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BESh B K BERT ] 49 d, BERR 7 d HURE, S5 N
M1~M8, I T-80 ChbfE & H .
1.2 UE5EH

HL 7% (SA402B), H 4 Insent 23 7 ; MiSeq il
AL, ZE [ Mlumina 25 @) 5 B G 1 5 I ik (X
(DYCP-31BN), f EEEA W H ARG R A ; PCR
f (ABI GeneAmp® 9700 %4 ), It 5t sLELHE & 4 9
B 4% A BR 2 7] ;TransStart Fastpfu DNA R & |
2K e EMEARA R F;TruSeq™ X7 &
5 A R 25 B AT BR 2 ) 5 AxyPrepDNA ¥
e i 7 &, 98 AXYGEN 723 1] ; QuantiFluo-
PM-ST i @A R RS, ALtk st
KA B2 7] ;NanoDrop 2000C # filt &t 7 >t ot B
it AR AR A
1.3 RBHE
1.3.1 I R 7 75 XoF 0 3 0 R AR v A7 00
1.3.1.1 GRS AL B HERFREL 10.0 g H
BIF oA BF 5 45 0 9 B &, % H e A % 100 mL, KA
10 000 r/min 850> 10 min, 338, BB 5 45 1 .
1.3.1.2 SAA02B L+ H ot MR FHiX&ER
CTO AEI AAE .CO0 #1 CAO 5 4™t f& & 2% , &
S0 S SR A TR R | R TR IR I RCAT 2
S G IR
1.3.1.3  fERaR Ak 3 A ik 15 R O ik
Ag/AgCl HL R M A% SR 28 T BB i A P R i
WK R AR B TS ER D, k1
d, % H.

WAL S WAL EER i St S AL 8
T I N ER R AL AR AR BT
3.33 mol/L. KCI T, 361k 1 d, & F,
1.3.1.4 #MNE BT HFRETWRABRE
JG, KSR AR 2 AT A R B
. E e CTO %5 6 AN AL BAS 1 BH i 11
W FERTRE(HMRERERS) .25
HZ W 1 A2 IR RS, SRR 3
WU, RS AR RS Ve, 5L AR TR
SRR R, T B S Vs, 2 S 2
{ELA] LAXT 5 Fpigg ok #4704l Z RRCR I 210
VAW 4 N 5 EATIEUE R 6 thiRifd, BBk
I AR Vel Ve B Ve B9 25 8 8 R
Wk EERR DA B PR A IR, A 4 K EEUS 3K

14 AR 1 S S R,

1.3.2 o FH e al Ak 00 3k 5 Al b i 0 A7 G
1.3.2.1 A M4 DNA $# M R H R & 52 R
DNA , #1957 R4 58 e i 7K AG I DNA . DNA &
J& 4l BE A A NanoDrop2000 £

1.3.22 PCRYH 4R 16S tDNA [ V4-V5
X PCR JZ i , bA 515F (5'-GTGCCAGCMGC CGC
GG-3") fil 907R (5'-CCGTCAATTCMTTTRAGTTT
=3') K5I WHITHE 16S rDNA Y V4-V5 XI5
P

FLIE B9 ITS X9 PCR BRI, LA ITSIF (5'-
CTTGGTCATTTAGAGGAAGTAA -3 ) fil ITS2R (5'
~GCTGCGTTCTTCATCGATGC-3") K547 H
B ITST [X el g7 140,

PCR % { & 95 °C ,3 min;95 CZE 4 30 5,55
Cil Kk 305,72 CHEfH 305,27 PEH; |5 72 C
FEAP 10 min .
1.3.2.3  Miseq Ml J7 ¥ PCR /¥ H ¥ (L7 6
RS R I i, (R R IR [ R0 & U0 R [T i
PCR 724, Miseq il F#* (SO0 S ) 1
1.3.2.4 BAEGETHHT Miseq Ml J7 45 38 0 X
W) 1 15 2 (9 1E I 7] reads, T SoHE AT W M 4135 %
i B PHES R S A N IES R RS
KF 200 bp BYFEH . 2ot UE, BRI G ¥
5, SEIFS T OTU 438, i/l VSEARCH
(1.9.6) HEATIF 5 3 (JFFIAHMLFE R K 97% ), L
XY 16S rRNA 2% 5l /4 /2 Silva 119. ] RDP
classifier U M8 %T OTU MR R IF T8
Fpar 200y, HAEARFE YR IKF TG
PMREARRBEE AL ., BT OTU /3 #rdl 4, R AR
A A BEA T EERLAMARE Y 7 i, 0 93T EE Shannon .
Chao %5 o ZFEMEFE B, I 2 il 76 Bt 691,

