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Analysis on differences of microbial community structure and main flavor
substances of Cyprinus carpio var. Jinbei cultured in paddy fields and ponds
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Abstract: It is important to study the differences of intestinal flora and fish flavor quality of Cyprinus carpio var. Jinbei under
different culture modes for its breeding optimization. We applied illumina high-throughput sequencing technology to analyze
intestinal microflora of C. carpio var. Jinbei cultured in paddy fields (FGF) and ponds (FGP), respectively. Besides, we used li-
quid chromatography (LC) to determine the flavor substances, and used headspace solid phase microextraction combining with
gas chromatography-ion mobility spectrometry (HS-SPME-GC-IMS) to determine the volatile flavor substances. Then we calcu-
lated the taste activity value and relative odor activity by combining the sensory threshold. Significant difference analysis

shows that Vibrio, Bacteroides, Alteromonadales, Shewanella, Pseudomonas psychrophila and Brevinema were the main bacteria
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in FGF group, while Moraxella and Klebsiella were the main bacteria in FGP group. The contents of IMP and flavor activity in

FGF group (1.676 g'kg ' and 6.705) were significantly higher than those in FGP group (0.246 g-kg ' and 0.985). The contents of

umami amino acids and sweet amino acids in FGF group (0.143 and 2.052 g-kg™') were higher than those in FGP group (0.109

and 2.001 g-kg™'). However, the contents of bitter amino acids in FGF group (3.193 g-kg™') were lower than those in FGP group

(3.836 g'kg™'). Moreover, the components of volatile compounds were complex, and the types of key odor compounds

(ROAV=1) and compounds that could modify the overall flavor (0.1<ROAV<1) were different. The correlation

analysis between bacteria genera and flavor substances shows that Vibrio, Bacteroides, Klebsiella and Morganella were signific-

antly correlated with flavor substances (0.01<<P<0.05 & 0.001<<P<0.01 & P<0.001). The results indicate that cultivation mode

affects the intestinal microbes of fish, and affects the flavor quality of fish indirectly.

Keywords: Cyprinus carpio var. Jinbei; Paddy field culture; Pond culture; Intestinal bacterial flora; Main flavor substances
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Fig.1 Venn diagram of features of intestinal bacteria in
C. carpio var. Jinbei of FGF and FGP groups
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Note: *. Significant differences (P<0.05). The same case in Fig. 4.
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F1 AMFERANEEENAPZEREEXEKSYEERKE (V=3)
Table 1 Nucleotides contents, their related products and K value in muscle of C. carpio var. Jinbei of FGF and FGP groups (N=3)

|
KN

|
W

|
)

S &ﬁﬁéé‘i i VERIEPE(E
LGS T}Ife{saljlold/ EIRRHIE Nucleotide content/(g-kg ™) TAV
Nucleotide (gkg ) Taste characteristics M TR FEMTE YT
FGF FGP FGF FGP
BRAT =WEIR ATP — — 0.051+0.0066"  0.076 86+0.001 2"
JiH —WR ADP — — 0.8850.027 1° 1.93540.016 3*
IR R AMP 0.50 fiEf A 0.1747+0.017 3 0.14610.00026"  0.349 0.291
W% IMP 0.25 17 1.676+0.1109" 0.246%0.0055" 6.705 0.985
Y% HXR — IR 0.0162+0.0021°  0.0342+0.001 7*
WIS HX — U 0.0826%0.0062° 0.193+0.003 5*
SEBRAZAFIR SFlavoring nucleotide 2.885+0.17* 2.63+0.028"
KfH K value/% 8.805 21.305
e “—7 FORREFACBIEM BRI ; RO RIFERRE AR B 2 R (P<0.05); R,
Note: "—" indicates that the relevant threshold and flavor characteristics are not found; values with different letters within the same line are signifi-

cantly different (P<0.05). The same case in the following tables.
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Table2 Amino acid and taste activity value in muscle of C. carpio var. Jinbei of FGF and FGP groups
) B R O . PRI P (B
AR ”llﬁf:]ﬁhold/ LR 20-22) Free amino acid content/(g-kg ™) TAV
Amino acid (kg ) Taste characteristics FEH HWIE T & e HbIEFERE

