547 % % 6 ) i Tl B Vol. 47 No. 6
2026 4 3 H Science and Technology of Food Industry Mar. 2026

INAES, AL T, 40, 45 B Bl AR I S B A O o SR ELAR I 230 B (3], £ Tk BHE, 2026, 47(6): 306-318. doi:
10.13386/j.issn1002-0306.2025030280

SUN Xizhen, XIONG Yagqing, NI Xingting, et al. Key Aroma Compounds and Their Interactions in Maopu Herbal Baijiu[J]. Science
and Technology of Food Industry, 2026, 47(6):306-318. (in Chinese with English abstract). doi: 10.13386/].issn1002-
0306.2025030280

EBHEAROERET N RE
HEAERD T

HemE e BEIE RME R &,F B .4 'Y
(1. 30 M A PR3], #1435 5 435100;
2. AR A T 5 A g E R R E, Ak B 435100)

4

H EAATEANHEAERAQBENEARDEF. B AR ALMIERANG . KAELERBHED
# (AEDA) ME =#MEAKGH (FA8F, TX12F, FA15F) WEABAP AT FRERY (FD=2) ,
BERRRER, MTEMBERELELS A MEE-RE (GC-MS) HFAEFRASHITEE. AT FDIA. H#AF
MAE (OAV) 55 A ZTAFERFAFRIEE ZRMNMER RS, BT Feller iAot Al fo S oy K ER RIS LK
DR EER., SR AW, REAGETPLLATE AMELFERAY, TROFEME, BE, BBE, BHE
&, ZRAEASAELARYFALEALEREES (P<005) ; ZMHFEAAE (EA8F, A 12F, XA154)
P OAV=1 WEEELHANAH 51, 53, 54+, CRBRTEE. TBROH. 3-FPATE. TR, OB, 3-FATH
CB, 2-FAABCE., 2-FATROUE, — A=K, LI-ZCALLRSF 10 MY ARLERAHERGIHGFIES
AR RRARYAELEEE, iR SAMEGR, WwCRUBS_FTAZRAABEERN, CHRTES 3-
PETERCEB AR ER, 3-PRATHRCESCHBEAMRERN. AFRLERTAZRAGERLH. R%E
MVAR S R IR B IRIE 5 HIEAE

KR ERGE, FAUEBRML, FAETH, HFAEHF RS, Feller AR S w25 ik

HES2S:TS207.3 SCERARIRAD: A MEHS:1002-0306(2026)06-0306-13 L 5
DOI: 10.13386/j.issn1002-0306.2025030280 AT AT

Key Aroma Compounds and Their Interactions
in Maopu Herbal Baijiu
SUN Xizhen'*", XIONG Yaqing', NI Xingting', WU Xin', LI Qiang'?, KE Feng', YANG Qiang"?

(1.Jing Brand Co., Ltd., Huangshi 435100, China;
2.Hubei Key Laboratory of Quality and Safety of Traditional Chinese Medicine & Health Food, Huangshi 435100, China)

Abstract: Aroma extract dilution analysis (AEDA) was employed to detect the aroma-active compounds of Maopu herbal
Baijiu. The aroma-active compounds with FD=2 were quantified through liquid-liquid extraction and headspace solid-
phase microextraction coupled with gas chromatography-mass spectrometry (GC-MS). The characteristic compounds were
investigated via their FD values, aroma activity values (OAVs), and aroma recombination experiment. The interactions
among these compounds were then investigated using the Feller additive model and S-curve. The result showed that a total
of 84 aroma-active compounds were identified, mainly esters, acids, aldehydes, and terpenes. Significant differences were
distinguished in the content of aroma compounds of the three herbal Baijiu (P<0.05). Furthermore, a total of 51, 53, and 54
compounds with OAV=1 were confirmed as important aroma compounds in the three herbal Baijiu, respectively. The
result revealed that ethyl hexanoate and ethyl butanoate played critical roles in the overall aroma characteristics. In addition,
3-methylbutanal, butanoic acid, hexanoic acid, ethyl 3-methylbutanoate, ethyl 2-methylpropanoate, ethyl 2-methyl-
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butanoate, dimethyl trisulphide, and 1,1-diethoxyethane also significantly contributed to the aroma characteristics. Further

experimental results showed interactions between different compounds, including masking, addition, and synergism. For

example, a masking effect occurs between ethyl hexanoate and dimethyl trisulfide, an additive effect occurs between ethyl

hexanoate and ethyl 3-methylbutyrate, and a synergistic effect occurs between ethyl 3-methylbutyrate and hexanoic acid.

