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Microbial diversity and quality characteristics analysis of Shangcheng canned
fresh fish during fermentation

ZHENG Xueke' -*, CHEN Hui'-?, ZHU Jing'-?, CHEN Yalan'-?, XIANan'-?, XU Hengzhao', KONG Wanying' , XING
Shujie! -2

(1.Food College, Xinyang Agriculture and Forestry University, Xinyang 464000, China; 2.Dabie Mountain Characteristic Food
Resources Comprehensive,Utilization Engineering Technology Research Center, Xinyang 464000, China)

Abstract The microbial community composition and dominant microorganisms succession of Tongxian fish in Shangcheng
during fermentation were explored using metagenomic sequencing technology, and the physicochemical properties, texture
properties and microstructure were evaluated. The results showed the microbial community structure of Tongxian fish
changed significantly during the fermentation process. The sample had the highest biodiversity at the fermentation of 10 d and
the abundance of species attained the maximum at the fermentation of 12 d. Pseudomonas and Acinetobacter were the
dominant genera at the fermentation of 1 d or unfermented. Psychrobacter were the only dominant genus at the fermentation
of 3-5 d. Ewingella became the only dominant genus at the fermentation of 7 d. Pseudomonas were the dominant genera at the
fermentation of 10-15 d. The physicochemical indexes, texture characteristics and microstructure of Tongxian fish were
significantly changed after fermentation. The indexes of water content, crude fat, erude protein, and pH value of fish were
significantly decreased (P<0,05), while the indexes of ash content and TVB-N content were significantly increased (P<0.05).
Besides, the indexes of hardness, elasticity, chewiness, and cohesion of samples were decreased at the beginning and then
increased constantly, while the indexes of dhesion continued to increase. The surface of fish showed dryness and water loss
with wrinkles and curls obviously, and the distance between muscle fibers also increased. The results of correlation analysis
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showed the species and abundance of bacteria had a great influence on the physicochemical indexes of Tongxian fish during
the fermentation.
Key words Shangcheng Tongxian fish; fermentation; metagenomics; microbial diversity; quality characteristics
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Her, 22, mEANE, RATREIEE B RS N RS k. HaRem. S5E 0, gk
T BERFEE, BHEZTAANREANEZ. BT, GAeEamnTAeE>E R RAHES%E 8 RENT
ik, AREEFERRUCEYORIR T BRI G fE R A M B, XUREYI RS, MEER,. 54
Al A sh, M5 R @R, RREEL. HS25RBOMENHFESMRMAR R, #1575
Wf fn )R BE TE A, PR R . R, TR RS A AL B . RRE(T
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TR U S R R R A R RO, R R OU S ST R St B A AR . 9 A R ) BRI £ A I i
B R YRR R EAT 168 Ml By, RBUA R ] R M 2 A R R E
5. ATAREH RGO TERL. AR S, SHEUEHEEE RS AR ER DR SRS T
A 8 1 A B AR T AR VR /D R PR, TR A I A R R R [ L . KR,
FEE, BARSFHREREEMLL.

A 5 1 fa 0 #0 () R0 359 A 56 T L SCAL IR AT B S A, g H i AR e el A ) & A
FURFPERIWE R — P B . ZET 00, 49 308 AT DA 38 8 0 A 5O Dy E il ) 72 56 R K 00 Fye o fe di £ g
R I R B IRV B RE 1 2 PR PR AN B AR AT b, AR IC R I, PR A . R
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1.1 5

HURT 8766 10 T, DI EI/hEe, 5100 gdh. 7.5 g 342, 25 g fUBHTE . 50 g fEMLLA K 25 ¢
PR RS £ ORREAE M EI, BAMSESIFHAERES, T4 CokERRE. 7 aBUL R
0. 1. 3. 5. 7. 10, 12, 15 d#YA% S TO. T1. T3. TS. T7. T10. T12. T15, REFAFTEHE
¥, HT-80 CUKF® KR &M. EZN.A®Mag-Bind® Stool DNA Kit ZE[A4] DNA fi#id7 4,
Omega Engineering 2 7 .

