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(1. REAABE K2 e, KT 3003845 2. i1 [P RHE WS BeBRTLK BT BT A AR FEAHT MEAAHT 7K 7= B A

ISR R SRS, )R )M 510380)

¥ F: WIS HIREE ST T 8] ( Cyprinus carpio) I3 AR AGKRPE 7 TE ARES 1Y K A W B ARV b
FBE, T 2019 4F 6 FIHE) ARIEMIBEIE BIE 8, 70 3L IR R0 = AR O/ — S0 #4317 3 A~ A
AR, IS G G — AT RAE SR . 255 WY FH PR 4R o T A A RV B i, W 3
AR T BRI A YL 2 (ALT) S5 PE RN E LG & BE (P <0.05) , Iy #MA C3 1 C4 i35 i A 1 THié e, (3
ZRAEFE(P>0.05) ; TEM7E A W) J7 T, Fef H R EE 3 52 i 1 8l 38 N IR 2R PR T K 3 e
TPEE 1] ( Verrucomicrobia ) #1748 & [ '] ( Proteobacteria ) i % B (P < 0. 05), . FE AR T AT 14 [
(Fusobacteria) [ (P <0.05) , 76 )@ /K, i 2 Ak 54 17 )8 ( Cetobacterium) Al BN J& ( Plesiomonas) 45,
FF 1 & ( Bacteroides ) LA S TR & (Aeromonas) 32 (P <0.05) o IS L5 HRAUETE , 76 FH IR BUE T 1 1B i
A R B S AR A R M T RB L R =F B, AR T 30 40 4 14 503 T 1 2 B, il b T s 2 R A, TR

AT YEREIT AR E

KR fEdd s B JiE A s NIRRT A

HESES: S964.2 SRR SRS A

HRE 22 4 ]l — L A PR O T Y A A TR
JEBAA MY T I A — R PR KR E Y
AR, Ho™ i B R L4, B T3
ARAMEHEA 1) K Ji , A T ThT AR A ek 52 384, L
51 A BRI REUR 28 JL 22 A [l AL H 45 KA
BELAS: 1 K e el 9 ik — 28 A B, Bl R LB TR
TRl RS X Al 2 7K A R Ry 2 4 R 14 L s A0 D7
[ S, Rt R AT A SR LS
A f3LAE (rice-fish co-culture ) S /K A Ff AR 15 7K
PEIRBFARAE G, K B PR b B R S B R R Ak
R — R et i o ekl 2 i Al
BERGET . X ARG, KR
RAVER AP IR Y, IR B A] 2% A
FeRAAE ) HEE A 26 MR A RS BT 4538, ok A

%5 HH#3: 2020-03-30 f&[E] H#1: 2020-06-08

PP P 17 505 TR 7K e I i £ 28 S i
PEOMIERE, SR 3 ke e fl 1 K BT, AR Tt 3% 57
SH, A T RE D /D f EHE I 47 SR 1R K 3R 85 7 e
WA T e Ak

J B A RS S0 S fih 1) 26 — 3 5 e,
28] B PR TR AR AL B 15 A AR R BB
AR SR AT AL HiHERr 4 Do R R
LRI i SN I e A 1) R A T Gl ) R
AW BB Y e sh Y A B Rl
YrawE " e EAR AT V8 IR TH AR ORI
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DUAREREAT BRI, i 3 v — 2
BRAR R AR B0 22 A AT L] 42 S et BIL AR £ fit BEAR
B R A R I 1 56 R AR IR ik

BEE&WH: 7 AARIIFLU R RLIT(201982) ; f EK ™ B2 A58 BE SR LA™ OF 55 97 BT %A BRI H (2020CCTS-02,20218]-
XC2) 5 K 7= Bl 2 0 58 B Be A BHIF I H (2019XT05, 2019XT0501 ) 5 [~ AR 44 48 AW BB A8 K 4 7 35 H
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i, PE MR A LR BGCRHE . HRTSC T
AR T 5T 32 2 P e AR A BB T 1, A
AR R R AUAT % ST s
FEYFIT R AHE 2B A 728 Al 0 B A i o AR 138 X EE
St TR BRIt 9 e T 00 A 8 00 T A AR 4
LN 7B ERTAT ik ol A eV RB ikl A s % NN
e FEI PRI g 3 B 19 A2 1, O 20 BT P A
A FRAR DL B AL B R A , o D HfE A5 e A f 3
AR O A5 AL TR AR BERL A o

