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Analysis of Bacterial Diversity and Its Effect on Flavor of Chinese Sausage during Fermentation
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(Hubei Provincial Engineering and Technology Research Center for Food Ingredients,
Hubei University of Arts and Science, Xiangyang 441053, China)

Abstract: In this study, electronic nose was used to evaluate the flavor of Chinese sausage at different fermentation times,
MiSeq high-throughput sequencing technique was used to analyze the diversity of bacterial flora, and the metabolic function
of bacteria was predicted. Finally, the correlation between bacterial diversity, sausage flavor and metabolic pathways was
studied. The results showed that the flavor of sausage changed significantly on about day 10 of fermentation. The initial
fermentation period was the key period for the formation of sausage flavor. At this time, at the phylum level, the sum of
the average relative contents of Firmicutes and Proteobacteria was 96.00%. At the genus level, the dominant bacteria were
mainly lactic acid bacteria such as Lactobacillus, Staphyvlococcus and Weissella. Through gene function prediction and
correlation analysis, it was found that lactic acid bacteria in sausages played a crucial role in the fermentation and ripening as
well as flavor formation of sausages. Besides, the study showed that the best sausage quality was achieved on about day 10
of fermentation.

Keywords: sausage; electronic nose; bacterial diversity; function prediction; high throughput sequencing

DOI:10.7506/spkx 1002-6630-20191121-255

PESHES: TS201.3 XRbr &R A LEHS: 1002-6630 (2021) 06-0186-07
513

Ok, ERR, BARE, F. N S AR A SRR E VR R USRS ). R, 2021, 42(6): 186-192.

DOI:10.7506/spkx1002-6630-20191121-255.  http://www.spkx.net.cn

GUO Zhuang, WANG Yurong. GE Dongying, et al. Analysis of bacterial diversity and its effect on flavor of Chinese
sausage during fermentation[J]. Food Science, 2021, 42(6): 186-192. (in Chinese with English abstract) DOI:10.7506/
spkx1002-6630-20191121-255.  http://www.spkx.net.cn

Wik H . 2019-11-21

REH: Wb cER TR RE s B e RGN DIH  (2020kypytd009)

H-fEEEAr: 2L (1984—) (ORCID: 0000-0003-1603-6633) , 9, EIEIZ, i+, WFAH AR,
E-mail: guozhuang 1984 @ 163.com

SEASEE R BEE (1979—) (ORCID: 0000-0003-2458-1922) , 4, R, fl-1:, P9 i i A,
E-mail: lamb1129@ [63.com



SITIEES

2021, Vol.42, No.06 187

I T 1 g e T A 5 T T ol o ) L TR0, ERLEC R
BRANAR . DURBEE KA R “BEER” MRZ AN E
T A el i 1 T i AR I, AR
EEE, BHEWEHANEIE, FEE. ARAEER
FHHE S — B 18] E RE A AR, e R B A i
BEFLARE, B W A G R 5 I e e £ e e AN 2
W HHZHBERY. Pasini BRI LI #E R
Vi 1) IS 5 TS D ]t v 2 2 1) A1 e M T AR 0 G
Zhang Yulong %"V B 7L 14 76 18 i 1 R Bt # b AT 90
Bk, BOKRM ARG, a0 ™Ak
FEFLRF B0 I B 8 R AR TE LA R . (RS i
WK B SRR, LM BB . A K
(932 4T B AT 10 A8 10, FL A0 B 5 4 L 7E AN TR BB, T
A () FEY 200 AT R e 0 I Fip ) IR ot S A R RS . T
of ¥ It P B T9F 5 2 S o 7 4 o R TR B SR 4
T, T2 26T B8 i e I AL 5 by AU J5 AR 40 7 () A2
W, DR 0 1 i A %ok 2 o 20 8 45 440 01 IRk ) 2 1
FIRTAE DAL

B EE N — M R &, BRUSELOT NI &,
M T A SR AR TR R R TP R E R R, DR g
ey, B R BT, Al E S E A
ZEMBUER A" Har, BraoerZMNH T
B0 GR # AE  E RO SRR b . A U
FAM R A 2, DAllumina MiSeqil] 7T & AL E M
SRR 2RI A A LA A 0 e RO B v SR A, FT LA
M HA Tl TS — S RGP E YRR 4
AU, TR A R R IR B R b B 4 & R
PEUCT. B AT, AR B TR AR T S R T
|2

AT S S AN [R] B[] B ) I P Rt A 1 E9 A,
TSR A L SR AR ROk 5T AT VA, kAR
MiSeq iyl W F7 S A A0 2 AP E AT M. I8
REGIFRZh AR, VAR TZHR. K
T8 7)o o £ 7 125 01 it T o (R Rt — o Y LR S

1 Me5hE

L1 RS GH

HAEA. AL L B Wi g iR
MR AT IR AR ahkel R EREE AT IR AR
A AesUBEE A R 6 A PR 2 m] AR L)

DNeasy mericon Food Kit DNAZJE: K 4 S HU F &
fEFEQIAGENZ F]; DNA 1000347 & &M Agilent
Awl: SX TransStart™ FastPfu Buffer, FastPfu Fly
DNA Polymerase. dNTPs Mix  dbx 404 EWH AR
HIRAF.

