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Abstract: In this study, PacBio SMRT sequencing technology and conventional physicochemical analysis methods were
employed to conduct a comparative analysis of the fungal community structure and physicochemical characteristics of
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medium-temperature Daqu samples from Luzhou and Nanyang regions. Furthermore, principal coordinate analysis (PCoA)
and correlation analysis were performed to reveal the association between dominant fungal species and physicochemical
properties. The results of fungal community analysis showed that the fungal communities in medium-temperature Daqu
from both Luzhou and Nanyang regions were dominated by Thermoascus aurantiacus, Thermomyces lanuginosus, and
Saccharomycopsis fibuligera, with cumulative average relative abundances of 64.59% and 83.58%, respectively.
Additionally, Rasamsonia composticola and Issatchenkia orientalis were identified as fungal biomarkers for medium-
temperature Daqu from Luzhou and Nanyang regions, respectively. Physicochemical analysis results indicated that,
compared to medium-temperature Daqu from Nanyang, Daqu from Luzhou exhibited significantly higher water activity,
moisture content, bound water content, ash content, starch content, amino acid nitrogen content, and protein content
(P<0.05), while density, crust hardness, free water content, liquefaction power, esterification power, and saccharification
power were significantly lower (P<0.05). Correlation analysis revealed complex relationships between dominant fungal
species and physicochemical indicators in medium-temperature Daqu. This study provides important supporting data for

understanding the differences in fungal communities and physicochemical properties of medium-temperature Daqu across

different regions.
Key words: medium-temperature Daqu;

physicochemical properties; correlation analysis
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1.2.2 iR RFEEA DNA $2H. PCR § #4410 PacBio
SMRT {7 =8 DNA $2H Al AR50 Gl B 45 0
AT i AE A< DNA $2H¢, 318 FH Qubit dsDNA
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AAGAACGCAGC-3 ") 1 ITS4R( 5’ -TCCTCCGCT
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TW=3500 ms, NS=64, DL1=0.04708 ms"", %} {+f
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T BH b X e R R pl BB A A T T AT, SR
7N, BN 20 3 Hl R i ARE il b e 3R AR 237598 S5 i
AT . $% B8 98.75% )7 51 AH L)L BE R 18, ¥
20 By K A SO AN A TA AN X S SR
533A% 1085 1~ OTU, FEF OTU /K3, AWFFEXT 5
MR e BH b, DX gl R HASEAS (g I 15 A T T Bt
Sr8T. HIE 1(A)FI(B) Al A1, FEE il i REAS A~
Er¥ghn, OTU 0 H AW S2F, H 4 SRR AU & il
2 b IHEARGEET-22, 20N e e EL R S
R, RPN AASTHF ST 4 RAF B T LAAT 2805 B R [X
W11 B=NESE /7 e SNe s

AMFGEHE— 2L XA FEA T OTU 43 A G kA T
T AT, ELRE A il X AR R K R R A R I TR Y
OTU & X NI OTU, {UAFHE T — M X A
B OTU % X NHFA OTU, 18 i A FEAS 174 1
OTU & X ML OTU. HE 1(C)ATHL, Y4 F
T BH b DX A o il v S ) 4320 775 A 913 A4
OTU, f23E 603 PAeAy OTU. 172 A~ PN Hb KA AT
OTU 11 310 A PHHL X FFA OTU, 3xX R WP~ Hb X
HIE K R EAR IR . IR 1(D) AT, A

P IX P R AR AS Fh ) 53 31 11 20 OTU,
{4 OTU BEH MY 1.01%. 4G HIRHERSE IR, A<
BFFEXT iR R i AREAS 4% 0> OTU AHXT S T T
RASERT, 53R NE 1 PR,

2 1 AT, PR R AEAR Y 11 %0 OTU
IS R B A RE T 22 B ( Thermoascus auran-
tiacus, OTU1955) . FNFERINLEIE L] (Saccharomycopsis

fibuligera, OTU3126) . 2 FLYE % )& ( Galactomyces,
OTU69) | Hh F& X JE #E I ( Dipodascus geotrichum,
OTU3749 Fll OTU4336) . /b MM 2 ( Rhizopus arr-
hizus, OTU3417) | 55 e I B): ( Wickerhamo-
myces anomalus, OTU1797) | B 225+ ( Tricho-
sporon asahii, OTU4053) . SURAEAEEE (Lichtheimia
ramosa, OTU941) . £ & il & (Aspergillus prolifer-
ans, OTU3686) FIKY AR K ¥ 6 £): ( Millerozyma fari-
nosa,OTU683)., HH, {JET Thermoascus aurantia-
cus F1 Saccharomycopsis fibuligera W #% .0> OTU J&
P DX R R i AR AR iy 2 2% .0 OTU, FEVPH Y
PR RSP B AR SRS 5 29.20% FiT 9.49%,
TE R S X H I I Hh PP AR S 53 01 21.59%
F1 19.40%, X Thermoascus aurantiacus Fl Sac-
charomycopsis fibuligera J& Wi~ b X H g < gl 45
PR E R IEHE ., BRULZ 40, SRIEF Galactomyces.

