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Analysis of Characteristic Flavor Compounds in High-Temperature Daqu

with Different Sensory Attributes

ZHAO Yun'!, HE Shaoshuai', GE Huairui', YUAN Lin', LI Jigi®>, MA Lijuan’
(1. Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, Tianjin University of Science and
Technology, Tianjin 300457, China; 2. Tianjin Lutaichun Brewing Co., Ltd., Tianjin 301500, China)

Abstract: High-temperature Daqu fermentation is an open process, and environmental factors are one of the main causes
of spatial and temporal heterogeneity in high-temperature Daqu fermentation, which in turn affects the sensory attributes of
Daqu. This study investigated seven types of high-temperature Daqu with different sensory attributes, using headspace
solid-phase microextraction coupled with gas chromatography-mass spectrometry (HS-SPME-GC-MS) combined with
relative odor activity values (ROAV) to analyze their volatile flavor compounds, important aroma compounds, key aroma
compounds, and characteristic aroma compounds. Sensory attributes were described by quantitative descriptive analysis
(QDA), and Spearman correlation analysis was performed between key flavor compounds and sensory attributes. The
results showed that a total of 152 volatile flavor compounds were detected in the seven high-temperature Daqu samples
with different sensory attributes, including 35 important volatile flavor compounds (0 < ROAV < 1), 32 key volatile flavor

compounds (ROAV > 1), and 14 characteristic volatile flavor compounds (ROAV > 10). Correlation analysis revealed that
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burnt coffee aroma, leather smoky odor, and smoky odor were significantly positively correlated with 4-methylpentanoic

acid, dimethyl trisulfide, and furfural; shrimp odor was positively correlated with pyrazine compounds; sandy cake

sweetness was positively correlated with ester compounds, particularly significantly positively correlated with methyl

anthranilate and nonanoic acid; musty odor was positively correlated with citral, 3-octanone, 2-nonanone, geraniol, and

myrcene; fishy odor was positively correlated with butyric acid and 2-nonanone. It is speculated that the compounds

positively correlated with shrimp odor and musty odor are likely indirect flavor markers. Analyzing the characteristic

flavors of Daqu with different sensory attributes can provide scientific references for flavor enhancement of Daqu and its

application in the regulation and improvement of Baijiu flavor quality.

Key word: high-temperature Daqu; volatile flavor components; relative odor activity value; sensory attributes; correlation
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Fig. 1 Arrangement of Qu blocks in the Qu fermentation

room
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Tab. 1 Descriptive terms generated during sensory panel

training and their corresponding M-values

iyl F I M
EE 0.80 0.84 0.82
nnF 0.70 0.62 0.66

A 0.70 0.72 0.71
WREE 0.70 0.68 0.69
LIS 0.80 0.64 0.72
Ik 0.60 0.68 0.64
JHR 0.80 0.76 0.78
IR 0.60 0.56 0.58
AR 0.40 0.42 0.41
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etk 0.30 0.36 0.33
Fhenk 0.40 0.40 0.40
TR 0.40 0.34 0.37
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Fig. 2 Radar chart of sensory evaluation for seven
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Fig. 3 Venn diagram, number, and percentage content of volatile compounds in Daqu with different sensory attributes
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Fig. 4Principal component analysis score plotand loading plot of volatile compounds in Daqu based on seven different sensory
attributes
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Tab. 2 Identification of important, key and characteristic aroma compounds in seven types of high-temperature Daqu based on