The findings of this study can offer theoretical foundations and data-driven references for product design, flavor

reconstruction, and quality enhancement in the herbal Baijiu industry.

Key words: herbal Baijiu; odor activity value; aroma recombination experiment; characteristic compounds; Feller additive

model; S-curve
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Table 1 Aroma compounds in herbal Baijiu identified using AEDA
PrE R %L A FDfE.
s NS T FE
DB-FFAP HP-5MS Y1 Y2 Y3
1 i 711 - HA, BEREOR 64 64 64
2 LR T 892 - A 64 128 128
3 L1-Z A8 O 895 732 HEA, AT, S HE 128 256 128
4 3-FEETRE 925 - HE, ZUE 256 512 512
5 R W 967 717 WRE 4 4 4
6 2-FAELNTR 2 Tk 973 759 W, Fi 128 256 256
7 2,3-T 996 - B, W, J 32 64 128
8 T 1030 - Fsi Ay 8 8 16
9 TR 1037 808 SR, WA 512 1024 1024
10 EPIEE 1047 - AT, By 8 16 16
11 2-FEL TR Tk 1049 853 R, R 128 256 256
12 3-HETRZAR 1065 870 SERF, FiA 256 512 512
13 TR 1069 748 SRELVE AL 8 16 32
14 L 1083 805 HE,ANE, FE 32 64 64
15 ST 1098 - eI RTESIU 4 4 4
16 LRI 1121 880 TR, BT 4 8 8
17 TR 2 T 1132 910 RRE, A 32 64 64
18 IET R 1145 - FEK, B2 16 32 32
19 k=2 1162 993 WA, A A 2 2 2
20 4-H B T 1188 968 KRBT, T 64 128 128
21 D-Hr15H 1193 1026 I, AtEE 2 2 2
22 S 1210 769 R, 5 HI, Rk 32 64 64
23 TR T T 1216 998 SREL FHE K RER 16 32 32
24 2- kg 1232 993 BT, KR 4 8 4
25 CLER R 1244 1001 WHE, FER, HF 2048 4096 4096
26 PORYIR 1267 1022 BN, RS 2 2 2
27 3-FE-2- TR 1286 908 PR GRS 64 128 128
28 1-2F475-3-T 1302 980 TR L, BT, BT 2 2 2
29 BER 1338 1101 WHEES 4 8 8
30 AL 1346 829 T R KR TR 8 8 8
31 IEC B 1354 877 A, WA, B 8 4 8
32 TR =R 1380 964 Lfis, A0Sk 128 256 512
33 2-Z.Hk-6- LML 1387 996 AR, BURET, Tt 32 32 32
34 2-ZHk-5- UL 1393 999 Py 8 8 8
35 2,3,5- = HIBEn R 1408 1001 LSRR, KPR 4 8 4
36 2,6- KLk 1434 1077 AT, PLIs A 4 4 4
37 FMR LR 1438 1203 WhimAy, 3 64 128 128
38 2-2,%-3,5- T I LN R 1448 1081 IR, WM, 15 58 ) 77 8 8 8
39 127 J5-3-1% 1448 982 B, T 16 32 32
40 v 1449 - FLE R A 32 64 64
41 2,3-HI3E-5-2 3Nk 1462 1086 RRE, B 4 4 4
42 Eak iy 1469 1087 KA, T 4 8 8
43 i 1470 841 ML, A 32 64 64
44 2,3,5,6-P4 FH kb 1477 1085 IR, TR 4 4 4
45 2-Z TR 1512 918 L O S 4 4 4
46 A7 TR G 1517 1140 AL 17 T 2 2 2
47 AR 1531 967 A, RARE 8 16 16
48 5] 1537 723 G SRR I AR 4 4 4
49 Pl 1546 1101 MG, B, R 4 4 4
50 RIEEN 1564 1407 BT, BT 2 2 2
51 TR 1567 760 KR, BRI 32 32 32
52 5-FH o 1583 964 Wi, i 4 4 4
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k1
TRE AL FDff

