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Effect of different koji-making processes on the
post-fermentation process and product quality of rapid
Yongchuan Douchi

ZHOU Xu'?, ZENG Tao'?, WANG Hongwei'?, LIANG Ming"?, ZHANG Yu'?,
WANG Chen'?, SUO Huayi"*"

1 College of Food Science, Southwest University, Chongqing 400715, China
2 Chongqing Agricultural Product Processing Technology Innovation Platform, Chongqing 400715, China

Abstract: [Objective] Due to the difference in production process, conventional Yongchuan
Douchi (fermented soybean product) and rapid Yongchuan Douchi are remarkably different in
flavor quality. We explored the effect of koji-making process on the quality of Douchi.
[Methods] Yongchuan Douchi was prepared with the rapid process but different koji-making
methods (conventional natural process and artificial inoculation of Aspergillus oryzae,
respectively). Then we compared the physicochemical properties and microbial community of
the products. [Results] The Douchi prepared with the natural koji-making process had higher
content of amino acid nitrogen and darker color (P<0.05), lower content of reducing sugar
(P<0.05), and higher microbial richness and diversity (P<0.05) than the product prepared with
the artificial inoculation of A. oryzae. The two products showed no significant difference in the
titratable acid content (P>0.05). The dominant bacterial genera of the Douchi prepared with the
natural koji-making process were Mucor, Bacillus, Enterobacter, Enterococcus, Pseudomonas,
Staphylococcus, Wickerhamomyces, Penicillium, and those of the Douchi prepared with the
artificial inoculation of A. oryzae were Bacillus, Corynebacterium, Aspergillus, and Candida.
In addition, a small number of Debaryomyces sp. was found on both of the two products.
[Conclusion] The koji-making process had significant influence on the physicochemical
properties and microbial community structure of rapid Yongchuan Douchi. The key
physicochemical indexes of Douchi prepared with the natural koji-making process were
significantly better than those of the Douchi prepared with artificial inoculation of 4. oryzae.
Keywords: different koji-making processes; rapid Yongchuan Douchi; physicochemical
properties; microbial community
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Table 1 Natural koji-making and Aspergillus oryzae
koji-making rapid Yongchuan Douchi  post-
fermentation sampling time points and their
corresponding numbers

No. Post-fermentation time (d)
M(A)-3 3

M(A)-7 7

M(A)-10 10

M(A)-15 15

M(A)-20 20

M(A)-30 30

M: Natural koji-making rapid Yongchuan Douchi; A:
Aspergillus oryzae koji-making rapid Yongchuan Douchi.
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Figure 2 Effects of different koji making techniques on physical and chemical indexes of rapid Yongchuan
Douchi. a: Changes in titratable acidity concentration. b: Changes in amino acid nitrogen concentration. c:
Changes in reducing sugar concentration. d: Color change. Different letters indicate significant differences at

the level of P<0.05, the same below.
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Figure 3 Comparison of diversity of microbial community structure of two types of rapid Yongchuan
Douchi. a: Bacterial Shannon index. b: Bacterial Ace index. c: Bacterial Chao index. d: Fungal Shannon
index. e: Fungal Ace index. f: Fungal Chao index. *: P<0.05.
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Figure 6 Analysis on the difference of microbial communities in post-fermentation of two kinds of rapid
Yongchuan Douchi. A: Analysis of bacterial community differences in the initial stage of post-fermentation
(day 3). B: Analysis of fungal community differences in the initial stage of post-fermentation (day 3). C:
Analysis of bacterial community differences at the end of post-fermentation (day 30). D: Analysis of bacterial
community differences at the end of post-fermentation (day 30).

P4 actamicro@im.ac.cn, & 010-64807516



JEIWAE | A4, 2023, 63(6)

2395

B LB 22 T B AR i R 5
55 (P<0.001) (&l 6D). BEMZEFRSrasRE
BY, B R sk SR A PR S
e At o RS | L X U B A R
B ZE R AR R R B O, SR 3
A AT A R — 2

K553 #r[line discriminant analysis
(LDA) effect size, LEfSel#r LI 2 A &l i
R T S B A K b 2 ) S ik )1 S e
AGt B X BUEYRE(E 7). B s R A
TR SR P R T R, 2 36 AN AN I
36 MEWHIEAFTE R E 2, LDA 134504
3.0 (Kl 7A-7B). 7E F R il i1 sl i 1 =2 5 Ak
ik 2 ] i 33 S LB R 2 3l 29 AT AR
PANGEJE, 30 A6 MEREEE . SEKF
SyMTRET, A ORI SR SRR i
BT G MR o1 1 N7 S O e < M W
OTU fA7E M2 (K 70), Hodr, Kz il
i E KN G E P 12 4> OTU AHXS T4 A 48
il il R S8 oS B Ry 22 5, R dE R
ARFFTH /N IR (Exiguobacterium) | 2 HOFF B
T ER B (Micrococcaceae)%s . H.IH /K FILH
36 > OTU fF{E R F M2 57 (18 7D), Kl d
K ) SR 6 4> OTU A T H AR i il
MK EBE S B B A 2 57, dE &R
RZZIELE IR . R ERIMERETE | ZE SR
i [l LR (Debaryomycetaceae) . LEfSe 43 M1 3%
B, ZEA MBI A B, B AR i K1
LSO F R v oK ath g ) R S