relative odor activity values

AN} B /% (ROAV)
A4 TR B/ (pg/kg)
HTI1 HT2 HT3 HT4 HT5 HT6 HT7
71 42229.73 3.46(0.00) 4.96(0.01) 3.33(0.04) 1.86(0.02) 6.51 (0.02) 5.02(0.04) 1.44(0.02)
R 29560.81 1.07(0.00) — — — — — —
[l 11908.78 0.12(0.00)  0.16(0.00) — 0.37(0.01)  1.84(0.02) — 0.09(0.00)
TR 5000.00 0.57(0.01)  0.82(0.02)  0.33(0.03) 6.80(0.63) 8.06(0.26)  0.77(0.05)  1.84(0.22)
eS| ETHE 16.00 — — — 0.74(21.45) 1.15(11.43) — —
SRR 540.00 3.03(0.26)  4.60(0.81) — 3.68(3.18)  3.71(1.10)  7.94(4.94) 0.80(0.88)
2-HE OB 55000.00 — — — — 4.16(0.01) — 1.26(0.01)
4-FEE R 337.84 0.63(0.09)  0.80(0.23) — — — 1.06(1.06) —
EC 422.30 2.22(0.24)  0.83(0.19)  0.87(0.96) — 0.25(0.09)  2.02(1.61) —
PR 2533.78 0.23(0.00) — — 0.01(0.00) — — —
ETR 101.35 0.36(0.17)  1.20(1.13) — — 6.51(0.02) — —
SR 2111.49 0.99(0.02) 1.07(0.05) 2.73(0.60)  0.54(0.12)  0.62(0.05) — 0.44(0.12)
1E R 9290.54 0.26(0.00) 0.46(0.00)  1.71(0.09)  0.42(0.02)  0.28(0.00)  0.47(0.02) —
wan ECRE 8395.27 — 0.44(0.00)  2.90(0.16) — 0.37(0.01) — 1.09(0.08)
(2R,3R)-(-)-2,3-T =%  100000.00  1.75(0.00) 1.08(0.00)  3.15(0.01) — — 3.18(0.01) —
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J B 110.00 — — — 0.28(1.17) — — —
1B 4594.60 0.31(0.00) 0.28(0.01)  1.51(0.15) — 0.32(0.01)  0.14(0.01)  0.19(0.02)
23- T/ 100000.00  3.39(0.00) 2.42(0.00) 2.88(0.01)  0.18(0.00)  1.80(0.00)  2.54(0.01) —
IE TR 12.67 — — 2.45(89.95) — 0.47(5.92) — —
T 162.69 — — — — — — 0.31(1.48)
R HI 100000.00  0.48(0.00) 1.92(0.00) 1.27(0.01)  0.08(0.00)  0.74(0.00)  2.43(0.01) —
K 84.46 11.25(6.12) 22.30(25.14) 18.16(100.00) 5.69(31.38) 17.54(33.13) 19.24(76.53) 8.67(61.15)
LR T 40510.54 — — 0.25(0.00)  0.01(0.00) 0.01(0.00)  0.65(0.01) —
CRR R 40.96 534(5.99) 5.02(11.67) 8.86(100.6) 0.55(6.26) 2.82(11.00) — 0.51(7.35)
FIROEE 33.78 0.29(0.40)  0.25(0.71)  0.55(7.55) — 0.09(0.41)  0.42(4.17) —
fig (7D SR L 447.64 0.38(0.04)  0.29(0.06) — — 0.30(0.11)  0.53(0.40) —
y- TN 35000.00  0.07(0.00) 0.15(0.00)  0.15(0.00) — — 0.90(0.01) —
FERAR . g 2000.00 1.42(0.03) 2.14(0.10) 5.11(1.19)  0.44(0.10) 0.86(0.07) 3.89(0.65) 0.49(0.15)
A AR IR e 5.07 — — 1.28(117.80) — 0.59(18.57) — 0.42(49.22)
i O 32.94 0.10(0.14)  0.03(0.09) — > 0.03(0.15) — —
IR 4222.97 — 0.64(0.01) — — — — —
IETE 2.62 2.36(41.45) 4.10(149.06) < — 1.64(100)  0.78(100) —
T 844.60 12.30(0.67) 2.38(0.27)  0.19(0.11)  0.03(0.02)  0.27(0.05) 10.48(4.17) 0.02(0.01)
B (9) 7 3462.84 256(0.03) 3.43(0.09) 1.69(0.23) 0.06(0.01) 0.85(0.04)  4.64(0.45) 0.39(0.07)