W MG B FE

DB-FFAP HP-5MS Y1 Y2 Y3
53 CRCEE 1612 1391 B, W, KR 4 8 4
54 7- T 9T 1619 915 WyihAy, BRI 32 64 64
55 2-Z T F-5- P kg 1623 1043 L% ST I W < T ) 4 4 4
56 TR 1625 832 RE BRI, % Pk Bk 256 512 512
57 2-HER 2 TR 1628 1059 BeFE Rk 4 4 4
58 IR LT 1640 1397 BUHN 22 1B A A 4 4 4
59 WL 1653 1047 W, BORT, TR 64 64 128
60 IR 1669 855 TR, R, R R 16 32 32
61 TR W 1679 1185 BRI R 2 2 2
62 7-C T 1711 1058 FIFIT Ve Ay iR 2 2 2
63 Kz 1738 916 R IR, 1T SRR 64 128 128
64 KT 1790 1249 BT, WA 16 16 16
65 4-HI B R 1804 969 TR, 5 32 64 64
66 LIRA TR 1820 1256 R I BE A A IR T 2 2 2
67 B-RETH 1823 1383 AT, 1 8 8 16
68 T PR 1830 1435 AT, R 2 2 2
69 ZEp-EET R 1833 1437 KT, T L7 4 8 8
70 - 1843 1596 PR T, T, 1E7F 2 2 2
71 CR 1846 1074 WHEEER, TRk 256 512 512
72 AR 1867 1088 T, & AE 2 2 2
73 AKNIR T 1890 1354 W EET, M Ty, TR 32 32 64
74 B 1917 1118 TR BOREAE T 8 16 16
75 B-EE 2T 1943 1483 WRTy, P LT 4 4 4
76 4-F S AR B 1963 1191 VAT, A, HmHEEER 2 2 2
77 2-Z, TRk 1980 1062 AR, S 4 4 4
78 REAEA 1999 1533 RN SR RS 2 2 2
79 4-Z AR 2036 1278 FE,RMUTEER 2 2 2
80 - T 2038 1361 Wi, FHEES 32 64 64
81 4-FISK 2088 1083 257, B 8 8 8
82 FAA ik 2120 1596 RAHIATS 2 2 2
83 4-L IR AR 2205 1315 TR, it 4 4 4
84 HhiEE 2582 1396 FIAY, Whimey 32 64 32
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Table 2 Quantitative results of aroma compounds in three kinds of herbal Baijiu
e BUSON JRi R (ug/L) Iﬂ{% B OAV
Y1 Y2 Y3 (ug/L) Y1 Y2 Y3
1 W 290.06+8.32° 387.57+23.62° 308.71+24.42° 25000 12 16 12
2 LR T 959.85+21.51° 1587.13+22.41° 1258.35+24.03° 32600 29 49 39
3 LI- 8k 272.76+10.77° 343.0249.42° 289.85+4.33° 2090 131 164 139
4 3-HE TR 17.630.64° 25.69+1.76 31.12+2.45° 178 99 144 175
5 TR TR 20.32+0.79° 26.37£1.57° 26.61+1.17 19000 1 1 1
6 2-H LR O 6.21£0.26° 10.36+0.81° 8.07+0.57° 57.5 108 180 140
7 2,3-T 579.45+32.56° 1069.39+41.10°  3496.15+1203.81° 100 6 11 37
8 T 46.18+3.16° 60.99+1.23" 76.63£1.87 16000 3 4 5
9 TR 126.61£2.90¢ 199.17+3.66° 210.40+3.73" 140 904 1423 1503
10 IERE 408.59+8.96° 507.89+10.11° 570.92+11.96" 314000 1 2 2