Dipodascus geotrichum . Rhizopus arrhizus 1 Tricho-

) ®), © (D)
| e
H7sor a0l ﬁﬁ
%500 400§ ;JJ;
"0 zooj —J| V
1 23 456 7 8 910 1203 45 6 7 8 o0
FEAEL (1) FEAEL (1) P ]
B1 e BH b X APl e 1 i e it
Fig.1 Sequencing statistics of medium-temperature Daqu from Luzhou and Nanyang regions
TE: (A) Wb iRt B OTU RBVRALE; (B) I FHMLIX il K 57 OTU RARALE]; (C)OTU 5 BT
(D)OTU FEH .
F 1 YIRS B DX PRI C OTU AR &5
Table 1 Relative abundance of core OTU in medium-temperature Daqu from Luzhou and Nanyang regions
OTU ID WRELER PN (%) FAFH(%) B
OTU1955 Thermoascus aurantiacus 29.20(27.43,0.03~58.30) 21.59(18.42,9.38~46.94) NS
OTU3162 Saccharomycopsis fibuligera 9.49(3.16,0.32~66.98) 19.40(16.68,1.32~50.87) NS
OTU69 Galactomyces 6.68(7.16,3.41~10.11) 0.39(0.31,0.03~0.89) Hkk
OTU3749 Dipodascus geotrichum 4.01(3.90,1.42~7.30) 0.32(0.15,0.01~1.03) *kk
OTU4336 Dipodascus geotrichum 2.57(2.58,0.94~3.78) 0.50(0.31,0.02~2.06) *kk
OTU3417 Rhizopus arrhizus 2.03(1.99,0.22~3.66) 0.36(0.16,0.01~1.79) o
OTU1797 Wickerhamomyces anomalus 1.63(1.91,0.17~3.00) 3.12(0.58,0.06~15.62) NS
OTU4053 Trichosporon asahii 0.77(0.62,0.25~2.10) 0.18(0.17,0.03~0.44) Hkk
OTU9%1 Lichtheimia ramosa 0.60(0.46,0.03~2.29) 0.39(0.08,0.01~3.25) NS
OTU3686 Aspergillus proliferans 0.49(0.15,0.01~3.34) 1.53(0.11,0.03~14.12) NS
OTU683 Millerozyma farinosa 0.08(0.02,0.01~0.51) 0.36(0.22,0.02~2.00) *

#: “29.20(27.43,0.03~58.30) {43 “SFI{E (P8, fe/ME~RRAE) ", NSIUER 22 R AR B (P>0.05), MUEZEF BE (P<0.05), *+LE2EFIEW BF
(P<0.01), ***f{ %22 50 B 3 (P<0.001), #2~23,
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sporon asahii WFZ%.0> OTU F£ P4 HH Hb X A i Rl
W B2 EHEWP<0.001), MRJET Millerozyma farinosa
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B, T D s Pl o I EL R s 2. HE
71, Chaol F8EUFIN- - ZRFEE53 50 S BAE S g Ff =
B EE RN AR, FREGER SRR i T s R AR
BRI, AR 2(A) ATHI, Y5 FTEE BHHL X A ok it v
SP-#J Chaol #8 #4351k 431 Fi1 338, HHIEl 2(B)AJ
a1, Y PFIT R [H b DX gl SR v 2o 2R K
24°0.75 i1 0.66. HHIH T, AH%E TR FHHb DX A g R
H, 9 P DX R O i A A T B A A
B HAES T2 L% A B3 22 5 (Mann-Whitney,
P>0.05),

B ZAREVEIR T T SRR A (] RS Sz BRASEAS (2H) []
5 AT EYIRETE 25 55, PR B ) 1 Z2 461,
IR B A R AR B Z H] 22 S Bk . ARWFFERE TR
AFIAAL UniFrac BB JE— 205 P 1l DXt e
EE A ZREMEAT T fEdT . B 2(CO AT, 7E
AN AP B S OCT , UE P FITRE BH L X P o
FEAS Z ) HA 3 g s, 3 50 T X=0 4l ~ Jr#n 1

0,
Yo ¥

(B)

P>0.05

SEURIRR

o

o e

& 2

0.1

Jr. B 2(D) AL 75 EA LT, v
TG BHHb X AR R fi AR A EZS TR HEAT RS2 T
SrEads, AT Y hin R R R R, St
250 )7 22538 (Permutational Multivariate Analysis
of Variance, PERMANOVA) #5536 & 31, FFIE AL
FIINAY UniFrac BEES, P-4 X AR Il S e e 45
Ko Z ) HIAAAE 35 25 5 (P<0.05) o FHUIL AT, TEis &
T2 R R =E R, A HB X g o il =2 8 B P R
FAAE I 25 55, 330 SR TT il PR 22 %) rh iR o th L e
VR EEA T SZ I

2.3 AMFNRRRME X IR KB B BRSO T

FETEAR R RRLE A, AT 4N, B . B
JEANFREE 6 328K iR i B TR R 454
HEAT T 301 G55 s, 1085 4~ OTU Heyd: Bl
8 MNILIHIT, 22 N E AN, 45 M EEH, 91 - E A
Bl 138 S EEJE AT 201 DEEEFN . AL, AUFFOR
HR RN AEAS P AT 5 R TF 1% TS
T SO 2T, FEXT-Hb DX AR R th
P EPRIBFIR G T T 430, 455 AN’ 3 .

FH A 3 CA) TN, M- XA 7R A HAG )
| 3 LA ], 35 ] (Ascomycota) . &
#%1J(Mucoromycota) fl13H-FE& [ ] (Basidiomycota) A
VRPN b X AR R I BB T, SPAAERT B AR
A1 94.85%. 2.86% Fll 1.52%; Ascomycota Fl1 Muco-
romycota AR FHM X AR ICH iR 1], 18
AR XF & 5 91 A 96.88% Fll 2.24%., i & 3(B) AJ
1, PR 1 X R R i A G ) 12 AR