1 M55k

1.1 R0t S

R L T AR A T O T O R BRI YA
H(112°11'49"E,24°38'15"N) , 1Z 3 X LI A% G b6
HIARS e A RO F2 o R e BB X 3 s
AR AT A P D0 A 0 3G A 4, AR i o 22 3t
Al R KRR R AT 1 KR AE . 7EK
FEREHR 15 d Ja , A TSR (10.0 £0.5) g ffi
B4 500 F& o FERE IR 1 R FRALK AR
TR K I I 0 B2 . 2 K IRAH ], 242 1 2R

K.
1.2 REFH*
1.2.1 a5 i

2019 4£6 J 22 H[m) 2 it SH SRR o
H(10.0 £0.5) g By, FRAEARIAARE
AL AR, FRFEE 3 4 H
1.2.2 FERREE

I EE S, TR 7 £ 10 4 A I 0 IR
Hor e 15 R, fhIBUsbK , IFE I SRR
S PR ]S g AT R AR O, AL R
B, A 458 25 T K 43, T S AR, R A A
o PG, BRSO 3 R AR I i i, A 1
mL VRS 8 FEAT R iR KR I, 5 T 2 mL B0,
4 CORFE#RE 3 h 5,76 4 C AT ,3 500
r/min Z5.0 10 min, W I, 7% % 2 mL ik
IR, - 80 CARMRPRAFRFIN . 573 | M 3 et
BT KB ST R, K a1 B ) B
T, R FAS T, B 0.5 em w7 ik T R B
4% 2R T HRIERED Ao #RE
BT 2 mL R, - 80 CukAMRIERA T
SRR E ) DNA,

1.2.3 i A AL bR &5 09 &
JEVIHEEE ( total cholesterol , TC ) | H i = Mg
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TG ). & ¥ %% % W ( aspartate
aminotransferase, AST) . & N # & [ ( alanine
aminotransferase, ALT) 3% F4 A sh A1k 3 Hr{X
(%G BS430) il . A IE AL ( superoxide
dismutase, SOD ) | #p & C3, #p & C4. N — [
( malondialdehyde, MDA ) 498 & % F B 5 i3 ik
W AR5 TR S A T I

1.2.4 gAY

TR I[85 5, 64T e K 32 B 12 I 0 38
YIR B R o 49 3000 40 85 U0 R AT 93 ARG PR 4L
(hematoxylin-eosin, H. E) 4t ff, | 32 B4 IR A FE
b K ARG S 5% LRk DALY
JK i A IS R
1.2.5 Jlfi& DNA $2 508 ot g A6l

BT -80 CHAFHY 2 BRI I iE4H 2, B
IEFAFRI 0.2 g & T 2 mL 204, R 140
DNA $2BGR 7] & (MN NucleoSpin 96 Soi ) $2 B4
DNA , R 5253 G T & &4 i DNA
W, 1% BRNEWEBEIRE AL VKA I 20 | J5 K DNA A
an R AC U AR RO BRA J1I0 7347
1.2.6 Tllumina-HiSeq =38 & |

HLAE 16S rDNA JEP Y V3 + V4 {57 X kit
EA5|4:338F 5'- ACTCCTACGGGAGGCAGCA-
3";806R 5'- GGACTACHVGGGTWTCTAAT-3',

HFRIXE PCR 10 L {& 5 : 5K 20 DNA 50
ng, FRIES 4 (10 wmol/L) £ 0.3 ulL,KOD FX
Neo Buffer 5 pL, dNTP 2 pL, KOD FX Neo 0. 2
pL,ddH,0 %% 10 pL,

PCR S i 25 1F:95 CHiZEPE 5 min; 94 °C 4%
30 5,50 CiE k 30 5,72 C ZEfH 30 s, 4L 25 4~
PEER ;72 CHEM 7 min, I )5 4 CHRAF. CYHERY
H R B | AR PCR 45519, 4 Solexa PCR
PE— L1 A3 BB 1. 8% BB BE e r
VKA H AR 257t , Ja P 0] & D0 e [l Wi A 2k
- HLIJF (Hiseq 2500 PE 250 F-47) .

