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PIEYIE B A ERVR & HER RIS B X
HABIMEK, BR. &8, REMEES
AL

IRk, e, FAFRL, FWH}, AAFE, RFELS, 2 #,
®"EK, TEW

WM TE 7 e A dr B 2 B, WL K BB Y B IR R I 5 0T R BOREFL sk 56
=, PEKTREE GRS E T S E R E AR E, WL M 313000

.

[ EHY ] T U & & 4 £ oI5 & 04 R 3 4 o8 A5 (Arg) &t H A<
BT EK. TR AN, AERFGHEENNE .

[FHE] s men. SHME @254 5% 0% (LM E KN
0.80%). 0.60% (1.33%). 1.20% (1.85%). 1.80% (2.24%) F2 2.40%
(2.65%) M AR, WS AERERNAR, FAEAMA 8
[FER ] MEKERAKTHAE, OABITHELEL LA THRA
B, HAE1.85%Arg 413k 5|55, AHAKEMRES, 1.85%Arg 4
B EMRT 080% 5 2.65%Arg 41 ; ZUAB/EXEHEFEREE X7,
1.85% Arg 41 4 it H ik 3t % b 4 B8 (GSH-Px) 7& & 0 & it H ik (GSH) 4
EXFxmHEEET 0.80% Arg 41, [ B 1.85% Arg 41 # &, 1t 471 1%
kB (SOD) & Mk 2| &, (HiZ4 W 8 (MDA) 2 L (T &
A& 1.85% Arg 414 ¥ 4 F B (AST) % 2 Z (5T 0.80% 5 1.33%
Arg 41, [l B 1.33% 5 1.85% Arg 41 4 7 % 2 8 (ALT) 7& M 2 Z KT
0.80%. 2.24% 5 2.65% Arg 41 ; 133% Arg 1 S B £ wE H LR
(tor) Foth ZIREBH (mpy) It kA ERE, HEEFEHTHL4, 1.85%
Arg AR E B SO BB E (s6h) kX ERBHEFH T 224% 5
2.65% Arg 4, & & AL (leptin) 3tk kB X THEEFA, H 080%
Arg AAE X RL ERE; 1.85% 5 2.24% Arg 41 18 48 & T % L H 7
5,

[50] AUEME AN ZWEABTKREREART, BEARKTH
1.85% Bf, TR BHEE KB HANEHRIHERTE G T AR
P bk XA EW RS, REDABRGELEN, ETHEEHT-
Kt B VIR A, FEUEWE AN E W B AE I AR P
AR EHAKTF RN 1.83%.
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R AT K 7 F3 58 0 A] 5 2 e Je B i 2
o KA (Arg) AR F S A EURE,
i EL AT 38 2o T TR A AR R ML AR 1 (target of rapa-
mycin, TOR) {5 53 [ K {2 #EALIA 8 1 B i) &
B, R, FEREYEE H TP AN FE Arg AT RE SR R
K P SRR R B RBGE R Z —
XK= S oE 2B, Rk Arg AT LASE R
Skt (Megalobrama amblycephala) )8 FH BT
F1 TOR 38 & AH OG5 R R 3k, DT 8 45 AR
K, Rk b FE 3.8% 1Y Arg T2 E 2 2R e JIH
f1 Bt i [Epinephelus fuscoguttatus(9) * E.
lanceolatus(3)] FFHE TOR i & tor FIAZARHA R
F S6 4 i 2% [ (ribosomal proteins 6kinase, s6k)
Ik, PR AP FIILP T e E s
T B b kb T8 1.68% B Arg £ 5 T 4% 4 4
(Haliotis discus hannai) tor, s6k “5FE /)5 3%
IR IR IR LK F

KRR IR T A KRR 1 BB i T R 4%
EEEH LSS, Kb —A A AGHmIENT
Bl o3 it 77 A — A N T 9 YT BILAA Y B 928 T
REY. MESE LB, ERISIAE AR B &R T
SR IE 8 % (Trachinotus ovatus)” ., W3k 5™, FL
2N X R (Litopenaeus vannamei)®™ F1 i 48 25 &
& (Eriocheir sinensis)"" WPTALRE ) . etk
A LA SO S RN B AT 7, (B i RS
R A ok i — AR, BRI,

BEAh, RS R A AT 38 A LA ) — 4 Ak
RAINT RZ 5 3h Y n g " & RS
IR AT LI S &2 my g t™, ] DUl
AR RN, YRR e AR R
32 WX R A1 S PN 43 1 345 A58 1) A A FH R 5 U
EHOR A U2 AR Y (neuronpeptide Y, NPY)
FE Al A7 W9 3R (leptin) AT e RN A0
B IR TR RN SN E B AR AE S Ok TR T 3
P e, ik, MK Y fugRIEK7hY)
HEEGE R EEEAY, KW, BHEA X
2 R X H 52 3l 0 B8 1 A T 9 0 R DL T A Y
fitif .