AN, R, GihEE. ZEREE, HETEAMRAA.
1.2 NE5EE

SW-CI-1D B AL TAE G, LliEiGERiiEH R 5 DHP-260 E{LEi R4, Lig
A A A E]: TDL-40B S BOfL, bl R52 {3 CFX Opus Duet PCR 4" 5 {¥, EE1{A
#+7); FDE40086FV ULTS -80 C¥k#i, M Thermo scientific 24 7]; Regulus8100 A& & 14 T2
W, HiLZAE: TMS-PRO Hif{%, &E FTC 47 ST-04 L HAYIRESM, LUABEGEAR
Zvw]; SX-500 £ HBHERKES, HA Tomy Digital Biology A 5]: DYY-11 kL, dbmaiis—4
PEHLA M 2 6] FR-980A A4k E gt R4, LS HREEA AR S220 B S DNA B
1%, [ Covaris 24 7]: Qubit 4.0 36BN, FEB CIHIREH A R]; Agilent 2100 14, @ik
fERHLH R 2,
1.3 ZWHE
1.3.1 Etfa LR Ehildy DNA REL

TETC B i AR & L8, (R iR KB o B B K A [6) A B et 300 i 1 6 #0 BF n BU Y R VR & 1
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5y A RlFREL 0.3 g FES N 2 mL B AR TP AR A STRERE OO AT R R . 1% HE Omega F:[H 41 DNA #ihi2
ik 771 A A #R A U B o R RS F I A Y A A b O E S DNA BEATIREL, 9§ R P B R 4 5 Mo Fa vk
farill DNA %1k
132 EREAEBEENRF

il DNA MRS SEH 4] DNA #H47 F Bifk, {5 8h DNB-SEQ T7 ‘P& ERFAN . @it
Fastp f il A7 0 J5 4 SR #HAT B B 0Pl megahit #HiT S HAE & PHE, A Metawrap 41 & EF
BEAT 1 # . RH Prodigal A HHESS AT HHURELHE Copen reading frame, ORF) Flill, FF#fH#1%
NEFEMFTY] . fEH CD-HIT 5 bowtie2 ${FXT A £ A b Fouiil B iy 8 R i 47 38 70 42 38 A 4 o b 2 9%
Giit FRTEA N EE AR A FEREE R, S H DIAMOND. hmmscan #{F 4] BRI L FH S NR.
egeNOG. COG. CAZy, SEED ZEH4EFE AT AT R, B3 SR h it 5, 2N
R 8GR e AE AR TR2 (Rifg) MR R 2R Rk
133 ma g ERELERNNE

A4 & B AN E 28 GB 5009.3—2016 (&l abrdE gihoRamilE) o Koy & Rl
EZ M GB 5009.4—2016 (M EZEEFERME GRFRSMEME) » HEHSERNESE GB
5009.6—2016 (& ZeEFRE TR EHONE) » HEASFEMIESE GB 5009.5—2016
(EmZeEy bR gRhEAmIE)  #REMELEE (total volatile basic nitrogen, TVB-N) &
il E 2 GB 5009.228—2016 (& & & EFE gRPERESRERONE) . pH HEES
f8 GB 5009.237—2016 {4 M5 edE & pH EMTED .
1.3.4 fEeffa % Bt 12 ch S Rl E

S O AR E SN TR/ 2 emx2 emx2 em ASER B BHAO R BERURE S, £
BT R TPA #RaCIMEMIEE, #tE, ARMEAHEME. ((2ESHC0h P50 ##3k, B 500 N, #E#
A 5r I 60%, 4R % 60 mm/min. 1R [0 % 60 mm/min, [ B2 E RN 15 mm, LG5 E R
B a2 2 s.
1.3.5 Mm% e 12 h M S 4 R0 E

ZH B I ERES M. B 1 emx] emx1 em AS[A] & BEIRE M A0 £ B R RE Sy, BRAK
HTEw S, AP E T BB EHAE (500, 5000 %) .
1.3.6 #iELR

FTARRESL 3 R, SRELCFHEEmERERR. £ SPSS 26 St o 3 4F 2t 45 Bk 47 &b
H, FHBEHEZEGTZE2%TE Duncan £ HELEGLHMTE EME M KM Pearson ikt REFIL R
i) 6 12 2 A 45 bR 5 TR S B AH R .

