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The schematic procedure of Pixian broad bean fermentation at normal temperature.
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GATATGC-3") M54, 44 1TS2 X)) 514 Wik
WA 8 ML AT BRI (barcode) FE J Sl s
24 pCR #WITE Illumina Miseq & FiifT
2x300 bp Wil Jy o 7 5 A 40 B A BB Y B AR
W EcE B B {8 %= DDBI BIEE, KRS
(accession number) 43 %] & DRAO009313 Al
DRA009305., HUHiE: 518 G b 4 i 5 B e 1y )5
AP BUHE B B4 & NCBI,
number) ;) PRINA604402,
1.3 KA B HLER v B I €
KA 5 SOk E vk — 3T AR A
10 g #Edf, 105 °C T8 2 h, WlE TS BTt .
A PRI E S 2% Wu SEHGE 1 a0 B8O
@ﬁgﬂ){(HPLC, Agilent 1260, Santa Clara, CA)
%%, #h Aminex HPX-87H (Bio-Rad) 4 ik
SOMGIN AR . SEAMEIE K 215 nm, AHRIRE
h 60 °C, FEhAIN 5 mmol/L MIFREIAR , VERERE N
10 pL. FESA TS SOl GaE ikl ™, It
PEATIE 2B, BRI : B S g FESLIIA 20 mL
Ak H PRFHIR A G, VK S (3% 40 kHz,
AR 500 W, EERN 0 °C, Jn#RI=A
1000 W){2#2 30 min; R Hi S J5 IR G HAE 4 °C
T 8000xg 0> 5 min; APLTE LAY, B
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L2 S S I
Thermobrachium NJKENM T Anaerobacillus. V-
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XFFEEERT 0.5%HEBUEDA 15 N, 705
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HAA T (Klebsiella) . YR T (Rhizobium) . W Hf
¥R (Leuconostoc) . FLFF B (Lactobacillus) . 1Z T
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x1. MESWEEREFFEABNERNMEDTEEN

Table 1. The microbiota community structure of broad bean meju of Pixian broad bean paste at different

fermentative times

Domain Genera/% 1d* 7 d* 15 d* 22 d* 29 d* 39 d* 49 d* 60 d*

Bacteria Pantoea 0.03 0.28 0.13 0.83 1.16 0.60 1.11 0.06
Acinetobacter 1.22 0.67 0.22 0.19 3.53 0.53 0.44 0.33
Bacillus 2.44 0.35 0.61 1.48 0.73 1.09 2.10 4.46
Lactobacillus 0.56 4.67 1.81 1.69 1.50 0.70 1.68 2.41
Halomonas 1.57 0.04 0.24 2.98 1.43 5.85 3.05 6.83
Weissella 0.38 9.72 4.29 4.45 2.07 0.68 0.83 2.23
Salmonella 0.35 0.43 0.22 0.04 4.61 3.46 10.02 7.51
Pediococcus 1.89 10.34 2.79 1.70 1.22 0.64 18.05 2.72
Tetragenococcus 0.02 0.09 17.13 7.24 4.97 7.72 2.40 6.76
Chromohalobacter 0.56 0.05 0.17 30.04 35.01 34.40 23.81 14.46
Staphylococcus 58.14 59.92 52.15 30.28 22.59 22.96 17.44 14.79

Fungi Millerozyma 0.01 0.12 0.11 5.45 3.07 0.76 3.27 0.28
Zygosaccharomyces 5.11 0.12 1.22 6.50 7.19 1.83 3.12 2.08
Candida 25.29 2.18 2.59 4.55 12.15 2.42 3.11 20.95
Aspergillus 63.74 96.93 93.98 67.06 62.88 90.65 78.20 69.45

% Fermentive times; d: days.