= ) i1

F=2.14 P=0.001 F=3.24 P=0.036
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Fig.2 Comparative analysis of fungal microbial diversity in medium-temperature Daqu from Luzhou and Nanyang regions
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Fig.3 Analysis of fungal community structure in medium-temperature Daqu from Luzhou and Nanyang regions
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J&, Horp B4 B IR ( Thermoascus) . W8 H &
(Thermomyces) . ZWAAIEEREJR (Saccharomycopsis)
B ERICH & (Rasamsonia) . URZER )& (Dipodascus) .
0k eS| (Galactomyces) . #3%8% & (Rhizopus) . B
S5 U R )& ( Wickerhamomyces) . Bl % )& (Asper-
gillus) FIEFEEEJE (Lichtheimia) 3 PN Hb X H iR
g OE A B R, P AR X & AR IR S 31.45%.,
24.00%.9.55%.8.67%.8.55%.6.74%.2.10%.1.67% .
1.45% F1 1.32%; Thermoascus. Thermomyces. Sac-
charomycopsis. Wickerhamomyces. Aspergillus. R
E5 )\ (Rhizomucor) FR R )& (Issatchenkia) N
T B DX il Rt DS LR, P AR B B ARk
A 23.51%., 40.78%. 19.51%. 3.18%. 3.61%. 1.27%
F12.46%. & 3(C)RIAT, AP X A it R
FEAS I 2] 12 A A EL R R, H b B g R R TR
( Thermoascus aurantiacus) . B A IRk g 1 22 #1354
( Thermomyces lanuginosus) . F0 2 7% PR 5%+ B
(Saccharomycopsis fibuligera) . W& ¥\ H & ( Rasam-
sonia composticola) . b %% X /& ¢ B ( Dipodascus
geotrichum) . "CHRIREL(Rhizopus arrhizus) . Wicker-
hamomyces anomalus 1 Lichtheimia ramosa "N ¥ JH
Hb DX il R Y DS LR A, S I AR XS S AR
31.11%. 23.93%. 9.55%. 8.67%. 8.54%. 2.05%.
1.67% F1 1.27%; Thermoascus aurantiacus. Thermo-
myces lanuginosus. Saccharomycopsis fibuligera .
Wickerhamomyces anomalus. ¥ W 5% ( Aspergillus
flavus) . Aspergillus proliferans . /MR B 55 (Rhizo-
mucor pusillus ) AR TR BREEE R (Issatchenkia orien-
talis) >hy e FH 3 DX Hig it i DL A LB A, SRR X
TR KR KN 23.34%., 40.73%. 19.51%. 3.18%.
1.51%. 1.54%. 1.27% Fil 2.46%. K T #F—2L#5T
P X rp i R R R T 2 A 22 53, ASFSE R
JH Mann-Whitney #4675 X 7R il A S B B FR
AT T Geit43bT, 455 AnR 2 .

2 2 0] H1, Thermoascus aurantiacus. Ther-

momyces lanuginosus F Saccharomycopsis fibuligera

S YN TR SH AR D PR i i 2R L A (1
FHXT &2 10% KDL 1), BB YBIAEXT & 5435
N 64.59% Fil 83.58%, H.ixX L EL AR 7E P> L IX 22
[a] 2= 53 A8 B35 (P>0.05) . BRILZ 41, Rasamsonia
composticola. Dipodascus geotrichum. Rhizopus
arrhizus Fl Lichtheimia ramosa FE % P i X w1 {5 K
ph H R 2 B A2 (P<0.05), T Aspergillus flavus . Rhizo-
mucor pusillus Fl Issatchenkia orientalis7F g FH b X
rhyR R TR AR R AR (P<0.01) . HHIEAT A, S
b DX AR R Hh B TRV S5 A A AR R AR S, 3X
5 ik OTU 43drati i —34, H EZMHE P 58
L OTU THEREEEARIEAL.

Zh G FaR ZREE S BT A AT 0, P i X R iR
R 2z 18] B R 45 A 18 25 5 AR B E 3 - B T
HE L, T SR BRI SC . PRI, ASWFFER
2R M 40 5 4387 5% W 8 (Linear Discriminant Analysis
Effect Size, LEfSe) %] - Hl X H i Il H AT BEAR RS
2H 8] 22 57 10 EL TR AP BEAT T 43T, DAZRPER 0 5 By
(Linear Discriminant Analysis, LDA) KT 3.01EHN
FRUEPPAS B34 EL B PRI 2553 2H 25 58O s2 ma i R
/I, IF4E G ROC ikt — L 00iE, & 76 A b i st
AR X AR - LR ARS8, 25 R aNE 4 .

F & 4(B) AT, DA DX A ok i o L 1)
) 20 NEAGEHE2E R E YA (P<0.05), Hrf
TE YN FEE FH R X 3 502 13 81 7 4~ EE
B A K I, Rasamsonia composticola . Dipodascus
geotrichum F1 Rhizopus arrhizus FE P M H X H R I
i AP R 3 s 4R (P<0.05), 1M Issatchenkia orientalis .
Rhizomucor pusillus Fl Aspergillus flavus TE Fd BHHb
X AR R v e 25 4R (P<0.05), iX 5 iR Mann-
Whitney K8 504 R—30, 1EYFIKE I, VR
4r¢HH LDA {HEc K EEFR, Rasamsonia composti-
cola M Issatchenkia orientalis #% I\ A J2= % P~ Hl [X
F IR R I TR 7 5 ) 22 S S e e R P EL TR, K
¥ Rasamsonia composticola N Issatchenkia orientalis

S35 SR i P R B 4 X gt DRl ) EC R AR R A

2 AR I R 35 SRR

Table 2 Relative abundance of dominant fungal species in medium-temperature Daqu from Luzhou and Nanyang

P F PN (%) (%) 2
Thermoascus aurantiacus 31.11(29.73,0.03~59.69) 23.34(19.96,10.2~49.72) NS
Thermomyces lanuginosus 23.93(22.39,0~48.62) 40.73(37.67,11.78~77.36) NS

