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Characterization and correlation analysis of the bacterial
composition, physicochemical properties and volatiles in
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Abstract: [Background] The quality of pit mud (PM) is one of the critical factors affecting the quality
of Luzhou-flavor Baijiu. The physicochemical properties, microbiome, and volatiles determine the
quality of PM. [Objective] To reveal the relationship between physicochemical properties, microbiome,
and volatiles of PM at different ages. [Methods] The physicochemical properties of growing PM
(10 years) and mature PM (30 years) were compared. Volatiles were analyzed by headspace solid phase
microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS). PacBio SMRT
high-throughput sequencing was conducted to analyze the microbiome. Spearman’s correlation analysis
was performed with the obtained data. [Results] Moisture, available phosphorus and potassium, and the
key flavor volatiles (caproic acid, ethyl caproate, and ethyl butyrate) in mature PM were higher than
those in growing PM, whereas lactic acid and hexanol showed the opposite trend. Proteiniphilum and
Petrimonas (Bacteroidia) were most abundant in growing PM, whereas Caproiciproducens and
Clostridium (Clostridia) were most abundant in mature PM. The relative abundance of Clostridia
(Caproiciproducens and Clostridium) was positively correlated with the content of caproic acid and
ethyl caproate, and negatively correlated with the content of lactic acid. The physicochemical properties
of PM influenced most species of Clostridia in PM. Moisture and available phosphorus and potassium
were positively correlated with the content of key volatiles and the relative abundance of Clostridia.
[Conclusion] Moisture, available phosphorus and potassium are the key factors affecting both the
composition of Clostridia and the content of key volatiles (caproic acid and ethyl caproate) in
Luzhou-flavor Baijiu. These findings improve our understanding of the microbial succession and
volatile profile in PM, which facilitates the fermentation regulation and PM quality improvement of

Luzhou-flavor Baijiu.

Keywords: pit mud; physicochemical properties; volatiles; microbial community; Spearman correlation
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Table 1 Physicochemical properties of different pit mud samples

Physicochemical properties 30B 30D 10B 10D

Acetic acid (g/kg) 3.36+0.52ab 2.73+0.33b 3.54+0.23a 2.76+0.28b
Butyric acid (g/kg) 2.55+0.30a 2.58+0.08a 2.55+0.12a 2.25+0.13b
Lactic acid (g/kg) 20.25+1.26¢ 13.56+1.56d 30.67+2.54a 22.04+0.45b
Caproic acid (g/kg) 1.82+0.43a 1.83+0.23a 0.73+0.03b 0.67+0.14b
pH 5.11+0.34b 6.29+0.39a 5.21£0.26b 5.80+0.42a
Moisture (%) 51.11£3.06a 52.31+4.24a 50.25+2.64a 44.14+3.28b
Total nitrogen (g/kg) 18.59+1.29a 24.10+£2.37a 20.00£1.20a 18.04+1.01a
Ammonium (g/kg) 1.04+0.06b 1.45+0.15a 1.10+0.12b 0.91£0.09b
Total acid (g/kg) 11.70+0.80a 4.03+0.24c¢ 8.66+1.32b 4.35+0.05¢
Reducing sugar (g/kg) 1.44+0.08b 2.71+0.24a 2.45+0.78ab 1.58+0.55b
Available-P (g/kg) 1.87+0.11a 1.46+0.28a 1.21+0.19b 0.88+0.05b
Available-K (g/kg) 1.20+0.12a 1.10+0.23a 0.88+0.10b 0.78+0.13b

TE: AFE/NG FRACRE PR G A B N 5715 2 35 P 22 57 (P<0.05)

Note: Different lowercase letters represent significant differences in physicochemical properties of pit mud samples (P<0.05).
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232 ERMEEHER P ZHM

X 25 PR A RIS B AL A A R, =R
AR A AT 13 A1), Forh)ERE
I'1 (Firmicutes) M1 ) ¥ & '] (Bacteroidetes) &
Z AR B RN 87.44%-97.09%, &%
T LA T (K 2A). 30 4R 75 ¢ JE B
I B (BE 94.69% . JiE 86.01%) T &= T 10 4F
AR (RE 42.83%., Ji§ 38.71%); 10 4EELJR T
FREET) & 8 (B8 50.69% ., JiE 58.74%) B &= T

B OB} D B

x2 TRERPHEERRE o ZHM

30 AEEIR(BE 2.4% . JIE 10.7%). E VRN FEVE
FEIAT 22 AW, H AR T WA T 9
ERP S EREMINREN, WEZML S
RN 1Y 86.16%—94.44% (I8 2B), 304E4&
TR AR 5 A, 10 AEE e A R
Rl o = BU D O v T B e
%4343 T (principal components analysis, PCA)
RIL, BUEAIAEUE(30 47 )20 A 4k TR
Je(10 4Ry H R —7R, AAEREAR(E 20).
WAL, I AS [ 2 [ A7 25 e 4 T 4H A
PRI, T VER A AN (] 22 )6 22 Ve 4 T 2 22 S
BR

25 e W HE ) A TR B 08 I S 3 A 1Y) 22
R AT IO W A RS e At R 3R (A R
RO [A] B AR SCME A 4 A T Rl . X
P ER S kB, AU R i 2 A 4
C MR )& (Caproiciproducens) . "gHE H A&
(Proteiniphilum) . ¥l & (Petrimonas) . R F}
ARHE (uncultured bacterium f _Clostridiaceae 1)
TN & (Anaerocella) 1 Fastidiosipila 5L #
JEAENRIETT 113 A HEE . 30 4FE TR 10 4R
P P4 8 (G AT 40 FTEI B 22 5%, 2l
RHh 2 MEE 3). Hrp PR ) EZE I RE N
P2 T AN O PR i ZE R (30 4F) BTl b i 4%
B, BT ORI T BRAA A R E ST,
AN, DI AW JE (Sedimentibacter). A,
IR B (Aminobacterium) . 8 2 H &

Table 2 The alpha diversity of microbial community in different pit mud samples

Alpha diversity index 30B 30D 10B 10D

Coverage (%) 0.99+0.00a 0.99+0.00a 0.99+0.00a 0.98+0.00a
Chaol 209.83+11.37a 197.20+12.92a 168.35+7.37b 143.78+7.61c¢
ACE 207.41+10.90a 197.20+12.90a 168.13+2.70b 159.72+11.50b
Simpson 0.72+0.09a 0.80+0.21a 0.90+0.03a 0.85+0.11a
Shannon 3.69+0.62b 4.12+1.33ab 4.55+0.63a 4.02+1.00ab

T ARG PR PR RE b 0 Tl A W R 7 22 R PR B A 35 22 57 (P<0.05)

Note: Different lowercase letters represent significant differences in microbial community index of pit mud samples (P<0.05).
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Figure 2 Analysis of bacterial composition of PM in different time and spaces. Bacterial composition of
PM at the phylum (A) and class (B) levels; C: Principal component analysis of PM based on the bacterial
composition.
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Figure 3 Relative abundance of dominant bacteria in PM.
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Figure 4 Correlation analysis of microorganism with the physicochemical factors of PM.
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