H AIB AR (Macrobrachium nipponense) X 44
HHR . PR, KRR IR, BRMER,
FE TR E B AIROK BRI BT AXT H AV AR
BTSRRI, 75 LB o 228 R 0 1)
Bk SR R (Lys). 752 R (Thr) A& 2 1R
(Met) IR G WA REZE Y & H s R AE K

AR AR TS B DG R R R Y
R R TR AR LARA R . prsfl
VAR e 055 O T B EAE AT, AL e
DRiEk7/ki = DI S -3¢ 4 S RN SRS RS AN
ORI H AR IR A I Hrsfbre )y .
PRSI AL . Tl 2544 LA K # 55FT TOR
RS EERC , e LU Y 8 O E2E
TR H A TR R PO RS B SRR,
TR POl 2R 1 P 3 L K dl

1 FREE TR

1.1 SCIGEHR)

PIAEE K (0.12+0.03) g 1Y H A TH BF M 0F 5T
X5, SRR AEEYEA (k. EKE
FUB RIS ) 1Y S W BC ) 5 21 45 055 e 1 ekt
5 40 1) R A A B0 AN FE 0% v IR 41) . 0.60% .
1.20%., 1.80% Fi1 2.40% HIKE IR, 1R HE &
M2 52 I A 43 9 A 0.80% (0.80% Arg). 1.33%
(1.33% Arg). 1.85% (1.85% Arg). 2.24% (2.24%
Arg) Fl 2.65% (2.65% Arg), 2561 HHAC I7 M
FRARMILE 1,

1.2 FHEEIE

ARSI H AT HR 47 3R ) i T 2R e b i
WA BRA T . FEFRFASEHS 2/, X 37 58 3 1]
AR BT E DR IE T, Rl S R PR AR
IR AR N (0.1240.03) g 4 EF, BEMLICA 15
A KGR (300 L) H, B4 3 AFAT, A5 70
RS UR . AR (08: 00), HE (17: 00) 435
AT MO A 40, MR 1 h S5 R A AT AR
[l SR ARSI 1L SRIEHF A H o 7 SL 5 0]
W oK BT 2 5, KT 7R 25~28 °C, %
A E>6.5 mg/L, ZAMGHMRE: & &#<0.1 mg/L,
RERARIK T, A KA TR R A 30% K,
SEERHRREE 8 A

1.3 HmXEE

IR A ARG, A5 R, H AR AR
ESE 24 h, XA SLIR A AR AT B GE i AIRR
IE, RN e ST AR AR AR AT
FHBSCE o ol e 5 v T 2R ) A 7 s B
WUARR BN . i . WUASEAEZ, R
1 mL JC R S AR ORI AR i, RO JR 1R 2
ME o Fel, R miE . WA il fr
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Fz1 IREANRHREFEARKR (FTHR)
Tab. 1 Ingredient and proximate composition of experimental diets (dry matter) %
TH KR /KF  arginine level
item 0.80% 1.33% 1.85% 2.24% 2.65%
iy fish meal 5.00 5.00 5.00 5.00 5.00
M1 soybean meal 10.00 10.00 10.00 10.00 10.00
T KEER  com gluten meal 15.00 15.00 15.00 15.00 15.00
321 rapeseed meal 10.00 10.00 10.00 10.00 10.00
L5 L-arginine 0.00 0.60 1.20 1.80 2.40
DFEEIERIRAYY  essential amino acid premix” 6.70 6.70 6.70 6.70 6.70
N FAMBIEAY ®  non-essential amino acid premix” 16.20 14.90 13.60 12.20 10.90
FKIEH  corn starch 17.00 17.00 17.00 17.00 17.00
fayl C ZIM2 1) fishoil : soybean oil (2 : 1) 430 4.50 4.60 4.70 5.00
KGNS soybean lecithin 0.50 0.50 0.50 0.50 0.50
AH[E®E  cholesterol 0.50 0.50 0.50 0.50 0.50
SALNES  choline chloride 0.50 0.50 0.50 0.50 0.50
YL HTRYY  vitamin premix” 2.00 2.00 2.00 2.00 2.00
TR TR mineral premix” 3.00 3.00 3.00 3.00 3.00
FEE  cellulose 7.30 7.80 8.40 9.10 9.50
L4 ZAN  carboxymethylcellulase sodium 2.00 2.00 2.00 2.00 2.00
Mt total 100.00 100.00 100.00 100.00 100.00
BB (THFE) proximate composition (dry matter)

MEE  crude protein 37.15 37.17 37.20 37.15 37.18
FAEWT  crude lipid 7.07 7.27 7.37 7.47 7.77
A4 crude fiber 9.15 9.65 10.25 10.95 11.35
F#K45>  crude ash 4.67 424 429 435 4.46
TR Y nitrogen-free extract” 41.96 41.67 40.89 40.08 39.24
fitm®  gross energy® 16.23 16.19 16.11 16.01 16.00
FE®  arginine 0.80 1.33 1.85 224 2.65