2 BRGS0

2] BEABHEANEZERENFEERETFHARREEES

S FH 7 3 (R 20 e 53 1T () 6 8 A R R P O R 2 R0, BRI GR AR 3 28.1 G, ERKMAE
YOREH3RE 279 G WA EEIER TREMT. WE 1 Fin, 8 ML FFI BT 428X
107~6.94 X 107 % 2 6], WEEHHE 6.08 X 10°~1.40 X 100 2 [6], FIEFFHCEE N 150 bp, Qoo LT
97%Lh b, Qs thFIXITE 91%LL |, GC BB & BT 42%~46%2 0], 15 B % 5 5 41 0 5 il B A #5180
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Table | Quality information of effective data obtained from metagenomic sequencing
1 i AT FrFIEE AT I A5 80 H /bp TEIFF FI A bp Qup LA %4 Qo EEAA %% GC it /%
™ al 118516 9152134074 150 9747 93,11 4293
Ti 69 418 068 10 398 262 362 150 9747 93.26 43.95
T3 40 645 790 6081 341 946 150 97.78 93.91 46.00
Ts 46 177 344 6916 186 454 150 97.52 93.30 45.94
T7 42920422 6427 474 820 150 96.65 91.06 42,84
TI0 49062 224 T 348 092 470 150 97.11 91.75 43.74
Ti2 42 781 934 6 406 052 090 150 a97.89 94.0% 40.67
T15 45 307 722 6 781 306 502 150 97.98 94.33 42.20

22 MBS REIREPRMEMREN o ST

M#FE 2 Tk, FARANESERHAT 097, ARWMFHNEZREE, WFESERAELHFHN.

T12 f#8 1 (Chaol ) 8% ACE 880 T HoR K BRI WA FE &, IRBI AR B 12 RN, Hrpm
PFh w0, REEE 10 R EEM P &R (Shannon) fEECE S, HUIEEEEEBEE 10 K
N, HREEMEEERR. FEAEBARNBRMAED S RBEERET 258, Rk
AW v TR T R B FR e Ak s A T -

P2 e BE AR T R P Alpha B HHE ST

Table 2 Alpha diversity statistics of microbial community of Tongxian fish during the fermentation process

Fah Observed Chaol 7%k ACE 184 Shannon 1554 Simpson {55 i EE
T 743 316 RBO R91.2 871 0967 12.24 1.00 9775
TI 782 372 931 724.3 923 339.5 12417 100 97.04
T3 748 722 927 546.9 906 §20.8 12.19 100 97.53
TS 833 407 972 305 955322 12.35 1.00 9832
T7 B52 788 1014 872 1007 334 12.29 Loo 97.48
TIO 995 209 1127 585 1117 850 12.68 100 9829
Ti2 1 016 537 1134 840 1127 445 12.66 1.00 98.76
TIS 914 899 1073 102 1054 505 12.49 L 98.04

23 EEHsrZBUHEPHMEYREESEMSHT
231 BF IR FERIEDESE S S

W ETRIE S AT e a2 R, EREE A 23 M. 47 . 100 4 H L 193 AR, 443 R

2 946 AR . mE 1 BoR, ETFIIKESHT, ARREN N EEEOEE S Es A EEER
7 ( Proteobacteria ) « JEEERE [ ( Firmicutes ) fl 5 28 & ] ( Actinobacteria ) 3 4~ +# ., H
A EEHE 77%C E. RRBENEESP
Proteobacteria /2 Actinobacteria JE{E# A, HIXFEEEF RN 89.53%. 10.08%. Bl K M [a] ) 4E
&, Actinobacteria #H4f FFF & FEE#Y, 755 15 KFERN 0.82%, Firmicutes [MAEG EEES 5 KB K
£ 18.94%, 5 CHEEEE, EREE 15 KikF 4.14%.

