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R T] Esf e oo 22 2 AR 2 PR 4 (R12 4 LMD | 5 3 A
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ARMEATRA (R37+LM), &4 5k &8s
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Table 1 Ingredients and chemical composition of experimental diets (dry matter)

T A R

Experimental dicts FM  R12 RI2+L RI2+M RI2+LM R37 R37+L R37+M R37+LM
JE KL/ (g/kg) Ingredients
48} Fish meal 800 725 725 725 725 575 575 575 575
F K1 Rapeseed meal 0 100 100 100 100 300 300 300 300
£ 4% Cellulose 180 155 153 155 153 105 98 104 97
o 2 4 f
iji tffjfmm hyleellulose 20 20 20 20 20 20 20 20 20
L% L-Lysine 0 0 2.24 0 2.24 0 6.72 0 6.72
L-#E %8 L-Methionine 0 0 0 0.60 0.60 0 0 1.80 1.80
£t Total 1000 1000 1000 1 000 1 000 1000 1000 1 000 1000
W A (F )/ % Proximate composition
HLE I Crude protein 50.48 50.71 51.08 51.19 51.26 50.32 50.09 50.55 50.90
MBI Crude lipid 9.34  8.76 7.84 7.99 7.69 8.10 7.92 7.21 8.18
MKy Crude ash 18.16  17.00 19.21 17.45 19.64 17.01 17.58 15.95 16.26
R IKF Lysine level 4.18  3.92 4.14 3.90 4.14 3.39 4.06 3.39 4.06
R B /K Methionine level 1.37  1.30 1.31 1.36 1.36 1.17 1.18 1.35 1.36
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1.2 KIeHREF R HEIYL
2y 200 A5 A 7 BT VL X WK
PR AT BR 7] 1R 0 Ay 2l Pl e W A R £ 1L gkt
L, B miE w2 Fh®EHFT 55 eom X
60 cm X 60 cm {375 B B 55 7K 5 A6 TP . B B B L I
IR K F2 B8 B3 HE W B AR A K 5 IE 58 e
1/3, T 030 i<k B W AU VH R oK e i ek U 9 Ak A
T ez AR R R, SRR T ke 81 B R/ —
$(13.83£0.93 g) I Ak AL AR ST 1 5 6 65 Bl ML 43
J 9N B 3AER . EIMERNSE 3B
R RS 1 . R E R R, — 2Rl
FH 27 4~ 20 em X 20 ¢cm X 30 cm [ A FE Bl 6L, B 55
B LA A R R R4 >>6.0 mg/L.pH Jy 7.1~
7.6, KIREERITE 254+2 °C,
1.3 RWFIHE5ES

ARG 32 B R T 4R 58 S Ak AR A [ KT SRR
X X S8 U A g RS 5 ) RN W AL 3 DA B R S TR
3 AT 0 5 i () B 2 30 S O kAT R L AR
YAk 5 EAR AT A2 N TR (g Z R AN —
177 L Al Ak K A R A e, 5 e A 4 AR
JIT LA SR BT B ot HL 5 o A I R A R T A G £
it 12 52 [) A5 KT A et o[]S 2% 1 38 56 s 0 %o v
Tiif 2 R 71 1 i 18 5 B AR Ak g 6 R0 L T DA OE 30 56
JE R 1 AP 0 ] g R B (082 30) Xof S I
g R A AT TR 2 mL (500 H R ,
KN 4 mm K 40 mm BEHRE R 5 mL i
SRS A R R L WE AT BN AR, IR
2 mLU AT B, P22 % 1 SR R B - R
SR o A AP 3 2 08 o 1 ST 2% PN R 22 55 M B
B,
14 HEAXREERSH

TRk H K 4300 7 2R T 105 °CfH IR AL+ (GB/T
6435—1986) ; FH & I 2 >k A PILIC & Ak (GB/T
6432—1994) ; KL Ag 5 I 22 >k F & Rl 42 75 (GB/T
6433 — 1994) 5 M K 43 >k H 5 3k b K B8 75 (GB/T
6438—1994) , 24 & R 7K ¥ F 2 JE 1R 43 Br A I 5
(GB/T 18246—2000),

