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FEA SR N AT IR G  Arg, AR R RS R
5 NCG HAEZ N 10 = 1~20 = 1V, ARSLERIFE T
Arg B NCG 7£ & i i1 (Pelteobagrus fulvidraco) i
IS, AR R NCG iIE B K
Vo Arg IE LR IOKT 9 17200, fE#E 4, K
S P BT BE S L v M R 8 (Oreochromis
mossambicus)!'” . 85 (Lateolabrax maculatus)!'" #1
MATTE R T, NCG 7 1} 1938 B 38 oK - o
0.03%. MR8 A 5250 5 /T T J 1) 24 38 68 [Channa
maculata () *xC. argus ()] X5 & R 16 H 75 2 & I
FESEE, MBS INE A 6 gkg, 1A R
I 2.91%~2.98% I, eSSl 3R e A KA
AEY . ARSI NCG #% 8 2% 52 Bl (Rl BP RS 24 FR 16 B IR
K- 1/20 B 0.03% ¥

JiE R 1 B SR Z e — A EARAE,
MBI RGN WaE Y AR E
X ERICAARBOR, WFRERM, A28 KB
fifi (Morone chrysops * M. saxatilis) {7 B} 41 48 i G
FAR T 0 RN 38 R R S R e Y, RS
RAIRICH = an 22 M . WG e vl S 25 0 o 5 I
BEAER, I HORS e C e I AT DA -+ =481 .
YN I 7 i 177 Es o b RS )
58 (C. argus) MBELE (C. maculata) B94238F 148
A, AR RPMRIA R, W2k = MR PR
U\ (ENSP =1 Wies o N o[/ Svad - B i i
MK IR TS Gy | P Wil S 1 K A= S B g ik
REJT . TRIERET) . BURREE S NRRMMIAEH 45" E .
H A5 O T 2% 5 8 7 18 IR E NS 208 G i Re
TIERER o A S 3 15 X Zp% 38 8 17 1 75% B 465 4 L
ZEHAIE 16S tRNA T, MR 4R 44 52 il Ji7 18 75 i
TSR B B A RS 52 e, R TR
GARRKRT A ) W TE TV S A5 B R T sl

1 MESIHE

1.1 SEIefERt

Pifaky . SR, EREAMMEARE, @
WL S BEARTR BRI, FCHI LR, 4R
RHEL TS . EFRKFE 1 iR . e 3L 2y
SIS IR 0.60% K EHR . 0.03% N-2 F it
DR, srilbric bt B4 . Arg 41F1 NCG 41,
SEKE Z R 7K 43 R 2.31%. 2.92% Fil 2.38%.
ST LORS B R (2l =98%) W E Wk B A5 754 4
B A BR S A, NCGELE =98%) I 3 Jb 5 WK
MR AT BR T o e IR 1 0 T oK 4y
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1.2 IR FEEE

SIS E MR e L A R F], W RS
WA R IR 1, R 2 WL R R,
FRIE LI AR AR A A B2 B sh Bl A 52 BT
SRS AT BIRES DU 24 h R T
TRSZE . PRI IR IR R (22.02£0.02) g Y Z4RAS i
i 450 BB, REAL M 34, B3I ERE (M
), BAEE S0, il 3 Rz ik,
FEHH AR BLRE (1.5 mx1.5 mx1.5 m), A ROKEK
BL293 L, 1M 8 il DM EHmir=t, AR5
T 8: 00 F1 16: 00 E BT FEME, FEARHEAKMR . A
AR AR R A, AR TR M
Toidsk . FRAEMIE AR T E/NT 0.1 mg/L, ##
AT 8mg/L, ML 8.0, HRLH, /K
Ui 25~32 °C,

1.3 HEXESHENE

& KM A

) Bl 2 %0 (feed coefficient rate, FCR)=Dyy/
Wox=Wy)

5 A BT FL R (protein deposition rate, PDR,
Y0)=(W5 X CP = Wiy} CPy) )/ (DX CPr )< 100%

FrE KR (specific growth rate, SGR, %/d)=
(InW j—In W)/ T 100%
Lob, wWORIKRUR (2), Wy ARG HIRBTE (g),
Wi AR AR (g), CPy AW IR f R 15
Tt (%), CPAARMIKEAIE & (%), CPuyy
FAAEHE H B & (%), Dy WA MBS E (g),
D NIEMEA R (g), T HFRFBTT (d).