1.2 {5

PEN3Hi 78  f4[E AirsenseA 1] ; ND-2000C &
AN FEENano Drop/A il vetirik HE 2 [H
iy BEABAA; RO20HLAER RS EEDell
2w]; UVPCDSB000%ENE g 70 #T R4 F2[HBio-Rad
Ay 21008 7 Wb £ Agilent/A F]: MiSeq
B G 9Elumina A & .
1.3 Fik
13,1 BEHA#E & I L U

MM T AT E s R, G0RE. R EUREIA LG B
BINEWE%., E1.8%. AW1%. WiH0.2%. £
2% VKIK10%FN NSy A B B Sl 8L0.15% 15 i 1
WL G AT RE G . T P E RIS ) 2018412 141,
1] e (14 B P T T = SO, A8 R R R R N,
JFFIES1, 4. 7. 100 13, 164 19, 22, 25Kt 47
KbE, 9 L. 12H R AERELH Bq), #idEE
T HRNTHSEAEL~6 CZlH.
1.3.2 B S 4 o Bk R 4 DN AR

FRIL2 gl g FE 5 45 8% )5 Z lBQIAGEN DNeasy
mericon Food Kit DNAJE R ZHFE 005 & 150 H B U T FF 4
FIER A DNATREL . 18 1% [ BT8R IEE fi ik A 43 6 0
A 7 5L A DNA B i B AT, SRR Ie &4
[IDNAREAARTTE T —20 CHOVKF F & H .
1.3.3 #E16S rRNA V3-V4[X ¥ ¢ & i s
( polymerase chain reaction, PCR) 4/ H4F1H 152

AHIF 95 3% P 40T 16S rRNA V3-VA[X [ 5 814E 2 B
B, IR Ba) 5195 5 y338F FIB06R i A
519, VAREHUYDNA B BEATPCRY 1, S WAk &
$ BB ERREC k. HEDNARER T - E
F Mumina MiSeq &l & 0 -1 & 3T
134  A=0ME Baarth

FR 47 MNumina MiSeq sy 0 11 6 545 000 %R 4L
FEHIEAT 45, A FAEFIQIIME (v1.70) & %t &
SR A AT R B A 2 R T R T
S8 F TSRS R M R A T AR .
GreenGene {44 2 % i oL B J3 5132047 (9] U5k o XS 4 gt mT
PeE4r5 90 (operational taxonomic units, OTU) %
FERE, i FHPICRUSUNS AS [F] ¥ 25 v 241 (2 1) 32 [7] Th gk A7
e,
135 ERELS

AT ETE AR C iR 2 £ MG-RASTHUE #, &
S5 Amgp90773.
1.3.6 T W1 SLHAR RS i UM o3 BT P4

BEITE I AT IE %, HEFREUS gife
RAEFAREAT50 mLEgM b, JERE D% S, =il
30 minfEHEAT T HERE, ~FATIES . B R i 2R 75
50 sJEILF A 0], BEFAIS9. 60 sHI61 sk I (1 m b g
HEAT IR L7 4T -



188 2021, Vol.42, No.06

ERiF

X R

1.3.7  WEla/K o & & E

SHA G R IEI T IE S R ERIRRELS gb)
RIS M RE A T HmIHTAE B, a5 5 148 00 oK 5
I 5E SR PR Rt AT BRI E .
1.4 ZICGHE0H

HE T HL S 0 15 0 B E B AT R I AL - 8 ik
(unweighted pair-group method witharithmetic means,
UPGMA) F%4#; 2 T-OTUREFER F BRI
UniFracff & = 445 7047 (principal coordinate analysis,
PCoA) i Y 4340} BE R 4 1 2 A PEREAT I FE5 43 xt
RHMEE CPEHMX SRR T1.00%) 55 KUk 5 5E PP
45 b (8] (R S AN 35 Pk A7 5, B HIUHH 0% R 8
#AHERT0.5. BEFIEEPE/ANTO0.05HM KK AR, KH
Cytoscape A HEAT AT I E W 25 PR 221 s [r] I el i i g A o
A0 B A AT A G R B 2, JR(EH]
PED S R BEAT AT . SR AT AR S 20 s
FFiR St (geplot2) #HATEJEL:M, {EH]Origin 2017
BAFitire A,

2 HRSHH

2.1 N[ I 1) i fig B JRUA 5 I 4

T AFUREER RS AR AR AT SR (n=9)

Table 1  Flavor intensity of sausage at different fermentation times (n = 9)
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Fig.1  Effect of fermentation time on flavor quality of sausages

evaluated based on UPGMA cluster analysis
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