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Abstract: [Objective] The dynamic changes of bacteria in the fermentation process of Pixian
broad-bean paste were explored from the species, abundance, and number of bacteria.
[Methods] The 16S rRNA gene sequencing was carried out to analyze the bacterial species and
abundance at four fermentation stages of Pixian broad-bean paste, and qPCR was employed to
determine the total number of bacteria at different fermentation stages. [Results] The bacteria
in Pixian broad-bean paste showed a dynamically stable community at the initial fermentation
process, high richness during the whole fermentation period, and increased diversity over
fermentation time (Shannon index increased from 1.25 to 3.50). The number and diversity of
bacteria were associated with the fermentation environment at the early fermentation stage, and
the bacterial diversity varied at different fermentation stages. Pantoea was the dominant genus
during the fermentation of dry pepper, accounting for 20%. During the fermentation of broad
bean, Staphylococcus had the highest relative abundance, which reached 38%. The dominant
genus was Lactobacillus at the fermentation stages of red oil broad bean and Pixian broad-bean
paste, with the relative abundance of 27% and 62%, respectively. [Conclusion] The relatively
abundant bacteria at the early fermentation stage might have a significant impact on the quality
and yield of Pixian broad-bean paste.
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B RBENL R, ZRE G A R H IR ER T
oo AR, R 3 AR AR B R 22 Y T
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TR ARG S AR L EE R P RE A
B, DA A M A R R I S5 2 THI Y
WFFEU 0 X R B GO R RIS, Tho A e
K H Tlumina MiSeq {5538 & U JFH AR 5 Fha UL
RV TANA 168 TRNA JEN V4 X I
ITS1-2 XIEEHFHI M, B8 HAS AR Y i 25
FLH B S R, 45 SR R W AR I 34T g = 2
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(Enterobacter) . WHEEIRT & (Leuconostoc) . AT
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Pl R AR TR I AR AR A, 25 R BORTE IS K
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Tablel Sample collection point and time
Fermentation stage Stage Sampling time Sample No.
Separate Dry pepper fermentation First day A0-1, A0-2, A0-3
stage Sixth day A2-1,A2-2, A2-3
Fermentation stage of broad First day BO-1, B0-2, B0O-3
bean clove Sixth day B2-1, B2-2, B2-3
Thirtieth day B10-1, B10-2, B10-3
Mixed Fermentation stage of red  First day Co0-1, C0-2, C0-3
oil broad bean Sixth day C2-1,C2-2, C2-3
Fifteenth day C5-1, C5-2, C5-3
Fermentation stage of First day DO0-1, D0-2
Pixian broad bean paste Sixth day D2-1, D2-2, D2-3

LM AR B, ALK IRZ HR, i
T3 WHUE, WPRHRE G TFIR KRR . R 6 d

ﬁénnﬂ[z{@ 15 d FEAh, HURE S8 A& B 1 E H ()
Ykt BRI LAR 0.7 m GREEAY AL, BEUREURE A5,
fiAARl, 45 CO. C2. C5.

PRGN B, AR IRZ HR, i
172 R, WPRHEAG TR IR R R SRR E 6 d
FES, BURE R ke st A [E] k) b 1E LR
0.7 m WREEM s, BRRIBRE SRR, g5y
DO, D2,
1.2 &It EEH DNA $2E

IR B G A [\ & I B A R 4R 0 RE AR
200-250 mg, % QlAamp PowerFecal DNA iz
7 &5 (QIAGEN) 1) s 1 45 A7F Uit 2 44 BT 56 [ 41
DNA. i DNA T Tris &M+, R~A4T
—20 °CYKAH
1.3 KHXZEE PCR &M

h T ME AR R T B A A, AR
A Tagman #R%F2¢Y6E & PCR AN HFH. & Ak
ANFIE AR BEYI AR 5. 51 RS R F
(5'-CGTCAGCTCGTGYCGTGAG-3'), R (5'-CGT
CRTCCCCRCCTTCC-3"); #41 : FAM-TTAAGTC
CCRYAACGAGCGCAACCC-TAMRA, PCR J%
MR Z : 10 uL qPCR 2xMaster Mix, 0.5 uL KAPA
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dNTP Mix, 0.4 pL IEMB 549, 0.2 uL %
£ AN 250 ng #H DNA, JCHEKANELARFLD
20 uL. PCR Wi 444 : 95 °C 2 min; 95°C 10's,
60 °C 30's, 40 MG, BMFEAM 3 NEL
1.4 16S rRNA E X318 F =@ =M F 3 E
Hl & 50 F