W DETRLHRERBEYSHAR3Se FuAlR96g REK69g MEM204g, HAEFR61g FHRAMLSSg HEK S0

g WERKT6g BERR22g. 2)FTHIFLTHEERBEEY T RLAR378e, MAML3S5g, HAEMRS45g HEM232g, ZLEHMRIS

g, BEEIR 122¢g, MEMR 108g, WEMR 23.7g. 3) BT RAEARHIREEVA129g, VC57.5¢g, VE20g, VD;0.63g, VK;1.8g, VB,
758 VB,2.63g, VBglg, VB,0.15g, MR Sg, MA20.19g, NE60g, HMWEO075g ZMRFSg, MNEILRFIRSg, o4 831.56
g. 4) BT 0 R R E S KCL 28 g, MgS0O,-7H,0 100 g, NaH,PO, 215 g, KH,PO, 100 g, Ca ( H,PO,),-H,0 265 g, CaCO; 105 g,
C¢H;oCaOg4 -5H,0 165 g, FeCeHs0O, -5H,0 12 g, ZnSO,-7H,0 4.76 g, MnSO,4-H,0 1.07 g, AICl;-6H,0 0.15 g, CuCl,2H,0 2.4 g, CoCl,-6H,0
l4g, KI023g, o-ZF4E3 0.043 g. 5) THEUR MD=TW5 (%) — DL E (%) +HLIE T (%) +HH 21 4E(%) + R K5 (%)]. 6) BEE(MI/kg)=CHH &
(%) x16.7 k)/g+ ARG (%) x37.6 K/g+TERBR (%) x16.7 kI/g) TH5(%). 7) HEE . HAEHT . MK IE, M. TRE L.
Ao AT .

Notes: 1) 1 kg essential amino acid mixture containe histidine 3.5 g, isoleucine 9.6 g, leucine 6.9 g, lysine 20.4 g, methionine 6.1 g, phenylalanine 5.5 g,
threonine 5.0 g, valine 7.6 g, tryptophan 2.2 g. 2) 1 kg non-essential amino acid mixture containe aspartic acid 37.8 g, cystine 3.5 g, glutamic acid 54.5 g,
glycine 23.2 g, serine 9.5 g, tyrosine 12.2 g, proline 10.8 g, alanine 23.7 g. 3) 1 kg vitamin premix containe VA 1.29 g, VC 57.5 g, VE 20 g, VD; 0.63 g,
VK; 1.8 g, VB, 7.5¢g, VB, 2.63 g, VB4 1 g, VB, 0.15 g, nicotinic acid 5 g, folic acid 0.19 g, inositol 60 g, biotin 0.75 g, calcium pantothenate 5 g,
aminobenzoic acid 5 g, a-cellulose 831.56 g. 4) 1 kg of mineral premix containe KCI 28 g, MgSO,-7H,0 100 g, NaH,PO, 215 g, KH,PO, 100 g, Ca
(H,PO,4),-H,0 265 g, CaCO; 105 g, C¢H;(CaOg-5H,0 165 g, FeC4Hs0,-5H,0 12 g, ZnSO,-7H,0 4.76 g, MnSO,4-H,0 1.07 g, AICl3-6H,0 0.15 g,
CuCl,-2H,0 2.4 g, CoCl,-6H,0 1.4 g, K1 0.23 g, a-cellulose 0.043 g. 5) nitrogen-free extract = dry matter (%) — [crude protein (%) crude lipid
(%)+crude fiber (%) crude ash (%)]. 6) gross energy = [crude protein (%)x16.7 kJ/g+ crude lipid (%)*37.6 kJ/g+ nitrogen-free extract (%) x16.7
kJ/g] / dry matter (%). 7) crude protein, crude lipid and crude ash are measured values, and crude fiber, nitrogen-free extract and energy are calculated

values.
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T - 80°C %5 H o AWFFEARAT TN ia =P
S SC IR P G 4L (BT it . 20220701),
S0 o R AR N B A 2 ST I IS 25 B B
YIS AS 2 B AT

1.4 HEKIBFRUE

R4 LT ARG SRR Y A K RE -

G Z (SR, %)=N,/Nyx100%;

BT R (WGR, %) = (W~W,)/Wyx100%;

FEAE KR (SGR, %)= (In W~1In Wo)/tx100%:;

Tk 2L (FCRY=F/(W~W);

AR (FR, %)=F/[tx(WAW,)/2]x100%.,
X, Wy HWIERIATE (g); W, AERIRTE (9);
FRBATRL (g); ¢ ASLE REL (d); Ny HHILG
i (B); N, NEREE (B).

1.5 MBS HaiR R AT BRARE LB AR RV E

FREUNT g i 3 2 4 0.5~0.7 g, 4 AR R
Fo 129 B HL BN A 0.86% f4 A= BRER 7K i i~y )
W (HEFE N 10%), 3 500 r/min & .0> 15 min,
Pz 82 s 22 vk g YO AW, I
MR Jo 2292 B0 me B, BRIV 2 0% 38 A 1 2SR
JHF B B L 375 RS TR I A TR B o I 37 v TR 1
PR (ACP). 4 N % 2 i (ALT). 4 W% 2 i
(AST) Tl 1, LA S B b 45 b H K (GSH) &
. N (MDA) & i . AL W AL
(SOD) Fi4 bt H kit A AL P i (GSH-Px) 1% 14 /Y
WE A B2 MR R el A= ) TR 9 T 3 7]
L R i e
1.6 LWARENEFRDERIAEERSE
&5

KA S 8 A AL (GB/T 24318—2009)
EMLE A& (FOSS, Kjeltec 2200, F14); R H
R ICHIFE 2 (GB/T 6433—2006) 1l & #LAS 7 &
i+ (FOSS, SoxtecTM2043, F43); R 105 °C 16
IRt T2k v (GB/T 6435—2014) I 5 /K 43 5
K 5 354 550 °C K9 BE7% (GB/T 6438—2007)
DU 7 ALK 43 5 B BBCERDRERE & FIL R RE & 6
mol/L HY#E R & T 110 °C B3 KT 446 T 1E iR
24 h, SRJE R AR KM H 57 L-8900 B2
HEWR H 33 BT (GB/T 5009.124—2003) il 5E fd]
HF S L PR R B i
1.7 KA EE PCR(QRT-PCR) 74