2 HBREHSH
2.1 SRR P R A
2.1.1 R R PR OR A BRIP4
e 25 T L IVA A DR PSS R

1 LT AR R T A Y A i R
[ 64 Bz ZR AR AH O FR 8, oy 3 e s TT A, R R
Wi 7 AFL RO E 5 AW (. (AN BR—-B 55 B4 Wi 1
(i) 5 00 3 AR G, b 5 = A o 7 T 22 40
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Table 1 Correlation analysis table of sensor response value
T H Bk 3 ek 5 kB BEok-A B ek FE Ak
3 oA 1.000 —0.645 0.996%* —0.892%* —0.993 % —0.999%* -0.786* —0.987%%*
ok 1.00 -0.595 0.911%= 0.600 0.664 0.052 0.516
A 1.00 -0.859%%* —0.988%** —0.994%%* -0.815%* -0.993%%*
&% —-B 1.00 0.867# 0.904%* 0.454 0.813%*
o SN 1.00 0.993%* 0.822%* 0.99] **
HE ok 1.00 0.774% 0.983**
+E 1.00 0.873%+
Bk 1.00

o, e 0.05 ACE 188 fE %, e 0.01 KF LR FHE,

FHMHIC, 5 R A I A G 5 R A I R
L5 5 R —B B I (S AR S 0E R O T R 5
T 5 AN R {E (5 W-B L JE W -A B ERE R
W) 52 3 DM OC s JE R -B L TR -A B 1 D R
B P AR I S E A OGS R A B S R R
S I R T AR OGS R A R R W IEAROG
R IE A G S RO A A G
G A ECE O] A, R M (R A & B R ELA
A P
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Determination results of soybean paste with

B 1
Fig.1

different aging time by electronic tongue
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Fig.2 Principal component analysis load diagram
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FEFNEE RS 6 AR SRR PR A S K
G £ TR WA AL TR R 7P 1 02 O o BB B AR A 1, fh [T 2
AR, B — A R PR -A R 5 T
FAOR, 5 — A5 16 b B IEAR G, MR YRR 5 R
HI person A AE 2B A7 S0k

i LRIk, e R Y R AR P 3 R
Wk AR LA B S5 AR 1T R | v R R AR )
SRELD A RAE AR Y A A R AR T P

1T 6 1A A JIE A 28 1 1T i AR B A ek s R AL
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2.2.1 Alpha Z#PE5 8T 3k 2 Brx ,ACE
Chao $5§ 80K FI R T35 RE 4 B B0(E 8RO R W BE
& 1 5 85 Shannon 5 Simpson 5 BUE R #
HF 2 #F |, Shannon $i§ 5B &5 2278 T VR 2 46 1
K, Simpson 5 B0 &5 2R BEE 2 AU

#* 2 #&mApha ZHFEiEHFE
Table 2 The Alpha of samples

st 5 il i
Chao ACE Simpson Shannon Chao ACE Simpson Shannon
M1 242.75 242.09 0.11 2.70 46.00 4478 0.45 1.35
M2 114.00 161.29 0.48 0.88 48.00 48.28 0.24 1.96
M3 88.67 114.63 0.47 0.96 43.50 44.35 0.41 1.40
M4 107.00 211.03 0.45 1.03 44.25 45.26 0.48 1.20
M5 68.14 71.77 0.47 1.02 40.00 39.95 0.38 1.43
M6 124.50 200.83 041 1.18 42.00 50.80 0.36 1.45
M7 93.00 90.03 0.40 1.18 44.14 48.07 0.49 1.14
M8 68.00 74.49 0.44 1.04 42.75 48.69 0.44 1.27

