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1 #MEEFE

11 #HEXE&E

S F SR [ H PR T T N X 35 5 3 A ] — it
i, 5 AT YE, WIG AR (8.33+1.33) g. IR
BN B SR AR A R I 3 S B A 3 SR H
HATFRIH L, T 2018 4F 6 H (A Z)F1 2018 4F 9
A EKE) 0 5T HURE, o0 4 20 FZ=uisEd
(i, SP), HERHMAER, SR), FkFEMIFH
(B, AP)FIFRKZEAe H 41 (BKAG, AR). HiH A H 1
1333 m?, KB E 60 FB/100m>, 3 R
667 m®, FEHIEEEE 300 F&/100m’, B UCRAE R 1A
3 RS oy B BERLPRIE 10 R i EEAE S SC 56
Ff, dE31 120 BB o BURERH A AR KOs DL 3 1, RpE
KIRGRRE, I MS-222 X E 1T R Ak B
Je, fEE, A AL, DLAE VT SR R L
RS, B ARG E T EP &S, Tk
A BN G T80 CUKABIRAE . X7l g5
AL W 2 A 0 G 328 il 0% 1 o0 B, WL PR R A 70
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Tab.1 Harvest data of Jian carp from pond and
ricefield in summer and autumn

n=30; X+SD
217 group
Vb HEfE  EihyE
index gy sp < TR BB R AR
SR AP
WKH/g 53434634 60.7049.80 156.84463.12 98.43+14.21
body weight
P ic/em 12.09£0.70 12.80£0.62 19.77£2.66 15.25+0.81
body length
& i/em 14.84+£0.89 15.70£0.85 24.55£3.30 18.97+0.86
full length

1.2 X DNA 25

MR B REAS R 10 NRES, UK A SR
R, A THALEALI SR 1 om HT A
DNA $2Hi, 2% F§ TIANamp Stool DNA Kit (TIANGEN,

w35 ke B B AY 4 SURE A 4R BUR AR B B
DNA,
1.3 16SrDNA F 3l PCR ¥ i8fn 5@ £ F

W 0 R SR B AR ) A DNA B AT
PCR §"#, ¥ 347514 16S rDNA V3~V4 F48 X
4, EEK 5198 341F (5'-CCTAYGGGRB
GCASCAG-3") fl 806R (5'-GGACTACNNGGGT
ATCTAAT-3"), £ 3B WHEE I i Uk A 5 4% )
i F§ Thermo fisher /A &)Y Ion Plus Fragment Li-
brary Kit 48 rxns & R & T ORI, 1
A1) SCEZ ST Qubit [ B ST A A% )5,
{#i | Thermofisher B IonS5TMXL #£47 EHLINF o
16S rDNA =i &0 5 TAE i A et il R B0 R
JBE03 A RN W 58 1
1.4 PFiEREEENE

RSB AL R T RIS A5 B S AN
BB, BT FRE, #% 1:9 (WD)
) HE B S S BB Al K, KB A 3K, 4 C
3000 r/min #.0> 10 min, B35 HAE A RLEEH2 B
W, A4 R R S P S B (R I LZM, R
Y E ARG SOD, w2 AKP, F2EwhiR NG
ACP) R £ (R 5t i) 156 B 4500 5 S o
1.5 AlAHESRERNE

WA PR FEA B LB 6 MRS,
B UAREAR I HIBTE 0.1 g #2247, TR IEMR 5
AT, BE, LKL 19 (m/V)H L2 9K
WL, 12000 g/min B.L> 10 min, B 3553
KA R FE 300 = 900 (V/V)I HLBIR A o %8 30 min
J&, L 12000 g/min B5.0 10 min, B R3S, FH#
o 4 Bl &SRR 43 M AL (LAB0RO) I i 44 i iR
i,
1.6 HIEAER SIS