{8 A ¥ (Lampropedia) . 7 Bl & ¥ B B B WIZ M (Pantoea) . BUTIC I (Weissella) . 455k

(Ketogulonicigenium) 2 Vb 55 R (Serratia) . ~F-3
HHXS FEBERT 0.5% YA 4 &, 7353010
e 2 T (Candida) . ¥ & B
(Zygosaccharomyces) . & 75 B Bk (Pichia) X #H 5
(Aspergillus) . WA YIEE K o ZFEPES 2 ey
= a B B4R & (Candida) 1834 FBRAL
M e T b B — LG A b A, IR SRR N
53.7%. MEH, BT EE (Weissella) . w8 A
X T J& (Klebsiella) . WH 2k 7 J& (Leuconostoc) .
M I8 B J& (Rhizobium) . FL¥F # J& (Lactobacillus)
B2 TR i (Pantoea) & BRI & I ok A 5 (A HL
B EAFTE

e 2 PR, fEiR G KRR T, P
X FEERT 0.5%8 A MAEYA 13 48, 705
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W (Staphylococcus) . 7 B (Pediococcus) . kT
ZEHIAT B (Bacillus) . LI
e 75 1A S I (Klebsiella) . W &
F 988 W (Rhizobium) . i &

(Enterobacter) .
(Lactobacillus) .
K 7 (Leuconostoc) .

KW (Brucellaceae) . V055 K (Serratia) X & H
FF 1 (Ochrobactrum) , XX FEE KT 0.5%
EAZLEYIA 5 &, 8RB (Candida) |

BB Wtk (Zygosaccharomyces) . Wi (Aspergillus) .
EEIRWERE (Pichia) B —Fh &R T8 (Diutina) . 5 i
B AL, M 22 e HE I8 (Candida) TE AR A TG &
P B BE — L o i R, SF YA T R
54.4%. MHH, ZHE(Pantoea) 5HLHT IR H R
(Weissella) & 18 4 % & e ot 78 F KW H 5 fa e

fAE
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Microbial community and dynamic succession in chili moromi and moromi-meju mixture. A:

Microbial community of chili moromi at different fermentation time; B: Quantitative analysis of microbiota in

chili moromi by RT-PCR; C: a diversity analysis (Chaol index) of microbiota in chili moromi; D: Microbial

community of moromi-meju mixture at different fermentation time; E: Quantitative analysis of microbiota in

moromi-meju mixture by RT-PCR; F: a diversity analysis (Chaol index) of microbiota in moromi-meju mixture.
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HRN—2, [IREHL, BRES 1 KA, HAbLZBERY
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Figure 3. Source tracking of microbial communities in moromi-meju mixture of Pixian broad bean paste. A: Venn
analysis of microbes (bacteria and fungi, OTU level) between chili moromi, broad bean meju and moromi-meju
mixture; B: PCA analysis of microbes (bacteria and fungi, genus level) between chili moromi, broad bean meju and
moromi-meju mixture); C: Source tracking analysis of microbes between chili moromi, broad bean meju and
moromi-meju mixture; We setted chili moromi, broad bean meju as source, and setted moromi-meju mixture as sink.
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(Tetragenococcus) , J& # 216 A & B i A (1) T 22
BRF, O T Bl 3 KUK DO, DU ER T
J&5 2-Z BRI (methyl 2-pyrrolyl ketone) . iR £,
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Table 2. Source tracking of microbial communities in moromi-meju mixture of Pixian broad bean paste
Domain Source Number Genera
Bacteria Chili moromi 16 Rhizobium, Leuconostoc, Ochrobactrum, Vagococcus,
Stenotrophomonas, Lampropedia, Serratia, Ketogulonicigenium,
Pectobacterium, Falsirhodobacter, Tatumella, Kerstersia, Cronobacter,
Raoultella, Providencia, Comamonas
Broad bean meju 2 Kocuria, Tetragenococcus
Both CM and BBM* 20 Staphylococcus, Chromohalobacter, Pediococcus, Salmonella,
Weissella, Bacillus, Lactobacillus, Acinetobacter, Pseudomonas,
Klebsiella, Pantoea, Lactococcus, Enterobacter, Acetobacter,
Streptococcus, Sphingomonas, Methylobacterium, Corynebacterium,
Curvibacter, Citrobacter
Fungi Chili moromi 0 -
Broad bean meju 2 Rhizopus, Saccharomycetales fam_Incertae
Both CM and BBM* 6 Aspergillus, Candida, Zygosaccharomyces, Saccharomycetales

fam_Incertae, Pichia, Saccharomyces

: Microbes can be sourced from both chili moromi and broad bean meju.
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Table 3. The concentration of volatile flavor compounds in moromi-meju mixture at different fermentation times®