i id Chao 1 ACE 48 8O # 5 =5 HE Y HL BT
A, LR Chao Al ACE #i ¥ W1 & 4% T 48 i Y
Chao Fl ACE $65 %5, 1t W & 88 B it o 40 181 09 F 5 B2
PCRCTR & . 76 S R B B TR B W B R R B
WA L N A ok B LT s,
RS AL E PR, @i
Simpson H1 Shannon f& ¥4 FE & 2 B PE Y g w]
W EG R B R R T 2R
TEY RS, T8 & R R A0
AR T B, UL R R R R
fLE K,
222 Wik WO £k A S FEA R
F 8 A AN [ 0 9% 188 6 A1) B ) 28 1 s o)
Hh 2R, 2k B I A ] ) e R it 9 ol 2 ) 2 R

e 3. 4 Frn 1P E D iy, 2 B
P BORE Py 31 A B T R S, 4R S G
B —SEMRR, ZPEvESR B 17 5 B 1 w22
(o2 DI R =i VR B R S RIS 2 ST
O] LAFEA RO WERE G i 2 AR . AR RN - 24 )5

FIERNT 10 000 B, 22 4 P 48 BORE 1 970 %Y B
R, 245 EE 10 000~20 000 Z ] B,
ZRE VR BB ) B 8 g 2 1, X477 4]
BOK T 20 000 5, 2 BV 48 BOAS Bl 17 510 B0 35
TG, U6 B 2 FEPE 48 B0 Tt A, I 435 58 mT LA
FE 5 BN FE S 2 FEPE 38 I B R A R R T
ZR N AR % % L AT BB R R K T AN
223 AS[E) A R LG T I 1) KT 48 20
5 B MAETE TR E, S
R B E 3 AN E R, ARl
W] (Ascomycota) J0F W ['] (Basidiomycota ) Fl 4%
B (Zygomyeota) , RHHET1E D TR,
It B SRR, B R BITE 90.36%~96.47%
ZIa), TS BT & L RN B
1.59%~7.32% ,1.09%~6.4% 2 18] ,
SRR KRR B 3 M2 M
I, 55 ) R TR BE G ] (Firmicutes ) 2 12 3 1] (Pro-
teobacteria) L F 1] (A ctinobacteria) . TG H 41 #
FT R RRERE ], B M1 T JEERERE ] 5 LK 85.79%,
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Fig.3 The dilution curve of fungi
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Fig.5 Distribution of fungi at the phyla level

during the fermentation of soybean paste
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J&, Horb i 30% 0L L3R TR 7 %8 (Peni-
cillium) 1 5 % g 35 W W # & 8 (Wicker-
hamomyces ), H UK A7 78 1 F) [ B2 & 174 8 (De-
baryomyces ) . & W B (Mucor ) Fl 2% A 3% B BF 14 R
(Guehomyces )%

DA LR BRALEE L 7T mA
J& , T2 R TN O A R A LA R (Lacto-
bacillus ) , % 2K B J& (Enterococcus ) F1 W] £ B (3 &
(Leuconostoc ) , B #7 %2 B[R] (1 22 4 | DY I 35K 1R T8
(Tetragenococeus ) "% HILHF IR, 7 77.98%~
96.03% , 7E 5 A % BE L R b FLATF R O =R
J& , (5 HEAE 1.98%~14.96% 2 [8] .,
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Fig.d 'The dilution curve of bacteria
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Fig.6 Distribution of bacteria at the phyla level

during the fermentation of soybean paste

BB R, W9 R T I% 1R T 2 — b X (e B A 4 1 45
HETR TEVE 2 R I il o X Al A I B | 18 B R S
SR BN 2Z 5 AT e R R SR A, AR
177 035K 3R 7 I 1E 2 5 5 AR R i 22 5 T e A
FUMR AT ALRRSE , A g & 3 [m] 5z 1o m W f 8
S P B E R el SR
aE AR, PO BR TR T T AR B iR O
LA RS, R T S A e g R UK R TR
(Tetragenococcus halophilus ) TV ELFF 34 (Lac-
tobacillus plantarum) Ji B ITAL 50 K W &2 % h i)
RS FLRR R A BE . M LA 2 AR AE TR A
T, B FDA HEMEQE Y% 2 W R,

