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Abstract: This study was conducted to explore the necessity, functionality, and small-scale fermentation performance of ten core
microbial species in the synthetic microbial community for Xiaoqu light-flavor Baijiu. The necessity and functionality of the core species were
determined based on the effects of single-species omission experiments on fermentation parameters and volatile flavor compounds in the final
distillate. The community composition was subsequently optimized accordingly. Finally, the production performance of the optimized synthetic
community was assessed in a 20 kg fermentation system. The omission experiments confirmed that all ten species were essential functional
microbiota, as the absence of any single species led to deviations in physicochemical parameters and flavor profiles from those of the traditional
Qui starter. Moreover, the 2,3-butanediol content in the Baijiu sample produced with the synthetic community was significantly higher than that
of the original Qu group. Based on the negative correlation between 2,3-butanediol synthesis and the core species, the 2,3-butanediol level in the
synthetic community sample was successfully restored to match that of the original Qu group by doubling the inoculation ratio of
Saccharomyces cerevisiae within the community. In the 20 kg scale fermentation, no significant difference was observed in 2,3-butanediol
content between the optimized synthetic community group (5.77 mg L.%) and the original Qu group (6.18 mg L.%). Both Baijiu samples exhibited
typical sensory characteristics of Xiaoqu light-flavor Baijiu, and the sensory evaluation scores showed no significant difference between them.
These findings will provide theoretical guidance for the development and application of synthetic microbial communities in other light-flavor
Baijiu production processes.
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Table 1 Composition of synthetic microbiome strains

AT G BHIET 4 CFU/g #
T RARE Rhizopus delemar 2.6610°
BRR B4 EE Saccharomyces cerevisiae 4.10X10°

AN E AT IS Kazachstania humilis 1.00%10°
KBRS Pichia fermentans 1.00%10°

R P Issatchenkia orientalis 1.00%10°
Fw BRI IRHBEEAE Wickerhamomyces anomalus  1.10%10°
HEIAFE Lactobacillus helveticus 9.20x10°
RERIKHA Weissella cibaria 1.80%10°
B KBEER Acetobacter pasteurianus 4.30x10°

fREH AT E Bacillus amyloliquefaciens ~ 8.8010°

12 FERHA
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LDZM-60KCS k2875 K%, g ei22Eyr get) s 7890A AAHail . 1100 ViAHMRE, JbnZet#eRHIA R
ATl 1SQ 7000GC-MS, ZEER KIH/REHE AR ZHIH-C1115B M &, B I B HEE R A F .
14 Fxit

BRI TR L . oK% RS 20.00g LY, ZRAME 2000 g L, FEEREHK 10.00 g LY ST RS SULAN
10.00 gL, AN 1000 gLt BERREN 5.00 gLt HERAE TR DRERE R 1200 gL, TR
20.00 gLt AMREIETEE: E|AME 10009 L7, 4Rk 8009 L7, EERREK 4009 L7, #iERE 20.00 gL,
B 41 2.00 gL, MERA 4 2.00 gL, ZEAN5.00 gLt BHEREE 0.20 gL, AER%E 0.04 gL, IR 80
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Fig.1 Laboratory fermentation process of Xiaoqu baijiu
BAEPIR: 72 CAIRIEEZE 20 he PWiT7Ksr, 105 ‘CZE& 20 min, 65 CHIHE 5 min J5 FHAZEE 20 min. &%
PP 30 VNN 1 wt.%ili il IR A . JRE TR o6 KA 7T 32 CHEML 1 do WShnifLm: 2 £5 5T i K i
Wk, FH 500 mL AEFIMARSS, WHZCRIEENERE T, 25 CREE 14d. KBS HG, 100 g RS0 H 100 mL
ke, -20 CORAE.
/AR ORI IR S SE R s R, LB IR AT 25 B bk A,