1.3 Sitoh
1301 0y A A a4k 3

i Flash B4 %0 I Bl 47 D 4, DF B2
321 ¥ 5 & ] Trimmomatic #f 47 it & i 1§,
UCHIME 2 BRig G 14, e 45 3 5 Joi it 1) Tags J5
G, LEARRIE 97 % [ 7KF X P A E AT 3R 38, LA
e B AT e 51880 0. 005 % 1F 2y B & OUT,

( triglyeride,
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B, S5 6 FH PRI I 375 2R AR AR i 4 U 25 S A RV S5 44 ) R ) 603

1.3.2 WyRhid B o3 28 S D RE -k A F

B 1k B 4N 16S: Silva ( Releasel28,
http://www. arb-silva. de ) & Fi§ RDP-Classifier
( http : //sourceforge. net/projects/rdpclassifier/ ) Xt
OTU AR FFHN BT RE, BT OTUs MW RhiERE
GERFATRE M Bl R e 22 R i, DIRE LA
(1) KEGG i #& 5 {5 ] PICRUSt 58 i
1.3.3  Geitsorth

Jr A B s R R O B E = b e 2
(Means +SD) . % AbBAE SPSS 22. 0 47,
K7 22008 CANOVA) FIph L REA ¢ K 56 1647
J3#t. P <0.05 Kz RE . FM Graph Pad
Prism 8 J2 R3.6.1(ggplot2 f) #1722 K, MHiEH
LUK 1 FE B9 7E Photoshop CC2019 HRifEAT

2 4k

2.1 FEHEIMEXEEE KRR

W 1 TR, IR AE A5 , A f It A 4 6 A
TR P4 A0 S 25 v 0 L A AR T
#(P<0.01),

2.2 FEHEIMEXEEMEE LR REE R
=)

WA 1 R, S0 R A L. A £ A 2
MG H ) TC TG AMA C3 FikhA C4 {57350
SRR T 62.76% \38. 82% 297% F119.29% ,
HMALA] 22 57 A 3% (P > 0. 05) 5 7 fa St AR 21 6

1 SOD TG M A AR T X6 B4, 40 50l F X BRI T
49.94% 30.62% F11.99% ,{H W 20 [a] TG 5. & 7=
S(P>0.05 )
F1 EHREXEEK TN
Tab.1 Effect of rice field environment on

growth performance of carp

EgE| RECIINN RN
Items Average length/cm Average mass/g
XfH2H Control group 9.40 £0.29 24.13 £3.52
Fata A2
Rish-fish co- 11.36 £1.03* * 43.77 £8.83 " "

culture group

Hew s FoRE— S PRI AEGE T2 E AR B 25
(P<0.01),

Notes: #* #* represents statistically significant difference in the same
column data( P <0.01).

2.3 PEHAEHNTH

N 2 o « A A 2 e i 266 1 40 B 1y
JE Ko b R 2 v B v T RRAE HLTC W 25 R
(P>0.05) ; ot A 21 6 rp i A % 6 o I
RTRIRA (P <0.05) . 2 dHERP il D) 0L
PRI, e f e 0 Jigp  BE ve T 40, 1R 9 X%
b Bz A X AN B
2.4 TEHEMEXNEFEMEYER Alpha
301

Wk 3 P, f fa kAR 40 6 18 N AR R
7% Shannon 52l Simpson 5% i & 15 T X R 4H
(P<0.05) ,ftadt 201 ACE 45%0F1 Chao 1 45

ALT {fPE R AR F X AL (P <0.05) ,AST MDA K3 T4, HER AR (P >0.05)

x2 TEHEMGEITEE G H A SRR

Tab.2 Effect of rice field environment on midgut tissue structure of common carp pm
TiH RO B i L b B o e MBI
Items Mucosal fold height Enterocyte height Microvillus height
T4 Control group 504.71 £11.10 18.70 £1.30 1.45 +0.13

FEfa /2l Rish-fish co-culture group 522.46 £5.14 19.06 £0.45 0.94+0.25"

T FOR ] — S PR AESE 27 ERA B8 PE22 5 (P <0.05) .

Notes; * represents significant difference in the same column data(P <0.05).