R FUAT 18 O 52 9 v B 2 S W FLAT R 28
W S BB i A ] BB A TR . R LA I T
DA A B B o W A AR S FUBE el UE AR
A R B LR, I R E R A &R L) R &
R S, 3 JL T = FE AR nT A Ak 3 o i XUk, 9 B
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Fig.7 Distribution of fungi at the genus level

during the fermentation of soybean paste
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Fig.8 The distribution of bacteria at the genus level

during the fermentation of soybean paste

Xof 5 A T o R A R S e B A A i A
FH 23 #r (32 3), Horp A= W e S b B 5 L
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Table 3 Correlation analysis of bacteria and taste characteristics

i | LA B WIRH A M B W R AR E 5 B E M8 A
B ok 0.927%% 0.897%% 0.839% 0.879% 0.855%% ~0.843%%
Erk 0.84 1% -0.869%+ 0.967%% 0.912%% 0.945%* 0.921%%
Mok —0.887%% -0.879%+ —0.821%% —0.798%# -0.812%* -0.803%*
& h-B 0.986%* —0.981%% 0.997%% 0.988%* 0.987%* 00.954%*
)5 h—A 0.920%+ —0.891%% 0.798## 0.843 % 0.834%% 0.803%%
ok 0.958 -0.913%% 0.836%% 0.847% 0,878 (0.844
F i 0.567 -0.489 0.378 0.365 0.355 0.387
AR ok 0.774* 0.702% 0.588 0.567 0.568 0.593

T FRARTE 0.05 K B S AE e, FRTE 0.01 K- B IR G

iR 3 Bl A,
RS AN ARG SRR ¥R | J5 BR-B 5 K-
A DLR 6 B S 2 TR ARG s FLAT TR R 5 R e
IO {5 B AH G , T UK 35K R AR TR A %) i) 7 1 5
RO, Sk B W B G, A AR R A
o A L R A R L AU B SR Y R
A9, AT LA T 0 AU BT AR R B
W A R E A O W U W B o LR I L 58
IE T g 3,

HI 3% 4 AT, S e B T R R
TG R R S R B E R, EHH

FUFHIR S SRR 5

JB R DL B R S OO T SR R -A B
R | = BE DL B R v I 2 A 3 IR AR OG

AL AR OGRS AT LA Y, R 2 0 40 1R AP
X M R S KU B9 T8 AT S, B
T, B R X M5 KUK B 5 AR X K
B R AT LA i A B[] (A, o s Y A
PR 1) HR A e K R A R R
LI ;2 ) VE B NG 7K e BE 43 7= LR MR B, Hovh —
vl 3 4 AR 2 R R R B R AR, DA AT A
WA HILIR MR 28 S5 A OC I R 5 3) % 70 i
R LA K LT A 2, X e WK AR A B 2
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KRIEE I MEHP;4) R B R 5 4 B 5 3% 1
FAOG, T RE i T 5o B A 1 1R S R R R

AR, i S P 9 A HLAr , DA TG IR 2 G XL
R,

T4 HEESHWFEEXES T

Table 4  Correlation analysis of fungi and taste characteristics

- T i S e BEAHK -
B R - 5, LEHE FAHETE . s
8 ok -0.31 0.203 0.384 0.745% 0.466 0.459 —0.148
ok 0.603 -0.780%* 0.169 0.315 0.108 -0.533 -0.234
ok —0.246 0.178 0.439 —0.733% 0.521 0.421 —0.138
J54-B 0.496 ~0.549 -0.148 0.508 -0.209 -0.542 -0.049
& R—A 0.183 -0.156 -0.409 0.779* -0.482 —0.452 0.201
ek 0.289 -0.204 -0.390 0.738% —0.468 —0.483 0.134
F K -0.178 0.399 -0.650 0.793% -0.734%* -0.158 0.401
AR 0.177 -0.044 -0.495 0.775% -0.524 —0.423 0.198

HE*, FRTE 0.05 ACT LR HC o+, FRTE 0.01 KT 1835 4.