Pty i IAE 5 AR = RIS AR
JRAEE 24 h, BAEEMENLE 3 EM, BB,
K 10% HEERTE , HITHfEmEHRD) F, W
KBRS LH . WERESREFE, XA
HAATIERY . Wik, w3, Ui A . e, Hi,
R A . fER M PRI A,
FH RS AU 4 45 5 ] CaseViewer 2.2 R
O 1 A [] S AR5 7% g 37 F - 40 7 e iU
PRRAS QI AAE « IRFE . SR | AR DL R AR AL A
TR T AR, JF SO AN TR 20 22 ] 1) 22 5%
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x1 EAREHEREFRKTE (FYRE)

Tab. 1 Diet formula and nutrient level (DM basis) %

e pagiist| Arg4l NCG4L

items control group Arg group NCG group
JR%}  ingredients
i}y fish meal 35.00 35.00 35.00
M wheat flour 25.00 25.00 25.00
M1 soybean meal 20.00 20.00 20.00
FREEH  corn gluten meal 6.00 6.00 6.00
Gl soybean oil 3.00 3.00 3.00
i fish oil 3.00 3.00 3.00
W fiih  phospholipid oil 1.00 1.00 1.00
HYEF  cellulose 1.90 1.30 1.87
B 445 Ca(H,PO4), 1.50 1.50 1.50
HBERAM  sodium alginate 1.00 1.00 1.00
AALHERE  choline chloride 0.50 0.50 0.50
YiE FCHERRIE  vitamin C phosphate (35%) 0.10 0.10 0.10
TR BIRE  mineral premix” 1.00 1.00 1.00
A4 R FRARL  vitamin premix® 1.00 1.00 1.00
L-FEEE  L-Arg 0.60
N-ZAHPBEAER NCG 0.03
&l total 100.00 100.00 100.00
EFE/KF  Nutrient levels”
WER  Arg 231 2.92 2.38
A AR crude protein 4433 44.78 44.77
W4y ash 10.04 9.32 9.55
7K4>  moisture 6.85 6.18 6.38
HRDT  crude lipid 7.97 8.07 8.44

e DAEAERTUREL, 4EEFRKA 250010, 443 B, 1 mg, 4E4E%B,6mg, 4i4HB,5Smg, 4E4E3HC 50 mg, 4EEFKD 20001U, #4E4:3E 50
U, 4E4KK 1 mg, ™R mg, MHER10 mg, BRI 000 mg, AWK 0.14 mg, D-IZERES 20 mg. )N VIR BURKL, BERTEk13 mg, HiFREE60
mg, MERER32 mg, FRERHT7 mg, FALEH1 200 mg, ML 8 mg. 3) B FR/KF¥I szl

Notes: 1) vitamin premix, VA 2 500 IU, VB, 1 mg, VB, 6 mg, VB4 5 mg, VC 50 mg, VD 2 000 IU, VE 50 IU, VK 1 mg, folic acid 1 mg, nicotinic acid
10 mg, choline 1 000 mg, biotin 0.14 mg, D-calcium pantothenate 20 mg. 2) mineral premix, FeSO,-H,0 13 mg, ZnSO4 -H,0 60 mg, MnSO,4 -H,0 32
mg, CuSO4-H,0 7 mg, NaCl 1 200 mg, KI 8 mg. 3) nutrient levels were measured values

B EBRE GO EEHKREM, Bt Ace FEEUNE M E B F A ; 1 Shannon F84K .
WiE, s HIEEA 2 mL RS PR A S 40, B Simpson $& I % 1718 g fE 2 FE 4% . Tlinmina 718

F—80 °C f4F . FIT- Ko7 i (5 B WF =4 2177059 551, BT FIH B 450 bp.,
1.5 BURSH

14 EMEESH

Pl 16S DNA“V3+VA* 151 ¥ 551, 51497
%1 & 338F (5 '-ACTCCTACGGGAGGCAGCAG-
3") 1 806R (5'-GGACTACHVGGGTWTCTAAT-
3% , PCR iF 3 52 %6 K J] TransGen AP221-02: 2 44
TransStart Fastpfu DNA Polymerase, 20 pL 2 Jij {4
R RN MTE (OTU) 45 52K R A 40T 2.1 {AREAM Arg 5 NCG ¥t 22 32 2 4 K14 R
5T OTUBEAT Alpha £ K #E 40 #7 . 1 i Cover-  HORE
age 185 B0 & Ho 4 Fh o 55 B, A Chao 45 %X . 5% BEZH AT 0.03% NCG 40 1, fRR i
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J10.60% Arg 53512 = T A43CBE SR AT 2 )2 SGR
(P<0.05) (] 1), XFHELLFN 0.03% NCG 2H [1] 452 fi
LR T S SGR A B35 22 5% (P>0.05), 5%
FRLH A EE, Tk rh 8 0 0.60% Arg A1 0.03% NCG
T ERRAR T 452 FCR (P<0.05)., 5% REZHAH L,
TR IR 0.60% Arg 1 0.03% NCG #4851
Z& &2 i () PDR (P<0.05), 0.60% Arg Fl 0.03%
NCG 4[] PDR {77 . % 2 5 (P<0.05),