R ARG e e 24 h, HREEK
JE R 50 mg/L BI04 E MS-222 JE47 R B R
i, PRBTELZS A . BT A 0 M R A ) o OE A
BT 1 em, ] PBS e N AW AR 4E 2 4 °Cuk
RS R b R, MR K B B A B AL, ERMA
WHHIZR 5 pm B, 73 KR (H-E) 4 @450

TEY) R 5 043 o 38 W IS i JSOML A, ] T 08 Na® -
K -ATP B Sy f i, W 75 2 2 B 500 65 vl W
B G &0 TR Uy TR D . WiEd
41 ATPase I 1 & X B/ A2 e A E A P
ATP /KM% ATP 724 1 pmol LHLBE &N 1 4
ATP BiiE I 500, U, B M B o 1 JUE UL ) 4
ZURE R R R AT S5 P72 — 80 ‘C UK T RNA 11
FEHL, RNA ()2 BUR ] TaKaRa 28 9 TRIzol
Reagent 17 24 41 21, $R B2 RNA J5 , BUIR b
(220 V,10 min) #fi & RNA AR &, A syn-
ergy 2 Z I RE Mg AR A 52 Ay RNA ¥k B2, AR
P Frin 45 RNA ¥, ] Prime Script™RT Reagent
Kit with gDNA Eraser (Perfect Real Time) (TaKa-
Ra) ¥ 5% 53 7 & $2 B cDNA Al F RT-PCR 4 4
M. JGRH SYBR Green [ it & 963k 47 Real
Time PCR ¥ 84 s i . 2 it PCR N K 21 A
10 plL SYBR premix Ex Tag TM (2 X),0.4 pL
PCR 1E [ 314 (10 pmol/L) 0.4 uL. PCR I8 5|4
(10 pmol/L) 1 pL L .8.2 L ddH, O, I %
f:95 °C 3 min; 95 °C 10 5357 °C 30 s340 MG ;
72 °C 3 min; Rl f it e 09 52 45 144l 65~95 °C . &
T 0.5 CLRRE 5 s Bt 10 9OEE . A g0 ks
D 5L R = g | 1R B 2,
*2 LMEELEBPCRIIMER
Table 2 Primers information for RT-PCR

EikY) JFH1(5"-3" iB kg /°C

Primers Sequences (5'-3") Temperature
rpll3a-F TATCCCCCCACCCTATGACA 60
rpll13a-R ACGCCCAAGGAGAGCGAACT
gdh-F GACGACGACCCCAACTTCT 57
gdh-R GACCCGCTTCCTCTTCTGC
ampd1-F CATTTTCCTTCCCGTGTT 58
ampdl-R  TCTGTCTGCGGAGTTGGT

15 HIFELERSEITHHF

S 1 6 Eh e R T T A E = AR R R
FH SPSS 19.0 #K 4 #F 47 8 K & Jr 22 43 H1 CANO-
VA, ZR B ZEFHFT Duncan’s ZE LK, LI P<
0.05 o 2= 7 b FVEARUE

2 #HERESMH

3 AH A X 3 MK 0 B 3 R AR S MR B2

2 LA 1) L 5 1 A1 200 B (10 ><) WA
1. AR EACT X il 41 808 28 2 72 R
—FERR I, R12 M T FM 41,8 9 E H 1 40
B BT RE R AR A M ECES BAT

21
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FMA AL (P >>0.05);R12+L HAE T R12 4. 1%
T 98 B v RE AN 986 % RE R 3 i (P <<0.05),
RI2+M #l R12+ LM A% T R12 4, H W iE 4HH

EEFRA BENEZES (P >0.05) (£ 3), {H R37
BT FM AL B o0 B R . 9% & & B L o0
BRI B AR W T (P <<0.05) . [A] B i BE

JEEBEFNAR AR A0 ML % H 353G in (P<<0.05) 5 T R37 +
LA R37+HLM AT R37H. KBS T =
BEVONEE B L B0 R 0, AR TR A i R
%E%érr“aﬂz/h<13<o 05);R37-+M 41 4 F R37

A, HpiE AL S ERA B (P>0.05)
(% 4y,

£33 125%FMERIAERGELSMNI I
Table 3 Effect of 12.5% rapeseed meal substitution on intestinal structure of Chinese perch
5 H Ttems FM R12 R12+L R12+M R124+LM

