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Fig.1 Maiqu Huangjiu brewing process with yeast—enhanced fermentation
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Fig.2 Effect of yeast-enhanced fermentation on the production of reducing sugar in Maiqu Huangjiu brewing
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Fig.3 Effect of yeast—enhanced fermentation on the production of alcohol in Maiqu Huangjiu brewing
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Fig.4 Effect of yeast—enhanced fermentation on the content of total acids in Maiqu Huangjiu brewing
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Fig.5 Effect of yeast—enhanced fermentation on the production of ethyl acetate in Maiqu Huangjiu brewing
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Fig.6 Effect of yeast-enhanced fermentation on the production of higher alcohols in Maiqu Huangjiu brewing
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Fig.7 Effect of yeast—enhanced fermentation on the content of amino acid nitrogen in Maiqu Huangjiu brewing
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Effects of yeast—enhanced fermentation on biogenic amines productionin the brewing process of Maiqu Huangjiu
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Fig.9 Effect of yeast—enhanced fermentation on the contents of biogenic amins at the end of Maiqu Huangjiu fermentation
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Table 1 Effects of yeast—enhanced fermentation on the contents of volatile flavor components in Maiqu Huangjiu

R MR ek M Fr a2/ (pg/ml)

eyl R R ek TR AR RI 14 - P14
zau Wa+Sm 41 Sm 41 Wa 41
By & LB L [C1] 841.87 5.29 £ 0.61 5.89 +0.78 3.70 £ 0.19 5.83+£2.09 0.3166
LEL L TEg [C2] 969.16 0.04 +0.02 0.53 £0.13 0.41 +0.25 0.23+0.14  0.0584
TR 5t % B [C4] 1056.22  0.83 +0.23 0.89 £0.22 0.56 = 0.09 0.59+0.06  0.2079
% g2 B L [C6] 1096.72 n.d. 0.10 £ 0.03 0.07 £ 0.04 n.d. 0.012
TR LB [CI] 1160.54  0.86 +0.60 1.59 £ 0.17 1.58 +0.01 0.89£0.31 0.1101
RY R T B [C11] 1217.49 n.d. 0.13 £ 0.06 0.24 +0.04 0.13+0.03  0.0024
KR T E [C15] 1258.59  0.06 +0.01 0.15+0.01 0.16 = 0.01 0.06 + 0.05 0.005
LR s [C17] 127355  0.39+0.10 0.10 £ 0.07 0.13 £ 0.01 0.29 +0.14 0.037
2-F ALK ¥ B8R T [C22] 1336.52  0.03 +0.01 0.02 = 0.00 0.03 +0.00 0.02+0.00 0.1073
F B TEs [C23] 1355.79 1.27 £0.23 3.34 £ 0.56 3.07 £0.18 093091 0.0047
4-F A& AR T B5 [C32] 144536  0.21 £0.05 0.24 £ 0.07 0.13 £0.04 0.22+£0.04  0.2703
+ M LB [C33] 1452.09 0.04 £0.00 0.25 £ 0.09 0.11 £0.03 0.11 £0.01 0.0161
FUBR T B5 [C34] 145530  0.08 +0.04 0.24 +0.12 n.d. n.d. 0.0174
LB JF %, 85 [C37] 148222  0.18 £0.02 0.22 +0.02 0.04 +0.00 0.27 +0.10 0.011
T A [C41)] 1521.88  0.01 £0.00 0.02 = 0.00 0.02 +0.01 0.02 +0.00 0.335
+— 82 T A [C45] 1550.25  0.08 +£0.02 0.36 £0.11 0.19 £ 0.03 0.08 £0.03  0.0035
K Y B TG [C46] 1563.19  0.08 +£0.01 0.25 +£0.07 0.15 £ 0.04 0.15 £ 0.04 0.035
PRI R — LB [C48)] 1584.12  0.44 +£0.02 1.10 £ 0.04 1.95+0.11 0.65+0.57  0.0038
2-5. W M BR T BE [C53)] 1633.93 n.d. n.d. 0.02 £ 0.01 0.04 £0.03  0.0593
R L LA [C58] 1680.29  0.04 +0.00 0.18 £ 0.03 0.16 £ 0.01 0.12+0.06  0.0099
4- TR W B 3R T B8 [CS9) 168598 0.89 +0.25 0.51 £0.39 0.13 +0.08 0.44 +0.08  0.0706
LER R TS [C61] 1703.72  0.62 +0.05 0.68 = 0.03 0.45 +0.02 0.65+0.22  0.2776
TR M A B [C62) 1740.30  0.01 £0.00 0.03 +£0.01 0.03 +0.00 0.02+0.00 0.0196
TR T B [C65] 1763.04  0.04 +0.00 0.16 £ 0.01 0.06 = 0.00 0.05+0.01 <0.0001
3-# K+ =8 LEs [C66) 1783.32  0.04 £0.01 0.08 £ 0.02 0.07 £0.01 0.03+0.03 0.0372
2-F LA TR AE [C69] 1 845.86 n.d. 0.02 £ 0.00 0.05 £ 0.01 n.d. <0.0001