Saccharomycopsis fibuligera 9.55(3.21,0.32~67.30) 19.51(16.84,1.37~51.05) NS
Rasamsonia composticola 8.67(2.48,0.00~27.09) 0.01(0.00,0.00~0.03) *
Dipodascus geotrichum 8.54(8.00,2.86~14.82) 0.85(0.48,0.03~3.21) ook
Rhizopus arrhizus 2.05(2.01,0.22~3.69) 0.36(0.16,0.01~1.79) ok
Wickerhamomyces anomalus 1.67(1.95,0.17~3.06) 3.18(0.59,0.06~15.99) NS
Lichtheimia ramosa 1.27(1.00,0.04~4.52) 0.52(0.11,0.01~4.30) *
Aspergillus flavus 0.55(0.23,0.00~1.93) 1.51(1.43,0.45~3.16) -
Aspergillus proliferans 0.49(0.16,0.01~3.38) 1.54(0.11,0.03~14.19) NS

Rhizomucor pusillus

Issatchenkia orientalis

0.08(0.04,0.00~0.32)
0.00(0.00,0.00~0.02)

1.27(0.46,0.03~9.49)
2.46(0.06,0.00~22.99)
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E: (A)#EAES> 38T (B)LDA {HA IR E; (COROC k.

Y. dmEik2ed ROC thZkilt— PP Al B E A W hn &
Yy omg I AE o 2R, B I’ 4C B H1, Rasamsonia
composticola 1 Issatchenkia orientalis{EAN[EHLIX.
PR LR AR bR AUC(ROC TZE R 71
TR /IN) 43531 0.8 FiT 0.86, ¥4 0.5 31| 1 2 [H],
UL EH AR L3R W EC PR AR A A ] b DX A i
Rl ) B A AR s ) HA A s I R R
2.4 AMFIREMEEX IR K EEIR A AERR 1T

R . ARGy VEM & AR — e R
T LA ol i st i 25, ik A o - Bk DI FIlEAL
AR Rt =L i N ] ESSEI L Y SHSR 1= N & L Y.-3
P A HhE AR RS B L s R W R il A &
o AT SEERXT AR R S T TR BE AT, ARSI
P DR Y 18 DNERAbFE bR T T AT, 45
SanEk 3 i,

FH% 3 AI I, AH%R T FE BH R DX AR R, o 0 b
X H R ICHH KA1 BE L KOSk . 4568 /K & a. K
G3 . VER O R | SRR LS e AR 1 T e 3

= (P<0.05), %R EE . I CAEEE R H /K &2 L AR
1k 77 . B4k 1 A AE 1 2 R A (P<0.05) o FET
PCoA FrfT 7k, ASWIFFEE—H X W1 X R R S R
BOFRALFE AR T T RS T, S5 NIE 5 s,

A& 5(A) AT %0, PCoAl Fl PCoA2 1145 2% BTk
SEAFIH 90.32% Fil 9.18%, Wi~ X g e i REAS
TEAS [ HEA T FEA Wi, HEA W22
(F=9.25, P=0.003) . & 5(B)n] 0, AHEEF 35 MM uk
B BHHE X A iR I pRAREAS R 2H PR R S, PR HB X PR
HAREAS A 2H 18] 5 350k 5 (R=0.315, P=0.005) ., i Fik
SYATEE AT, MR A, 1 PN g BH Ml X AR R
Al =2 A B A A I B 22 5
2.5 FIRAKHRBEEFMSEEREX S

CA W IR UESE, il iYL BT s b 5 L E M i
V& Z AR VI L, S T IR ARG Thil R i 3k
FEPRAT O PR TA S5 S, AR A EC 5
B, SFNAARTFITRY 18 DEfLFE AR S 12 3
PRAPZEAT T 5087, 455N 6 (A) s .

3 YIRS FH 3 DR i B AR bR 2E S e i

Table 3 Differential analysis of physicochemical indicators in medium-temperature Daqu from Luzhou and Nanyang regions

FRALFEBR Bl FH ITE S ca
2% (g/em®) 0.77(0.77,0.74~0.80) 0.82(0.81,0.78~0.88) ok
i B B () 13023.86(12404.20,11146.00~15636.20) 15548.02(15058.80,13823.20~20465.00) Hox
AR (g) 2529.73(2662.16,1138.20~3980.40) 2128.28(2102.90,1417.00~3035.20) NS
IR 0.66(0.67,0.61~0.73) 0.57(0.59,0.38~0.63) ok
KAy (/100 g) 10.28(10.24,8.32~12.20) 8.86(9.01,6.90~11.18) *
#5467k (g/100 g) 93.54(93.44,92.72~94.86) 92.16(92.34,90.12~93.23) ok
ARG shK(g/100 g) 5.99(6.14,4.70~7.08) 6.48(6.85,4.93~8.02) NS
A 7K (/100 g) 0.47(0.44,0.18~1.04) 1.36(1.46,0.04~2.64) *
1% )% (mmol/10 g) 0.88(0.89,0.79~0.97) 0.95(0.95,0.64~1.20) NS
K53 (g/100 g) 1.93(1.96,1.65~2.01) 1.85(1.72,1.40~2.77) *
TER (/100 2) 58.24(58.20,53.85~60.75) 55.59(55.77,52.92~58.04) ok
SIS & (gke) 3.01(3.04,2.32~3.72) 0.42(0.44,0.08~0.62) ok
EA A R(g/100 g) 15.40(15.07,14.45~17.34) 14.33(14.36,13.29~15.13) ok
k77 (0) 8.18(8.41,6.82~9.04) 8.09(7.68,6.87~9.64) NS
KEEFI(U) 0.85(0.37,0.19~2.67) 0.65(0.37,0.21~2.08) NS
WA (U) 0.72(0.73,0.52~0.84) 1.20(1.13,0.63~1.84) *
fisfk A1 (U) 205.70(192.56,104.04~291.14) 410.08(432.90,267.50~523.25) Kok
BitEJ1(U) 314.52(241.60,166.20~552.80) 531.50(558.60,281.40~708.60) o
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Fig.5 Principal coordinate analysis (A) and similarity analysis (B) of physicochemical indicators in medium-temperature Daqu