WEEE/ pm

e 576.59-14.51 580.66417.21 572.35412.09 583.24416.29 565.98416.81
Villous height
BB I /pm

R 309.25411.52a  277.49-10.70a 342.71+7.04b 284.424+12.25a  284.03+10.01a
Villous width
9B

22.67+1.23ab
Villous density

Ji7 BE JREE / e

Intestinal wall thickness
AR 240 it 2

Goblet cells

128.8546.57

52.17£2.20

20.00+1.21a

129.3947.62

54.8343.23

25.5040.92b 19.6740.99a 22.17+1.54a

124.694=8.04 112.0248.09 118.4847.18

54.5045.25 50.1742.32 56.3315.79

T A F/NG 50 R 28 5 3% (P<<0.05) . FRI[F.

as follow.

R4 37.5%FHME R HRGIE

Note: Different lowercase letters mean significant difference (P<20.05).The same

5By N

Table 4 Effect of 37.5% rapeseed meal substitution on intestinal structure of Chinese perch

i H Items FM R37

R37+L R37+M R37+1LM

YB3
Villous height

Y8 E 5EJE / pm

Villous width

A

Villous density

Ji BEJEEBE / em

Intestinal wall thickness
ARR 240 it A

Goblet cells

576.59114.51c¢

309.2511.52¢

22.6741.23c

128.85+6.57a

52.1642.20a

376.62116.52a

199.07410.85a

11.50+1.26a

370.38£16.37d

93.00%7.31c¢

508.16£19.07b 426.312£16.03a 556.36£32.40bc

262.3213.92b 217.45+7.86a 253.62+£10.80b

16.000.86b 14.174+1.40ab 15.5040.76b

297.49+14.60b 340.5710.00cd 319.87x7.26bc

66.6713.63ab 81.50%5.77bc 73.1744.98b

22 EMEBRIIFIE Na* -K* -ATP B§iE H B &2

R12 HAHE T FM 4, HifiE Na'-K"-ATP
W% FI A P2 (P>>0.05) ;1 R12-+L 204
BT RI12 40, Na'-K'-ATP % 1 B & I &
(P<C0.05);R12-+M ZH#1 R12+ LM 2H M # T R12
H BTG S # A Rk (P =>0.05) (] 2A), R37 4
T FM 4, i Na K -ATP B 1% f1 & %
fli(P<<0.05); R37+ L A% F R37 41, Na"-K" -
ATP B i 1 & 42 5 (P <<0.05); R37 + M 4 Al
R37 + LM 41 tH 4 F R12 41, 3% 1 %4 2 1k
(P>0.05) (K 2B),

23 RFMEBAX AT A B SEEE (gdh)
TR R REER B AR R B (ampd 1) B9 21

WL 3 JT7R 4 i A 1 A6 S5 R 7K - 56 W 5 I
MEd gdh ML ampd 1 W FEE, R12 45
FM @AM Ik gdh BRI EA B EHE R
(P>>0.05);R12+L 1 R12+M 4 5 R12 HAH
A BEMEEZEF(P>0.05) 81 RI12+1LM 5
R12 A0 It gdh H& R I8 W3 T 0 (P <<0.05)
(B 3A) . T ampd 1 3 R 7E 45 41 (8] #5251
£ (P>0.05) (K 3B).,
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A:FM4; B:R124; C:RI2+L 4H; D:RI2+M 4 ; E:R12-+1LM 4; F:R37 &H; G:R37+L 4; H:R37+
M ;1. R37+LM 4., A:FM group; B:R12 group; C:R12-+ L group; D:R12+ M group; E:R12-+ LM group;
F:R37 group; G:R37-+L group; H:R37+M group; 1:R37+LM group. a:MBEJEREE; b. BB EHE; c. HBTHE.
a:Intestinal wall thickness; b: Villous height; c: Villous width.

1 MR EARYT R

Fig.1 Tissue slice of intestine of Chinese perch
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= 0 M R12 RI12+L RI12+M RI12+LM FM R37 R37+L R37+M R37+LM

AEH Treatment AbH Treatment

A 12.5 YR MK Nat K -ATP BHE 15 B:37.5 %6 3MIB UK Nat -KT-ATP BiiE J1. #E EARARANE
THRFERA B EMEZEF(P<<0.05), A:Enzyme activities of Na™-KT-ATP of 12.5% rapeseed meal substitute level;
B:Enzyme activities of Na™-K™-ATP of 37.5% rapeseed meal substitute level. Data with different lowercase letters
above the bars indicated significant difference (P<C0.05).