{16 RNA $2 GRG0 & ALt 3R ey

PR RS A $EEBUF AR B RNA, HAR$EA/E
SRR R S U PR T, R RNA #9583
K FHHe BE . RO %R & (TaKaRa, H 7AR)
4 RNA 5% ¢cDNA, cDNA f#£771E-20 °C,
H T tor. s6k. npyFN leptin 1) QRT-PCR 43 #7 o
K F#E 26 Primer Premier 5 X 4:1% 11, gRT-PCR
G190 . tor G55 . ON693258) L1514 :
5' TCTTCCAGAAACTGCCACC 3', FiEs|¥ .
5'CATGCTCTTTGCCTGATTG 3'; s6k (&35 .
ON693253) I ¥if 51 # : 5" GGTCTTTGAGG-
GCTTTACG 3', FiiE5|4: 5 GTCCAGCAGA
GTTTGGTGTAT 3'; npy (& %5 : ON693257)
W51 % . 5 CTTCACCCGCCAGACAGT 3/,
T#E51 9. 5 AGCACCATAAGCGCCATA 3';
leptin (& 55 . ON693256) 514 5' GGCA
CCAATCCCGAGTCTTAT 3/, R4 5'CC
AAATGCTGACACCACCAAC 3", Jz I A& FH1 >
20 uL, f34F 10 pL i) 2xSYBR Green Premix Ex
Taq (TaKaRa, H7A), L. TG4 0.2 uL
(10 pmol/L), 2 pL #&&#, 7.6 pL ddH,O. qRT-
PCR [ %14 95 °C #iZAE¥E 30s; 94°C 155,
58°C20s, 72°C20s; 40 MEH; PCR X
N RUREE LIS 5s ETF 5 °C By EE M 60 °C [T+
F]95°C, LHliaEfmahd, LOHWY =00 1E
Wit . qQRT-PCR iz47 h—X =t 1T, B4 3h
BT XF B (TG ¢DNA), 4387 56 PR 1 4 38 R0OR 78
95%~103%., LA H AR TBIEF p-actin y N ZHH ,
51 5’ GTGCCCATCTACGAGGGTTA 3/,
TSI % : 5'CGTCAGGGAGCTCGTAAGAC
3, XA R B FE G IR (C) EiE T —4k
RbFE, DI IRZH mRNA SyEEfE, fii 220
ST B IR mRNA AHX =ik K .

1.8 BAEALARISEMRI N R

FIHAE S, RRARHLIE 3 8 H AV IF
WUH i 88 T 4% 2 R W b 18 2 o 70%
OV, A, YRS I 9R AR - 2L
(H.E) 65, St Ribiss, RERB T
NI T
1.9 HIEFESH

FIi A B dis 7 SPSS 25 B T AT AR EE, I
XTI AT S 2R 5 225047 (One-Way ANOVA),
FA AR BE, HH Tukey RIEZ H LER
[7i) 25 1 5T H A TE AR AR R AR 3 B 1) 5% 0 D
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RAFAE B2 T AR bRy 22 5 & M. D
P<0.05 25 5 Wb UE, 45 R R B (bR
2 (mean+=SD) .7~

2 4R

21 HEYIEBHFABRERNT BB EK TR
Bl 5 RS 2 Rk PR, H AT IR WGR
& SGR S TG I, 1.85% Arg 41ik%
HEBEET 0.80% Arg. 1.33% Arg 1 2.65% Arg
2 (P<0.05), 1H15 2.24% Arg LB & £ 5 (P>
0.05); FCRJGFFEJG LTF, 1.85% Arg 4l i fik
H B ZET 0.80% Arg 2 5 2.65% Arg 41 (P<
0.05), 1H5 1.33% Arg. 2.24% Arg H LB E LR
(P>0.05); %4 SR 5 FR JC I % 22 7 (P>0.05)
(% 2)o FET WGR il 47T W 42 0] 5 A5 4
SyHT, DAREPEE A R FE 0 H AT SRR oS &
R K R 1.83%.
22 HEYEBIABRERTAXNBITNASE
Bk 4 AR B9 221

0.80% Arg 4 4 2 2 & &t . (N T 2.24%
Arg 5 2.65% Arg 41 (P<0.05), {H15 1.33% Arg.
1.85% Arg 417G .3 22 5% (P>0.05); PR R
HAE 1.33% Arg 455 (P<0.05), HAMHILRE
225 (P>0.05)(3K 3), HAREEERR & 7545 4]
TR E 2R (P>0.05),
2.3 HEYIEBHFTBRER BB RIRE
L& tuN:opA

Bt 5K R B K B9 TE e, IF AR T GSH-
Px WG . SOD it M & GSH & 15 TG B

&, GSH-Px JETETE 1.85% Arg 4353 i H 5
5T 0.80% Arg Fl 1.33% Arg 41 (P<0.05), {H
5 2.24% Arg. 2.65% Arg 41 G . F £ 7 (P>
0.05)(% 4); SOD & 1ETE 1.85% Arg 435 &
HEFET 0.80% Arg. 1.33% Arg fl 2.65%
Arg 4 (P<0.05), {H5 2.24% Arg 4 JC 0. % 22 5
(P>0.05); GSH {5 7E 1.85% Arg 4l i &
T 0.80% Arg 41 (P<0.05); i MDA & i 52 A
Y, 1E 1.85% Arg 2 MDA S EHRAK, HB#H
T HADU4 (P<0.05).