11 2-MEET R LT 1755.08+109.56°  2456.29+168.01°  2270.39+166.03" 8 219 307 284
12 3-MET MR R 4341.01£218.06°  6410.02+389.98"  6838.45+£366.59" 15 289 427 456
13 TR TR 16.48+1.42° 88.71+5.25" 113.88+10.21° 9.13 2 10 12
14 @A 888.25+71.23° 1075.40+42.99 1398.23+£67.71° 88 10 12 16
15 ST 83.45+3.55° 139.31+0.61° 161.02+2.35° 200000 <1 <1 <1
16 LIRS IR 613.18+28.02" 1326.25£107.63°  1204.49+106.16" 500 1 3 2
17 SR 2 TR 24.17+1.21° 32.82+1.82° 36.17+£2.19 900 27 36 40
18 IETRE 85.38+1.45" 126.63+1.23" 124.78+2.78° 2730 31 46 46
20 4-FRIL IR . Wik 604.98+11.79" 895.05+76.16" 986.49+81.63" 5 121 179 197
22 S 198.17+5.08° 308.90+3.27° 366.93+5.25° 70000 3 4 5
23 THR TR 246.95+17.62° 467.27+38.11° 383.26+12.68° 28 9 17 14
24 2- I HE R 431+0.21° 11.150.98" 8.18+0.75° 14.5 <1 <1 <1
25 CR AR 860.98+18.73° 1276.93+27.76° 1198.69+17.39° 200 4305 6385 5993
27 3-FRFE-2- T 16.21+0.31° 31.46+2.44 28.89+2.14° 259 63 121 112
29 B 21 6.6620.10° 12.36+0.74° 10.48+0.21° 400 17 31 26
30 BNy 686.08+39.32" 992.97+15.34° 1017.16+34.33¢ 250000 3 4 4
31 EC 27.2140.41° 36.73+0.34° 40.66+0.77° 4000 7 9 10
32 THEE =R 27.18+1.67° 64.98+0.84° 121.23+4.37* 0.36 75 180 337
33 2-Z H-6-H Bt 35.55+0.18° 45.90+0.57° 42.45+0.22° 5.4 7 9 8
34 2-25E-5-H ik 15.96+0.28° 20.32+0.70° 19.89+0.38° 10 2 2 2
35 2,3,5- = HBLnk ik 217.19+4.83° 399.04+26.05° 284.94+8.62° 378.5 <1 1 <1
36 2,6- - SEnkE 4.19+0.07° 5.18+0.15° 5.09+0.21° 11.57 <1 <1 <1
37 FRRLTE 6.82+0.08° 11.4740.14° 12.21+0.02° 900 8 13 14
38 2-2.%5-3,5- kg s 15.82+0.51° 24.50+0.76 21.15+0.75° 10.1 2 2 2
39 1-2F5-3-F 41.30+1.85 55.00+4.67° 60.23+2.81° 6.12 7 9 10
40 7y 363.97+18.56 678.26£5.97" 697.31£50.06" 200000 2 3 3
41 2,3- I 3E-5- 2 Bk 31.42+0.35° 50.22£1.08° 41.45%0.55 95 <1 <1 <1
2 AT RRRE 31.52+2.00° 38.87+1.22° 49.86+4.30° 36.2 <1 1 1
43 " 46.62+0.68" 68.65+6.06" 65.03£5.73° 3000 16 23 22
44 2,3,5,6-VU FH ik g 152.06+6.04° 485.59+28.36" 171.4246.04° 58280 <1 <1 <1
45 2-Z R HLIE G 195.56+6.09" 269.48+3.25" 266.43+5.04" 80000 <1 <1 <1
47 A 993.77+43.17 1757.70+45.46" 1644.59+60.31° 990 1 2 2
48 IR 18.31+1.78" 16.02+1.34° 20.73£1.93° 18100 1 <1 1