Proteobacteria £ KB —HE2KBFIT,
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Fig. 1 Distribution of Tongxian fish microorganisms at different fermentation stages based on the phylum level

232 ETFRKFERMEDESESHSN

meE 2 fras, EFBKFESE. ARRENBEEANEESEOHEBFESAERLAEEAER
( Pseudomonas )  "E¥% ¥ W J& ( Psychrobacter) . AZW¥F# 8 ( Acinetobacter) . JUH K H &
( Ewingella ) . % % {0 M & ( Klebsiella ) . Fi B K H & ( Rahnella ) . o+ ¥ H J&
(Mycobacterium) . HE KW JE (Staphylococcus)  ¥WEIKHEHIE (Serratia) . ZH® (Pantoea) 10
MEH.

KEBEHIFER S Acinetobacter % Pseudomonas Z A E IR, 5045 41.01%H1 19.82%. KEEF 1
K Pseudomonas Fe Acinetobacter WA FEFE 4 A 47.14% . 29.04%, & a7 & FEE R #HE
J@. KB 3~5 d B, Pseudomonas HH3 EEFFLEMEMR, £H 5 RN FEHECLEEE 248%.
Psychrobacter [P HEENRFFENGK, HTFREE 5 KiEH 47.59%, BOAME—MIEHER. KEE
7R, FREHAEER SR, Ewingella X £ S 36.79%, BOANHEHIE. EET X
MREE R, BEAMYFEERMKN Pseudomonas FRIR EFE, T RBEE 15 KIEE 46.68%, M ME
— A E . HERIE AR UGS, BN R & BRA K Pseudomonas 83 A A< 585 Rl B HA Y
A BB, Acinetobacter {2955 F0E W w1 42 98 BB WCE 1Y) Pseudomonas Wifi], AR 3= BE FF 8L F# (% .
i Psychrobacter WIE A Pseudomonas #EAT 5 i i 2h = A 00 88 FR P il ARG . 78 i i,
Acinetobacter ®1 Psychrobacter IEi T Pseudomonas WA, MM FERERMK. mMERET
Pseudomonas WL G, Ewingella FaiE I, JFAERBE 7 RACARBER. 5 0HiE0E P
Ewingella WS rigsh =% T KB EHFRWHE2, FE, ERXEEGEHE, Pseudomonas A FH 2 F|
Psychrobacter 1 Acinetobacter W%, A KB M HAER. ERFEEH, KERHREPER
fisk, R Pseudomonas XM R AN @ A Ge 1EH AT EAriG a3, WA Pseudomonas e
fERE R AR A R R R E 2 — . SRk RSN 70 R L R R BE WM, Psychrobacter £l BREE
& (Rhodococcus) RN EIE, Psychrobacter ERFERE 6 KILEIKIERE FFA, 5Aufigs it
.
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Fig. 2 Distribution of Tongxian fish microorganisms at different fermentation stages based on the genus level

233 BEFAKEMEYBESER SR

Wl 3 PR, AT FoKSFardr, A (6] A s 3 15 60 £ ) i) 00 f g B ) R O 3 b D il 8 4 Eh FF
( Acinetobacter_bawmannii ) . F W & H K B ( Ewingella_americana ) . woOmE A
( Klebsiella_pneumoniae ) . 45 % 7+ 7 H ( Mycobacterium_tuberculosis ) . % 5 2 . M A
( Pseudomonas_fragi ) - # B % % B ( Brochothrix_thermosphacta ) . £ K B I &
( Enterobacter_hormaechei) . HZ [ ( Pantoea_agglomerans) .

HEKPFEREBE, KEZBEES T Acinetobacter_baumannii « Klebsiella_pneumoniae K
Mycobacterium_tuberculosis LB E, M EE 558 42.15%. 15.65%. 9.72%. KB
Acinetobacter_baumannii) % £ FEFFEL AR, RBESE 7 K, Ewingella_americana 7% 3 B 238 52
39.79%, KEEHIEHHEHFEHES Haomigty—. FEBHE, B TRoKE B s R
""" ERD, BEAKTEEBRFEARSMAEMELLRE, Rk ikaBrfn b — ekl .