2.2 {AREAN Arg F1 NCG ¥t 4+ 32 62 8 (K &
[iFg:ppA
XA, NCC A emR iR, A

Pt

R . R R & I T (P<0.05) (3R 2). Arg 4
MNCGHEMBAMRMEAMRSE L ETE
(P<0.05), HABEILFR I B EER (P>0.05),

2.3 EARNAIN Arg F1 NCG ¥t 22 3 62 i7 18 F4 15
iy oAl

Fectsnr ., b EMARERKE, s EE
JEE AR A5 S A B 3 T . 25 22 5% (P>0.05) (% 3). 5
SR, Arg HFINCG Hi . G ETE
R T IR (P<0.05), {H Arg 41 NCG 4
B, EMHEREE LR EER (P>0.05. 5
XL L, NCG ARia Nz R R 2 = T4

150 ¢ 4 ¢
b
- 1
a 3 F a
a T ~ 9 a
oo _ 100 F T TE T -
=3 s
'3 %8
< 2 M 5 2
q | R
WILRAR T /g
0 initial weight
1 2 3 1 2 3
24531 245
groups groups
(a) (b)
40 ¢ 20 - b
+ 1
R «“—-; 30 T o 157 a
+§+§ a <L o -
=% T % -2
22 20 | W= 1.0
i g UEN
B = 3
a2 10 <= 0.5
0 . . 0 . .
1 2 3 1 2 3
ZH 51 2H 5
groups groups
(c) (d)

1 EARERIN Arg 71 NCG 3232 24 KM AEAYS2 M
(@) PR, (b)FEEEKE, (o) BAMUIEE, () Wr R EREdkasam™. 1A, 2. Arg 40, 3.NCG 4, FH. AHFE

FKNA B 7R (P<0.05)

Fig. 1 Effects of dietary Arg or NCG on growth performance of C. maculata (?)xC. argus (3)

(a) body weight, (b) specific growth rate, (c) protein deposition rate, (d) feed coefficient rate. The data are derived from reference!”. 1. control group, 2.

Arg group, 3. NCG group, the same below. Significant differences are marked with different letters (P<0.05)
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2 ARREEERKENFEZEEFEERES T
S (FHBREAL)
Tab.2 Effects of dietary arginine levels on amino acid
composition of C. maculata (?)xC. argus (3) (DM basis)

%
HH 217 groups
items X L2 Arg 4 NCG41
control group Arg group NCG group
WEHIEM essential amino acids
FER  Arg 3.85+0.03" 4.17+0.15° 4.21+0.04°
AR His 1.24+0.09 1.24+0.05 1.33+0.06
AR e 1.86:+0.10° 1.95+0.02" 2.04+0.06°
A Leu 4.13+0.12° 4.21+0.04° 4.49+0.03°
BWEER Lys 4.25+0.12° 4.21+0.04° 4.44+0.10°
HEM  Met 1.28+0.06 1.30+0.02 1.36+0.05
KNER Phe 2.09+£0.16 2.16+0.06 2.16+0.08
7 Thr 2.31+0.12 2.35+0.06 2.45+0.03
g Val 1.93+0.12 2.010.04 2.09+0.06
ENFEEEM  non-essential amino acids
W Ala 3.59+0.10 3.67+0.09 3.75+0.03
REAMR  Asp 5.10£0.29 5.1420.11 5.41£0.04
BHE®  Glu 8.38+0.39" 8.61£0.14™ 9.04+0.08"
H&]K Gly 4.79+0.31 4.73+0.10 4.76+0.11
ZER  Ser 2.24+0.14 2.27+0.04 2.39+0.06
Ex% e Tyr 1.45+0.05 1.46+0.02 1.54+0.06

e TR F B R B3 22 5#(P<0.05), R
Notes: significant differences in the same row are marked with different
letters (P<0.05), the same below