Flavor compounds/(mg/kg)

Fermentation time/d

1 7 15 22 29 39 49
3-Methyl-1-butanol ND 0.07£0.07  0.62+0.44  1.18+0.72 0.89+0.25 0.5140.06 0.56+0.13
1-Octen-3-ol 1.39£0.39 ND 0.13£0.13  0.50+0.12 0.27+0.08 0.23+0.07 ND
Phenylethyl alcohol ND 0.07+0.1 228+0.54  5.67+0.43 1.73£0.19 1.84+0.38 2.37+0.27
1-Hexanol ND ND 0.3240.07  0.54+0.11 0.17+0.14 0.14+0.10  0.13+0.06
Linalool 0.29+0.22 0.85+0.61  2.76+0.16  4.95+0.53 2.09+0.38 2.07+0.49 2.20+0.32
Terpilenol ND 0.10£0.08  0.7240.02  1.05£0.68 0.24+0.08 0.21+0.15 0.43+0.07
Isobutanol 0.01£0.01  0.05£0.03  0.34£0.24  0.9240.20 0.36+0.13  0.32+0.10  0.20+0.04
Benzeneacetaldehyde ND 0.05£0.04  ND 0.55£0.09 0.1040.01  0.12+0.02  0.33+0.04
Benzaldehyde 0.26£0.20 0.7140.44  4.05£0.52  5.86+0.79 1.04+0.13 1.38+0.18 1.44+1.02
2-Methyl propionaldehyde ND 0.01£0.01  0.04+0.03  0.09+0.03 0.14+0.14 0.03+0.01  0.02+0.00
4-Ethyl phenol 0.05£0.01  0.59+0.20  3.27£0.20  7.14+1.24 1.92+0.28 2.23+0.49 3.130.40
4-Ethyl guaiacol ND 0.5940.39  5.7240.27  13.2142.22 3.47#0.50 3.65+0.95 5.64+0.88
Phenol-(2,4-bis-1,1-dimethylethyl) 0.90+0.22 0.79+0.23  1.87+0.40  1.77+0.88 0.72+0.18 1.10£0.50 0.71+0.17
Methy! acetate ND ND 0.05£0.01  0.1440.02  0.05£0.01  0.03£0.01  0.03+0.00
Ethyl acetate 0.14£0.04 0.58+0.10  2.35+0.30  7.7942.15 5.96+2.44 3.75+3.45 0.93+0.09
Ethyl isovalerate ND 0.31£0.31  1.1440.32  1.7120.76 1.29+0.17 1.2740.19 0.91+0.19
Ethyl 2-methylbutyrate ND 0.60£0.40  0.71%0.19  0.92+0.44 0.50+£0.05 0.71£0.18 0.63+0.14
Ethyl benzoate ND ND 0.08£0.02  0.12+0.02 0.07+0.01 0.06£0.01  0.09+0.01
Ethyl phenylacetate ND 0.04£0.04  0.2540.03  0.57+0.03 0.14+0.03 0.16£0.02  0.30+0.03
Ethyl palmitate ND ND 243179 1.0840.58 0.54+0.13 0.5040.14  0.68+0.05
Furfurane ND ND 0.04£0.06  ND ND ND ND
Furan ND 0.0240.02  ND ND 0.08£0.03 0.07£0.02  0.11%0.01
Methyl 2-pyrrolyl ketone ND 0.10£0.03  0.39+0.07  0.81+0.17 0.28+0.03 0.30+0.05 0.37+0.03

ND: not detected.