24 HEYIEBFTEIERS H AR EE &
iR opA )

ACP 1EVETE 2.24% Arg HERMK B #H HKT
H AU (P<0.05); AST 1% HE7E 1.85% Arg 4 i
1% H. 5 Z K T 0.80% 5 1.33% Arg 4 (P<0.05),
H5 2.24% 5 2.65% Arg I F 5 (P>0.05);
ALT 3 HETE 1.33% 5 1.85% Arg ik, H &%
F0.80% . 2.24% 5 2.65% Arg 2 (P<0.05)(5% 5)

2.5 HEMEAMFTRBER HABITHRRE
TOR 55 B EHEXERFRIEZ

TE 1.33% Arg 4 tor Fl npy FHXFFEA A,
H B T HAY (P<0.05), FiE k2R KFE
I FE G, s6k WA ik & I A T, 1
1.85% Arg AR ik mm Hi & & T 224% 5
2.65% Arg ZH (P<0.05), 125 0.80%. 1.33% Arg
I E 25 (P>0.05); leptin FAXF 36358 5
TG EFE, 7E 0.80% Arg 41 AH W 23k & fe
(P<0.05)(3% 6),

2.6 HEYMEBAFTBERRI BARBNEERTS
sl

1E s T AR IR I IE ) 7, 1.33%

*2 EYESMNTHEEERX HABIEKMERENFIT

Tab.2 Effects of plant protein supplemented with arginine on growth performance of M. nipponense

TiH R /K arginine level

item 0.80% Arg 1.33% Arg 1.85% Arg 2.24% Arg 2.65% Arg
WER/% WGR 243.99+21.17* 260.11+18.75 333.10+16.40° 300.54+40.74" 254.97+9.79"
A K2 /(%/d)  SGR 2.20+0.11° 2.29+0.09" 2.62+0.07° 2.47+0.19" 2.36+0.05"
1Fi%E%/% SR 76.19+3.30 76.19+9.07 79.05+1.65 71.90+1.65 75.71£1.43
Tk R FCR 1.69+0.03° 1.64+0.01°° 1.51£0.11° 1.64+0.04" 1.69+0.02°
WEHE/% FR 6.07+0.08 5.98+0.06 6.20£0.26 6.17+0.33 6.10£0.07

E: [FATEE A AR A F R RN 2 R 2 (P<0.05), T IE.

Notes: In the same row, values with different superscript mean significant differences (P<0.05), the same below.
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48

* 3 EYEAAN BRI BABERN A AR AR (BT

Tab.3 Effects of plant protein supplemented with arginine on amino acids composition of

muscle of M. nipponense (fresh weight basis) %
AR FEEIR/KF  arginine level
amino acid 0.80% 1.33% 1.85% 2.24% 2.65%

WEEER essential amino acids, EAA
JRE B Thr 0.82+0.04 0.77+0.10 0.83+0.01 0.81+0.02 0.82+0.03
KRB Arg 2.14+0.04 1.97+0.31 2.11£0.10 2.09+0.12 2.03+0.10
AR Lys 1.95+0.06 1.7740.22 1.92+0.01 1.91+0.06 1.92+0.08
M2 His 0.51+0.04 0.45+0.04 0.50+0.02 0.50+0.03 0.50+0.01
REMR Met 0.64+0.03 0.57+0.07 0.64+0.02 0.65+0.03 0.65+0.03
N  Phe 0.92+0.03 0.84+0.11 0.91+0.02 0.92+0.02 0.91+0.04
FEER e 0.98+0.04 0.90+0.11 0.99+0.02 0.97+0.03 0.98+0.03
AR Val 0.97+0.03 0.88+0.11 0.970.02 0.98+0.03 1.00+0.03
RAM Leu 1.7140.07 1.57+0.20 1.72+0.03 1.69+0.06 1.69+0.06
FEANEBEEM non-essential amino acids, NEAA
HHAE  Glu 2.84+0.14" 2.87+0.08" 2.89:£0.09% 3.01£0.13° 3.08+0.11°
HZE Gly 1.6620.08 1.57+0.33 1.49+0.16 1.65+0.06 1.61+0.12
WEE  Ala 1.40+0.04 1.2540.15 1.3140.01 1.32+0.08 1.34+0.06
FEE  Cys 0.17+0.01° 0.2120.02° 0.15+0.00° 0.15+0.02° 0.150.02°
H W Ser 1.10+0.05 1.0240.12 1.11+0.05 1.10+0.04 1.1140.06
BEE B Tyr 0.82+0.02 0.75+0.10 0.81+0.03 0.81+0.01 0.80+0.03
KA Asp 6.46:+0.21 5.92+0.78 6.38+0.16 6.36+0.18 6.28+0.23
% E  Pro 2.58+0.11 2.44+0.20 2.59+0.04 2.55+0.10 2.59+0.07

T R BRTERR KRR IR, RAERI.
Notes: Tryptophan was destroyed during hydrolyzation by the hydrochloric acid and could not be detected.

