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Abstract: To clarify the aroma-producing characteristics of Bacillus licheniformis in high-temperature Daqu of sauce-flavor
Baijiu and its contribution to Baijiu flavor formation, this study isolated and purified 16 strains of B. licheniformis from
high-temperature Daqu. Using programmed temperature solid-state fermentation combined with artificial sensory evalua-
tion, as well as headspace solid-phase microextraction (HS-SPME) coupled with gas chromatography—mass spectrometry
(GC-MS), the relationship between metabolic profiles and sensory attributes of different strains of the same species was
systematically analyzed. The results showed that the flavor characteristics of solid-state fermentation products from dif-
ferent strains could be classified into five categories: Roasted/nutty-fatty aroma, douchi aroma, sulfurous notes, soy
sauce/fermented paste aroma, and fruity-acidic aroma. A total of 198 volatile compounds were identified through volatile
component analysis. Pyrazines were dominant in all strain types, while the composition of other volatile compounds showed
distinct differences: Aldehydes, ketones, and alcohols were more abundant in strains with roasted/nutty-fatty aroma, douchi
aroma, sulfurous notes; Aldehydes, acids, and alcohols were higher in soy sauce/fermented paste aroma strains; Acids and
ketones were predominant in fruity-acidic aroma strains. Key differential aroma components were further screened by
orthogonal partial least squares-discriminant analysis (OPLS-DA) with a variable importance in projection (VIP) value>1.0,
and combined with a relative odor activity value (ROAV)>1.0. Five substances were ultimately identified as crucial for dis-
criminating the aroma profiles of different sensory categories of B. licheniformis: 4-methoxyphenol (a key common compo-
nent of roasted/nutty-fatty aroma, douchi aroma, and soy sauce/fermented paste aroma strains), isovaleric acid (a key
common component of douchi aroma and fruity-acidic aroma strains), 2-octanone (a key component of fruity-acidic aroma
strains), 2,3,5-trimethylpyrazine (a key component of roasted/nutty-fatty aroma, douchi aroma, and sulfurous notes strains),

and 2,3,5,6-tetramethylpyrazine (a key component of soy sauce/fermented paste aroma strains).

Key words: high-temperature Daqu; Bacillus licheniformis; flavor; HS-SPME-GC-MS; OPLS-DA
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Fig.1 Schematic diagram of the programmed temperature
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Fig.2 Fermentation product of aroma-producing functional

bacteria for fragrance evaluation and flavor sunburst chart
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Fig.3 Colonial morphology and strain designations

TSA-50-47 TSA-37-48 NA-55-51

of B. licheniformis

M G2-55-43 5B R B. licheniformis CPO Cl11
A AE LR B v, 43 A 99.93% Fl1 99.79%; NA-55-
51 58 E R B. licheniformis HBUAS67301 [ 4H
UIPE R 99.92%; H 4% 1Ak (TSA-37-3, ISP2-55-33
% ISP2-55-43) SH R R B. licheniformis GZ-1 1)
IS T 99.50% . ST FaRgh S (UiAT
kA5 0 e T AR G PR A 16S rRNA FE R 51 AH AR
PEHIAL T 99.50% ), ABFFEHE42EE 16 BRETSEE R

B. licheniformis

2.2 B. licheniformis BEHRBI=EFFIE ST

2.2.1 B. licheniformis BB 58T 7EKBTEI AN &R
BBz, REFAIRE REAS 431 Z2 it it , X SLfig A 1
TR BESE P 2 N AT, I 5 F A A R ) BT
A DIAHSE . SRRSO N R i RS iR e 2 XU 11
TE R EA o tEE RN, X RTEHIR I 5 454558 i
81 16 ¥k B. licheniformis 53 54T /INZ2 [E1 728 A T,
1 7 d BIFFHESE SRS, XM TRE PR . a5
&l 5 o, 25 B I 9 i AU R E B 1 Il 22
S, BRI T : B Ak TSA-50-26 5 TSA-50-27
(E 5A) LLIR AR A FIHLE: 5 2%, PRI
Y £ A 5 3 0l 7 TRIPR NA-55-51 5 TSA-37-48
(El 5B) AR B, I A o . AR 23 M
JRFFS; Bk TSA-37-28 5 TSA-50-47(1& 5C) LAt
o, HLAR TS S SRR MR R IR LR
<5 AR ISP2-55-41 5 G2-55-43( & 5D ) 5 #i #h 7y
¥ S A, KSR ) B ET, FIRF R G5
SRS, JTmE A R HR TR (] SE. (Bl SF) &k
FICRB A, B W R BRIRIS R, IEPRREK IR
T AEEIRAE M FRESRE. RERETH TR
SRR TE ST, B iR 16 Bk B. licheniformis [H 2%
RBE ) EARRRIAZN S 5 KIS kGRS S H
X R RUSRZE RN Un 24 2 iR

2.2.2 B. licheniformis K& PElG 4 & -5 2 58
T SHENTEIR O D B. licheniformis W73
Rk, AWF9E R HS-SPME-GC-MS £ R %} 16 kk
B. licheniformis 1R [ 25 R IEAA 22 vb BT r A= i 442
BNERAT AT BT . SR FRH, B. licheniformis
R WG e M Y 198 R R R AL -G, TR 5 R
(47 Pl BEAE(35 Pl L mREZE(21 Fh) | BEZL(20 Fi) .

#1 B licheniformis SrETE A N E TSI A A

Table 1 Isolation and colonial morphology of B. licheniformis

i o IrETD WS
TEORRRY S mEce  amEaE B Lk RIHHER e EfgG B
1 TSA-37-3 37 TSA AN PRAR oW, R bR HEE 2R
2 TSA-50-26 50 TSA AFN SRR E3uS ity RN 4 PIEREN AiBEH]
3 TSA-50-27 50 TSA AFN SRR E3uS ity IR H, AiBEH]
4 TSA-37-28 37 TSA EREDE IR fE2ENil r g R Ak R 4 G A
5 ISP2-55-33 55 ISP2 AN PRAR oW, DR hodRiEeR G 2piEH]
6 ISP2-55-34 55 1SP2 AN PERAR g, R rhouRREeR G 2piEH]
7 ISP2-55-35 55 ISP2 AN PeRAR gk, iR rhouRiEeR HE 2R
8 ISP2-55-36 55 ISP2 AH PR AZORN, RS iR = 2R
9 1SP2-55-37 55 ISP2 AH Rk fL2S i fENf Gl Nz
10 ISP2-55-39 55 ISP2 AN SRR ORI, hiEpiERE bR R A M N
11 ISP2-55-40 55 ISP2 AN PaRAR ok, hiEpEEE  rhodRREeR B0 RSl
12 ISP2-55-41 55 ISP2 EFEE BRAR ELguS iy BRI R M N
13 G2-55-43 55 G2 AHN PR AZOEN, RS R HHA, RSl
14 TSA-50-47 50 TSA AN PRAR ok, ks bR M i
15 TSA-37-48 37 TSA AHN PR AZOEN, ThiHRE iR HHA, L]
16 NA-55-51 55 NA EEE Rpk AR RS AR AE M AFEH
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Table2 Aroma type classification and strain designations
of solid-state fermentates from B. licheniformis
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Table 3 Analysis of differential aroma compounds in B. licheniformis with distinct sensory profiles
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