WK 4-B s, 2 BEEk(Candida) 5 78 R
Z.TiE(ethyl benzoate) i & 1EA5, nlREHA /=4
RHERCTRAE ST . B4 TR 8 2L e
L GE PR R R N EE = A A, G R A p
WEEEALBE S A 6, AT BEfEsh T R IA & W iR
b S0 e B B IR 2 S v . IR 2 iR, (R 2218
B VR T A SISk P T U , 1 FLAE R
EERREP R ES(E 2-D). Hit, B2
P A3 AT fE 2 48 B SRR AR XU 7™ A2 i) O $ T g
TAEYD o A 53 B8 Ak LA K AE T g 43 Bt
Xof 18 L S B Tk AL TT BB AR A E

WEl 4-B 7R , WUE % 1/ J& (Dipodascus) 5 %
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Figure 4.

Correlation analysis between microbial community and volatile flavor compounds. A: The succession

of flavor compounds in moromi-meju mixture (1-49 days fermentation); B: The spearman correlation network

between the microbes and volatile flavor compounds in moromi-meju mixture. All edges represent significant

correlation (P<0.05). The thickness of lines is highly related to the value of Spearman’s correlation (|p|>0.6,

P<0.05). Blue edges mean negative correlation while red edges mean positive correlation.

Yy, IR 2E T R T RES 5 B S LR R
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Dipodascus BEARKIE T & GG, AR T B
1%, HTHT Dipodascus X — H. [ J& 1 R IR AR 1
2.4 7 TG RBUBEE YR & B B W) R 5T

SEBRAE A, ARSI T 49 d BT S
KT 60 d 1A ERHR G IE BUR G . NIRRT
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I AL B AR (LG pH ., K0 KK
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YR, 20 pH THIE , BURE: pH ~F-24°h
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3 BRI 5 fx LI S K 73% 0 46%. T
Hb, ABEGE R TR 53 B N 2 2 BERR Tk B
WMk 2 Pis, |OUBSA 27.3 glkg W ERE

FE
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I 1 B B R R 73 N 45 R (4.50 glkg). K&
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I e P R 43 ) o R A2 MR (1.17 g/kg) MY
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(3-methyl-1-butanol) . X Z ¥ (phenylethyl alcohol)

)@Hﬂ)@

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



2566 Yida Bao et al. | Acta Microbiologica Sinica, 2020, 60(11)

R4 EERRAEMBEDELZMERIFERZELSYRN

Table 4. Concentrations of volatile and non-volatile compounds in broad bean meju and chili moromi (mean+SD)

Compounds Broad bean meju Chili moromi Detection methods
Amino acid/(g/kg)
Threonine (Thr) 1.33+0.12 0.28+0.04 HPLC*
Serine (Ser) 0.29+0.14 0.09+0.01 HPLC
Glycine (Gly) 0.89+0.09 0.11+0.02 HPLC
Alanine (Ala) 1.85+0.11 0.26+0.04 HPLC
Proline (Pro) 1.2940.11 0.28+0.11 HPLC
Glutamic acid (Glu) 4.50+0.21 0.98+0.18 HPLC
Aspartic acid (Asp) 2.91+0.22 1.17+£0.20 HPLC
Lysine (Lys) 2.33+0.12 0.24+0.05 HPLC
Histidine (His) 1.01+0.07 0.14+0.03 HPLC
Arginine (Arg) 2.62+0.06 0.35+0.04 HPLC
Methionine (Met) 0.30+0.05 0.09+0.02 HPLC
Isoleucine (Ile) 1.29+0.15 0.15+0.03 HPLC
Leucine (Leu) 2.30+0.28 0.25+0.06 HPLC
Tyrosine (Tyr) 1.40+0.09 0.19+0.04 HPLC
Phenylalanine (Phe) 1.37+0.17 0.18+0.03 HPLC
Valine (Val) 1.63+0.20 0.32+0.08 HPLC
Cysteine (Cys) 0.01+0.01 0.03+0.02 HPLC
Total amino acids 27.32+2.18 5.08+0.83 HPLC
Alcohol/(mg/kg)
Ethanol 11870+2370 22170+4060 HPLC
3-Methyl-1-butanol ND 1.03+0.19 GC-MSP
1-Octen-3-o0l 1.81+0.52 ND GC-MS
Phenylethyl alcohol 2.07+0.49 5.84+0.49 GC-MS
Hexanol ND 0.20+0.16 GC-MS
Linalool 0.49+0.23 3.43+0.29 GC-MS
Terpineol 0.25+0.10 0.68+0.05 GC-MS
Isobutanol ND 0.42+0.12 GC-MS
Aldehyde/(mg/kg)
Phenylacetaldehyde 1.65+0.33 ND GC-MS
Benzaldehyde 3.09+0.73 1.94+0.46 GC-MS
Isobutyraldehyde 0.41+0.22 ND GC-MS
Ester/(mg/kg)
Ethyl acetate 0.76+0.37 0.38+0.24 GC-MS
Ethyl isovalerate 0.66+0.53 0.41+0.02 GC-MS
Ethyl benzoate 0.00+0.01 0.05+0.01 GC-MS
Ethyl 2-phenylacetate 0.07+0.05 0.17+0.11 GC-MS
Ethyl palmitate 0.97+0.34 0.46+0.05 GC-MS
Phenol/(mg/kg)
4-Ethylphenol 2.14£1.19 10.48+2.06 GC-MS
4-Ethyl-2-methoxyphenol 2.21+0.94 27.53+1.72 GC-MS
(52%)
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Organic acids/(g/kg)