FGF FGP EGF FGP

IR Thr* 2.60 it (+) 0.312+0.0042°  0.36240.004 1° 0.119 0.138

HE R Lys* 0.50 AT (-) 0.254+0.0081°  0.495%0.011° 0.495 0.991

AR Val* 0.40 AT (<) 0.297+0.0031°  0.357+0.002 3" 0.737 0.888

HEHR Met* 0.30 T /ER (<) 0.031+0.00002° 0.0459+0.0002* 0.103 0.153

R Trp® 0.90 W () 0.0284+0.0004"  0.0256+0.0002" 0.035 0.031

RN E R Phe® 0.90 I (- 0.091+0.0004°  0.119+0.0027" 0.101 0.13

SRR et 0.90 o (—) 0.0501+0.0006"  0.819+0.0003" 0.055 0.091

LR Leut 1.90 (=) 0.0982+0.0026"  0.137+0.00007" 0.051 0.072

ST E IR TEAA 1.16240.019" 1.623+0.021° 1.69 2.49

HAER His* 0.20 BRI (-) 1.825+0.002" 2.139+0.016" 9.117 10.64

KA Argt 0.50 #AE (-) 0.0816+0.0018°  0.181%0.001° 0.161 0.36

T E LR ZSEAA 1.90740.003 8" 2.3240.017° 9.28 11.00

RAG R Asp® 0.03 BE/TR (+ 0.0281+0.0005°  0.0143+0.0003" 0.923 0.483

HHER Glu® 0.05 it /1 0.114+0.0014"  0.0949+0.004 2.268 1.954

AR Ala* 0.60 it/ (+) 0.315+0.015° 0.25140.014° 0.542 0.401

2R Ser™ 1.50 it (+) 0.131+0.0027°  0.15940.0001* 0.086 0.106

H &R Gly* 1.30 it (+) 1.088+0.017° 0.905+0.001 8" 0.827 0.697

&R Pro* 3.00 HAE (+) 0.12440.0016°  0.174%0.012° 0.041 0.055

W Sar — — 0.125+0.012° 0.122+0.001°

M &R Tyr® 0.91 WIS (-) 0.0693+0.0015°  0.0869+0.001° 0.075 0.095

R Cys* — /B (<) 0.639+0.027° 0.550+0.007"

TR AR ENEAA 2.689+0.083" 2.35740.041° 4279 2.868

FEIHE R Hyp — — 0.575+0.01° 0.604+0.02°

WREME Gln — — 0.08+0.0019"  0.102%0.0009*

RAMERE Asn — — 0.003 1+0.0001*  0.003 4+0.000 4"

JRE A Cit — — 0.0357+0.0006°  0.0654+0.0001°

Wi & IR S5 Total free amino acid 6.361+0.12° 7.137+0.098°

* EER SRR S/ i HE Total delicious amino acid/Proportion 0.1425+0.0019%/2.24% 0.109+0.0042%1.53%

* TR AR MR/ L Total Sweet amino acid/Proportion 2.05240.013%/32.26% 2.031+0.033%/28.46%

e=) i
A SRR FERR S/ & L Total bitter amino acid/Proportion 3.193+0.01°/50.19% 3.83610.007 1*/53.74%
e

® J5 R FLAR /(5 L Total aromatic amino acids/Proportion

0.189+0.002 1°/2.96%

0.23240.003 9%/3.25%

HAWIIERY], R

PR AU F) BT AR

IO, 7 it S LA R )

T B S R LR - A XU B B AR LA 22
Frlh, 56 RWEH R AIras R, 7 FGF 4+
A Y IMP i85 2 &R AR A AR A= U R R%

23 FARAFEERTEERGNAFELZELE
YN ZH B 53 #r
AW UK HS-GC-IMS HA, 7 fh
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SRR Y 4 T UL A R 2] 43 40, 40 LG

Yy, HopsebE 37 MR, f4E 10 FPEE . 14 Fh
B, 6 FpER . 3 FhER . 2 FhBE. 1 FROFEEE . 1 PPk