*4 EYEOHFEEEET B ABUNATRERE IR IRA R
Tab.4 Effects of plant protein supplemented with arginine on biochemical indexes in

hepatopancreas of M. nipponense

Bt /K arginine level

index 0.80% 1.33% 1.85% 2.24% 2.65%
A I H Ik S AL I8/ (U/mg prot)  GSH-Px 105.48+3.18° 112.1749.42° 148.68+4.08" 140.54+0.78° 153.04+1.58°
HBEA YL EE/(U/mg prot)  SOD 33.08+0.87" 40.09+1.56° 47.70£0.05° 44.1142.20™ 32.13+1.83°
P4 —-W%/(nmol/mg prot) MDA 17.94+0.55° 12.48+0.36° 8.79+0.76" 13.01+0.01° 18.75+0.73¢
2k H K /(mg/g prot)  GSH 1.15+0.07* 1.44+0.38" 2.39+0.76" 1.96+0.17* 2.14+0.48"

®5 ENEQHFEERERX HABINDEE WIEREI R

Tab.5 Effects of plant protein supplemented with arginine on serum biochemical indexes of M. nipponense

febr R ER/KT  arginine level
index 0.80% 1.33% 1.85% 2.24% 2.65%
BRI BERREE/(U/L)  ACP 12.90+0.15° 12.94+0.12° 10.52+0.03° 9.38+0.12° 10.46+0.09°
BHEER/(U/L) AST 26.63+0.58° 25.41+1.18™ 21.88+0.70° 23.39+0.12" 23.34+1.21%
BHHEER/(U/L) ALT 27.28+0.66° 22.64+0.42° 22.70+0.19* 24.96+0.17° 25.60+£0.37°
https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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*6 EMERHFERERI HABINELK TOR 7

SREEXERRIENEN

Tab. 6 Effects of plant protein supplemented with arginine on appetite and genes related to

TOR signaling pathway expression of M. nipponense

BN FRIRKF  arginine level

gene 0.80% 1.33% 1.85% 2.24% 2.65%
tor 0.79+0.07° 1.28+0.09¢ 0.90+0.03" 1.04=0.11° 0.81+0.03
6k 1.36£0.21" 1.62£0.40" 1.82+0.04° 1.05+0.21° 1.25+0.06"
npy 0.87+0.05" 1.53+0.03¢ 0.98+0.05" 0.86+0.12" 0.80:£0.02°
leptin 0.83+0.03° 0.77+0.03" 0.64+0.01" 0.65+0.06" 0.70+£0.01"

5 1.85% Arg HIGE AN TR . BEHY) %
3. BUEZ HAUK, 1M 0.80%. 2.24% 5 2.65%
Arg HpTEMS TR Ha, B0 ().

3 Wi

3.1 HEYEBMFTBEEREN HABIMNEK MR
S5MREERRAEKS 0

K2R SZ K= Y i) —Fh b T5 AR, X
HARKEEREREZWAEERD, ALK
o, SRR E, AR ORS R KA
1m%am%ﬁ H 7% 78 57 /Y WGR F1 SGR i
HhE, X5 e

LA RS R %ﬂ'? Fe G TS

ZZ W (Scophthalmus maximus)
LA,

1

o,
e

©8 g8 %2 ¢,

.-

— LU DR} kb FERE 2R XS 7K Bl ) )
Bk, FEASEE T, i RS AR B X H
AR R A7 35 ZE T T0 W S R, 7 A R B
(Cyprinus carpio Songpuw)™ . 4L #) A 1 i (Sci-
aenops ocellatus)™ . HI (Pagrus major)™55 W
FH ] TRMISER . (AR HABR T A B,
i 5 RRG 2 IR 2> T 9 W) 55 (Lates calcarifer)™
A K TIF AR A TG 2. X AT g SR Rl A xr
K @R TORAFTEZE A K, MAh, 5k

ZR 23 i JL AN I X BR BD H B (Crenopharyn-
godon idella)™ WEL REAGE K, TEALR DS
T RIS R . X FTRESE B T R R =R
S SR ERR RS PUER AL N RS2 3
O T B K G218 R0 AR RS2 BRI, H A,

ERE EYER B AABINGE 5?5!3’] Al
1~5 53 %14 0.80% Arg. 1.33% Arg. 1.85% Arg. 2.24% Arg M 2.65% Arg 4. a. 418#%, b. EZ40M0, c ZiiE, d NaMEE, e Bk,

£ LZE.

Plate Effects of plant protein supplemented with arginine on intestinal morphology of M. nipponense

1-5 illustrate the groups comprising 0.80% Arg, 1.33% Arg, 1.85% Arg, 2.24% Arg, and 2.65% Arg, respectively. a. nucleus, b. epithelium,

