybean protein had no effects on the concentration of Urinary nitro-
gen,the activity of Glutamic pyruvic transaminase,the contents of total protein,albumin and globulin(P>
0. 05). [Conclusion] When soybean protein replaced fish meal by 45% in the 50 —100 g compound feed
which had 360 g/kg proteins, soybean protein had no effect on growth performance for Cyprinus carpio.
but they could change the activity of protease in hindgut and hepatopancreas and the contents of major
blood biochemical parameters for Cyprinus carpio.
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Table 1 Diet formulation of Cyprinus carpio g /kg
NGR AR ARy ST O
F AR AL The percent of fish meal protein replaced by soybean protein
Diet composition

0 15 30 45 60
i 5 Fish meal 558.5 471.0 384.0 296.0 224.0
2= [z TK1 (Dehulled soyabean meal DSBM) — 117.5 234.9 352.4 469.9
BIKS Dextrin 339.5 299.3 268. 8 239.2 197.9
ki Corn oil 10.0 12.1 14. 4 16.7 17.1
a3l Fish oil 10.0 12.1 14. 4 16.7 17.1
1L AE#H Choline chloride 5 5 5 5 5
4t Z R B Vitamin premix 10 10 10 10 10
TEHLER IR #F Mineral premix 20 20 20 20 20
21 4 & Cellulose microcrystalline 420 480 43.5 39.0 34.0
%47 Binder 5 5 5 5 5

0 O 4L F WUR R A kg AR AL 1R 15 mg. 12 FR 5 80 mg., ILEE 400 mg. AEHFE 1.0 mg, TG FE 60 mg, FARML Y EE 20 mg,
BH 20 mg.Va 2. 0 mg. Vpl. 6 mg. Vgl00 mg. Vi 0. 7 mg. Ve 500 mg. Vp, 0.3 mg. @ JoHLEE BR K F 4 ke 6 A} 2 4.

MnSO, « H,O 37. 6 mg,MgSO, « 7TH20 4.1 g.ZnSO; + 7H;0 0. 88 g,CuSO,

« 5H,0 8 mg.FeSO, + 7H,0 0. 8 g, AICl; + 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.

Notes: (@ Vitamin 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, chelecalcif-

ero 1. 6 mg, vitamin E 100 mg, vitamin K 0. 7 mg, ascorbic acid 500 mg, cynocobalamin 0. 3 mg. @ Mineral premix supplied the fol-

lowing per kilogram of diet; MnSO, « H,O 37.6 mg, MgSO, *+ 7TH,O 4.1 g, ZnSO, *» 7TH,0 0. 88 g, CuSO, -

5H20 8 mg, FeSO, -

7H,0 0.8 g. AICl; » 6H,0 3 mg, CaCO;s 0.75 g, NaH, PO, » 2H,0 6. 78 g, CoCl, + 6H,0 24. 8 mg, NaySe; s 0. 24 mg, KCI 1.9 g.

x2 HEZEARAMNEFKE

Table 2 Nutrition level of different diet formulations of Cyprinus carpio

B R PR PG By B 1 B ) 7
Nutrition The percent of fish meal protein replaced by soybean protein
level 0 15 30 45 60

KL /(g » kg™ ') Crude protein 360.2 360. 1 360.4 360.1 360. 6
HLAR I /(g » kg™ 1) Crude lipid 51.1 50. 9 51.1 51.4 51.1
FLET4E/ (g » kg™ ') Crude fiber 44. 8 44.7 44.7 44,7 44. 8
K4y /(g » kg ') Crude ash 63.7 53.6 43.8 33.7 48.0
HHE(M] » kg~ 1) Gross enery 152. 6 156.0 159.0 151.0 150.0

A KA 25 AT AE B 24 h S BEEDIE MR 10
JRE A0, TS P IR U R At P U FR BT & ORS B 21 0. 01
g) . WU I T8 | HF I S0 5k B s 2 S oK
Ve A DR AR T W TE DB — A [l T A5 DA R
MR f R — A T S LLE R R W H S
BT —20 CUukAE R AR-AZ R
1.3.2 MBERaMH & FEMARTTE, INA 10 5K
TR sk 213, #E 4 C UK AR h i & 2 1, 3 000
r/ming 0> 10 min, B WO LB . 4 C vKAE O}
FEREI,F 24 h I E e B8,
1.3.3 §iEEHemE (D BEAME . R
FH A bR 428 50 15 (Folin-phenoD) Il 52 . 1 A~ [ il
(L% F7 8007 o pH 7. 0, JiE W) B 1 R R
B/ 20 mg/mL,(37£1) C& M TFIAE 10 min, &
mg B 8 A min 74 1 g B 2R 0 B .