®3 TEHRMEXNEEGEREDEE Alpha ZHER M

Tab.3 Effect of rice field environment on the Alpha diversity of intestinal microbial flora of carp

Wi H Shannon §%§ Simpson 154 ACE 5%k Chao 1 $5%%

[tems Shannon index Simpson index ACE index Chao 1 index
Xif H84] Control group 1.77 £0.03 0.38 £0.01 261.20 +£34.33 257.95 +29.89
Feifat/ 4 Rice-fish co-culture group 3.97 £0.33 " 0.95+0.01" 362.16 +61.62 367.28 £58.26

T FOR [ — S PR TESE T2 E A B2 57 (P <0.05) .

Notes; * represents significant difference in the same column data( P <0.05).
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ﬂﬂg ﬂﬂ"g jz o 30.00 pg_%
) 5 s a Kt
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e % €3 @2
o o
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g g E i
o
0="¢  xp 0= wr g 0 e 0=
~ ~ 3 ~
S N = =
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o B
O 3 NG 'S —
b= 4y Q =2
5o 0.30 oo 1 5 15. 00 e 2000
du g ﬂmg 0.10 4re ¥ 3
o B 38 ms ﬁﬁ 15.00
€E 0.20 £E 118 10.00 Sz
x5 %8 B =% 10.00
= 4« 0.05 %o
- 0.10 e % 5.00 R
g g e g 5.00
§ 0 5 0 é 0 3
(7]
C RF C RF 3 C RF 0=

C.XFIRALs RF. RSt 25« FOR DT BARTES 127 B BAT Bk 22 5% (P <0.05) .

C. Control group; RF. Rice-fish co-culture group; # represents significant difference between the two groups of data (P <0.05).

&1

T F PR Xt 68 1M 7 A L FE AR R B R M Y S

Fig.1 Effect of paddy field environment on serum biochemical indexes and enzyme activities of common carp

2.5 EYMTHEEERESHT
2.5.1 BT IKF-H b = B 22 Sk o pr
AR P25 2R, 6 DA TETN 1K B30
16 ANE] o W 2 firzs, F R 0. 1% W]
A 12 40 2 AR O0H TR T3 O AR AT R T
( Fusobacteria) A8 JE 14 [ ] ( Proteobacteria ) fll J& &%
P ] (Firmicutes ) X B2 F=FE e 9 3 AT T :
AT 60.56% , JEEER ] 5 16.51% , 2T
W1 14.27% . fEfadt Al s 3
T AR TE ] 7 33.55% JEREERE 15 16.67% 18
FPAETTE 11.65% o 5%k BRALAR LE , A 2R3 2
HIRAL T B ER TR (P <0.05), @
EW o T MR T T F (P <
0.05),
2.5.2 TR R A R 2E e o b
FREI P45 2,6 A FE S AR R K P Ak g
272 s, W 3 s, R 1% 1A 16
AEEE o Horb, b BRAH Y P 3 o T 20 ) 2 -
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HiJ& ( Cetobacterium ) Y 60. 56% , Romboutsia
9.45% , 5 PR & ( Aeromonas) (5 7. 34% . F§
a3 H () P 8 - 85 7 8 ( Cetobacterium )
5 11.61% , FukuNI8_freshwater group 5 8.31% ,
Polynucleobacter 5 5.22%

LEfSe [ Line Discriminant Analysis ( LDA)
Effect Size] A4 76 ) 4L 1) T4 FLA B3 2% 2
FRYBERE. K4 B2 WITRIRIRY LESSe 73 #r
PEACTRCIEL R A 3R S 2 2 1) =F BE A7 A 2
F2ESHEE (P <0.05) , A5 LDA I BN
4. 45 R B ooR, £ 8 K FE L, ZOR0006
FukuN57 . A 3 #F J&
(Acinetobacter) . )\Z 3K H J& ( Sarcina ) 553K H J&
( Streptococcus ) TEF&G a3 A 4 K w 4R o BT R
J& 4B 5 T JE ( Plesiomonas ) | i % 3K T J&
( Staphylococcus ) . < %, 1 1 J& . 400 FF 1 I
( Bacteroides ) .Romboutsia 15X} BRI K A& 4.

Polynucleobacter |
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Cq;ltrq_l group Rice—fish co—-culture group

113 3530y o B 00 S AR U T 75 R 11 5 2 0 4 S e 2R OB R U T /R R P MIF. BB 5E s EHL Jlg B A MV. 50
T AV. RO .