¢. mucosa, d. intestinal microvilli, e. intestinal lumen, f. muscularis.
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A KK YRR 2 R T oK i A G R R %,
ANFEV A RS R G BT R AR . KRR 6T
X ORE  BR Y R 38 7 oK 1 O BT A B
3.17%%, 4% 22 i [Channa maculata (?) * C.
argus (3)] DMFRREAERR | WH AR, HRE
2 5 “EL 7 2R A= 43R 2.91% F 2.95%1, 1 H
ST TR, FLYRIE XTI ARG 2R 75 oK
h2.32%"; FE HARAFIF SR, DAEFALA 26
e A SEIR A WL S 75 I RS 2R 1 75 oK o
1.83%0Y, DIMGHE MIPLAILEE T mFe bR, HORG &
B2 5 2R 430 R 2.12% 1 2.27% ) FEASL K
t, T WG RS T LM R 500, 7EDIE
Yy ER FoR B HASTR AR RO 2 R 1 i
KR 1.83%. 2f LR, [Rl—PFh 54 [ 4
PTG 28 IR 38 B 5 K S AE TR R 25 57, X v]
RES LI Rl . LIRS ME . ORHEC Ty . By
KFPEM AR e A G

FEASZG AR ORGSR 1 KT 2
W) 1 HASVH SR AL A 4 R A e e 1 3 o
S E RN 2.24%~2.65% I, H A TR IR L
A HP A R R B e TR IR AL, T 2R AR K F
9 1.85% B, HASVRUEFALA o e 3% =
FHAPALL, i H Al 0b 75 2 SR AN E 0 77 2 3
PRI A ZHE A IRK - . AR 2 B R St
R, 3 B ARG 2R 5 1 T DA N 2 R R 1
Frim, Mm% IR (M. rosenbergii) LA
Y RUBR B, (BN 208 K- 5 v s T A G 5 %
AR T 52 M B B RUBR P (A B9 s, TRk
HRorE R K A E W = AR T-%& (Portunus tritu-
berculatus) LA HPORS 2 2 2H A, 6F HAth 1) 06 75
AR AE LT IR I W, SR LR
HEZR VRSP 225 . A& K/ R G R 5
AR e [FIE, fREDRE 2 R K P XK ™ B 7
SR RIR A2 RS 22, R 2 IR g
T35 M) AU I 75 23— 20 9T
3.2 EYERHFEEIEX HABEME A
TR MRER R

TEARSIE T, R E K TtE, H
A VE HF I I5 h ACP. AST #l ALT 3% 1 SE F& 1%
Ja e, IR 1.85% S R IR K
T HABI AR S e, W ImpkeH ACP
AT AR RN B AR B 24, Dol 2 R
AR T 240 ft R 2 P B AR AR, ] Bl 3

% S (ALT A1 AST) 6 M 9 T 5, 158 B 240 i
RN, S35, MDA ZRRETH AL R
o W, AT TR] 2 e A i 5 AR R DY,
GSH 1ENHLIA P fe 2 R AE B P A ik, H
B IR AT DA BB ST SR A BE T B /N,
SOD X} MLAA 1) S8 A F Bt S8 Ak 1) - il 28 G E 22,
A DA AP LA 4 i e 22 S A Bt 4, R B ML
PrE AL RE T 5 55 iR B PEREY, —AF R AUAR ST
ARG N EZENBUA B AR RSP .
TEARS R, R RS A RK 4R, SOD i
P GSH-Px %5 GSH % 5 5 b TH G B
My, MDA &t 2 AHRIMBEH, B 1.85%
(ARG 2 R 7K T T LA o 38 H AR AR A e
T 1 AT 0 PR S S AR X AR R 47, 434
SEHUABTSAALRE . I, & BRI K
T HABEEF BT EILRE I R e tERe, XAEfM
R A 5T 3 A LG
3.3 HEYERMABRERT BABIFNR KR
TOR {5 5@ HEXERFRTIEHNZMN

Wi % 7] 8 5 0% TOR 55 B8 45 8 1
JA B, FEARDEGE H & PRS2 R 0] LASE N tor
Ko s6k ik, SXTAMIL, MERSEAR
TERE, ror 5 s6k FRik B EFHEREAR
M, TERTLEY | BB RA B S FnRsfa
HEgE R R B, Bl RIS 2 R KT i $
=, BRSO ILA o RN s6k1 (1R A X 35 [
Tk BT R G, SAM RS
AL Ui BRI Bk = i R S
Wi B P 3 (5 B, DT 56 M 7K 7= s 0 % A ek 1)
R, SR K= s A K rERE

¥ &R KT 5 o Y B & AEAE AH OCPENY,
npy J& [ 7K 7 Bl 1) 1B AR B 1 i I O
W, e 4 s h 230, 258 Wi npy 1Y
FAR B, T E B W B 5 4 1 (Carassius
auratus) W) npy FEARENIE & K, FEABFE
KB, HARPIFEEAFKEREEAR, AR
Honpy KB AAAE R 225, X UL &R
IKETT LASE M npy ZEALIR N L35, 1R RS
SR MY = Bt B R npy (235, 3 10 40
HAVEIF S . xRS & G Wt
S AL, A R B BN 2 5 00 X RS
BB, RS &R 7o i FLYE S B Py il
AR T X G ) B 9 R AR LR P ] L
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RAEZF A Y26, S 5K e & H
UiRez —", HAFfEFRaEHZ I 4Ha80h, g
FERFRE . KR NeRGHE . BaiE M e S5 2 41
B WEGE &I, [ 48U (Morone saxatilis) &
S SRR S, HiE R/ HIAE TR,
PR A DGR T REDY, XU R 2 54
TREBAMEESEEN . AR AN,
0.80% Arg 20 (W IRLH) 1Y leptin ik /K- i3
TH& 44, HFRBKFPim, DR EmE
WA FI T leptin 357K, 52 % MR BY 4%
1o (A5 SR 2 R R I AR R 2 22
5, BARFERIAT L5