3 W
SE AR AR, W X R A AR
BEBFEMENZW, J5 RS S IR

— AN EH B R E R e R —
HAEAR TS, X b R A A . R A R

W, A o R IR I R TE R, R
2 4 B 1 R K AR B 53 A 1R I R A L
fied, (45 50 Hp A T I R R e, (H
Wil e TR R (R N T AR 22, LR 11 56 R L TR 1Y
ARZ NI, BRSNS . B E B E
SR AL i AR OK gt 2 T ) R R R Ry AR
(16.87+1.27) mg/g F(16.08+0.09) mg/g, KT
15.00 mg/g, /NT 25.00 mg/g, 4 ERbRE.
RAEMRERN &R SR e REM, 5
KRN, 768 55 2 Fh A 9 40 1 i 1 1
AT, \EARgsmRERER . ZIKE N+
Yiis, PSR A A SR AW . RS,
S IR A MR BE O 1 n e R s, X RO R
P A5 T A T 7 B S IR R BRI . SR K
SR, Bk LS B R it | Y
GSETR AN R i I 2 1 K a8 o i 3 sk )1

B, XN ARG RS AR Y
REM I R R E AR R EEA R, A
MTRAERSANIE . Wik, BERESAS

BN JEORE P R 1 R A OGN e
Je R R A A R REDR, A AR
AW FEE R, SR AT AR, TR A
S oK 2 i i R K ) S RIS R R, B
TLRE TR AR EREY, 5 R EEA K
Jei s A 2 T ph S s | B ) TR 5 i
Fen T AR K B teAh, HTK
iih 2 B AT SR AL RE J), 5 R I AR oK
g ] P S | 2 5B G PR A B 1 AR ) o
ANEERE 2d), XWfFr Tt aREe A
i SR T 8 A2 P A 4 e 7k 1| 55 8 £ 7 I )
(ENE RN DGRBS EAVISE ISR
£, HABESRNEANS T, GEERCERKF
0T S R, hy B P SRR S N SR AL U
eSS PR I AR BRI AR R 20 I, 5 R e
SEe, R i ) P SR )1 R A B AN

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



2396 ZHOU Xu et al. | Acta Microbiologica Sinica, 2023, 63(6)

A mm a: f Listeriaceae

mm b: g Brochothrix

mm c: [ Family Xll_o_ Bacillales

m d: g Exiguobacterium

mm ¢ {_Aerococcaceae

m {1 g Aerococcus

mm g: g Leuconostoc

mm h: { Enterococcaceae

mm i: g_ Enterococcus

m j: g Vagococcus

m k: g Bavariicoccus

mm |: g unclassified_ [ Enterococcaceae
mm m: o Corynebacteriales

m n: f Corynebacteriaceae

m o: g Corynebacterium_|

mm p: g Rhodococcus

m q: g Gordonia

mm 1: 0__Streptosporangiales

m s: f  Nocardiopsaceae

m t: g Nocardiopsis

mm u: 0 Micrococcales

m v: f_Micrococcaceae

m w: g Glutamicibacter

mm x: g unclassified_{ Micrococeaceae
m y: g Kocuria

m z: _Cellulomonadaceae

m al: g Oerskovia

mm bl: o Streptomycetales

mm cl: f Streptomycetaceae

m dl: g Streptomyces

mm ¢l: p_ Proteobacteria

m fl: ¢ Gammaproteobacteria
mm gl: 0 Pseudomonadales
m hl: f  Pseudomonadaceae
mm il: g Pseudomonas

m jl: f_ Moraxellaceae

mm a: p_ Ascomycota

mm b: o Pleosporales

mm c: g Cladosporium

mm d: c_ Sordariomycetes

mm ¢: 0__Hypocreales

m {2 {_ Nectriaceae

mm g g Gibberella

mm h: £ norank_o__ Hypocreales

mm i ¢_Acremonium

mm j: ¢ Trichothecium

m k:t  Cordycipitaceae

mm |: ¢ Beauveria

mm m: o__unclassified ¢ Sordariomycetes
mm n: f unclassified_c__Sordariomycetes
mm 0: g unclassified_c_ Sordariomycetes
mm p: g Wickerhamomyces