21 (P<0.05), {H X} M 41 Fi1 Arg 41 0] G 1o & 2% &
(P>0.05), SXTHRAAM L, Arg 0F1 NCG A+ %
WUZ BB B 2% 7 T X B4 (P<0.05), {H Arg 41 Al
NCG A TG 3% 257 (P>0.05). 5 ILZEEFE

2 SL U0 4 B A7 7E f 3 25 5 (P<0.05), NCG 412
JELPE 2 v T B AL RN Arg 4H (P<0.05).

2.4 ARLRM Arg 5 NCG ¥t 2% 32 82 i7 18 Fh &
RIS R D

ZACHEHI G . T . SR A S A R )E
WUZEEM . B%, FBEZMEFE, D
B AR E . BT CREFTL), BT LK
ZWEN g @ik, AgdBibe
SRS b 5 A JZ A B 58 (2 Agisk), K
DAt B 2 8 (B 2),

2.5 EARERM Arg 8 NCG X232 820718 Alpha
ZHM SRS

5290 2H Coverage $8 500 1.00, BRIF
TR B © 58 i T8 0 A5 400 b B RE ARG, X AR A A
NCG 41 [8] Chao $5 %4 il Shannon 8§ $( TG i} # 22 &
(P>0.05), 1H Arg 21 53 = T X BRZEHFI NCG 4 (P<
0.05), £55£502H Simpson 8 ZU 1 Ace 8 504470 i
FHEF (P>0.05) (3 4).

2.6 fERIRM Arg 3k NCG 33 & X 8RB M &
TR LR AR B 20

S5RRW, TEIKE B, DUEEER] (Firmi-
cutes). MHFT ] (Fusobacteriota), ZEJE ] (Pro-
teobacteria) "7 £ (& 3), XX 3 N T FE AT
Y18 R A, SXIRA K Arg ZHAH L, NCG
£ JEERE DR RE AR 35 BE W S HE I (P<0.05), [HARFT
W TTHEBE REAR TR IR A I Arg 21 (P<0.05) (3% 5).
XA LG, Arg 411 NCG BB I T
FTHE (P<0.05), 1EJRAKF L, LISIRIEE (Myco-

#3 EAXEEBEFRES

Tab. 3 Intestinal mucosa morphology of C. maculata (?)xC. argus (&) pm
H7  groups
i H £om
items o 2 Arg 4 NCGH
control group Arg group NCG group
Hifls  foregut BEKE  villus length 993.88+4.59 1040.71+34.96 1061.55+72.57
HEHE  villus width 125.76+5.78 135.44+0.75 125.22422.72

WUZJESE  muscular thickness
ZEKE  villus length
PREFE  villus width
WUZJESE  muscular thickness
ZEKE  villus length
PREFE  villus width
WUZJESE  muscular thickness

i midgut

J&/%  hindgut

179.87+16.26
724.37+160.34
107.10+6.82°
163.45+1.98°
816.78+94.02
111.89+4.57°
189.10+£14.91°

216.80+30.20™
721.84+39.50
133.54+6.03°
189.92+5.83°
936.09+83.09
127.86+4.73°
232.2946.05°

255.82+21.30°
749.32+121.28
123.23+6.81°
180.63+9.68"
932.21+£24.31
123.13+9.18™
279.51426.71°
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xR

control group

517
hindgut

Arg 2 NCG 4
Arg group

NCG group

B2 RZBEHERRLS
(@) JFREAILR <100, (b) JRAATEK <200, S €03k SRE bR AMBRIA A, 507, 40 Coffi sk, J e ol LI 1 b pe M, B €55 k. SRBTIH L
B 55 4 2 1] 44 9

Fig.2 Intestinal mucosa morphology of C. maculata (?)xC. argus ()

(a) original magnification %100, (b) original magnification x200. Black arrow. villous epithelial cells shrink and fall off; red arrow. intestinal lumen with

sloughed epithelial cells; yellow arrow. widening of the gap between the epithelium and the lamina propria at the top of the villi

F4 RAERMFIE Alpha ZHM
Tab.4 Intestinal Alpha diversity of
C. maculata (?)xC. argus (&)

27 groups
BiH group:

items X A Arg 41 NCG#1L
control group Arg group NCG group

Coveragefg %l Coverage index 1.00 1.00 1.00

Chao 8% Chao index 13.001.73" 19.83+1.26" 13.33+0.58"

Ace 1850 Ace index 13.29+1.98" 21.08+0.45" 13.64+0.77°

Shannon #8%( Shannon index  0.61+£0.10  0.64+0.11 0.70+0.02

Simpson 6% Simpson index  0.73£0.12  0.72+0.70 0.68+0.16

plasmataceae) . T TR +T 7 J& (Cetobacterium) Fl 5
W& (Clostridium) i E, XFiX 3 /™1 & i 3 i ot
AT 2 R BT, W 258 i 3 Al A Wi 50 4
JBIATRIE Y, Hoh Arg A FRE B E ST
XF B2 (P<0.05), NCG 2H 37 JFA R B 2 T % g
21N Arg 4 (P<0.05) (3 6).