3.4 HEYMERAFTHERERX HABIFESY
Al

0 M 208 PR 5 e 114 32 A A 2 i b e A L
1 b Bz A M5 TR Y R 0 e 5 I ) g 1
AN, g 8 A 9w AR RS
SR AT S i 1 T AL MOSCRE ) s 55 Y, AR
FER M 1.33% 5 1.85% Arg 41 %58 HAh K 2 W2 20
BB . e B, HyEsT, i
D FEE 2 RS R nT DA GE o i 454, iF
(D6 317B K73 NI TE =i S STEL I DO K I SN i)
THAER R A KPR RE . R4 R 5858 5%
2 fiF (M. chrysops x M. saxatilis)*" 25 S AL

4 #EY

N~
o7

\

Zi L, Tk 1.85% K& R K AT LA E
HAVRUR BT S454, 4 m B ARTE IR A K v
e . PriAfLEE 1 K IRIR  tor. s6k 5 npy 1)
Fik, BEMK leptin 335, BT WGR Fdli i 17
[BLE 24T, 72 DA o £ H AT IR
kb, KRR IS BKF o 1.83%,
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Effects of arginine supplementation in plant-protein-based low-fishmeal feed
on growth, feeding, antioxidant, immune and intestinal structure of
Macrobrachium nipponense

WANG Junbao, ZHENG Jinxian, ZHOU Dongsheng, LI Shanshan, KONG Yougqin,
QI Changle, LIUYan, XU Qiyou, DING Zhili"
Key Laboratory of Aquatic Animal Genetic Breeding and Nutrition, Zhejiang Provincial Key Laboratory of

Aquatic Resources Conservation and Development, School of Life Sciences, Huzhou University, Huzhou 313000, China

Abstract: Arginine (Arg) plays a vital role in regulating of body growth, antioxidant defense, and protein synthesis. The study
aimed to evaluate the effects of plant-protein-based low-fishmeal feed supplemented with arginine on feeding, antioxidant capa-
city, immunity and intestinal morphology in Macrobrachium nipponense. Five isonitrogenous and isoenergetic dietary groups
were formulated to contain varying levels of dietary arginine (0%, 0.60%, 1.20%, 1.80% and 2.40%, respectively) under low
fish meal content and high plant protein inclusion. The measured arginine concentrations in diets were 0.80% (0.80% Arg),
1.33% (1.33% Arg), 1.85% (1.85% Arg), 2.24% (2.24% Arg) and 2.65% (2.65% Arg), respectively. The feeding trial lasted for
8 weeks. The results showed that the weight gain initially increased with higher dietary arginine levels before declining. The
peak values were observed in the group receiving 1.85% Arg, which significantly surpassed those recorded for the groups
receiving diets with 0.80%, 1.33%, or 2.65% Arg (P<0.05). Conversely, the feed conversion ratio (FCR) exhibited an inverse
trend, reaching its lowest point in the group fed with a diet containing 1.85% Arg, this value was significantly lower than that of
the groups receiving diets with either 0.80% or 2.65% Arg (P<0.05). No significant differences were found regarding survival
rate (SR) or feeding rate (FR) among all experimental groups (P<0.05). With the increase in arginine levels, the activity of
glutathione peroxidase (GSH-Px) and the content of glutathione (GSH) in the 1.85% Arg group were higher than those
observed in the 0.80% Arg group (P<0.05). Additionally, the activity of superoxide dismutase (SOD) in the 1.85% Arg group
was also more significant than that found in the 0.80%, 1.33%, and 2.65% Arg groups (P<0.05). The malondialdehyde (MDA)
content in the 1.85% Arg group was notably lower than that of all other groups, reaching statistical significance (£<0.05). Fur-
thermore, aspartate aminotransferase (AST) activity was lowest in the 1.85% Arg group and significantly lower compared to
both of the 0.80% and 1.33% Arg groups (P<0.05). The alanine aminotransferase (ALT) activity recorded for both of the 1.33%
and 1.85% Arg groups was also at its lowest level, significantly less than that in the 0.80%, 2.24% and 2.65% groups (£<0.05).
The target of rapamycin (for) and neuropeptide Y (npy) mRNA expression level in hepatopancreas was upregulated in 1.33%
Arg group and higher than that in the other four groups (£<0.05). The ribosomal protein 6kinase (s6k) mRNA expression level
in the 1.85% Arg group was the highest and significantly higher than that in 2.24% Arg and 2.65% Arg groups (P<0.05). The
leptin mRNA expression level decreased first and then increased, and its expression level was the highest in the 0.80% Arg
group. The intestinal microvilli in the 1.85% and 2.24% Arg groups appeared intact, closely arranged, numerous, and slender. It
was shown that Arg at a level of 1.85% in plant-protein-based low-fishmeal feed can enhance intestinal morphology, growth
performance, antioxidant capacity, and the mRNA levels of genes related to tor signalling pathway and appetite regulation in M.
nipponense. Based on second-order regression analysis of weight gain vs. dietary Arg level, the ideal dietary Arg level for M.

nipponense was 1.83%.
Key words: Macrobrachium nipponense; plant protein; arginine; TOR signaling pathway; appetite; intestinal morphology
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