F B = TE [CT5] 1987.28  0.02 +£0.00 0.03 £ 0.00 0.02 = 0.00 0.02 £ 0.00 0.006
AR AR BR L Bg [C81] 2113.89  0.05+0.00 0.07 £0.01 0.06 = 0.00 0.09 +0.03 0.216
IR TR T B [C83)] 2 155.38 n.d. 0.16 £ 0.03 n.d. 0.03 +0.01 <0.0001
KB T s [C86)] 2203.09 n.d. 0.03 = 0.00 0.03 +0.00 0.02+0.01  0.0002
AR = W R T B [C88] 2396.37 0.03+0.01 0.03 +£0.01 0.02 = 0.00 0.01 £0.00 0.2113
AR W ER =T B5 [C89) 254370  0.04 £0.01 0.04 £ 0.01 0.03 +0.00 0.02+0.00 0.0152
BEENESMEE 11.69 £2.31 1742 +3.12 13.69+1.22 11.98 £5.00
0§ % 5+ T B% [C3] 1049.29  0.07 +£0.02 0.25£0.22 0.66 +0.39 0.21 £0.23  0.1943
1-T B [C5] 1 090.69 n.d. n.d. n.d. 0.04 +£0.03  0.1205
3-W A -1-T B [C8] 1155.68 6.65+1.72 10.62+0.92 1495+136 7.23+242 0.0042
3-W A -2-T & [C13] 1255.86 n.d. 0.09 = 0.05 n.d. n.d. 0.0165
2-p B;: [C16] 1 259.03 n.d. 0.03 +£0.01 0.04 +0.02 n.d. 0.0192
1-T 8 [C18] 1283.53  0.15+0.02 0.13 £0.01 0.19 £ 0.01 0.11+£0.02  0.0036
3-8 [C21] 132324  0.02+0.00 n.d. n.d. n.d. <0.0001
2-E M —1-8% [C24] 1364.51 0.01 £0.01 n.d. 0.01 £0.02 n.d. 0.5483

1-E H-3-8% [C26] 137503 0.03+0.00 0.04+000 0.06=+0.00 0.05+0.01 0.0288
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(xR 1)
£ 5] AR ok 4 e 2 A RI {i : RARRAN R &%/ (ng/ml) Pt
T a4 Wa+Sm 41 Sm 41 Wa 48
1- & B [C27] 137861 013003 007+001 0.13+000 009002 0.031
2-T h-1-2 8 [C28] 141094 034007 023+006 022+001 017004 0.0347
2-E 8 [C31] 144273 002001  004+000 003+001 002+000 0.006
5-E 8 [C35] 1458.73 n.d. 007000 002001 007001 <0.0001
1- B [C36] 147629 038004 030004 036003 025+003 0.0245
2,3-T =8 [C38] 1489.16 036003 0.12+003 007+001 0.15+005 0.0001
31 -2 K B [C39] 1495.69 n.d. 0.02+0.00  0.02=0.00 n.d. <0.0001
3 R -2-T B [C40] 150812 0.01£0.00  0.04+0.00 n.d. n.d. <0.0001
2-% B [C42] 153202 0.02+0.01 n.d. n.d. n.d. 0.0001
1-E 8 [C47] 157201 021000 026+001 034+001 0.19+004 0.0008
3L H—1-5 [C49] 1580.69 0.02+000 003+000 006000 002+001  0.002
& 3 B [C57) 167351 013003 011002 0.11+001 009000 0.2982
¥ TE [C67] 1791.17 1217146 1515+120 2482171 13.89+294 0.0008
2-% K -1-T & [C70] 1860.78 002000 0.02+000 004+000 002001 0.0015
A B [C74] 198214  0.06+0.02 008001 007001 0.04+000 00368
F A [CT79)] 2080.23 n.d. 0.01 +0.00 n.d. n.d. <0.0001
SRV RS 2080 £347 27.74+2.61 42.19+358 22.65=5.87
Bk 4-FA-1,3- =R KLR [CT] 1108.79  0.05+0.03 n.d. n.d. n.d. 0.0151
¥ [C10] 1211.10 008001 003002 001002 003+001 00173
£ 217 [C20] 131146 030005 0.12+008 0.18+006 0.13+0.06 0.0776
+ = 8% [C25] 1368.80  0.02+0.01 n.d. 0.03 = 0.01 n.d. 0.0002
58 [C29) 1416.73 n.d. 008005 024003 011006 0.0033
3 8 [C30] 142811 006001 005+002 0.15£001 007+003 0.0018
¥ Tk [C43) 153972 014003 0.15+002 020£001 0.13+001 0.0224
2-2 4 T 8 [C55] 1 666.07 n.d. 0.02 = 0.00 n.d. n.d. 0.0001
3,4-= kK Vi [C60] 169549 175021 209011 215:0.10 216+042 03493
BENLSHEE 240£035 254029 296024 2.63+0.59
BmE B-#AREER [C52 162908 019004 024002 0.18+000 0.18+0.04 0.2081
¥ [C73] 194376 021£0.02 021001 034:003 0.13£009 0.0235
£ [C77] 204670  0.02+0.00 002000 002+001 001001 05883
*F & & 8 [C80] 208806 007+001 021002 002000 005001 <0.0001
E K [C82] 212412 007£003 006000 009+000 004002 0.0854
+ =k [C84] 2151.19  0.02£0.00 n.d. n.d. n.d. <0.0001
BENSHEE 057+0.10 074005 065005 042+0.17
B el RS [C63] 174658 006001  007+001 008+000 0.05+001 0.0038
8 [C71] 188127 003000 003+000 004+000 003+000 0.0208
4-T R4l A B [CT72] 1902.14 096007 028+001 048+004 027+0.06 <0.0001
4-T kKB [CT6] 204131 001£0.00 001000 001000 0.02+000 0.0281
2-F A A-A-THAEE [C78] 205974 148013 634+032 859+072 425+151  0.0002
2,4-=& T k% B [C85] 217732 044+002 081004 061003 047002 <0.0001
B RS M EE 297024 755:038 9.80+0.80  5.09+1.60
% KT [C44] 1546.92 n.d. 005002 009001 0.06+001 <0.0001