(2) E N i 5 770 >R LT B bb vk il g . 1
AN VE K Y EL TS S B Ul pH 7.0, (37£D) C

FAF T ORI 30 min, B mg i & H Y GE B I BE 5E
2K 10 mg JE M I Y B &

(3) I8 Wi B 5 710 R AR Wy il 3 50) &l e . 1
A6 W T Y LS B E Ol pH 7.0, (3711 C
AR 10 min, B mg B8R E K AR D5 A 1
g NV R WY il i
1.3.4 sk T ZAKIEARGMNZ MK (Serum
glucose,SG) | JR & A (Urinary nitrogen, UN) | & jH
B (Cholesterol, CHOL) | H i = g ( Triglyeride,
TG) . i % [ (Total protein, TP) . 4 % H (Albu-
min, ALB) Bk [ (Globin, GLB) & &, Jo 4% 75
fiff ( Glutamic oxalacetic transaminase, GOT) . & N
5 i (Glutamic pyruvic transaminase, GPT) [ 1
P R MD100 B2 [ 3l AR 4l 23 AT .

L4 HESHSSH

R HCE K F SPSS (12, 0) #4447 48 4 iE

97 200 M, X 22 5% .3 4 . 5 ) Duncan's Z # [
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AIRIE W T L5 R (R 3) R B E R G H A
AR EE 1 LU 1) 79 1 S £ T 0 R i T g
T 1 I RRAG s 2 K S AR 4500 fky 2R 1 I
£ i AT B E 1) 2 1 9 AR B AR T X R A
(P<20. 01) 5 24 R E AR 60 00 fi by 2 11 I o il £

rh i 8 AR TS ) IR T B (P <0, 05) BT
i+ Ji P 0 T B U 1 K 1 T 6 0 A S Ak R
(P<C0.01), &4 KW, & KT8 A B 8 0 iF
T T 1 v B ) B A TG ) R 2 OR W
(P>>0.05),{HJ5 i 60 % K &8 B 4L /0 3 K i
B EMLT X (P<<0.01), HFE S WJLLFE
s R AR o) e R CET RS L R LR B 0 R
it 375 M $45 A i 2 (P=>0.05) ,

1S4
2
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Table 3 Effects of replacement of fish meal by soybean protein on Protease specific activity in the muscle of Cyprinus carpio
PNGRARE- ARy HEEBNE /(U mg™H
B AW E =58 % Protease specific activity
Replacement of fish meal 78 g =371 I JEE A
protein by soybean protein Fore intestine Middle intestine Hind intestine Hepatopancrea
0 34.444+1.12 Bb 21.41+£1.21b 16.72+1. 45 Be 67.30%1.81 Cc
15 36.0442.00 Bb 21.1441.46 b 18.71+0. 81 Be 74.0441.25 Dd
30 33.9042.27 Bb 19.73+1.01 b 16.52+0. 64 Be 64.0441. 23 BChe
45 32.3741.41 Bb 20.87+1.88 b 12.83+1.84 Ab 61.4741.20 Bb
60 22.4443.66 Aa 17.28+1.74 a 10.20+1. 28 Aa 53.0442.98 Aa

T« [ 9B J5 AR R TR K5 8 3 3R 28 B 835 (P<C0. 01) W AR AN TRl /NG FRE 35 R0R 28 5 [ % (P<C0. 05) ., T,

Note:Data in the same column with a different superscript capital letter indicate difference at P<C0. 01, while different superscript letters

are different at P<C0. 05. The same as follows.

x4 ANRPREESERENESNEEFEHETHNZM

Table 4 Effects of replacement of fish meal by soybean protein on Amylase specific activity in the muscle of Cyprinus carpio

KRB A AR VEMEENG F1/(U - mg™ D)
EEBNEREESE/ % Amylase specific activity
Replacement of fish meal 7 i 5 W I JEE A
protein by soybean protein Fore intestine Middle intestine Hind intestine Hepatopancrea
0 0.3240.01 ab 0.4540.01 ab 0.5040. 01 BCa 0.4540.01 a
15 0.3240.01 ab 0.464+0.01 b 0.5140.01 Ca 0.4640.01 a
30 0.3240.01 ab 0.4540.01 ab 0.5040.01 BCa 0.4540.01 a
45 0.3340.01 b 0.4540.01 ab 0.4840.01 Bb 0.4540.01 a
60 0.3140.01 a 0.4440.02 a 0.4340.02 Ab 0.4540.01 a
x5 ANPAEEEBEREMEANEEKEHEE NN
Table 5 Effects of replacement of fish meal by soybean protein on lipase specific activity in the muscle of Cyprinus carpio
KREEAZR AR Ji 107 3% 3 /(U » mg™ 1)
HEMW R RS % Lipase specific activity
Replacement of fish meal i 1 i & % I s
protein by soybean protein Fore intestine Middle intestine Hind intestine Hepatopancrea
0 30.6743.79 26.0044. 00 21.6741.53 51.0044. 58
15 28.67+5.51 25.3344.04 23.6742.52 48.00+10.58
30 28.67+6.11 23.6740.58 22.0043.00 45.33+11.73
45 29.0042. 65 26.334+1.53 21.0047.00 51.3344.16
60 24.00=%2. 00 26.0045. 00 20.3340.58 50.3340.58