16 R EEE AL M 7 %
REEBEIKSS S SRR VR, MR, EUERRS R R A I ik S s O T e 2,
L7 JEAE o RCR A U T i

RRAIFINE 72 R 22, 25846 7890A MY 5 CP-WAX (il T /04T, /el
B, VR 1 mL minT. BERE T SAG I BSR4 B 250, 148.8 'C. BEEETHE: 35 CR4F 1 min, 3°C mintJH&E
70 ‘CARFF 15 min, 3.5 'C min™ JF2 190 CA#RF 22 min. HEREAFR 1 pL, M E 9 30:1. o RO (i3 7
54 Agilent 1260 (AR, WENER CINLRRFMARR). LS EMTIE. G4 Agilent GH0830078H
iR (300 mmx7.8 mmx8 pm), LEAMGMEE, FEIE 50 °C, RIS 65 'C, AIHJ 5 mmol L7 H,S0,, ik
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0.6 mLmin™, K 210 nm, HEREE 20 pL.
1.8 R FE VLA 7 K T B L A 0 4 )R 7 3

FEAATACER: HUR FEZ 5 0ES 60 g T B0 R, TN 120 mL JCH PBS 2557, 7Z% 10 min, J\JZ¢Fid
JE, VEW 8000 r min™ B0 10 min JEUEETTIE, KATTHERAET-80 ‘CukaH . pHrififE: KA lllumina NovaSeq *F-
EXTREA 2R DNA 3T PE150 5 JEUAKES fastp FifE2:4%, ] Kraken2 e AR R:, JETrkh=F
AT o 2R B ZFEE (PCOAIUPGMA) 43T,

19 HEAEMGEIT

AHFFR A SPSS 27.0.1 A AT RAR G 273 # S R 2 1122 A g FIH Origin 2024 B A4EAT 24 nl AL
T R 45.1 5 R Studio V&I EEEE 2T, D) dplyr R PP G SEELEEE FUACEE STEALALRE ;T iie b E 3
MEMFESE, 2.1 ) 2.2 RAVBRZRTT 20T, 2.3 RAOIEEA t IR a1 T4 ) 22 5 LU, 4L P<0.05 1F 9 2%
FREA G BRI E bR

2 RS9

21 /M EAR R AU M e b B AT B R

ARSI DA AR B R NS SRS B AEE (B REEAD xR, 7235 skt L,
K B AR RIERA B 10 ZHER IS A UE AN E S a0 2] (A TERRERZH . A BRI REEH . A PR v raH e B)
W, A RIPEEERIH . A RITRERERE . A R BTN REH A 5 L AATREA . A BEBHICHEA. A B
[CEHTR 4L, A FRUER SEHIFF IR 40D, B8R A% O EYI L E AT ReE .

PR R RER B B 22 5 (P<0.05). T 40 b & B2 40T 0.10 wt.%~0.90 wt.%2 ] (& 2a),
A R RGERERRIE RS & i (0.87 wt%), A FEURIRELLEFEE S BRI (0.18wt%). BT A FE/RAREAH
ek S EILE] 7 18.80 W% 4h, HA R AIIEFRTE 6.70 wt.%~8.80 wt.% ([&] 2f). 7E IR AR, 0
WAIERBEFIE L RE RV UE R B ), DRIk, B2 B2 SEURBAA R KM TCIEE Bok i, &
JERE S B R AT AN SR S AR BRI RE R Y, h Bk, A RO R R R DI R &
B H o

LIRS 1) 7K I YERFE 60.00 wt.%~70.00 wt.%2 (8] (& 2b), A ELIREERR B LK o fen (69.50 wt.%),
A TEIRIRERL K % (6110 Wt9%). BB /b VN B FIUME AL B FE /K R I S B 45 5K, Bk B3 TR
Je, e SEUERKK D N SRR 4ERRAE 0.80~0.90 (B 20), A KFFEE/REERIA A B EEERR #4110
FREE feir (0.90), A BRIBEAREAA A 2507 (R B R KRR T Fe (X (0.81).