3 itig

A B 5 7 FH P 7 R A0 Y AR X 5 SR
e T VT TR A R v B O R R R W R
AT, SRRV EEEERAR D AN K
i 1A 22 ] B 75 A A (W) 00 Bl 2k B s B, 1A [R] 1% JRL
WRALL T ph A ] 7 JE A Q™ A

WFE /s S 7E R e B U E W R E
FIKF B, LA Am NIRRER ], HEN 78w
) AE B 7KV b, SR A FLAT v s A0 P I 3K
J& . SRAFE L PCR-DGGE SiARS &MY 2
FERE I J7 35 0 W 2R AL 8 A AR e e R v Al
0 2 BEVE , & 011 BR 7 8 (Enterococeus ) DU 56 ER
#1 & (Tetragenococcus ) MFLFT 1 J& (Lactobacillus )
NS [R) % B B B P RE S L A A A IR, A5
S AT 45 T . Kim G935 W89 10 i 53
K H DGGE BER il E ZFE1E, A X 16S
rRNA V3 XOR il 51 9, R R W, 3L R 1R o
7 5 OH £B BR 4 ( Leuconostoc mesenteroide ) W&k 1Y
EEREH  (Tetragenococcus halophilus) F1 I EK 5
(Enterococcus faecium) 0 I ¥ T4 % ; B3 19 75 Br
45 B W £ % W (Mucor plumbeus ) K [ %5 (As-
pergillus oryzae ) Ik 8 15 F| B BE (Debaryomyces
hansenii ) & S AR AS P i WL B . TASWESE
PR ERES LARGUCREA AR, nliEd Tk
L & S B N o

A, A 5T 45 5 5 7 AS (6] Ja 04 41 1 X
B[] — AU 59 47 BTk . %% T 55 PR H 7 e sk 4H
2P HOR N S F AR S I b A 35 e AR B XU
Wy 0T 1) 5% HK 4 B 2& B g £ DU HK 2K 1 (Tetrageno-
coccus halophilus) . ¥ FL ¥ W (Lactobacillus
plantarum) . WAFLFFE  (Lactobacillus acidipis-
cis) B A R EEFLATFE (Lactobacillus rennini) A5
S A0 KT 5 (Bacillus subtilis ) B 3% W Bk [# (Entero-
coccus faecalis )5 AR 5T 5 5 3 TE AR OC | BOKs
7 SR X R ) ot 6 AT S S ) 4 A% o i TR L
VRN G R SRR T E — 8
156 BH AN [R) 2 B A % T E & A A IR) A B2 E W T R
[ Fsf ok 48 = e [ ™ g A o T O £ o 0 e XL R
B JE R ) 2= CEEMEM .,

2 % X ™
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Analysis of Taste Characteristics and Microbial Diversity of Naturally Fermented Soybean Paste

An Feiyu Jiang Jing Wu Junrui Zhao Yue Zhang Yan Mu Delun  Wu Rina®
(College of Food Science, Shenyang Agricultural University, Shenyang 110866)

Abstract To explore the taste characteristics and microbial diversity of naturally fermented soybean paste, this pa-
per uses electronic tongue and high—throughput sequencing technology to analyze the microbial community structure and
taste characteristics tll.n‘mg the fermentation process of naturally fermented bean pasle. The results show, in the fermenta-
tion process of soybean paste, there are mainly umami, saliness, and complex flavors, while the sourness, bilterness,
and astringency components are less. Principal component analysis shows, the information on the taste quality of soybean
paste in different fermentation stages mainly focuses on the first two principal components, the cumulative contribution
rale is 99.54% , the aftertaste—A, richness and saltness in the first principal component showed a negative correlation,
the aftertaste—B, umami and bitterness showed a positive correlation, and the second principal component sourness and
astringency showed a positive correlation. Microbial diversity in the fermentation process of soybean paste at the phyla
level, the dominant bacteria is Firmicutes, and fungi is Ascomycota. Al the genus level, the main bacteria are Lacto-
bacillus and Tetragenococcus; the main fungi are Penicillium and Wickerhamomyces. Correlation analysis of taste charac-
teristics and microbial diversity during the fermentation of soybean paste shows that different fermentation systems may
contain the same microbial community structure, while the same taste can also be produced by different mierobial com-

munities.

Keywords natural fermented soybean paste; taste characteristics; microbial diversity; correlation analysis
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