Fo 8 AR 0 P A S fastq A% X, fH
Cutadapt BAPEAT L IE A ZAS 20 E), Gt Al
H QIIME, Microbiome Analyst (https://www.mic-
robiomeanalyst.ca), H 1 & 4 W B £ A R A #
BMKCloud =¥ LA} GraphPad Prism v8.0 5¢
o AR OTUs RAELER, —Ir X414~ OTU Y
BT INIAT Y FIbRTE, 15 20 AH I 04 Fh 5 A
ST YR E R AR, e OTUs £
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alpha ll beta Z £, 15 ZIFEA YTl & B A1)
BEAEE, DL EORRREA B 23 2 (] 5 D i FifE —
) OTUs {58, J73—J7H, 76 OTUs Fiffr£HE
FEB LR, 3E— 2015 BN AR A VR A (%) B V% 45
F225E, Il PCoA R4 B/n ik, il
£ T 15 5 L PR 03 R 45 SR SR 1O Y (£ 45 1 22
(X+SDYFE /%, i FE BTG 45 9 F GraphPad Prism
v8.0 FEAT XK 7 250 M7 (two-way ANOVA), Jll
N & HE R 45 B 1T 5 R &K 7 22 43 AT (one-way
ANOVA), i E/KFHL 0.05,
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Fig. 1 The alpha-diversity of the intestinal microbiota of Jian carp from pond and rice field in summer and autumn
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E 0 SR(1002)>AP(899)>AR(897)>SP(815), 4 51
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Fig. 2 The PCoA of the intestinal microbiota of Jian carp
from pond and rice field in summer and autumn
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Fig.3 Venn diagram representing shared OTUs of

the intestinal microbiota in Jian carp from pond and
rice field in summer and autumn

T o X AN [ 2 ) R A SR AR A ST A
R S TS A, AL 4 Al UL, SP 4|
SR ZHA1 AR AH B PLF T TR 2 BE>5%) 1) hy J&
BETA '] (Firmicutes) . #FF 1] (Fusobacteria) Fl A%
JE '] (Proteobacteria), AP ZH AL T34 1T
WM& ] (Cyanobacteria) . AS[m] & |1 7E 5 Rk 5 2=
FRPARL ORI, FFE A JERETR T A
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Fig. 4 The structural characteristics of intestinal microbiota at phylum level in Jian carp from pond and rice field in summer and autumn

B3R R A T, RN, K
WIS TR A, RITE FEEE RN
ot A TR A, 7ERKZE MR A s T
AR, AT B Y T B AE B Z Rk R 4 S A H
B T A, WA RE AP A H
Bl
23 MEREEEYE

HI2E 2 AT, A EH Rt 3 P R IR A AR X T
Wi e WS PE Y RN R B E TR S, S
HZEMI, % LZM, SOD, ACP, AKP M5 fE
it 1% 1 35 BT Y BRI (P<0.05) . T EAH ]
EHARBT, Hf AKP G MAE E Bk E
Py T it AR 2 i 2 v A AR ((P<0.05).
24 IIAMERERSE

W 3 fioR, Bk mi L P oA 18 Fiiis
BT . AP AL A i B A LR
4139.95 mg/100 g, HPHEmR Gly & &im
(285.74 mg/100 g), (iR SLIR DY 7.16%;
HKEMER Tyr(186.73 mg/100 g)FI4 & KR
His(189.46 mg/100 g), 735! L ilfF 1 2 AL it Y
4.68%F1 4.75%. AR 41 HEHEAL A it g S S TR
Bl 5381.67 mg/100 g, Hi His SHEEE
(1212.19 mg/100 g), i iF &) 2 HE MR G B 1Y) 21.83%;
HWZE Gly (374.20 mg/100 ¢)FIN &R Ala
(244.68 mg/100 g), 435I o Ui B 2 L R S it 1
6.74%F 4.41% . Ff AR X 60 UL PR i 2 2 B 1R
b IR S L TR SR (TUAA) . Hi MR 2 5L &
(TSAA) JZ 5 R FHE IR B (TBAA) Y & Tt i
HFH ] Synergistetes
FRFTH ] Acidobacteria
PELHE ] Verrucomicrobia
HH1] Fusobacteria
™7
WZJER Spirochactes

J B Euryarchaeota
KSB3

5N Cyanobacteria
TR H T Actinobacteria
HUFFH ] Bacteroidetes
JEEEH ] Firmicutes
JEH ] Proteobacteria

AR B BEH ] Tenericutes
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Tab. 2 Intestinal immune enzyme activities of Jian carp from pond and ricefield in summer and autumn
n=5;X+SD
F8 45 index #L3 group
SP SR AP AR

VAT i/ (ug/mL prot) LZM 63.98+3.74 66.67+1.80 57.44+0.91° 57.02+1.04°

8 AL 15 L B/ (U/mg prot) SOD 0.21£0.01 0.27+0.03 0.12+0.01° 0.12+0.02°

P& 1 5 52 i/ (King unit/g prot) ACP 2.77+0.16 2.69+0.07 1.74+0.45° 1.21+0.14°

Tl 14 i 7% i/ (K ing unit/g prot) AKP 4.10£0.61 0.78+0.09* 0.81+0.31° 0.28+0.14"

TE: a I A 2555 [F) A B4 1] 22 53 B2 35 (P<0.05), b 27 [RIAR A ) 245 5040 1) 22 5 1 35 (P<0.05)
Note: a represents significant differences between different mode in the same season (P<0.05). b represents significant difference between
different seasons under the same mode (P<0.05).