Relative abundance (%)
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Fig. 3 Distribution of Tongxian fish microorganisms at different fermentation stages based on species level

24 BHEABEERBUERSHT
241 BUBHEST

3% 3 A, HERKENFEMER BARKGERE. HERSE. HEASE. pH HER#
THES (P<0.05) . XWRER T My 802EEHMER S AR N R KSR EZH, K
MK HFEEE. Er kbR =EnBaERESERMEAR TR N T TYRSEAESE
FE(S. PR RS £ R TLER, 8 RORR I P PR (R 1,

K, MEMKSEE. TVBN SEERE FF B (P<0.05) . HiEAERITES
MELsSENERK, SRHEKSEEMMN. TVB-N 2HEBEABOEHEEEN —MER, &8
AR R A AR bR G0k . B REER A AL, et amAh TVB-N SEEEE FTHES, W
BE(] TVB-N 1 6.01 mg/100 g, KM 15 d /54 18.73 mg/100 g, EFEIEIK (P<0.05) £93 5. X
ERFEAMAEWERRNIE T BRAEARM M, s BEZET G, MR T =M EiERs,
g - — ST o S £ R LAt A% 7 a0 SRR IR ER AR BUE B0 106.80. 86.62 mg/100 g, 3
mTEEEahERELERTE (P05 , ZARERAMAEASARNGBEEEARSH. 5%
{(MEfa) (T/MDSZ 006—2022) H#liE TEHHEE £5 & B <25 mg/100 g, HEUCEEE AR RIA E L.

£3 FFRME A IR Gt

Table 3 Statistics of physicochemical properties of Tongxian fish at different fermentation periods

g A ik WA s LI RG A S TVB-N i it/ (mg/100 g) pH i

TO 78.010.4° 1120041 1.350.03" 18.3540.16° 6.0140.208 H.40H).08"
Tl 76.840.3" 1.74£0.05¢ 1.2140.04" 17.8140.14% 10.5240.34 6.57H0. 104
T3 74803 27240037 0.99:+0.03¢ 17.3340.15¢ 11.3740.15¢ 6.2340.13¢
T5 72 8+0.2¢ 3.51£0.04¢ 08520024 16.8240.16¢ 122440239 6.18+0.15¢
7 70.240.5° 3.7340.07¢ 0L8240.04¢ 16.5140.15% 16,2620, 10¢ 5764011
TIO 69.140.2¢ 3.9240.05¢ 0.78H0.05" 16.28+0.14° 17.52+0.27% 5.530.17°
Ti2 68,340,382 4.19=0.03" 0.74=0.02¢ 159840142 18.45H015* 5.05£0.232
TIS 67.940.4" 4.3140.05" 0.71£0.03" 15.7240.13" 18.73:+0.21° 4.98:+0.15¢

e PR ERTE 0.05 KT ERREX.
242 MBS LRI EPELFESRENHEXES R
CAH T Z T R AR &R mErE S KB B R — B, S &SRt TR
Hem. mEsiHERRS ARKBRA TN ERRER R EMX, mSFKERER. A,
MG P RS AMk%. RSO, BiikERE REA pH €. HEASEREER
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MK (P<005) , BAMEE, AHERK. DEREEBMNAHFERYS pH HERF LMK (P<
0.05) . wiFEkp e SEET k., vEEEREEREEEIEMK (P<0.05) o ABF 7N (& B kB
HEEPHEAE S MEDTE GETHAKF) #17 Pearson EHKMETH, SFRIMK 4 iR,
Acinetobacter_baumanni ; Enterobacter_hormaechei , Klebsiella_pneumoniae A
Mycobacterium_tuberculosis 5345y & #M TVB-N FREMEEAMHRK (P<0.01) , SKo&&E. H
iR, HEATREEMEZEEM:E (P<001) , 5 pH HE R EEH X (P<0.05) .
Brochothrix_thermosphacta 5/K 4 &= . HlEH & &, HEA & =. ¥ pH HE R &AM X
(P<005) , 5K &®. TVB-N #EE R FEMKX (P<005) . HEWE LIRS
Brochothrix_thermosphacta B R IH B A1 5 S B Sy, (23t MR S AR 4008, SR8 Ja MR s
aEMEEASE TR SGRER 1A AORBIE R TR IE 5 8 U W R IE IR A
T, T A T 1A ) 52 2% T 1 3 T RS 5 A T e i T el o B A R A AR ARG A EE R .
Hed SALARGE M E DI 53 4