1 and 3 are tissue slices of midgut of common carp within of the control group,respectively; 2 and 4 are tissue slices of midgut of common carp
within the rice-fish co-culture group, respectively; MF. mucosal fold; EH. enterocyte; MV. microvillu; AV. Absorptive vacuoles.

EhR SEhipafys

Plate Tissue slices of midgut of common carp

100 B

HAh Others (<0. 1%)
BATHI] Acidobacteria
LKW ] Chloroflexi
Patescibacteria

# &% ] Planctomycetes
KRR Chlamydiae
JHLREE ] Actinobacteria
TE40HEI] Cyanobacteria
P Verrucomicrobia
AP Bacteroidetes
JEEER] Firmicutes

AP BT Protrobacteria
AT Hil] Fusobacteria

-
ol

A B
3

Relative abundance/%

25

C1 C2 C3 RF1 RF2 RF3

C. X M4 ; RF. Ffa A4
C. Control group; RF. Rice-fish co-culture group.
B2 WMAEBERFEEITKELHNSFHERL

Fig.2 Distribution of intestinal microflora at the phylum level in two groups of common carp
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50

HIXTFEEE Relative abundance/%

25

0

C1 C2 C3 RF1 RF2

C. X8R4 ; RF. fRfadla4l,
C. Control group; RF. Rice-fish co-culture group.

HHE
e e —
75
B .

B 34t Others (<0. 1%)
B R#i#F 58 Acinetobacter
¥ BB Streptococcus
. 4B¥ i J8 Plesiomonas
. Flavisolibacter
H & ERE B Staphylococcus
W FukuNs7
RBEFRME uncultured bacterlur
ZOR0006
- J\BIH B Sarcina
. AT & J& Enterobacter
. Polynucleobacter
#ATHE B Bacteroides
B <R Aeromonas
- FukuN18 freshwater group
. Romboutsia
- AT B )8 Cetobacterium

RF3

E3 MASmEERHNERKTELHNSHER

Fig.3 Distribution of intestinal flora at genus level in two groups of common carp

2.6 #Ei7EMEAEINGEEETN

it KEGG Qi 12 1 22 5 43, v LOULI
AR AL i Z LA T 16S 1 7% 1Y) 2 e ik [
TEARHEAR b 22 5 AR I 5 Fis , 75 2
eIk EIARTG T 46 4> KEGG JIREHE,
HESERM A Global and overview maps
KA & 99115t ( carbohydrate metabolism ) | 4 3
12 .15} (amino acid metabolism) |8 & {14} ( energy
metabolism ) 55 5 4 ¥ S 8 45 AH ¢ L, Hop
Global and overview maps T g 3 [K] 75 FF £ 3L 4= 0
XL A ERE YL T 40% |, e xt .
6 SR A AL AR 2 5 X B 7E KEGG TS 4L
it A B R E A, Horp f ke
HAEH Mg B 17 % % 78 ( neurodegenerative
diseases) . 4N B L B B ft 5 48 ] ( xenobiotics
biodegradation and metabolism ) | 28 L1215} . FHoAth
3L ( metabolism of other amino acids) Z84H
KTy ae L A b T XA (P <
0.05) ,7E#T 3 . 73 25 5 & /% (folding, sorting and
degradation) | §% 5% ( transcription ) | % ¥ & 1
(nucleotide metabolism ) #H & i I 58 &t R 8 = I

BEML TR (P <0.05)
3 e

AR PEOR B PEBE N SR AN R, B R
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BREREH P2 KRN R R %, 5
Sk BEZEL AR L, R 0 A 2 B 1 A K i B R
KT AE 5 A AP AT SR AR B ) S A
9\%[17] .

I3 AST ALT il 212 Wi -2 e A5 45 1 T
TSR, 245 20 0 F9 3 57 9 n 4 3 5 AST
ALT BB #0380, ARk P B9 1M 3 AST A
ALT FEREVEXT #2024 KA B . 450 B
LA LE , A ik A 4L RAR T I3 AST A ALT i HY
T bl 0 R R R 5 B A ST O i L4, %
ZER S HAE KRB AW &, Sk %E™ X
T SR I T bR I S 45 A L, A 5
T e A A BB T AST I ALT 5 5 % 1]
B, X T AE L TR S A B K B
P AR TR f A . M C3 R C4 3%
378 J LA ML 240 7 g R R AR T, J £ 30K
Ui E R BB AR S R R
T VBRI T 25 T L 375 A R MAS €3 . C4 Fr it (TG
RS AT LU R £ St 2R A — E R AR
TSR K AR RE 1. MDA 2 A5 o
BE BN Y 2 — , GH WOTUVELE YRE b A
AL OARIC ™ o R a3 1 Y o
MDA {5 % BEZH, iz e ) 5 P B85 R A8 [ 1K £ 2
AR P R B LY A AT A T 375 45 R 130
WA FH PR A 1 — PR L3R T MR (KT
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5B Cladogram