SO IR A o JREIREE) 4EREFAE 0.20~0.60 mg gt (] 2d), Ht, A &S KEHANERSE
B (0.58mg g™, T A /RMEAMEE S ERIC (0.22mg gh). BB I E 2R B& @ik, =ik
IR LB RRS, LS AU HISS T R FURIOFEMACE, MITEL TR R RIR AL SR T, S50
T 7E R T2 TR B B PR 2 S B e S S R R A o

BHMEIGER SR (FEIRED) (FHE 1.80~3.00mg g 28] (& 20), A REFHEFRIFERHA A BRITGHES L
HMEIERAS RS ERE (280mggh), A FURREHRIL (1.80 mg g™, Wl P ISR S B2 -
WAL PR, S RIRE SR R E N ECKE, Hrm R E Qg i s Ko TR SR T
RPN, SUGZHERE, EARMERZE, SEZAER P ERERSR S ERIC. MR, BRI R R
m BPPLRL A 2 rh R B RIRIERE S, SRR T — AR S EI SRR R, KA A N TR TCE
ROHFE, BZERBORRH E RS E R R & .

NRGE RS A RE SR AR AR B S 5 5 G LU, 3SR, RS, BRSRIU SNt 4
AT IH2E 08T, W B 3 Fws

W 5 AE 2L DY K5 P ) o5 EE AT 11.00%~26.30%2 7], 5 FEERARAI A A 0 RIRELL, 1N 11.00%,
o7 bR )2 A B SRR QTR 20, 1A 21 T 26.30%; B IT2& DU KAt b o Ll s AR — 2845, /1T 0.20%~3.20%,
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Horr 5 AR A FERAREEA, 0 0.20%, (5Ehimiie A SR A, A2 T 3.20%; BRIY2 DY
i%ﬁ*ﬁ%mﬁm *WE,VTAhmﬁéﬁﬁﬁﬁﬁYWWQ% HARKHWREY PR
50.00%~62.00%; B e VU R0 H 5 LA T 9.90%~27.00%, 5 ELsARA 2 A FE/RIRERZH, 1N 9.90%,
i FLECR I A RER AT 4L, 18211 27.00%.

(a) (b) )
1.0 80
0.8 -T- ~ e B @
%,- n o § | 60
0.6 c
< Sao
04 &
=
02 iz&
0.0- 0- L
(D)
‘T’;O.G- ahc ae b be ab 5_1113 ab 2 ?ﬁ
g’ c be
=04
=
%az
aa £
00- Y5 Y N
JEL 2. /) & A mRIRE DO AR R Frrmmd AR EE T B
| AR ERE R R} A%i?LHIﬁ-A'@ﬁiﬁﬁﬁE&% AEVERD SFE AT

[ 2 NEH LB IFERLIRIR
Fig.2 Physicochemical indicators of fermentation processes in different groups
Z: (a) BRAESE; (b) KadF; (¢) BE; (d) ARAE; (o) RARSAALE; (f) ®HéeE. FRIEFHAFL
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Fig.3 Percentage of flavor compounds in different groups of baijiu samples
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Fig.4 Principal component analysis of physicochemical indicators and flavor compounds across different groups
E: () RRIAA AT AT, (b) REIA QB F ey ReAY RS 547,
FEF AN RV 3 Hh T R S 25 TR (K KU & AT i ™ (PCAD, 2R B A R4
RIS R BEE BT AR AR . KR BRI 22 7 55 SRS, 45 RN 4 s
4a 1 PCL 1 PC2 [ Rt 5 ZE 5Tk N 66.60%F1 14.90%, Aitik 81.50% (>80%), FHRTHANERLTFE
PR R AR B TP R B R, AT RO A R AR A A BT X 5 DL S A=A 5 R il 20
AT ORI, R TE AL O DAL & e S I i R BRALACBRALE , (R /R IR BB,
o5 A A B T R B T BN BB R S, 5 A R AR, SRR 9 PRER B phEh 4 5 JF it 20
ERALE B B L 2B 22 57, (B 9 B MR AR A8 R 5 TR 2B A DA A 2583, Ry
Hox 9 BRBA A SRR [ i R B R BRI 57 5 D 0 22 57, IR S 10 BRGICE MIE B AL AR Hh 1 B AT
Bk
BRERRYI AT R, A BRI S HARA N T8, R KA IR SRR B A RS B A T AR
AMESZI (B 4bds A B LI R4S KREBANIERR T 25005, RWIHR LU B A SRR AR XUARAE 3R
PR T BRSO FIRAN S GBI EATE R T — e RREROR, R TR RIS 2% BRI S SO TR R R R
WRIRFE, (ELLEJRIFRXURAE R EAFAEZE R TR LS A i E A I W A ) 7 IR, R ROREK,
RUIAB TR S A E AT ToVE 76 2 SIS T AL RRRAE,  — A UK B2 R EAFAE 2 5