%4746 o NI |, 55 BAIRA AR G LA AR T - 313 -

k2

s . [ e B (ug/L) @%M] OAV

Y1 Y2 Y3 (ug/L) Y1 Y2 Y3

49 IR 8.60+0.34° 13.3240.11° 17.83+0.12° 30 <1 <1 <1
51 TR 3797.20+304.81°  7802.66+716.86°  6680.23+540.73 1580 2 5 4
52 5- I Bhe e 147.57+4.29 192.78+6.97" 199.95+3.09* 466000 <1 <1 <1
53 CRC AR 903.77+64.23 1736.72497.40° 1029.08+59.63" 500 2 3 2
54 - T MR 314.09+21.64¢ 486.32+16.52° 405.74+28.12° 35 9 14 12
55 2-Z, Bk F-5-F HEk g 166.82+0.39¢ 273.49£7.58° 228.84+2.64° 40870 <1 <1 <1
56 T 73.81+3.37° 102.12+6.36° 135.64+4.85" 964 77 106 141
57 2-BEIR 2 TR 245.95£7.57° 241.08+13.56° 138.38+5.06° 16000 <1 <1 <1
58 SR LT 681.13+59.35" 1004.47+87.55° 1107.97+102.07* 1120 <1 <1 <1
59 K 964.39+26.06° 1114.78+89.92° 2321.03+51.07° 25 39 45 93
60 SR 7.36£0.51° 11.93+1.17° 10.28+0.84° 1050 7 11 10
63 vy 18.91£1.50° 26.46+1.10° 32.06£1.61° 389 49 68 82
64 KPR TR 1062.26+25.91° 1288.21+60.65" 1180.09+42.42° 407 3 3 3
65 4-HIH R 1384.38+114.51°  2203.57+218.27°  2387.21£155.11° 144 10 15 17
67 BRI 8.12+0.81° 10.01£0.63° 12.70£1.47° 2.5 3 4 5
69 AT R 0.620.09° 0.84+0.11° 1.1240.14° 0.9 <1 <1 1
71 CE 458.22+6.59° 573.814.20° 670.66+5.30" 2520 182 228 266
73 F N[y 534.19+17.12° 652.83+3.83" 866.08+14.23" 125 4 5 7
74 PR 5.58+0.03" 11.07£0.36" 10.50+0.01° 8500 <1 1 1
75 BT LT 0.91£0.11° 1.03+0.05° 1.59+0.18* 0.8 1 1 2
76 2- LT B 47.68+1.34° 56.62+3.73° 54.16+2.72° 2000 <1 <1 <1
80 y-T- AT 61.13+5.34° 70.93+7.02° 78.57+4.19* 11.2 5 6 7
81 4-FA R 392.66+10.33" 406.78+7.80° 434.72+12.56 167 2 2 3
83 4- IR 6.89+0.67 5.33+0.49° 12.69+0.93° 40 <1 <1 <1
84 A 35.21+3.23 52.39+3.87° 40.18+3.76" 26 1 2 2

TE: R Al —ATA RN FFREFOR A R i Z A E B2 5 (P<0.05); 7 FRom i) B0 i R BE B0 Jymg/L

OAV Nk 2 7R,
MR 2 F A EEEE IR R AR I R R
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Y2 PEREY TN R, Y1 PR MY TR R
TS ANPERR L . RIS RIS M RS SRR —
RS PP h &t o R R MRSy, AR R
YR VEY) BRI 80% LA b, A T TR XU A 4
JoT Al T AR T IS ) SO AR PP v 48 X S AR X
AR, ABAEFEAS PP O . A U2 R 5 AR
b KA EEAE; Ah, MRS | iiEksZs. MRS
SR LI AR PP H A 3 IR, AEE X 2 AR
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Fig.5 Aroma profile of herbal Baijiu (solid line) and the
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Table 3 Thresholds for binary mixtures and their interactions
in herbal Baijiu

S B PO B S B

S STRAY (ngL)  (ugL) mippg ML
1 CRRABR+ZWE=R 126631 34440 368 IEHEAFM
2 CROEE+CE IR 117325 580.84 202 IEHAFH
3 D@z‘ilﬁﬁﬂ‘,;:l%ﬁ_@ 34736 43087  0.81  MIAAEM
4 CROERH3-METEE 72845 31854 229 IGE=AEM
5 Eﬁﬁlggg%fgmﬁ 19236 350.19 055 JEAEA
6 %T@?Jf%:m% 23.94 1524 157 s
7 3-HETRMOM+CM 83890 228003 037  HMAMEA
g E‘ZT gﬁ%ﬁ;”: 323.65 48660  0.67 KA
9 3 'W%Tﬁé}%ﬁgﬂ'm %35 wma 0.84  JAEH
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Fig.6 Determination of aroma interactions based on the S-curve method
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