B2 AMEERIFE Na -K"-ATP B8iE N
Fig.2 Enzyme activities of Na™ -K ™ -ATP of intestine in Chinese perch

24 BEMEBAMNARHEASESBMSEER(gdh) (P>0.05) (& 4A), R37 HME T FM 4, ampd 1
B E SR SEEE(ampd1)8 & IF FEHFE B E FIHP<<0.05);R37+L fil R37+

FAA B 20 B8 T 5 SEMUKCOE M T I e LM g4I T R37 418 3% F (P <C0.05) ;1M R37 -+
gdh ML ampdl FER ) RBH L, IS M A BT R37 A %A 8 EF L P>0.05)
gdh FE M RIRAELA LA H B A B EHEhH (BB,
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Fig.3 Gene expression of deamination of 12.5% rapeseed meal substitute level in Chinese perch
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Fig.4 Gene expression of deamination of 37.5% rapeseed meal substitute level in Chinese perch
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W W5 B I 20 VB 25 24 R Na ™ -K " -ATP i 35 11 18 1l
TONFE R, Py 2 0 28T A W s SR 1 T 1
B BT L 10 B 98 A R /N ) A R 4y, LR
o BE VR VR LG8 R 4 S /N g 1) W W T
L TS e AL S SR B e L R
JEE 14 023 52 W6 78 37 W) S5 W AT R 3 IR ARL I
R BRI Z AN BERY 8 — R B2 th T i
55 27 451 I 2 240 i 14 AR S 300 T T AR UK 40 M A
[ 38 9 KiE ARG RS A2 105 & KB A2 . i Na™ -
K" -ATP == B A7 T iy 18 W 5 200 it 1 56 G e, 3 3
Oy ATP P2 AR R85, LA+ 60 R B 1 300 vk 38 6
P28 R iz v R 45 5 BAE L LT M T ) 4 e
ZIN T R R WA B ) R SR R s ds iR L IR
SER R, Y SEMIBR A KE D 12.5 %), R12 41

MEM UM, KA ERERE HERE KT
FE M RE L ARIR 40 B AL L B Na ™ -K " -ATP i
JIEBIA W 25 = RIS M KB & 52
M) gy T % 52 ik 2 5 8 % ) IO 1 RO 32 L X R TE R
B SR B AR MR AT A R — B (AR
KA 5 K 5K 3] 37.5 % R f 5, R37 2HAHAR T
FMA L, HGERE S E B ERE. RERE R
Na"-K"-ATP [ 77 o 3 VE T K, 1 BE & FE FARIR
21 0BG 03X — &5 Rt R R B R IR SR A5 R
A A DR Y SR AR = 18 37.5 %
F14) i, S 86 9 T3 9% 27 B IR L R DR 4 4
HAKEPB %, Na"-K"-ATP B§iE /1 F W, S 80538
Xof G B TR 5 8 TR W) T W A G R BRI, 5 I (R e
Jig i JRE B, MR A B A k) T T R U B SR
R AR i 38 7™ A= 5 Z0 N L OF HLAE A 48 0E RN .
22 W) 7 SRR A A2 K3 410 o] £ 4K fip T T A L 5 i) £ fR
HAREF . XW MBS TP JEat | s P&
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KA B gT A R — 2L

FE SRR A AL bR o B o s B R — o R
AT LAEkE W B W, 2R E B s . R12+ L 414
BF R12 40, H 7 18 9% € & B M B TR MR AR 4
MECE AT B 5 A b 9B 58 BB E M
Na ™ -K*-ATP i J7 W35 b . 31X ol WK SR
N At S IR T LA 8B 1 W T 86 T A T AR e
J1 T 4 v M A R AR B TR A B IR Y I WG 2
R X — G5 A gy gt R g is —
., T R37+L A R37+ LM HAH# T R37 4, H
JoiE 5% B L GRE E E OR R G, g R
JES B AR R 40 B0 2>, Na " -K T -ATP B 3% 11 b
T U6 B e SRR 2L R s 21 TR e B O A AR R
S8 R RIS 7 0 /0 i 3 N SRR A E R SR i T
o SRR AR T i G 2 A 1 4247