from Luzhou and Nanyang regions
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Fig.6  Procrustes analysis (A) and correlation analysis (B) between dominant fungal species and physicochemical indicators

in medium-temperature Daqu
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ARG, & 6(B) TN, rhid e th BRALFE PR 5 003
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e PR 5 8 UL LT Bl 2 (6] iy T 25 9 AH OGP
(P<0.05, |7>0.5) - Horr, Dipodascus geotrichum 5
ZEGK. VER S AL SRR i MRS A e
SEEIEARSE, SRRE L WAL IR ) 5 B TR DG
Rasamsonia composticola S B IEMRERA S EHE BF
IEAESG, 5lEf 1 82 B3 5 AH G ; Saccharomycopsis
fibuligera 5 W Ak 71 5 . 3 1IE A0 5 5 Thermomyces
lanuginosus 5 H H/KE BFIEAG, S856/KE R
= 11 A 3¢ 5 Issatchenkia orientalis F1 Rhizomucor
pusillus 5 [t 5z 58 & W A6 J) &2 W 3 E AH G
Aspergillus flavus ‘S | WAL F1 FERI )1 2 B3 1E
FHIe; Rhizopus arrhizus 52 A S H AR 5T
Er R A IEARDC, SRR WA UG
3 g

AR ZAE PR AL G it 5 i B R4 14,

AP AZ O A E W B Dy e e A R 2 36 80 ) 5 ke
A IR B B FXUARSR AR e P S 2 . R
PR R AR E DI R, fes e A= 5 B
AR Z A SIBA:E, X B — 2B TR B S BT . XU
R N 22 A AT BB L. AR WEFE R PacBio
SMRT Il J 743 A 735 93 M A B s DX o 7 R i B
ZREPERIRETE S5, FFIT R il Rl DU B S B
AEFEFRIIAHSCHENTSE

DX PR 2 x6) v i R R T2 A P S A g 2 )
AT B PR T A X BRI DR AR A 1 SR SR ) N
AT 3 50A [ 1 X R I O B A M 2l S B 2 A
SIATERAE . ARSI G o3 B R B, Thermoascus
aurantiacus. Thermomyces lanuginosus F1 Sacchar-
omycopsis fibuligera TE 3 PN Fl g BH b X A2 I il AR
Az oA HAEAS X Z ) TJC e 35 22 5 Horh,
Thermoascus aurantiacus F1 Thermomyces lanugin-
osus FE= R M A LAY g R/ PR A T, HORCAE
A X e R REAS HR S B AR X S S I TE 20% LU
b, T R A P AT R IR R A 2 X3
WEER) . BRI Ah, v L ARSI 2 AR T
H e gk A ¥, 40 Rasamsonia composticola .
Rhizopus arrhizus M1 Lichtheimia ramosa %%, i 4 BH



- 194 - £ Tl B4

2026 4 4 A

Hu X 4 3 B AR T 2 Ead AR KRR 24~30 C 19E
Y, W Aspergillus flavus . Rhizomucor pusillus
1 Issatchenkia orientalis 55, 33X SR T VEMAZ O EREE
T PR R PR Ut JRE R O A A= ) A 1 O B A 45 A
JHPH, XTAO 5P W FE IR UE SIS, It B 2 5 i v i
A R A NIEEIR SN T . &8GRt
AT, A% T R B DX AR R, B X iR O
el 2RLURE T RE R v o

IHh g BEALFE PRI Sy S i B L B e IR Y E
TR, EHLAPIRIC I e e A R L Y B
FEIG . ASBFFEIE T SHT P, AHEE TR BH X Aok
i, Y5 DR IR IS KR ST BE L K i 45
IR RIY . VER . RIS A A BT
o e, TR SR RSN ) RS L K
WAk BRI FBEAL ) 2 2 AR o e T AH OGRS
At — 20 & B0, 78 sk 2H e A E L 2 v BEAR ALY
THOLR , A [F) s X g I it B AR i T i S B
WAEIRER R B A G ZATHINTSTSE Hh, 20k
FRASA S A Al BR R s KA B A E e i 4
R 2Z 5 B AL E FPY EARTSE T,
Rasamsonia composticola . Dipodascus geotrichum Fl
Rhizopus arrhizus 5@ IR A & B Z AIFT1E B3
TEARDE, VP b DXCAEA 25w A IR A e B
Y I i o ) RS R i, X — 25 S ide— 2P0 E 1
IR AR, N b X R R R b B AR Y L
A -5 HLGE R AR 15T 5 B A i e I AN T o0
Rasamsonia composticola M L), Sl R —ﬂ-% R b
Bit, W] BER] 2N PERY -5 1 B SRR 454, BELAS 3=
TiLHiE R 3, SFEGER AN sk TR AR
b —FEHPE IR AU AW, Dipodascus geotrichum T
DL AT S8 R BRSSO A PR, SIS
Yyse eI ss, TERMELITAR B . K3 BERIK 53
VAR IR I SCHEFE PR, 76— & PR BT DAS ik
Kt G AE e A R AE AT S R B, S A
TR FH B, DX i I A i R 7K 310 BE AT E il 3 22 5,
(B H IR 5335 IR T 0.70, XA U Il X bRk
M B P AR A i 2 B . (EAS—$E 0,
RS 2B 0A 7Kg, v AL X AR R th A i
IR G EARARAY P BRI O, X IuE T Bk
R
4 ZEg