& vt Ak 7 B [C64] 175153 004001 006001 020+003 007004 0.0009
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(R 1)
%51 A R ok A IR 4 AR RI & : RIS R &2 (pgfmL) Pt
= HH Wa+Sm 41 Sm 21 Wa 21
WA 0042001 0112002 0292003 012005
£E LEETE [CI2] 122226  024+007 008005 nd, nd. 0.0014
lek [C14] 1238.67 0.01 £0.01 0.01 £0.01 n.d. n.d. 0.4275
R BERE [C19] 1 298.96 n.d. 0.01 +£0.00 n.d. n.d. <0.0001
1,3-=#& )% [C50] 1613.63 0.02 = 0.00 0.03 £0.01 0.02 £0.01 0.02 +£0.01 0.5334
% [C51] 162502 001000 002000 001000 001000 0.0085
4= bk [C54] 165375 001000 003001 003000 002001 0.0478
N N-=T & 7 85 [C56] 1 669.28 nd, 0034002  0.04+000 002+001 00224
% Sk [C68] 182360 005001 010001 018002 008004 0.0044
B2 [C87] 224530 0.03£0.00 0.08+000 0.2£001 0.06+0.02 0.0008
Ee kbbb d & 0.38 £0.10 0.39 £0.12 0.40 £ 0.05 0.22 +0.08 0.014
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Fig.10  Effects of yeast—enhanced fermentation on volatile components in Maiqu Huangjiu and statistical analysis
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Improving the Brewing Flavor Quality of Maiqu Huangjiu by Enhanced Fermentation
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Ai Lianzhong', Ni Li"?, Lii Xucong"*
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Fuzhou 350108
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Abstract Objective: To investigate the regulatory effects of yeast fermentation in single-strain and mixed—-strain modes
on the production of biogenic amines and flavor compounds during the brewing process of Maiqu Huangjiu. Methods:
With Wickhamomyces anomalus and Saccharomyces mikatae as the research subjects, the regulatory effects of yeast fer-
mentation in single—strain and mixed—strain modes on the production of biogenic amines and flavor compounds during the
brewing process of Maiqu Huangjiu were explored through techniques such as headspace solid —phase microextraction
(HS-SPME) combined with gas chromatography-mass spectrometry (GC-MS) and sensory evaluation analysis. Results:
The results of this study showed that both W. anomalus and S. mikatae enhanced fermentation significantly reduced the
production of biogenic amines during the brewing process of Maiqu Huangjiu. S. mikatae — W. anomalus mixed—culture
enhanced fermentation not only reduced the production of biogenic amines by 89.03%, but also significantly increased
the contents of certain characteristic aroma components, including ethyl acetate, butyl lactate, ethyl caproate, ethyl
caproate, butyl caproate, etc., thus achieving a dual regulatory effect of reducing biogenic amines and enhancing aro-
matic flavor quality. Moreover, S. mikatae — W. anomalus mixed—culture enhanced fermentation can significantly reduce
the acidity of Maiqu Huangjiu by 48.31% and notably increase the amino acid nitrogen content in the wine by 36.9%.
The result of sensory evaluation and analysis demonstrated that the Maiqu Huangjiu produced by enhanced fermentation
of S. mikatae — W. anomalus mixed—culture exhibitted a balanced sweet—sour taste, rich aroma, and smooth harmony.
Conclusion: The enhanced fermentation of S. mikatae — W. anomalus mixed—culture exhibits a significant effect on re-
ducing biogenic amines and improving the characteristic aroma in the production of Maiqu Huangjiu. This practice con-
tributes to enhancing the safety and flavor quality of Maiqu Huangjiu, thereby promoting the healthy and sustainable de-
velopment of the Huangjiu brewing industry.

Keywords yeast mixed—culture; enhanced fermentation; Maiqu Huangjiu; biogenic amine; volatile components