AR TR WA B (GDHD FRR HF 208 iR &
(AMPDD) E 22 55 B2 398 5 IOt 2 255 2 N o 22 1Y)
2 A K B I e, R PR 0 A A i T 3 R 1Y
AV S I (T = S R S S A S VN
GDH FZAEE THFNE T, H R IR 25 o K%
TR B A 2 A i o B R TR PE A =R R G
W T2 bt fie s AMPDI £ 84776 T B8k Wk, H
F2 BT B S 38 1o R AZ AT R G FRK AMP i S AR
IMP"™) Y HLR S A 1 220 5 W2 A 1 i B, WL A4 P 43
il AR R T A o AR P 2 R e FH R B TH A
AR V- B AR N A KT A A AR N 2
SR B R R A A ORI S R R R12
H5 FM AL, FAEH gdh FILAH ampd1 F
FER SR R A S TN IR (R sk Y AW A2
M 6L 4 0% 1) 2 35 1 A e AR . X mT B TR IR
KRB E A S E g EIE S 2226 F Na' -
K" -ATP [ 936 71, 2 100 gk A 23 5% i 2] g 38 ) 41
LR W) % 38 3803, DA T S 85050 WG 0 5 A 1) B R R A
[H Ah F— AP AR 25 o JFE AR A0 AL PR o i 2 e
T N R AW (R (R SN )
B AR K I T B 5T 45 SR 2R R CE
B ARAS T o (A R AR A TR R R . R37
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Effect of substituting fish meal with rapeseed meal on intestinal absorption

and amino acids metabolism in Chinese perch (Siniperca chuatsi)

WANG Jie LIANG Xufang LI Jiao HE Shan DOU Yaqi

College of Fisheries/Chinese Perch Research Center , Huazhong Agricultural University/
Freshwater Aquaculture/Key Laboratory of Freshwater Animal Breeding ,
Ministry of Agriculture ,Wuhan 430070,China

Abstract The purpose of this study is to explore the absorption and utilization of plant protein in
artificial diets of Chinese perch.A total of 81 experimental fish with an initial weight of 13.8340.93 g
were selected to carry out the gavage feeding experiment for a week.Nine fluid isonitrogenous and isoen-
ergetic diets, with different dietary protein resources were designed, including fish meal as the control
group (FM),12.5% rapeseed meal substitution group (R12),37.5% rapeseed meal substitution group
(R37),R12 supplemental with L-lysine or L-methionine (R12+ L or R12+M),R37 supplemental with
L-lysine or L-methionine (R37+1L or R37+ M) ,and R12 or R37 co-supplemental with L-lysine and L-
methionine (R12+ LM or R37+ LLM). The results indicated that high level rapeseed meal substitution
would damage the intestinal mucosa structure and decrease the intestinal enzyme activities of Na™-K™ -
ATP,then restrain the intestinal absorption and transportation.But lysine supplement would effectively
alleviate intestinal damage and improve intestinal absorption.Besides,it could lead to down-regulation of
the adenosine monophosphate deamination enzyme (AMPDI1) mRNA expression and reduce the catabo-
lism of free amino acids,which promoted amino acid retention for protein synthesis in the muscle. How-
ever,low level rapeseed meal substitution wouldn’t affect intestinal mucosa structure and enzyme activi-
ties of Na™-K"-ATP.Lysine supplement could accelerate intestinal transportation efficiency,at the same
time,lysine and methionine co-supplementation could reduce the glutamic acid dehydrogenase (GDH)
mRNA expression in the liver,to further decelerate the deamination of free amino acids in the liver and
promote protein synthesis, which was conducive to the growth of fish.In summary,this study confirmed
that the rate of 12.5% rapeseed meal substitution is acceptable for Chinese perch, lysine supplement
could further enhance intestinal transportation efficiency and decelerate deamination of free amino acids.,
which provided a theoretical basis for the feasibility of feeding Chinese perch with plant protein instead
of fish meal.

Keywords Chinese perch; rapeseed meal; intestinal structure; lysine; methionine; deamination
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