AR 2 WA 3G ik 8 16S rRNA JE
V3-V4 X e m T SO, FrRrEy sy
3 341F (5'-CCTACGGGNBGCASCAG-3") F
805R (5-GACTACNVGGGTATCTAATCC-3") ,
PCR FUWAKZR N : 5 pL 5xGC ZErp, 0.5 pL
KAPA dNTP Mix, 0.5 uL KAPA-HiFi HotStart
DNA R4, 0.5 pL IEM BS54 50 ng
Pt DNA, FZARFUA 25 uL. PCR W AcF
H: 95°C 3 min; 95°C30s, 55°C30s, 72°C
30s, 25 MEH; 72 °C 5 min, AMPure XP ¥k
T 4lift PCR ¥, 5 Ry W LA B
AINAAFE Y index 74 345 05¢ Mlumina I 5
T A 5 E . PCR RWAKRER N : 5 uL
5xGC ZE MK, 0.75 uL KAPA dNTP Mix, 0.5 uL
KAPA-HiFi HotStart DNA &, 1.5 uL 1E [ 5%,
R 51 5 uL difb i s — R = 7=
PCR JZJii &£/ : 95 °C 3 min; 95 °C 30 s, 55 °C
30s, 72°C30s, 8 MMEH; 72 °C 5 min. fl)5
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il 0.8XAMPure XP BEERAALY 171, 560
SCER A

KSR B 16S tRNA FE K SCFE, F
Illumina NovaSeq 6000 I J¥F 5 4 Pair-end 250
BTN , B 55l ol v e A T IE 2k iy A= 9
5 E =0T,
1.5 ARILZENE~INNENERSI
BRI

W8 B A R R R B 29 DMAEACR ]
FLASH (fast length adjustment of short reads)f
DU A5 380 7 XL 17 9 P2 i — 2% B AR IX 387 91
X H bR AT B g, g s e sl 5 2%
$JE % USEARCH 64 bit v8.0.1517 FEHLXF, Z3Bk
RPN B B LA T 91 o 2 AL
R A8 A 1) g /DML A A 1 32 BB Bk A T
H—1k . WA 97% 09 7 S ALK, R
QIIME AL H ) Uclust B 4770 28 BE
JG(operational taxonomic unit, OTU)RJE/3H7, SR
JEHET Silva ZHEHHRE, XA OTUSs
HATYIRN 3 2223 8, IR A Rl B AH X
JZ o R QUME #ft, JFET mAFIIE AL
Unifrac B EH FEIFEFEAR o Z2H0E, #17E
B8%.43-43FT (principal component analysis, PCA), 4R
i STAMP 3fF, R FIPI2H ] 7347, 12 Welch’s
t-test 25 A I A A T2 18] 25 740 o

2 ZERE54

2.1 FEGEAREM A ERE L B~
B o ZHEM

AT RN KBS 4 SR EEN B
29 MFEAHE 16S tRNA FE[H ) V3-V4 [X 538
MY, BEAFEARRFS 142 477-248 623 45/741
(reads). FrAFEA AN P Ecs X 2k 21 5 3,
Ao R R B e A G I AR5 5 2 1) OTU %K
B, R BT A A B e R EE I 0 R R SR )

R HTEK

B G IRARIBT BE K B0 o ZAEPESS
REH], A RE TR B 7 2 FETEAAAE 1835 25 57
(B 1)o ASWFFEAG I A4 6 B SRS [ 18 B Be 2
& Shannon F54(F1 Chaol f85ISfF7E B H 2R .
NIRRT B: Shannon #5%(k 1.25-3.50,
0BG T UK BB BE Shannon $8 45U IK7E
1.25-2.10 JullN, HUUEa Gk R Boh &
Y)Y Shannon FEEU7E 2.50-2.75 LRI . HFE
SRS KB BL R Shannon 45 %4\ 5 5 T 5
TR R B, oA 209 SO & BB B Shannon
TRBUR R TE 3.1-3.5 JulEN, SR T A BN B
Shannon F§%U7E 2.8-3.0 YEEI N . AR & EEM Bt
R BEYI P4 TR Y Shannon $8 50U L LAt AT
TEZE 5T, T BRUR B [ B B i 12 P ] f) 185
Shannon 54 2 LT RS, T4 O & R B
H Shannon 8 BCN AT FEJE T, 2000 &L
HrBt Shannon fE%UEAH —4 IR RS 2B
TR, J B SR BT B ] Shannon F84X
— B TRERD

VERVPN RS B2 R Chaol $8%K, 7E4B
ST IEAS[R] A P B B 0 A ) i T Bt 30 22 B 18
BEZES(P<0.01), HAPLLIM AR Chaol 5%k
H130-107, ¥REGHEARER By 93-86, i
AR BLY Chaol F8ECH 3047, T UL ¥
BrBeiY Chaol F8%km T SRR 1 A W f2, B
AN R BT FR AR TR A 4 & B2 C>D>A>B,
AR % et B2 ( Chaol 485 ¥0m 78 b s 3 5
Shannon fEEUHA 25, 75T HMUL L FE b
Chaol FEHUE LT, T AR IS A 52
TR B, 20 DR R R Chaol 5
BOETREE BIb, A A RS R Chaol
TRBUE TR E RS