mm : g unclassified_f norank_o__ Saccharomyo
m 1: g Candida

mm s: g Debaryomyces

mm t: fDebaryomycetaceae

mm u: g Meyerozyma

mm v: [ Trichomonascaceae

m w: g Trichomonascus

mm x: g Penicillium

mm y: g Aspergillus

mm z:c_ _norank_p__Ascomycota

mm al:o_ norank_p_ Ascomycota

mm bl: f norank p Ascomycota

mm cl: g Yunnania

m dl: p  Zygomycota

mm cl:c_ norank p Zygomycota

mm fl: 0 Mucorales

m gl: { Syncephalastraceae

mm hl: g Circinella

m il: f  Mucoraceae

m jl:g Mucor

P4 actamicro@im.ac.cn, & 010-64807516



JHIRAE | A4, 2023, 63(6)

2397

C p__Proteobacteria [ D
¢ Gammaproteobacteria _

0 Enterobacteriales L]
f _Enterobacteriaceae

B

o__Pseudomonadales [T

[ Psevdomonadaceae [
g_Psendomonas [

¢ unclassified_f Enterobacteriaceae ]

f_Enterococcaceae

g_ Enterococcus L ]

g unclassified_f Enterococcaceae

g Leuconostoc [T
g Serraria [

g_ Bavariicoccus

¢ Pantoea
p__unclassified_k__norank [
g_unclassified k_ norank T
f_unclassified_k__norank
¢ unclassified k_norank [T
o__unclassified_k__norank [T
g Vitreoscilla

o__ Neisseriales [T

I Neisseriaceae [ ]

¢ Alphaproteobacteria ]

o Rhizobiales T

f_ Cellulomonadaceae

g Oerskovia
f_Brucellaceae

g Ochrobactrum

g_ Aerococcus
f_Aerococcaceae [

g Stenotrophomonas [
o__Micrococcales

g Kluyvera

g Aureimonas |
f__Aurantimonadaceae |
"0 Xanthomonadales _
t__Xanthomonadaceae
fMicrococcaceae
g Glutamicibacter
g Rhizobium

f  Rhizobiaceae

g Nocardiopsis
{_Nocardiopsaceae _
o Streptosporangiales [ ]
g_ Paenochrobactrum

g Klebsiella ]
]

g Rhodococcus

g Yersinia

¢ Vagococeus

g Acinetobacter
tMoraxellaceae
o__Streptomycelales
g Streptomyces

f Streptomycetaceae
¢ Kocuria

g Pseudochrobactrum
g Brochothrix [

f  Listeriaceae ]

__Penicillium

g Wickerhamomyces
<__Sordariomycetes [
o__Hypocreales
g__Debaryomyces [T

f  Trichomonascaceae

g Trichomonascus
c__norank_p__Zygomiycota
p__Zygomycota

o Mucorales
f_norank_o__Hypocreales [ IR
f_Mucoraceae

g_ Mucor

g Trichothecium ]

g Circinella

£ Nectriaceae [

_ Gibberella [
f_unclassified_c__Sordariomycetes
o__unclassified_c__Sordarionycetes

g unclassified_c__Sordariomycetes

o_ norank_p_Ascomycota

c_ norank_p__Ascomycora [T
f__norank_p__Ascomycota

g Yunnania

f_Cordycipitaceae |0 ]

f  Syncephalastraceae

g Acremonium [EE

g__Beauveria [T

o Pleosporales

g Cladosporium

g_ Aspergillus

g_ Candida

p__Ascomycota

¢ unclassified f norank o Saccharomycetales
g Meyerozyma

f Debaryomyceraceae

0005101 52025303540455055
LDA score (log,,)

f_ Corynebacteriaceae I N

g Corynebacterium 1

o_ Corynebacteriales |

Exiguobacterium

g —
f_Family XII_o_ Bacillales [
]

g_ Gordonia

g Massilia
f_Oxalobacteraceae
Carnimonas [

o Oceanospirillales [N

f  Halomonadaceae

|
g unclassified f Micrococcaceae _

000510]52025303540455055

LDA score (log,,)

7 PR K EE MR BT RE B E LEfSe 574 (LDA 3¥43>3.0)

Figure 7 LEfSe analysis of microbial communities of two types of rapid Yongchuan Douchi from phylum to
genera level (LDA score>3.0). A: Bacterial LDA fraction distribution cladogram. B: Fungal LDA fraction
distribution cladogram. C: Bacterial LDA score distribution histogram. D: Fungal LDA score distribution

histogram.
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