(£ 3. El6) o PIFhFRIHAA M4 MLp b 3222
RV G Y IS (9.54%~21.42%) . B2
(12.79%~19.19%) . 2 (55.46%~58.01%) , 5
Lu 457V AG0 (%) fef 80 UL A v = B R AL B Y
SR —3 TE 10 PRI G, PR FRFEAL K
()4 T SR T I G B 22 Ak (P>0.05), HiAx
B YA B EEZE R (P<0.05); 1 14 Ff
RS, TR, OB, J7RERE. 2-H3E-1-
TEEL R FEEZES (P>0.05), HALMIELE B &2
5t (P<0.05); TE 6 IR G4 3 A1 ol 25 1 22
5 (P<0.05), 1 H E 4 948 o0 FE v DI B A

h, A S AL TR G 2 R0,
FGF 4HDI T/, . PR, O, 8. E-2-C
Wl . ZREFEE . 1-PRRE . 1-00U-3-E . JFRERE . 3-
FRIE2-THA . 3-FER . 1-RM-3-BR . 2- /% . R
THe. ZRROTE. B-Z e . —HIEmES LG
R®3 WHFERANES

HNE, FGP AL 2-Ald, 2-HEENRR ., 3-HWEHET

MR, IR, 1-FM-3-BE ., Z-3-C0G0E. 1-CF. 1-
PelE, 2- MR TR, 3-WEET R, 1-THE. BT

B, 1-NEE. 2-INBE. SFE. 2-THd. WNESE R E.
FH T 2 AL A e B XU F) Bk A/ N B ke
TR M2 78 U A4 2 Hh A e 38 R (99 11 ﬁ
oA 2 M A ARG T 3 5 e AR (M1
%ﬁﬁﬁﬁﬁm%%%%%mmmfmmelm
B YRR S SR 53, 0.1<SROAV<I1 Y
A YRR A B EH . Wk 3 TR,
FGF A S IRE G (ROAV=1) A 14 Fl: T
B, PR, BREE . E-2-CMEE. O REE. 2-H
FETHE, -WPAETEE . TR, 1-ER-3-BE. 12
B 1-0H-3-T . LR ERAN B-% §is s K& (K
Wk BABWVE LS (0.1<ROAV<1) fIE
PRBE . 1-8Hs-3-BE . 3-2F 0, 3-FE3E-2- T A —H
EHifk. FGP 4l AR A Y (ROAV=1) 5
FGF 41 It, ik B-% ke, 2L 13 By Thixh & (4 KUk
BABWERRALEY (0.1<ROAV<1) A iF &

HAFELEUEWENSEREROVAE

Table 3 Volatile compounds and relative odor activity value in muscle of C. carpio var. Jinbei of FGF and FGP groups

pekg”
— T M F: FGF MIEFRAH FGP
N ' /= e A 47 (28]
chi;j?nd Thresh(ﬂd/ Odo;‘ iijlfteristics AHR *EX{:E\ ok X WN%%
(ngkg™) Relative content LA Relative content (A
ROAV ROAV
fi2 Aldehydes 21.42% 9.54%
T-% Nonanal 1 JE . R 12.07£2.45° 100 4.384+0.63" 100
¥ E% Octanal 0.7 St 6.32%1.1° 74.80 3.633+0.49" 43.01
Bili¥ Heptanal 3 fafi, Ffn . TRTER 9.67+1.43" 26.71 5.641+1.34° 15.58
E-2-C i (E)-2-Hexenal 17 A, R AR 3.42+1.48" 1.67 2.54+0.26° 1.24
C.B%-M Hexanal-M 45 i, FHER 44.35%+3.09° 81.56 30.11+4.64° 55.44
E.%-D Hexanal-D 45 ., HER 31.66+3.85" 58.29 11.60+4.72° 21.36
%% Pentanal 20 SRR 13.1£0.77° 5.43 6.623+0.85" 2.74
2- 3L T B 2-Methylbutanal 1 HAFIR 4.08+0.29° 33.8 6.80+1.2° 56.34
3-H T 3-Methylbutanal 1.1 ISR . JERR 2.71+0.14° 20.41 4.84+1.11° 36.45
T Butanal 1.3 . KRR 5.07+0.72* 32.31 5.66+0.53" 36.07
ZE P Benzaldehyde 350 RO U S 2.6%0.44° 0.062 1.63+0.42° 0.038
FE2 Alcohols 12.79% 19.19%
1-Jif 1-Heptanol 330 Bk WE 2.07+0.33* 0.052 1.35+0.31° 0.034
1-¢4-3-B2 1-Octen-3-ol 10 137200 SN vl 3.64+0.54° 3.16 5.80+2.38" 4.81
1-C % 1-Hexanol 5.6 T LR 3.3840.54" 5.00 6.2242.01° 9.20