2.7 {AREAM Arg 5 NCG Xt -3 2 B7 8
MPFESSHAZ N

TE J& 7K e 40 A~ = Ji2 B 1Y TR A E A T
WM. G5REoR, XIBAS Arg 4128k
WESB/N, 5NCG ML, MIEMHMERR
PR (& 4), HEHGRFERANEE, X eSS

W E 7K 7224 2: 3275 sponsored by China Society of Fisheries

B, AT R EAR A 1R, B A PICRUSH 3K
EXF OTU F BEREAThREIL, BI£B% 16S marker
gene TEYIFP L 4L (1) copy %X H 52, SR )5 i
JIHE OTU XN greengene id, X OTU 4T COG
M KEGG ifig i #e, k4% OTU 1t COG Ml KEGG
S IRETKF- 1 B B & T REE A R AR AR rh iy
FEAGEL (K5), R8N, MmiEmA Y obemm
G5 R R IR s MR . Bk A5 1 Y 1 i RN
R BRVR A A7 R A5

3 iR

W SR AT VO A A R AR 1 (TOR) 17 538
BRI AR A R, RO DI, &5
ARAERE™ . i TR N SRR L (OTC).
A R IR S NS (CPS) T & 3% ME AR, 1At
WHAFLRN FE A GRS SR LA IR 2 AR KRR I
R Z R AR S FEUE KR | IR
R, ARSI LM, SXIEAM L, NCGYlZk
AL I E IR . Se AR . AR A R
HRETHE, Arg A NCG 44 ok &R & &
FTE, RAERHRIIN NCG Bt T Jesc il
BT AR st AR . R A AR A S
R RE Sy, ARDEH RS IR 2R 1 NCG ¥R 3%
LR AC A RS AR AR T . Ik, ALK,
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1842 K=

- 6%

LL 51
proportion

1 2 3
1
groups

(a)
= JZEELE ] Firmicutes
= }RFFH ] Fusobacteriota
= ZFJEH ] Proteobacteria
B2JiEf&  Spirochaetota
= 2R ] Actinobacteriota
= A others

Eb 41
proportion

1 2 3
4
groups

(b)

= VJFRJE  Mycoplasmataceae
= S8 Cetobacterium
= R E  Clostridium

M KRB Burkholderia
= W2JEkJE  Brevinema

TeHfyse g Candidatus
= SRS  Sphingomonas
m S0 others

3 RAXEMHEEEKFAERE

(@) I'TKF, (b) J®mAKF

Fig. 3 Horizontal bar graph of intestinal microbiota in C. maculata (?)xC. argus (&)

(a) phylum level, (b) genus level

£S5 EARERM Arg 3k NCG x4 32 887 B F B
(WE32:0n4: 03 0]
Tab.5 Effects Arg or NCG addition on intestinal flora
composition at phylum levels of
C. maculata (?)x C. argus (3)

6 TARERM Arg 3k NCG x4 32 887 8 H B
=N Az0bAl
Tab. 6 Effects of Arg or NCG addition on intestinal flora
composition at genus level of
C. maculata (9)xC. argus (&)

i A5 groups

items X 2 Arg 41 NCG4L
control group  Arg group NCG group

A7 groups

5iF g
items X e 2H Arg 41 NCG4L

control group Arg group NCG group

JEEETE T Firmicutes 59.06+9.61° 51.33+£5.92° 81.48+7.97°

MATHI]  Fusobacteriota  30.77+4.88° 32.3944.07°  4.46+1.63°

ESiA roteobacteria J1+0.17* 7.84+1. .46+0.61¢
AL ] Proteob: 4.71£0.1 84+1.11"  9.46£0.6

TARHES IIORS 2R 1 NCG 1] BE EL 2 {2 ik 2% A i P R
YA R AR AL T . BLAh, ARSI e R
0.60% Arg W] i} 2% 4t iy % 22 il R A BT i Fl SGR,
TSN 0.03% NCG B AR X AR 7= A i AL HEVE T,
{HE I Arg F1 NCG W] [ A% 2% 52 % FCR, 425
PDR, XZEWASMEZIN Arg 58 NCG #RAEAS L HEHL
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Fig. 5 Prediction of intestinal microbiota function