®3 MFHE. BEHAMRERATEEI AP HESERNSE

Tab. 3 Content of delicious amino acid in fresh muscle of Jian carp from pond and ricefield in autumn

n=6; X+SD; mg/100 g

b YE pond MM rice field
Ik 5 B fii/ S WA M P R P
o (mg/100 mL) /(mg/mL) /% /(mg/mL) /%
classification name & g
threshold /(mg/100 ¢) taste active  percentage /(mg/100 g) taste active percentage
content content
value value
GERE IR KA M Asp 100 7.75+1.38% 0.08 0.19 20.15+3.99 0.20 0.36
umami amino ,_,
acid B Glu 30 66.33+22.39% 2.21 1.66 132.62+9.38 4.42 2.39
J— WER Ala 60 54.39+27.97* 0.91 1.36 244.68+47.43 4.08 4.41
ﬁw@%ﬁﬁ H4Am Gly 130 285.74+11.74* 2.20 7.16 374.2+26.45 2.88 6.74
sweetish 225 Ser 150 101.08+15 0.67 2.53 80.17+5.11 0.53 1.44
amino acid N
InE IR Thr 260 37.09+5.55% 0.14 0.93 73.18+11.07 0.28 1.32
&R Arg 50 26.89+7.13% 0.54 0.67 44.45+2 .63 0.89 0.8
21 %R His 20 189.46+89.17* 9.47 475  1212.19+£70.17 60.61 21.83
A SFEEE R Tle 90 25.55+4.65 0.28 0.64 28.91+3.38 0.32 0.52
WIREER 2 Leu 190 43.91£1.2 0.23 1.1 28.14+1.36 0.15 0.51
bitter amino R %
acid R 2R Met 30 78.28+2.8 2.61 1.96 87+6.49 2.90 1.57
KN Z R Phe 90 63.44+4.46* 0.70 1.59 74.43+7.68 0.83 1.34
HA TR Val 40 27.19+6.05 0.68 0.68 31.69+3.99 0.79 0.57
fig AR Tyr - 186.73+48.27* - 4.68 34.46+3.26 - 0.62
6 I SR LR Ak
B A RO R B B 74.08* 1.79 152.77 2.84
TUAA
ol 55 HLRA B
AR U 5 B 484.32% 11.70 747.20 13.88
. TSAA
41 total P
«H‘n ,4;. “ﬂ
R 650.22% 15.71 1664.10 30.91
TBAA
W BT A =N
ﬁff%@&‘ﬁ‘g 4139.95+210.65 100 5381.67+206.99 100

T 22 7 W 08 RS 79 ot 3 S 1 UL PA) i 5 f A 7 . 35 22 53 (P<0.05).

Note: * represent significant difference between pond and rice field culture modes (P<0.05).

K (P<0.05), = BH & AL P XU 7E A
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Jin T8 TR R S — S 2% T Bl 2 ) AR W AR

M FRFE T ke

TE LT 4 R W 5 AT A R 37 T A WA g T
RAETEEZAEMN, JFHMEEHASERNER, 7
T B R A RP AR B TR e ik
Wy PR 2% 0 A R R P AR AR e RO, R RS L R
KMAAE, XEREM AR, fFEXes
% Ak 1 (Oreochromis niloticus) Fl it} i (Dicentrar-
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chus labrax)WIWFFEH & B, 1R FER BSR4 W)
BRI IS R, B R 2 I3 w i
MR IR B 0 H Ay, T AR AR B 2t B 5
BRI A O, FEARRT ST, RS IRFEA T
1) N 1 TR = R B 2R Rk 2 1 v T I R A
A, BT PCoA Z5FR AT, B fiz i i 2k Yy ie
T IS A5 2= A AR OGP B 5, 2R 0 i 1 R
RZ IR K T FR A 25 57