ABFFELRG HUEE T v PRI BH b X A R R A
A B HER S5 FIERA A BT 19 25 55, Ik (G Sy
B RAR G S e s 1 O A L B A A B A 52 8]
FYOCHRME . AT A AR oS, A P Hb X g R 14
JE T UL Thermoascus aurantiacus 1 Thermomyces
lanuginosus “A 461 A8 3% B 5 P 0 i e TR A
R, AEAS [R] b DX rp el R it B R A R B AR 5 BT
TEI 2857, HM# Z B HAT WA OCOC R . Hirp,
B H P Rasamsonia composticola. Dipodascus

geotrichum . Rhizopus arrhizus F1 Lichtheimia ramosa
TE Y PH A DX rp e Il v S 2 e 4, e A R R

Aspergillus flavus . Rhizomucor pusillus 1 Issatchen-
kia orientalis TEF FHIBIX Fhil O 25 5046, 4545
X B A= W 1 A R B P — 2 AN AR 5 P H s X

HRICH A IR D v o IHeAh, o e 38 e AR

HOFFAE IR S S B P 3 X rp g Il Py & & 2k

PR AR S B AN P o 2 i s, TR T TR AR
JIFREAE T 7 2 R AR A B AR . AR T e

Sy IR B L RS 2 A A AR R ) RAE SR AL T

Bleffida, I AN R HP IR il S B AE 17—

FERY UL, AR, FATSS TRt R iR it A B
At SO0 B g EAE P BIL ] 1 AT iR et

WA PRI, TR Zeiiserh, al AL & SLbrder™, A

HEAUDT FLBOAR B s 2 Bl A &=, A4

JAFMERAFE R P T R i, A S HESh L 58
il 2E—20 A shifb s P PR e 5 ST i .

© The Author(s) 2026. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3Lk

[ 1] HOU Xiaoge, HUI Ming, SUN Zhongke, et al. Comparative
analysis of the microbiotas and physicochemical properties inside
and outside medium-temperature Daqu during the fermentation and
storage[J]. Frontiers in Microbiology, 2022, 13: 934696.
[2] MU Yu, HUANG Jun, ZHOU Rongging, et al. Characteriza-
tion of the differences in aroma-active compounds in strong-flavor
Baijiu induced by bioaugmented Daqu using metabolomics and sen-
somics approaches[J]. Food Chemistry, 2023, 424: 136429.
[ 3] ZENG Huawei, JJANG Xuejian, WANG Zhigiang, et al. Envi-
ronmental and physicochemical characterization and fungal commu-
nity of two batches of Chinese Luzhou-flavored Daqu[J]. Journal of
the American Society of Brewing Chemists, 2023, 81(1): 190—197.
(4] ATE, 3RK, BRR, F.RFRGBERGRBIR T LR
WA DB R AR AT J]. b EAkiE, 2024, 43(8): 1-6.

[ HE X R, ZHANG Q, TANG J H, et al. Research progress of main
microflora and their roles during strong-flavor Baijiu Daqu fermen-
tation [J]. China Brewing, 2024, 43(8): 1-6. ]
[5] &M, X Miseq AM G RALIR B3O KR AR K
WA D], 87 Wl T K3, 2022 [ YANGZ Y. Op-
timization of Miseq library construction of Daqu and comparative
study of Luzhou-flavor Daqu in different regions[D]. Zigong:
Sichuan University of Science & Engineering, 2022. ]
[6] KM, HEE, 2=, F NEFRERETERXBHEL
RS mAEMEHBEEZFARLI]L %5 L8 T A, 2025
51(9): 169-176. [ ZHANG Z Y, CHEN Z J, JJANG W Y, et al.
Analysis of physicochemical and micro-diversity differences in In-
ner Mongolia medium-temperature Daqu[J]. Food and Fermenta-
tion Industries, 2025, 51(9): 169—-176. |
[7] NIUJ, LI W, DU B, et al. Temporal heterogeneity of micro-
bial communities and flavor metabolism during storage of high-tem-
perature Daqu[J]. Food Chemistry, 2025, 464(P1): 141577.
[8] WEN Z, HAN J P, HAN Y D, et al. Microbial community as-
sembly patterns at the species level in different parts of the medium
temperature Daqu during fermentation[J]. Current Research in Food
Science, 2024, 9: 100883.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3389/fmicb.2022.934696
https://doi.org/10.1016/j.foodchem.2023.136429
https://doi.org/10.1080/03610470.2021.1968230
https://doi.org/10.1080/03610470.2021.1968230
https://doi.org/10.11882/j.issn.0254-5071.2024.08.001
https://doi.org/10.11882/j.issn.0254-5071.2024.08.001
https://doi.org/10.13995/j.cnki.11-1802/ts.039113
https://doi.org/10.13995/j.cnki.11-1802/ts.039113
https://doi.org/10.13995/j.cnki.11-1802/ts.039113
https://doi.org/10.13995/j.cnki.11-1802/ts.039113
https://doi.org/10.1016/j.crfs.2024.100883
https://doi.org/10.1016/j.crfs.2024.100883