A. RNA processing and modification, B. chromatin structure and dynam-
ics, C. energy production and conversion, D. cell cycle control, cell divi-
sion, chromosome partitioning, E. amino acid transport and metabolism,
F. nucleotide transport and metabolism, G. carbohydrate transport and
metabolism, H. coenzyme transport and metabolism, I. lipid transport
and metabolism, J. translation, ribosomal structure and biogenesis,
K. transcription, L. replication, recombination and repair, M. cell
wall/membrane/envelope biogenesis, N. cell motility, O. posttransla-
tional modification, protein turnover, chaperones, P. inorganic ion trans-
port and metabolism, Q. secondary metabolites biosynthesis, transport
and catabolism, R. general function prediction only, S. function
unknown, T. signal transduction mechanisms, U. intracellular trafficking,
secretion, and vesicular transport, V. defense mechanisms, W. extracellu-

lar structures, Z. cytoskeleton
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Effects of dietary L-arginine or N-carbamoylglutamate on
intestinal mucosal morphology and intestinal flora of
hybrid snakehead [Channa maculata (?)xC. argus ()]

LI Peijia '’, HOU Dongqiang ?, ZHAO Hongxia'", HUANG Wen ',
ZHENG Chuntian', CAO Junming *
(1. Institute of Animal Science, Guangdong Academy of Agricultural Sciences,
Key Laboratory of Animal Nutrition and Feed Science in South China, Ministry of Agriculture and Rural Affairs,
Guangdong Key Laboratory of Animal Breeding and Nutrition, Guangzhou 510640, China;
2. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: This experiment was conducted to investigate the effects of dictary arginine or NCG on intestinal
mucosal morphology and intestinal flora of hybrid snakehead [Channa maculata (?)*C. argus (3)]. A total of 450
C. maculata (9)xC. argus (3) with an initial weight of (22.02+0.02) g were selected. They were randomly divided
into three groups of three replicates, each with 50 fish, and fed three experimental diets: basal diet, diet supplemen-
ted with 0.60% L-arginine (Arg) and diet supplemented with 0.03% N-carbamylglutamate (NCG). The feeding
period was 56 days. Compared with the control group, adding 0.60% Arg to the diet significantly increased the
final weight and specific growth rate of C. maculata (?)xC. argus (3) (P<0.05), adding 0.60% Arg or 0.03%
NCG significantly increased the protein deposition rate of C. maculata (2)xC. argus (3) (P<0.05), and signific-
antly decreased the feed coefficient (P<0.05). Compared with the control group, the contents of isoleucine, glutam-
ate and lysine in whole fish in NCG group were significantly increased (P<0.05). Compared with the control
group, the contents of arginine and leucine in whole fish of C. maculata (?)xC. argus (3) in Arg and NCG groups
were significantly increased (P<0.05), but there was no significant difference in other amino acids (P>0.05). Com-
pared with the control group, the addition of Arg or NCG to the diet could significantly increase the thickness of
the midgut and hindgut muscle layer and the width of the midgut villus in the C. maculata (?)*xC. argus (3). The
thickness of the hindgut muscle layer in the NCG group was significantly greater than that in the control group and
the Arg group (P<0.05). In each experimental group, the structure of intestinal mucosa and muscularis was clear
and compact, and the mucosal villi were abundant. In the control group and Arg group, a small amount of gap
between the epithelium and lamina propria was widened, but there was no obvious abnormality in the NCG group.
The addition of arginine to the diet could significantly improve the species richness of the intestinal flora of C.
maculata (2)xC. argus (3), and the Chao index and Ace index were significantly higher than those of the control
group and the NCG group (P<0.05). Compared with the control group, the abundance of Firmicutes and Proteo-
bacteria was significantly increased in the NCG group, but the abundance of Fusobacterium was significantly
decreased in the NCG group, differing significantly from the Arg group (P<0.05). Research shows that the addi-
tion of Arg to the feed is better than the addition of NCG in terms of growth performance, but adding NCG to the
diet can significantly increase the abundance of beneficial bacteria such as intestinal Firmicutes and maintain the

stability of the intestinal environment, with effects superior to those of Arg supplementation.

Key words: Channa maculata (R)xC. argus (3); L-arginine; N-carbamylglutamate; intestinal mucosal morpho-

logy; intestinal flora
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