PRI T 5% 7 I 2R i £ 8 T AR 4L
Xof 5 7R AR ZR A [ S FRAR =X T 7 8 T A 2
ST B, SPZH. SR ZH. AR 1N AP LA
T TR IERER ] AT TRASIE®I], AP
HRPEAGET G TEME ). miE A R
REAE 1 B 18 = R W RE, #5818 3 58 S 7
VIB i is . TEXF AR5 2, JERETE ]
AT BE ST B A FR e T A a2
R AE A TR — 209 . 78 5 R AR
AN i 8 b R RE G 1) 0 T B, Rk R
BT d i 1A R RE T T R R . XU
A 3 2 1 el SR A T R A S U T Re A AL
Fefiate )], HE 20 d R A 15 0 Y B A [
PR, AT DATE A SR 00 A5 b o 2 38 i kL, 58
3R RIS B SR A BT B B TR s Re ) . M
Tok 2 Ay s 3 o T R e S R RE B R T R . AR
1 ATUAE Y, 27 H 57 g a0 b vt % 77 A e i
RE I TR, BRTRIAE S, 5 R RE TR 0 22 Ak
SRR, U I JEERE TR = B Y A8 Ak AT R SR R e
ERMHRZ —. ZBIREERK IR R N8
PR AL 2 —, HARRE = B2 AT DL K
FRA R B L AR T B AT 03 ML 4 T X A
(Litopenaeus vannamei) A3 B4 1 9o E 71, {HH:
=F B BB X FR AT G UV 1 B B0 KUK PO
TEARBEFE T, TCite 2 i Efkd, fHEECT
A gy AR Y TR T Y R T, X AT RE i
e FHASE 3T A g A S A 1) Sz g, (HLIR] Bl
o T R R KR, FF AR H R R SR o R A
B, AW AR IR BT 0 R 5 R [ e )
I IEARDC, HARXT F BEREAR 23 A s HLAAR XS 2
R, o 38 3 s 0l A AR AT T 2 P AR A B
() AR O B 2 2/, AT RE S R R AL TR

107t A SRR MR /D, T e SR ] T
FHABE T AT R EA X, HAEEN—Fh &%
FESh Y R T RN B R A AR, R OR A
AR K BR5E H P2 2R AU A S 4 v 2 H
BRTE AP HERIALHF], X068 5 Mg
WhiA G, wit—L ik,
32 FERNXITE 7S &SR

W AR LA e B Z —, BAMEY
Yo 352 it B A PRI Ak 27 G g3 o AR T, S e T
N2 BN AEAF AT R FER o 78X 58 ] e 6k 7y AF
FER ORI, AN [F) 7 B i Tl A A it 3 R 7 e
FEB A EA R E S, HREHET R G
G s ) T 2T TR AR S 06 v B AKP A AR B
TRk =1 SR Ry AR X I 3 v TR A,
At it %) 05 PR 34 G 3 AR Ak, X AT RE S AR IR S g
HIBUH B A G . 78 S50 3 X A T AR
et FH A B AR 4R S50 A I, A FH SR GE A
B R BOTR A TRE £ 80 8 37 1 i A AR i Y AR
T IE Ry i i A AR ] 2 —, AR 4
N4 2 g e, R AR SR A i e
I TR A BEAE R R T s, AR R A
Tk 7 B 17y T i 5 ol T AR R A B W 25
XA BESEHLAA B B (1% S5 e ) 55 FREE I O 38
HIZE R FERTEEFIR T R85 (Micropterus salmoides)
ORI R W N1 2 0 e [ sk e TR VRN
[l A AR 02T T Z= 30 Bk 2, o 4 5 A 10 4]
/) LZM, SOD, ACP., AKP fiG ¥ H Bl T 8 51
el 2R ZRRIRKEE, e FH ORIt 3% 5 B A Xt
iy 18 G P2 il % 8 Ak e 5 TR R B AR Ak S TR,
FEI LR AR L AR ATS, 15 W A X g A2
PRI 322 ) R TR PR S T A A
3.3 FEIAMRIITE 62 AN P9 KUK =B B A 5 M

s AR — R KUK B, S L
SEER, HOOHE AR 1) DT R B FH R 8 52 32 B (TAV)
R, M TAV WEKRT 1B, IR E WY 5o
PR GRS, HERE R, Bk
RIS AR UL PA) S R L R (G P 2K (AR T,
AP A FEERIL A H 2 R R 1Y) 1 B R I AR
(15.71%)>E R (11.70%)> 1 (1.79%), 1 AR 41
LA R R s R R Y o R L R