Citric acid 1.92+0.53
Tartaric acid 0.34+0.06
Malic acid 0.47+0.12
Succinic acid 11.07£1.73
Lactic acid 1.12+0.10
Acetic acid 1.53+£0.23
Total organic acid 16.46+2.76
Furfural/(mg/kg) 3.3£1.35
Glucose/(g/kg) 15.294+2.90
Moisture/(g/kg) 460.0+0.00
Capsaicinoids/(mg/kg)
Capsaicin ND
Dihydrocapsaicin ND

(B3 4)
1.31+0.13 HPLC
3.92+0.12 HPLC
ND HPLC
2.80+0.13 HPLC
1.00+0.08 HPLC
0.55+0.04 HPLC
9.60+0.50 HPLC
ND GC-MS
3.65+0.24 HPLC
730.0+0.20 Drying oven
9.63+0.61 HPLC
6.06+1.26 HPLC

% HPLC: High performance liquid chromatography; °: GC-MS: Gas chromatography-mass spectrometry.
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Diversity and source tracking of microbial community in Pixian
broad bean paste
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'Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,

Jiangsu Province, China
% Sichuan Pixian Douban Co., Ltd., Chengdu 611700, Sichuan Province, China

Abstract: [Objective] We studied the diversity and traced the source of microbial community in Pixian broad bean
paste and its two semi-fermented products, including broad bean meju and chili moromi. In addition, we also
characterized the flavor compounds in Pixian broad bean paste. [Methods] High throughput sequencing was used
to explore the microbial community structure and succession. Meanwhile, high throughput liquid chromatography
and gas chromatography-mass spectrometry were used to determine the concentrations of nonvolatile and volatile
flavor compounds. Multiple bioinformatic methods were used to trace the microbes and flavor compounds in Pixian
broad bean paste. [Results] Chili moromi contributes 44% to 59% bacterial communities and 42% to 77% fungal
communities to Pixian broad bean paste fermentation. Broad bean meju contributes 5% to 22% bacterial
communities and 2% to 18% fungal communities to Pixian broad bean paste fermentation. In addition, 16 bacterial
genera were only contributed by chili moromi. Two bacterial genus and two fungal genera are only contributed by
broad bean meju. In addition, 1-octen-3-ol, phenylacetaldehyde, isobutyraldehyde, malic acid and furfural were
only traced from broad bean meju. Capsaicin, 3-methyl-1-butanol, hexanol and isobutanol were only traced from
chili moromi. [Conclusion] Chili moromi contributes the main microbial communities to Pixian broad bean paste,
while broad bean meju contributes the main substrates (including amino acids and glucose). Two semi-fermented
products, including chili moromi and broad bean meju, contributed their unique microbes and flavor compounds to
Pixian broad bean paste, which might be the reason why Pixian broad bean paste has the characteristic aroma and

taste.

Keywords: Pixian broad bean paste, broad bean meju, chili moromi, microbial diversity, source tracking
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