RO 1.44 3.13(100.00) 1.51(100.00) — — — — —
B 59.12 0.05(0.04) — — — — — _
Frig g 109.80 — — — — — — 0.73(3.96)
2-H s FE R 65000.00  5.22(0.00) 3.17(0.00)  1.22(0.01) — 0.38(0.00)  1.85(0.01) —
2- B 2787.16 T4 — 0.17(0.03)  0.32(0.05) — 0.44(0.05)  0.18(0.04)
3-F " 1.10 — L — — — — 0.18(100.00)
fiil (5) 2-Ffi” 26.18 — — — 0.87(15.43)  0.13(0.77) — 1.50(34.17)
2-+— 2533.78 0.31(0.01) 0.18(0.01) 0.61(0.11) 071(0.13) 051(0.03) 0.29(0.04) 0.25(0.06)
7 I 5 PR 6400.00 0.38(0.00) 0.51(0.01)  0.50(0.04) 1.04(0.08) 0.34(0.01) 0.63(0.03) 0.23(0.02)
gt N G 4.00 — — — 0.86(100.00) — 0.22(18.34) —
R ST 2200.00 — — — 145(0.31) 1.93(0.14) 051(0.08) 0.13(0.04)
2-FBEIL R 1689.19 0.12(0.00) 0.88(0.05)  0.96(0.26)  0.66(0.18) 0.45(0.04)  0.50(0.10)  0.65(0.23)
2,5 F Ak 1537.16 0.74(0.02) 193(0.12) 2.28(0.69) 2.94(0.89) 1.77(0.18) 1.16(0.25) 2.86(1.11)
2,6- - HIFENL R 1452.70 0.34(0.01) 164(0.11) 1.23(0.39) 1.17(0.38) 0.83(0.09) 0.89(0.21) 1.14(0.47)
2,3-Z F A 743.24 — — — 1.95(1.22)  1.40(0.30) — 0.85(0.68)
W (10) 2-7.3k-6- FA LN g 860000.00 — — — 0.72(0.00) — — 0.37(0.00)
2- . Hk-5- Sk g 36.00 — — — 4.89(63.34) — 0.06(0.60) —
2,3,5- = FISENLEE" 160.47 075(0.22) 2.16(1.28)  2.56(7.41) 9.90(28.76) 6.46(6.42)  0.84(1.75) 3.10(11.53)
2-2.56-3,6- — H IR 16.89 — — — 041(1.12)  0.37(3.54) 0.07(1.31) 0.41(4.27)
2,3- ZHIHE-5- 7, kg 168.92 — 0.33(0.19) — 258(7.11)  1.16(1.10) — 1.37(4.84)
IUIESE-d0 1689.19 — 409(0.23) 4.02(1.11) 22.59(6.23) 14.05(1.33) 0.43(0.09) —
VERie N 118.24 — — — — — — 1.11(5.57)
KT 2956.08 — — — — — — 0.01(0.00)
Wk (9
(H-FriEkE" 358.11 — — — — — 0.38(0.36)  1.58(2.62)
B-7K I 422.30 — — — — — — 0.06(0.08)




+ 8- ABBRLEZ B
y-HA M 1266.89 — — — — — — 0.05(0.03)
H LI 540.54 0.06(0.00)  0.19(0.03) — 0.02(0.01) — — 0.02(0.02)
AT 9290.54 — — 2.98(0.15) — — — —
T 2956.08 0.04(0.00)  0.11(0.00) — — — 0.11(0.01) —
2- R LI R ™ 228.04 0.35(0.07) 0.28(0.12)  1.07(2.17) 0.05(0.11) 0.28(0.20)  0.28(0.41)  0.10(0.26)
At (5D TR =T 11.82 0.68(2.63) 1.42(11.46) — — — 0.81(23.03) —
% 844.59 053(0.03) 0.72(0.08)  0.60(0.33) 0.27(0.15) 0.31(0.06)  0.11(0.04) —
2- T v ™ 2533.78 0.65(0.01) 3.04(0.11)  0.43(0.08) 0.31(0.06)  0.5(0.03)  8.34(1.11) —
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Fig. 5 Spearman correlation analysis between sensory evaluation scores and the relative contents of 32 key flavor compounds

with ROAV>1
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