2.2 KEEAMEEMEEEELIBIRNOZMW
ARG R (K OFEW. KEEABZR
30 %0545 Y6 H1 60 Yo fH 2 1 2 (1% #EE £ 0l W R R
K F X HRZH (P<C0. 05) 5 bR 28 20k B B K & 8 U B
FRLG ] 0 T 52 b e e B AR T X B, Ho
LU REEABRASHHRA 2R B E (P
0. 05) 5 & [ [&] it vik B2 i 2 K o 8 1 2 AR L 9] 9 o v

BT e Hor 45 Y01 60 %k 57 4 11 R R4 5 ot B
4122 % BF (P<<0. 05) ;s Hil =g He i L 30%6,45 %
F60% KRG H A FAL 8 F S T4 P<
0. 05 s 45 K T 2K [R5 A2 AR 45 03 S G 07 1 B0 511K
Tk BRAL (P <0, 05) 5 4 T3 6 Uiy 15 MEAE K LB
B AL 50 IR AL ) 22 5 R 3 (P=>0. 05) 5 I L
B S R 15 06 K LR PR AR A S e R
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(P<<0.05), M HAh 2 H 5 X A 2 7 A B & (P> MHEZFAREE(P>0.05),

0.05) ;2 R EHE A MA A E A FERE A & & 5%
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Table 6 Effects of replacement of fish meal by soybean protein on serum biochemical parameters in Cyprinus carpio
LA AR goxs e i - S ik P
KU iU/ WA e/ H=R AR ARRER/
EANRRSB/ K (mmol + L™1)  (mmol+L™")  (mmol-L~")  (mmol+ L") au-L Y (IU-LH

Replacement of fish meal mmot = L mmot = L mmot * mmot * L - -
. . GLU UN CHOL TG GOT GPT
protein by soybean protein
0 12.50+0.66 b 2.33+0.33b 9.86+0.01 ¢ 1.60+0.05 a 208.00+8.66 b 69.3340.58 ab
15 9.41+3.73 ab  1.4540.06 a 9.397+1.43 be 1.94+0.44 ab  143.67416.56 a 67.33+11.85 ab
30 7.31£0.08 a 1.8740. 26 ab 8.15+1.25 be 2.31£0.15 b 145.33419.01 a 60.00%E2.65 a
45 8.20+1.84 a 1.9640.40 ab 7.97+0.56 b 2.20+0.06 b 163.33410.69 a 65.33%6.03 ab
60 8.0040.13 a 1.99+0. 06 ab 5.3840.48 a 2.214+0.05 b 150.674+3.51 a 77.33+1.53 b
51 TARER P . N ,
XETEOENER AN wEH/ ) REH I
BT 8 % PRI - . - HEA/BREA
Replacement of fish meal YR (g 10 (g L°D (gL D A/G
. ) . GOT / GOT TP ALB GLB '
protein by soybean protein
0 2.30£0.10 a 39.9-0.87 ab 16. 00+ 1. 04 ab 23.904+1.91 ab 0.672+0.10 a
15 2.15+0.17 ab 44,8044, 16 ¢ 19.30+0.66 b 25.50+3.55 b 0.76+0.08 a
30 2.424+0. 25 be 41.7743.46 be 17.27+2.53 ab 24.5041.37 ab 0.707%0.09 a
45 2.50+0.09 be 39.0040.75 ab 16.43+0.61 ab 22.5641.37 ab 0.7340.07 a
60 1.95+0.05 a 36.53+1.53 a 15.57+0.82 a 21.0740.87 a 0.7440.03 a
R ST
39w