2.2 Z 53 PR M 7 B RASUAE T A A

N T R TR B AR AR A 2R TR R XSRS 0 2 5, R R 6 R AL F XSRS 2 A T RS HE O
k. R RMEmZ (RSD) <20%. ZHNAESE R (CV) <10%. ZE¥ (FC) >1.3 5i<0.7. t k&L P<0.05
FOFRHEEA TR, 5 SR SRR RE PR DN B 18 Al USRI PN 2,3- T “REE A LB B2 R (R 2),

2 ZRNIRYIR

Table 2 Differential flavor compounds

ERRekdn BRwasE/(mgl?) K@aesF/(mgll) FC A P&
84.9341.08" 052  AptAdm 8.00%10"
69.6240.86" 064 AXRFHFFERE  1.00<0°
80.4842.64" 055 A REiAmrd 0.02
23T & 44.89+0.81° 81.3941.45" 055 AMFRHFIOME  3.00x0°
87.2242.69 051  AzEIFH 0.01
88.0640.86" 050 ARZERMKE  3.000*
91.53:40.48" 0.49 A BB B 7.00<10*

2 aRTRWLA, bERTIZAERGMAMILEFSE (P<0.05). FERH TR ERLAE 6 LAR,
HTF 10 PR G RAZ O ARt 2,3- T RS ERZER M, T RAWS 50T, ZliR
FBARHAE 2,3- T S Eih AR E A (R 2). EREIH A RITEREREH . A RIFEE IR R
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A FRVERZEHOFF AL, A B R4, A SR KA A BRI 0 2,3- T S B URERID)
FHEC TR HZH 2 05 7 55.10%. 79.30%. 81.30%. 94.30%. 96.20%7#1 103.90%. H:r, BRBEFFRESRAE, 1%
YRR 2,3- T SRS R BRI BT, DI HEWRRIERERE S 2,3- T RS REMMIOCR. OHEMAR
W 2,3-T WAL/ NS AR (T BRI Sz P, EHS BT RS AR A, SR
RN, T R R BRI AT RO R A M E R S i TR, FRAERSRIMEMA (F D 1
Femf b, @ — S ESEEERE (1 4.10<10° CFU/g Hit N4 8.2010° CFU/g 1), Mzt Ak & st E ek
NI (AR, CURERA. SR A M AEY A E st B, it S s NS & 8 (i A R 8, B 8iAb
B R DA TR RE T 2,3-T IR IR (K1 5).

BAHRE 2,3- T A & O BVR B RHRE 40.00~62.00 mg L. & B A2 5 i 2H, 10 41.73 mg LY,
BEMMTES R4 (61.24mg L) (P<0.05); ifk#ly4330mgL?, S5EMMATLEEIEES (P>0.05).
SERR IR SR A M E A Rt L, R SR IS INERI R R B R 2,3- T SR, R ELT
JE ALK, WA — R P b ST T 2 KU R A B
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Fig.5 2,3-Butanediol content in three groups of baijiu samples
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Fig.6 Physicochemical property analysis of two groups
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i (a) COBME (KF); (b) BREAE; (c) Koy (d) BE; (e) mhréE; (f) RABRAERLE.