Table 4 Correlation analysis between physicochemical indexes and bacterial genera in Tongxian fish

i fl Acinetobacter Brochothwix ther  Enterobacter ' Ewingella o Klebsiella pn Myeobacterium_t Pantoea_aggl  Pseudomon
BE Baimannii mosphacia ormeaechel MEriCan eLmoniae wherculosis (INETEg s fragt

o 0.870° -0,799° 0.864" -0.307 0877 0.878" -0.423 0,198
i

Ead -0.947" 0.732° -0.941™ 0302 -0.948™ -0.943" 0.516 -0.339

Hmﬁlﬂj 0.963" -0.720° 0.957" 20296 0.963" 0.956™ -0.538 03357
it

#HEA 0.911™ -0,786° 0.913" -0.249 0.917" 0.917" -0.432 0.224
Al

TVB-N -0.877" 0.798° -0.883" 0.299 -.896™ -0.911* 0.418 -0.066
G

pH i 0.730° -0.827° 0.7247 -0.136 0,728 0.719° -0.332 0,095

e CFORTE 0.05 ACE LAF REM: CEATE 001 AP LA BER,

2.5 (a8 8RBT IR R R RE S T

o) 6 f 7 B R P B R N 5 FoR. BEERKEER (A ELC, FEFmAREE . S, THS
. ARMTABREL-F, HATEEFELT, HSHENR-BERFLABES, FEFEENE
2R (P<0.05) . KEE® 3 R, SUEWGESEEORMR, SREESEERE, EfaR
OB IE . A SRPE ANEL A A0 R FRUSL I JE B G SRR — 208 T B K S, RS S T 4
Frg: BTh. ELEEE R A RS R T RS RP O RCE Y AR S, HAEREREE SR, &
PERIT R FRF R . [FR, #AMIERER., NEiEAMUEREASFREEAEMER, HEEAK
PYSRME SR GO0, TG 1 OEL WG 110 1 RO T A A I I S R o R PR A LB R RS R
PEIFdR AR, BEE. SRPE DL M 1 30 P A R o M o R O R 4 B P 4 A S Y A Y R
B1. FE, EBEANREBERES, BREREBREA AN EE, FEibEeaRnRRERs L
Tt

Fes A AP I Al e £ T R LA
Table 5 Comparison of texture characteristics of Tongxian fish at different fermentation periods

FEAg T N A mm 14 3 {1/ Ratio D tE/my IH A mj
T 7.550.1° 10.02:40,23¢ D.4810.03* 0.41240.051" 34,160,337
Tl 5.140.2¢ 8912012 0.4340.03¢ 0.60140.071# 32.2340.34#
T3 354018 73240130 0360024 0.651£0.0427 294440510
T5 6.340.2¢ 9 48+0.15" 0.45+0.03" 0.856+0.023¢ 45.51+0,32¢
T7 854014 11.5640.21¢ 0.4740,02 1.04140.034¢ 60.8810.439
TIO 10.240.1¢ 11.96+0.13¢ 04840020 1.159£0.023¢ 68.74+0.23¢
Ti2 11,8402 12.4840,15" 0.4740,03 1.296:0.032" 754540540
T15 13.340.2* 12.9840.12* 0.4640.03" 1.419+0.024° 79,5940 46*
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Fig. 4 The SEM{*500. =5 000) photograph of Tongxian fish at different fermentation periods
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