FUSObacterja

D_|

EmyffA ¢ EmEAILAH RF

euooRqodjoIy  d

a: f__Microbacteriaceae

b: o__Micrococcales
c:s__uncultured_bacterium_g_Bacteroides
d: g_ Bacteroides

e: f_ Bacteroidaceae

f: o__Bacteroidales

g: f_Chitinophagaceae

h: o__Chitinophagales

i: s__uncultured_bacterium_g_Staphylococcus
j: g__Staphylococcus

k: f__Staphylococcaceae

1: o__Bacillales

m:s__Streptococcus_sp_ M_S_TSA_29
n: g__Streptococcus

o: o__Lactobacillales

p: s__uncultured_bacterium_g_Sarcina

q: g__ Sarcina

r: f__Clostridiaceae_1
s:s__uncultured_bacterium_g_Romboutsia
t: g_ Romboutsia

u: f__Peptostreptococcaceae
v:s__uncultured_bacterium_g_ZOR0006
w:g_ ZOR0006

x: f__Erysipelotrichaceae

y: o__Erysipelotrichales

& 4

z:s__uncultured_bacterium_g_Cetobacterium
a0: g__Cetobacterium

al: f__Fusobacteriaceae

: o__Fusobacteriales
:s__uncultured_bacterium_g_FukuN57

ad: g FukuN57

a5:f_Beijerinckiaceae

a6: o__Rhizobiales

a7: o__Sphingomonadales
a8:s__uncultured_bacterium_g_Aeromonas
a9: g_ Aeromonas

b0: f__Aeromonadaceae
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Fig.4 Significant difference of bacterial abundance between rice-fish co-culture group and control group
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Effects of paddy field environment on serum biochemical indexes, intestinal
tissue morphology and bacterial community structure of common carp
( Cyprinus carpio )

SUN Yue'?, WANG Guangjun®, ZHANG Kai’, XIA Yun’, SUN Jinhui', XIE Jun®, YU Ermeng’, LI
Zhifei*, TIAN Jingjing”

(1. College of Fisheries, Tianjin Agricultural University, Tianjin 300384 , China; 2. Key Laboratory of Tropical & Subtropical
Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs, Pearl River Fisheries Research Institute

Chinese Academy of Fishery Sciences, Guangzhou 510380, Guangdong,China)

Abstract; This experiment studied the changes in serum biochemical characteristics, intestinal
microstructure , intestinal microbial flora diversity, and species abundance of carp under the conditions of rice
fields. In Liannan Yao Autonomous County from June to August 2019, paddy fields and ponds were selected ,
and carp juveniles of the same size were stocked for 3 months without feeding. After the test, sampling and
testing were performed uniformly. The results showed that paddy field environment significantly incresased the
body length and weight of the carp, significantly reduced the carp serum alanine aminotransferase ( ALT)
activity and intestinal microvilli height (P <0.05) ; the content of serum complements C3 and C4 showed an
upward trend, but there was no significant difference (P >0.05). In terms of intestinal microorganisms, the
environment significantly increased the diversity of carp intestinal flora, and significantly increased the
abundance of Verrucomicrobia and Proteobacteria at the phylum level (P <0.05), significantly reducing the
abundance of Fusobacteria (P <0.05) ; At the genus level, the abundance of Cetobacterium, Plesiomonas,
Bacteroides and Aeromonas was significantly reduced (P <0.05). The experimental results confirmed that the
paddy environment changed the intestinal microbial diversity and the abundance of functional genes related to
metabolic capacity, reduced the abundance of some conditional pathogens, reduced the probability of disease
outbreaks, and helped to maintain liver function stability.

Key words: rice-fish co-culture; Cyprinus carpio; intestinal microstructure; bacterial community structure
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