533

TRIFSE: PIR SRR G

T B I ol A ) B A A KU 22 53 20 A

159

HR3 to be continued
i HJS 5% FGF WIEFRIH FGP
et ML e = =
Compound T(hreih?lld/ Odour characteristics AHX A i *?g};}:k AR *?g};};*
ugkg ) Relative content R (;\VA Relative content R (;ZVA
1EGEE 1-Pentanol 150.2 N, R 3.29+0.19° 0.18 5.33+0.3 0.29
1-J%#7-3-F% 1-Penten-3-ol 358.1 AU SN VS 10.68+1.09* 0.25 9.0342.05" 0.021
1- T % 1-Butanol 5000  MANAEENAE 1.2140.08" <0.01 1.0420.07° <0.01
Z, % Ethanol 100 000 LS 29.2146.39 <0.01 26.75%2.58" <0.01
SN 2-Propanol — — 2.85+0.09" 21.9243.37*
3- i 3E-1-T % 3-Methyl-1-butanol 250 R AR | 1.26+0.12° 0.04 3.34+0.69° 0.11
IETAE 1-Propanol 8505 — 18.04+1.36 0.018 80.69+4.78" 0.079
5+ ] ¥ Isobutanol 7 000 — 1.260.09° <0.01 2.16+0.27° <0.01
Z-3-C.}-1-1% (Z)-3-Hexen-1-ol 250 — 0.39+0.06" 0.013 1.15+0.04* 0.038
F5 M Linalool 30 000 Poli Fp ek 1.96+0.14° <0.01 1.46+0.36" <0.01
2-F3£-1-T [ 2-Methyl-1-butanol 1200 — 1.4+0.04° <0.01 1.65£0.25 0.01
Fi2 Ketones 55.46% 58.01%
3-3fiil 3-Octanone 28 [ 2.3540.15° 0.70 1.76+0.31° 0.52
3-523L-2-T il 3-Hydroxy-2-butanone 800 N 24.67+1.85° 0.26 16.73+0.34° 0.17
1-J3¢J7-3-Hi 1-Penten-3-one 1 BEEUR . 5 FEIR 4.54+1.32° 37.61 1.7240.16° 14.25
2-J% i 2-Pentanone 13 800 RN 4.740.2° <0.01 4.27+0.42° <0.01
2-THil-D 2-Butanone-D 50000 FEA. A, BT 18.4241.83 <0.01 72.65+3.42° 0.012
2-THfi-M 2-Butanone-M 50000 MERF. R, R 35.87+0.82° <0.01 40.29+1.69" <0.01
2-TA il 2-Propanone — HHIR 259.14+7.81° 370.14%8.67"
2K Esters 2.06% 0.94%
FER T M5 Butyl formate — 2.95+0.45° 1.84140.11°
R Z1if-M Ethyl Acetate-M 5 kA . R 7.65+0.9° 12.68 4.70+0.37° 7.79
Z.FR ZiE-D Ethyl Acetate-D 5 kA . A 2.36+0.5 3.91 1.7240.29" 2.85
Ff2 Acids 1.25% 3.36%
2-HEEPI R 2-Methylpropanoic acid — — 2+0.12° 2.14+0.15°
3-HEE TR 3-Methylbutanoic acid — — 0.57+0.07° 1.44+0.12°
PN Propanoic acid — — 5.29+0.75 25.86+0.47°
J&2& Hydrocarbon 0.77% 0.19%
B-% 4% beta-Ocimene 34 BT . HER 4.8540.69° 1.18 1.6540.77° 0.40
fit2% Ethers 5.47% 1.86%
— HSLBi i Dimethyl sulfide 300 R HEK 34.46+2.78" 0.95 16.28+0.45 0.045
HAZ Others 0.78% 6.89%
RUEWY i1 Unidentified substance 1 — — 2.4940.34° 7.76+0.33"
KU E WY 52 Unidentified substance 2 — — 2.0440.04° 50.80+4.06"
AU E W53 Unidentified substance 3 — — 0.4140.03" 1.71+0.06"
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Fig. 7 Correlation heat map analysis of intestinal flora structure and flavor substances
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