PRULTE CO, BEitE (0.93. 0.90kg). IEJEMES & (392 0.24 wt%). /K4 (72.32wt.%. 7121 wt.%) [
DLEEEZSR (P>0.05). M SHICAIERRE (047, 0.60). JEMEE (3.67wt%. 458wt%). AIEMRE
e (UK (013, 016 g kg™ AR EMN 2R (P<0.05) (B6). &MMMAEYIERE T At B R R
W5 E I B RS AR 2, i i ST B SR S R b B B, I SR RS R
{HERFR R4 Ve s e, SEUEMKIEZIE . RRiem &R m. 2R A — e R Fagdl 1
PR

AT S TR RN, S/ S A RN ITEEY, R E T 20 B 4 50
PR REBEAT A, B, JRUSR B R ST S R R VT, BB S R alIn e A, M aH M gk
WRIE DL, SR AE 7 PR,

(a) )
77777 gy 100
—— itk
BE 75
ﬁ
= 50
gE =
254
T
0

7 RRERTERE &T
Fig.7 Sensory evaluation of finished baijiu

#: (a) BESIRCRE; (b) Sifnsk.

RE MR R, WAHERES LSS A LA ORE, B/ iE a2 s Al =
RUREHE, TTX—RHIE OIS S PN s h S B RIE . WA A& EHORE . BE, FN kR
PRI T AR S BRI AT (B 7). PALFFE P B0k TR mAKCE (B 7o), AR S E R
(P>0.05), IARILLR— e/ NE TS R (0 S bRiE, R IOCALLHAE TR KR BACE TR RIS, ARBHR i
(PIRZ o BT 5

PRALRE R ) ERERYR. R Wik 8a s, LREFEMZESR (P>0.05) HFE. IEAE. 23T
TEERN BRI, 2,3-T EEAE /NG A A I DR R S R DG KR, A A IR S ik
Y BERET 4299 6.18 mg L A1 5.77 mg LY, ARITCEENEES (P>0.05). ACATRE PR T T SRR E
TR A (P<0.05), HA=FmgE. F T8, FTE. BRESENEEETEmA (P<0.05). it
4 B IATE S5 G B AR A A d e B R R R BRI B 1) 07 OB A T BRI B, ANV BB AE S OB R I 2% 1 AL
T 23T M s, MHSEMARE S CRE SRS T, IE TR, FREAERE, Mk
TG AN 2%

TR /I 7 75 PR 107 KUK ) 2 B A7), AN BRSSO A RIS, Pang 25O MR e Al
YRS 5B A . WE 8b Frax, ASLinta iz PUF AR LR EMN 2R (P>0.05),

Ma 251U BB T I AR B UR Sy, HATR S S B uuE TN E S SIREEE . 4T Sor/s
it A 2 N AR R I —— IR B AN FLIR B 2 B AE PRI A 00 B A A 22 5 (P<0.05) (]
8c), HIRIUNEA S T, CEW R ERAFE = N A 28R BRAR 4B (23 fFEREE
5 (P<0.05), JEEIM 2.0 ] 12.8 A&, 2 FL RN ERL, BUEMIRRE S £ MR Enansh &4 2,
AR EE AR bR AN FC P A AL A At SR L AT REAAAE — 2 A8k, B S8 o3
EeiAs ik, (HEM4L (6.0) FMLIL4L (25) [ ZFLELIIAbT% SCRARIE (A BEIX 8] A .

8d K ISR 2L ) 22 S AR D T 285 5 24 (P<0.05) . AL 4L RE T 1) 2.5 & (100.40 mg L)
BET IR (24390 mg L™, 24 4E (17530 mg L™ S ELTHEMZA (46150 mg L™, HikAxtz
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Fig.8 Flavor substance indicators of finished baijiu

E: (a) BEWR; (b) BEMA; (o) BEEMA; (d) BEWR; (e) FRek#fd %, (f) Riw XReALA); (g) 4L
2079 K RA LA,

FE 5 S i 2R T i USRI 5 B, A 43.40%; HGREEEYIIR (35.80%); MR AIRESSY)
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