3.1 XREEZAXE&HLEEANZMm

1 8 B 1 H A AR B A5 R AT AL L BE A E
BE 3 HASHALRENS 1 B B G R HLAE A
[7) + It 7R AH B T AR L BE AN ] DAL 3 1 1l 23 305 7 A
FATR] [ o £ 26 A [ 3 b A% B BE0URRRE B2 8 A 78 22
5o A IR HETE AT R, 2R S AR 4500
B3 B LI BUAR AN i £ A R R ARDRER R L (B
A R 11 Mg LT DR UE A S P S O R R T 2R
S A 6020 oy 3 (L BT L T LR
i T T FUEE F) 2 1A % 3 249 4 AN ) A B 09 I 5 i
T PNISR SRR R R RN CIE A U RIS
5172 Ji 1 AT I BIE 2 5 R 2R S D R R X S
I AR S 21 60 F 9 4 R A KRR e
% 51 kS 0 S 8 AL N RS D RIS R R T
REEATEAPERNT . KETHERERN
BV B R B R R AR E AR AL
¥ ) IE © o (Hexane) b H [7] 28 Bk S04k & W) I A - 745
SRS OB RE e S A AR . K BRI T AR R
SLYUE SR N T A AU N - G R AR I 5 LR
LB RS A B AL BOR . R £ R
w51 A 2K Al T B T ) R Y T2 B R AT e
JEREYURE A R E YR E H RE RS 10 28T L
L5, ALV IR EE S g DR R i —
wIRGEA . 2T0RE BEH kAR S I
TRRPIRZ B IE 1 . R T RESHEARER 2GR
il 421 Jigy 18 45 4 e AR AR AR L ot — 2Dl i A e O vk

2 T AL AR B A A TE R Al - T R i
T DAL 0B o 288 3 A A B S R T S o R T )
R/ANRAE AR B2 5 £ ) 20 Y 28 A A — s A G
PR B2 B X AR S IR B — AP IS . (R R
SN . A1 2 TE by Tl B T S B, A U B S 4 R K
W1 Bt R 2 R R Ak LA A 8 o i £ 1L
AR AR 6000 ik 8 11240 J5 I VE B i 0
(0. 43 U/mg ) 2 i T X I 2H (0. 50 U/mg) 51X
WE W DA TE by Tl % T A8 AR L B0 S i e R ELAR
PUBCEURR . R T P O M A 4% 4 M 3 R I I B oy
Bl 6 T B 5 R AN 3 5 2 R T A 2 T A X
B R G e 2 R A D O 3 R T A
JB T A e 0 28 T R AR il h A e — E B
PIEA . KEEAR TRMEDEARZ —. K
I L £ fi DT R R A A il X R S B —
{UBRAIA S R NEX - = PR eSSy i R e
AIBLER . A fF THE— 20T

i 107 2 4 R A0 2 TE A R MV BB L
HIRR e M T B A REEOR IR IR U 78 £ 28 2R A i
B B b k45 A AR L. G AR S e R 4
s o figE BCH T B AR N U TR 1) TR T £ S
W . R T e ) — b S BE A% D1 WA 1 R ) 1
REAZ K A Haih 5 e JIE AN S P . AR TH AL R
AR 22 T A5 0 ke BAT i 107 Tt A7 (R IR 2 S 2
WA E . AR TGS R W] B o I 1A AR s G T
T3 15 T P 38 45 R AL LR TR S £ 2K I A T £
FEEDWHE . AR RETEABFAF



68 P AL AR MBI A2 4R (A SRR 2 B

537 &

51 01 53 2K (1 % R 0 I8 7 G ) G B RS
3.2 AKEEAMEEMEFEELIBIRNEZM

0 28 1 LR A= AL FE AR 5 HLAR B AL R A A
FERBLA O, PR, 2 AR Ak S i o Ok %
N E Y A S BN AR B . A BSR4
SRR, AE SR (TG RDRE R  OR SR 4 R AR
302,45 00 F1 60 %6 ek B 1 I A6 0l VR ot A R
JER TR, RS OLT 28 MR T A2
2 S A R I TR N R L) BN TR PN
RARZE 5y e A28 Ak o 4 il A VR s v i, f 2 e
R B R R O R A AR KT, R
AR R AL R e B AR T X R AL, X AT
Rt FREEAMRMKE T A0 E R 5]
A

PRE AR AR S B B A =, — O
0 2 1LV H R 2R AU B AR WU R R R AR BT A i
T RGBSR B PR . AR AR, MR
AR PR AR 15 00 ok 2R i B A i T R 3R AR
JE W AR TR A, LAt 45 2 S 0 IR 22 R B
U 1500 K 5 2R (B 10 41 i f0 7R 1 5 A R B
P, 2k 5 R AN W HGE R 15 % K EE A AR
HE ML (PPV) (36, 44+ 2. 02) 5 3 & T Xt
HEZH (31. 47 £2. 45) MW 4

2R 5 HES Y —FE BB A B & I &
Tt 1L 3 PP B B[ 70 %6 ~ 80 %0 ke B A E L 4% ok
I A TE S G 2R A A 2 R A DU I Y e T e
JERGE TR . ARWFRAE R R K G R A e
At I [ v B 32 T B L 45 00 R0 60 Do B ARl
Hxt gl 2 5 B3 X 5 Kaushik 07 ] K &k
4 35 1 (SPO) AR MKy 85 MBI 5E 45 R AL, X W]
A H1 TR LA AN Sh a8 b g R 2 A [\
B, A mRE S R R AR 3G IE T R HE R I ) 4
e I S B NI i £ 1 e R N S 87 (R D
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