54 K 7 R

528 %

(30.91%)> I (13.88%)>fE 1 (2.84%), AP Fil AR
2 f L PN % DR A A I 2 SR AR N Gl
Gly. His. Met, AR ZH¥ N T Ala, MixX 5 a5k
FRIATRVE R R, Glu fF R —Fh 8 2 fef R
SERR, o WILPA 3 A S AR Y Gly A Ala S
UK, [R5 Glu A PRFEFE, X ILPY AY AR R A5
H TR A [ O 4 TR B His B —FhG R
MR, (AR K A B i A AR 1 0 e e B
EHCT Met PHHENLA G BRI TSR, B/t —
A, 4 RO ERER LY A L SRR &
FER ¥ O AE e B R B & T AR
(P<0.05), H TUAA . TSAA K& TBAA ¥ F it 3
B (P<0.05) o 7EXF AN ] R FE A T A2 pig L 1A 1Y
W R B, TEREH R IRA 5 DA Ja i g LA
BT B, R X A Sy 2 TR Y K i 2 R
TR O o G B R Y AR S o () A AR
FEo 4 DGR, F IR AR AL R R
R 5T 1Y) i 2 e BRI Ot W 3 T O AR A
fif, JERER IR e A RS E T, B IES
S TURIG 7, 2 E 08 i A7 i Y &
2 T 5 4 i v JERRE TR 1 B B R AR
T, FKERINAR S, X AT fE R A e A SR S
LA BRI AR T AR R . K24
WKW 5t 2 5 TR 36, BRI W) 5 R hit
JOF 7 A LA P A R AR P SR 415 AR 4
AR E P ARFF R T B C I W 22 5, AP 4K
SR 41 H LK BEREAR, TIARFTF A 1] 4= FE AR 2> 12
HEHLA XS BEZE B9 F ), 36k 1l vt % 5 7 A L P v
WU 5 % AR

4 #ig

AHFFEAE R, BRI AR 5 i A
R A Bl A -5 G R R AR AR S T Y
RSP R o S = FIAK 2 A HT -5 3 398 3 AefrAd X )
oo T8 AR A ROR, (AR 25 S A R, Al
RESE I B e ) 5 R BT O M RO 45 2R . 9
Foft FRFE A AT A AR A 5 R RE T ) 2 AR
TP, TRk 57 58 UL P XU b 3
FrAH AR M S A SE, W] BE 5 A I 5 A A il 1 AR
TR0 JBE R X AR5 T 1t 37 5 7 A Bk 2 AR AT

B BEREARA G
SE Wk
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Analysis and comparison of intestinal microbiota, immune enzyme
activities, and muscle flavor of Jian carp in two culture modes
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Abstract: To investigate the differences in the intestinal health and muscle flavor of Jian carp (Cyprinus carpio var.
Jjian) raised in rice field and pond cultivation modes, this experiment compared and analyzed the intestinal micro-
biota, intestinal immune enzyme activity, and muscle amino acid composition of Jian carp from the two cultivation
modes in both summer and autumn. The results showed that the change in intestinal microbiota was related to the
seasons. The dominant microbiota under the two modes in summer and autumn were Firmicutes, Fusobacteria, and
Proteobacteria, and the diversity of intestinal microbiota in autumn was significantly higher than that in summer
under the pond mode (P<0.05). The immune enzyme activity in the intestines was significantly decreased from
summer to autumn (P<0.05), and in the summer, the activity of AKP was significantly higher in pond than that in
rice field cultivation (P<0.05). A total of 18 types of free amino acids were detected in the muscle of Jian carp.
The contents of aspartic acid, glutamic acid, alanine, glycine, threonine, arginine, histidine, and phenylalanine
were significantly higher in the rice field (P<0.05), and the total contents of fresh, sweet, and bitter amino acids
were all higher in the rice field (P<0.05). In conclusion, under the rice field mode, Jian carp can obtain a more
stable intestinal microbiota and a stronger flavor muscle.

Key words: Cyprinus carpio var. jian; rice field culture; pond culture; intestinal microbiota; immune enzyme ac-
tivities; amino acids
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