415 E T

ELRH, AF: YA B PR B T A 2 A AR A Al AN 22 5 KOG S - 195 -

[9] # 2. AT =RRESERLARANFH AL Probio-
M8 B4 53 7 38 AR 0 Fom [D]. e b AR F R KR F,
2022. [ JIN H. Influence of probiotic probio-M8 yogurt on gut mi-
crobiota based on hybrid metagenomic sequencing[D]. Hohhot: In-
ner Mongolia Agricultural University, 2022. ]
[10] /& F, x)/u. SMRT M 53 KB I A A AT P 69 &R
(7). A4 #H K@K, 2018,34(6):48-53. [TANG Y, LIU H. SM-
RT sequencing and its application in microorganism studies[J].
Biotechnology Bulletin, 2018, 34(6): 48—53. ]
[11] B¥E 225 F2N, F AT =RNFEAGER TS
BRAH S HRMATRBEE G 5 BE T[T AR T LA,
2025, 46(2): 175-183. [ CUI M J, WANG Y R, HOU Q C, et al.
Analysis of fungal diversity and isolation and identification of yeast-
in high-temperature and medium-high-temperature Daqu using three
generation sequencing technology[J]. Science and Technology of
Food Industry, 2025, 46(2): 175-183. ]
[12] &k, 252, #, F S5 RGBSR B AHIL T AL
W5 ARAR I, B &5 £ mH K F IR, 2023,42(6): 95-103.
[ WU C, CHENG P Y, XIE D, et al. Investigation on fungal diver-
sity during high-temperature Daqu fermentation of sauce-flavor Bai-
jiu[J]. Journal of Food Science and Biotechnology, 2023, 42(6): 95—
103. ]
[ 13] HONG J, WANG J, ZHANG C, et al. Unraveling variation
on the profile aroma compounds of strong aroma type of Baijiu in
different regions by molecular matrix analysis and olfactory analy-
sis[J]. RSC Advances, 2021, 11(53): 33511-33521.
[14] FH WRJEXIE NG e F %A (D], Ki: #dR
I X %, 2017. [ LUO J. SheDian alcohol company brand market-
ing strategic research[D]. Changsha: Hunan Agricultural University,
2017. ]
[15] whitaRk, F b, &, % 7 F DNA RO AR wk
F 28 DNA 2R RAY W T LR Hall]l. £ 5 L8 ik,
2024,50(12): 118-126. [ YE G B, XING H J, YANG Z Y, et al.
Effects of different DNA extraction methods on genomic DNA ex-
traction and amplicon libraries of Daqu[J]. Food and Fermentation
Industries, 2024, 50(12): 118—126. ]
[16] LIU X, KUDA T, TAKAHASHI H, et al. Bacterial and fun-
gal microbiota of spontaneously fermented Chinese products, Rub-
ing milk cake and Yan-cai vegetable pickles[J]. Food Microbiolo-
gy, 2018, 72: 106—111.
[17] LIUS, HU J, XU Y, et al. Combined use of single molecule
real-time DNA sequencing technology and culture-dependent meth-
ods to analyze the functional microorganisms in inoculated raw
wheat Qu[J]. Food Research International, 2020, 132: 109062.
[ 18] CHEN G, LI W, YANG Z, et al. Insights into microbial com-
munities and metabolic profiles in the traditional production of the
two representative Hongqu rice wines fermented with Gutian Qu and
Wuyi Qu based on single-molecule real-time sequencing[J]. Food
Research International, 2023, 173(P2): 113488—113488.
[19] MO L, YU J, JIN H, et al. Investigating the bacterial micro-
biota of traditional fermented dairy products using propidium
monoazide with single-molecule real-time sequencing[J]. Journal of
Dairy Science, 2019, 102(5): 3912-3923.
[20] E =R, IR, RIX, F. AT L5 F Eonl FHARY 3
MEmyrmAEREE SRR U] 2% T kA3, 2018,
39(2):108-112,118. [ WANG Y R, SUN Y K, DAI K W, et al.
Study on the diversity of bacteria microflora in 3 Zhaguangjiao sam-
ples of Dangyang area by single molecule real-time sequencing tech-
nique[J]. Science and Technology of Food Industry, 2018, 39(2):
108-112,118. ]
[21] xVAEI, 4 A, B, 5. 38 aui do MK I & s s 2 R B
AW B oTn e #em [J]. B e T AL FFIL, 2025, 46(6): 128—137.
[LIU FF, XU S, ZHAN X B, et al. Effect of slightly alkaline elec-

trolyzed water tempering on surface microorganisms and moisture
distribution in wheat[J]. Science and Technology of Food Industry,
2025,46(6): 128-137. ]
[22] #AS, BFEF HEE F FARAFESERG A RGRS
oH £ S b BT A S Tk A HC, 2025, 46(14): 362-370.
[ JIANG Lili, TIAN Lugin, SHANG Yuhao, et al. Comparison of
functional characteristics and compositional differences of different
high-temperature Daqu[J]. Science and Technology of Food Indus-
try, 2025, 46(14): 362-370. |
[ 23] MA Shiyuan, SHANG Zhichao, CHEN lJie, et al. Differences
in structure, volatile metabolites, and functions of microbial commu-
nities in Nongxiangxing Daqu from different production areas[J].
LWT, 2022, 166: 113784.
[24] BT, Rk, B, 5. oo W kR Thermoascus auran-
tiacus QH-1 49 £ K AR 45 42 [J]. & b T e A43, 2023, 44(22):
117-124. [ TANG Yijing, LAI Huanhuan, ZHAO Wei, et al. Char-
acteristics of growth and metabolism of Thermoascus aurantiacus
QH-1 derived Hongxinqu[J]. Science and Technology of Food In-
dustry, 2023, 44(22): 117-124. ]
[25] &JUAF, 350, mAH, & LR SR A AW
B Rk e R AT (1], A S A 42,2023, 44(24): 211-219.
[ XIANG Fanshu, CAI Wenchao, TIAN Longxin, et al. Analysis of
fungal community structure and flavor quality of high-temperature
Daqu from Xiangyang, China[J]. Food Science, 2023, 44(24): 211~
219.]
[26] MEF, EER ARR), F. EINLEHEATEXG AR
R FRAT A BRSO R B AT (1], R e T Ak A, 2025,
46(11):163—-173. [ ZHAO Huijun, WANG Yurong, HOU Qiang-
chuan, et al. Analysis of fungal communities of high-temperature
and medium-temperature Daqu in Binzhou Region and their correla-
tion with sensory quality[J]. Science and Technology of Food In-
dustry, 2025, 46(11): 163-173. ]
[27] HU Yuanliang, DUN Yaohao, LI Shenao, et al. Changes in
microbial community during fermentation of high-temperature Daqu
used in the production of Chinese 'Baiyunbian' liquor[J]. Journal of
the Institute of Brewing, 2017, 123(4): 594-599.
[28 ] MA Shiyuan, LUO Huibo, ZHAO Dong, et al. Environmen-
tal factors and interactions among microorganisms drive microbial
community succession during fermentation of Nongxiangxing Daqu
[J]. Bioresource Technology, 2022, 345: 126549.
[29] XIAO Chen, LU Zhenming, ZHANG Xiaojuan, et al. Bio-
heat is a key environmental driver shaping the microbial community
of medium-temperature Daqu[J]. Applied and Environmental Mi-
crobiology, 2017, 83(23): e01550-e01517.
(30 ] Bmdm, KA, Fomok, 5. AR G I8 & I ALH P A
A4 S H 7 (1], P B Ek#E, 2023,42(11): 128-133. [ GAO
Lina, ZHANG Yongli, ZHENG Xinxin, et al. Analysis on physico-
chemical characteristics and microbial diversity of pit mud from
Feng-flavor Baijiu[J]. China Brewing, 2023, 42(11): 128-133. ]
[31] LAMBRE C, BARAT BAVIERA J M, BOLOGNESI C, et
al. Safety evaluation of the food enzyme endo-1, 3(4)-B-glucanase
from the non-genetically modified Rasamsonia composticola strain
427-FS[J]. EFSA Journal, 2023, 21(1): e07751.
[32] AHRAZEM O, PRIETO A, LEAL J A, et al. Fungal cell-wall
galactomannans isolated from Geotrichum spp.and their teleo-
morphs, Dipodascus and Galactomyces[J]. Carbohydrate Research,
2002, 337(21-23): 2347-2351.
[ 33 ] SUN Ting, HU Xinjun, TIAN Jianping, et al. Combination of
spectral and spatial information of hyperspectral imaging for the pre-
diction of the moisture content and visualizing distribution in Daqu
[J]. Journal of the American Society of Brewing Chemists, 2023, 81
(1):181-189.