3 A1 3 X B8 L S [v] — A P B B A [) A

http://journals.im.ac.cn/actamicrocn



2814

REN Wenbo et al. | Acta Microbiologica Sinica, 2023, 63(7)

A Chaol FEEUNT LRI, FETHUBUKBERT B,
A0 il A2 2255 5 (P>0.05); 1E A 5 & Ky
Bt, B0, B2, B10 "', BO fl B2 HA R #HXER
(P<0.05), HoAth FE A W 6 X L 22 S ¥ R B 3%
(P>0.05); TELLIM S IA TR Be, 4 K TR Be li]
T ARAGIN 2 i 2 2% 57(P>0.05), TES B Sk
Bz, DO F1 D2 [\ JC i 3 22 5(P>0.05)
2.2 BEGRAELEM B~ HE R
TEEE

AR R BEBT B AR ASTE ] AKF- b I A AR 45
FaniE 2 FioR . TER B EIRAN R & BERY B Y 29
AFEAS R SRR 4 ASUHBETT, 530 R SR BE T
I'1(Firmicutes) . “EJE 1 ](Proteobacteria) . UFF

3.5 P=0.001 4 é
. *
3.0 .
g
* 0
2.5 "'..g
200|*
e
1.5

PRSP NP

W |1 (Bacteroidota)y M JHL £ W 1]
(Actinobacteriota), H:H T BRIUR FERY BEbE A
e g] 3 4], HAFPASIEE1(Proteobacteria)
JERER ] (Firmicutes) A LH ], FXIAHXS F2 5
I3 63% . 36%; T SR IR Y BOREAS A
24NN, AT NIERER ] (Firmicutes),
FEIAXTFEEEIRE] 96%; SiliRBI RS, 40
T SR A I B B R R B S e IR B B A A rh
PRz 4 AT, P o R RE T
(Firmicutes) LR ] (Proteobacteria), {H &V
PR B B — 0 22 5, 200 S A e B R
BER AT WA F M08 76%H1 20%, il
8B TR BT B O 68% 1 30%.

P=0.001 5

125 ngﬁ
100 L
75 *

[a]

PRSI NP

1 B TRAEAEEMEZNE Shannon 35#F0 Chaol 5K

Figure 1

Bacterial Shannon index and Chaol index of Pixian broad-bean paste at different fermentation stages.

AO0: Samples for first day of the dry pepper fermentation phase; A2: Samples for sixth day of the dry pepper
fermentation phase; B0O: Sample for first day of fermentation stage of broad bean clove; B2: Sample for sixth
day of fermentation stage of broad bean clove; B10: Sample for thirtieth day of fermentation stage of broad
bean clove; CO: Sample for first day of fermentation stage of red oil broad bean; C2: Sample for sixth day of
fermentation stage of red oil broad bean; C5: Sample fifteenth day of fermentation stage of red oil broad bean;
DO0: Sample for first day of fermentation stage of Pixian broad bean; D2: Sample for sixth day of fermentation
stage of Pixian broad bean.
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Figure 2 Phyla level bacterial community structure of Pixian broad-bean paste samples at different

fermentation stages.
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TR B P LA IR 10 AN, HrbHES BT =R900
SN T & M 1 2 BRI & (Staphylococcus) . ZFHUFT
& (Bacillus) F1 5% BR 14 J& (Streptococcus), ¥
X FEBE S350 38% .35%F1 17%; KL & W)
ZLIN G A [ BOAE l h LGN 2 21 V)8, HE
T 7 T I RS R R 5 W
(Lactobacillus) . %% BR 1 J& (Staphylococcus) FlI 2§
T & (Bacillus), ~F-YIHIXF 5000 27% .

24%1 13%; HRE- G4 B B P AR #l 11
MNaE, HAFLRFT F & (Lactobacillus) . 12 # )&
(Pantoea) M1 F} 5% 1L 18 J& (Kosakonia) }y HE 44 7l =
ISR &, ~FEIAEXT B 5h 62% . 18%
N 7%
23 HETRAELEM B~ MHERH
EERTH

= 1% 43 43 M7 (principal component analysis,
PCA) AT DL B 2 7 AN [R) P05 4 A v sl A= 4 i
AR ABL I D 22 S, JE 3 PCA &5 3 b i S B 7
B, AT LAHIBAE A (B v 4 A e AR . AR
I FEREAN ] i P B B ) A ASE A4S 1) 248 T % 45 4
HEATT PCA 3Hr, S5RUNIE 4 fras, B
PRE T B . A R A I I s ) A R R T 45 ) 22 S
B, TRA R BB B (L0 e R I . 40 B
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Figure 3
fermentation stages.
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Figure 4  Bacterial community PCA between
samples at different fermentation stages of Pixian
broad-bean paste.
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Genus level bacterial community structure of Pixian broad-bean paste samples at different
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Figure 5 Difference of bacteria between red oil broad-bean paste and Pixian broad-bean paste in fermentation

stage.
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Figure 6 Function prediction of Pixian broad-bean paste in different early fermentation stages.
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