https://doi.org/10.13560/j.cnki.biotech.bull.1985.2017-1009
https://doi.org/10.13560/j.cnki.biotech.bull.1985.2017-1009
https://doi.org/10.13386/j.issn1002-0306.2024030064
https://doi.org/10.13386/j.issn1002-0306.2024030064
https://doi.org/10.13386/j.issn1002-0306.2024030064
https://doi.org/10.3969/j.issn.1673-1689.2023.06.012
https://doi.org/10.3969/j.issn.1673-1689.2023.06.012
https://doi.org/10.1039/D1RA06073B
https://doi.org/10.13995/j.cnki.11-1802/ts.038832
https://doi.org/10.13995/j.cnki.11-1802/ts.038832
https://doi.org/10.13995/j.cnki.11-1802/ts.038832
https://doi.org/10.1016/j.fm.2017.11.014
https://doi.org/10.1016/j.fm.2017.11.014
https://doi.org/10.1016/j.fm.2017.11.014
https://doi.org/10.1016/j.foodres.2020.109062
https://doi.org/10.1016/j.foodres.2023.113488
https://doi.org/10.1016/j.foodres.2023.113488
https://doi.org/10.3168/jds.2018-15756
https://doi.org/10.3168/jds.2018-15756
https://doi.org/10.13386/j.issn1002-0306.2018.02.021
https://doi.org/10.13386/j.issn1002-0306.2018.02.021
https://doi.org/10.13386/j.issn1002-0306.2024040274
https://doi.org/10.13386/j.issn1002-0306.2024040274
https://doi.org/10.13386/j.issn1002-0306.2024080244
https://doi.org/10.13386/j.issn1002-0306.2024080244
https://doi.org/10.13386/j.issn1002-0306.2024080244
https://doi.org/10.13386/j.issn1002-0306.2024080244
https://doi.org/10.1016/j.lwt.2022.113784
https://doi.org/10.13386/j.issn1002-0306.2023010052
https://doi.org/10.13386/j.issn1002-0306.2023010052
https://doi.org/10.13386/j.issn1002-0306.2023010052
https://doi.org/10.13386/j.issn1002-0306.2023010052
https://doi.org/10.7506/spkx1002-6630-20230327-255
https://doi.org/10.7506/spkx1002-6630-20230327-255
https://doi.org/10.13386/j.issn1002-0306.2024070282
https://doi.org/10.13386/j.issn1002-0306.2024070282
https://doi.org/10.13386/j.issn1002-0306.2024070282
https://doi.org/10.13386/j.issn1002-0306.2024070282
https://doi.org/10.1002/jib.455
https://doi.org/10.1002/jib.455
https://doi.org/10.1016/j.biortech.2021.126549
https://doi.org/10.1128/aem.01550-17
https://doi.org/10.1128/aem.01550-17
https://doi.org/10.1128/aem.01550-17
https://doi.org/10.1016/S0008-6215(02)00293-8
https://doi.org/10.1080/03610470.2021.2008221

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 中温大曲样本采集
	1.2.2 中温大曲样本DNA提取、PCR扩增和PacBio SMRT测序
	1.2.3 序列质控和生物信息学分析
	1.2.4 大曲样本理化性质分析

	1.3 数据处理与可视化

	2 结果与分析
	2.1 泸州和南阳地区中温大曲真菌OTU分析
	2.2 泸州和南阳地区中温大曲真菌多样性分析
	2.3 泸州和南阳地区中温大曲真菌群落结构分析
	2.4 泸州和南阳地区中温大曲真菌理化指标分析
	2.5 中温大曲优势真菌种与理化指标相关性分析

	3 讨论
	4 结论
	参考文献

