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Key Aroma Compounds of Yanghe Supple and Mellow Aroma Style Liquors

FAN Wen-lai, NIE Qing-qing, XU Yan™
(Lab oratory of Brewing Microbiology and Applied Enzymology, Key Laboratory of Industrial Biotechnology, Ministry of Education,

School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract: This study, as an extension of our previous work focusing on micro-constituents and flavor compounds in
Yanghe supple and mellow aroma style liquors, aimed at quantitative analysis of 66 flavor compounds in liquor samples of
this style by headspace solid-phase microextraction (HS-SPME) followed by GC-MS and calculation of their odor activity
values (OAVs). Ethyl hexanoate was a key flavor substance in Yanghe supple and mellow aroma style liquors (OAV >
27000, with an average of 34799), and ethyl 2-methylbutanoate, dimethyl trisulfide, ethyl pentanoate, ethyl butanoate,
and ethyl octanoate were also identified as important flavor compounds. Pentanoic acid, ethyl 2-methylpropanoate,
3-methylbutanal, ethyl 3-methylbutanoate, and hexanoic acid were also responsible for the aroma of Yanghe supple and
mellow aroma style liquors. The results suggest that Yanghe supple and mellow aroma style liquors contain the same key
aroma components as Luzhou-flavor liquors except for differences in other aroma components.

Key words: Yanghe supple and mellow aroma style liquor; ethyl hexanoate; ethyl 2-methylbutanoate; dimethyl
trisulfide; headspace solid-phase microextraction; odor activity values (OAVs)
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1 ME5H% B, 49.07ug/L), FAZEHCL, 50°C HilASmin, AR

L1 MESEGH

41.6% (LA F ¥tk B AR B2 W (HZL) 41%
KRZWE(TZL) 46% K2 W 52% K2 HHA42.6%% 2
MZL)(J@iE (M E MR Y2 W R 2 W35
JESASAS A P B T WA i, 201 14FRIB) VLRIl
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SER TR ARAER (R Al LR AR TR LM
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FRAE(9T%)  REEFCE RGN T LB B4l
& PEEGEER) BEEAR A E s oK SR
gy  FE[ETedias 7.

12 a5k

GC 6890 UHH (01l - KA B TRl 4% . GC
6890N-MS5975AH (4 1% i 1% 1 H{X . DB-FFAPHIDB-
WaxBEF: EHAgilentAw] .

1.3 Jiik
1.3.1  AUAHO S-S KA AT I #5 (gas chromatography-
hydrogen flame detector, GC-FID)%E & /512

1% GB/T 10345—2007 A #T J77%) HEAT A
W MG E: LROEE. TROER. KRR O
fis. CIRAHGE. HMRLHG. LA, TR T MR
I o
132 WBHEFERGE RAPRENED)

I I 182 R FH 9809 sk A5 -6 7 (liquiid-liquid
microextraction-gas chromatography-mass spectrometer,
LLME-GC-MS) & & . J& 8 T 2% [ AH il A5 HL B R
(headspace solid phase microextraction, HS-SPME){E Xk
N AT N, AR AR S R A AT B
N2, ERCRAET . LLMER LU (B A DLER
KW FARGF A B K, 45 ArGC-MSHTIN, 56 1198 H #
RN HLIR BIAS I AT AR L (R

H20mLA R &2 SWEARF 4> B 10% R FE . INANaCl
8g, WHRBURIRSUL(255.5pg/L), FH ImL 2 Z Bk kAT
AW, P 3min, U EEATGHpLdE AGC-MSHEAT 4>
Mro 434 JDB-FFAP(60m X 0.25mm, 0.25pm), T
FEF A50°C £+ 2min, LL10°C/minff)3# R T+ 43230°C, {4#
FF15min. @4 Ul brEth &t &, Hbstb G
TR K LB 5 11\ (selected ions monitoring, SIM).
133 T [ A A IO 7

Z USRS 7, N FHHS-SPME 23 T 11
(A« H150/30pm DVB/CAR/PDMS 25 B Sk % #%
A RN RN A AT A . AE20mL T i N
17mLARE G W FE . Sg NaCl. 10uL A ARIE W3S N b«
2-¢ME, 63.28ug/L; 2-ZIECUEE, 44.16pg/L; LIRAEM

S

45min, GCf#5min(250°C), HTFGC-MS/r#r. th&
SE R T SIMAR 2K
134 GC-MSJji%

T i il 1 DB-Wax B 41 A:(60m X 0.25mm,  0.25pum)
AT 2B HERECREE250°C, #/<He, ¥ii#2mL/min.
HEFE RO, A EERE . THEFET: 50°C($RFF2min);
L6 °C /min (K] 1) 35 )& T1E 45230 °C (f£ £F20min) . 7> B 5
fIFE S Agilent 5975 MSDX%5E . MSEf: HLFHLE
(electron inonization, EI); HL-FREH: 70eV; & T VRIE
fE: 230°C; ##TEH: 30~550u.
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$EH (retention index, ROFFRAE S KIF LN o TobRYE S
(PR S5, AT Ik it %0 . 7 () 48 ot i 1) Sk
PR S RRUR 35 S iR 15 51
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2.1.1  FERYR
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Table1l Concentrations of esters in Yanghe supple and mellow aroma

style liquors
mg/L
=) 4L6%HZL 41%TZL  46%TZL 2% TZL 42.6% MZL
LR FRethyl acetate* 1139783 1217108 1108660  949.924  1261.352
N L Bfethyl propanoate 5281 4613 4552 5330 6356
5 TH L ethyl 2-methylpropanoate  42.469 21.326 33475 37.250 37489
TH L ¥ethyl butyrate* 111.844  122.800 65.850 73978 111954

23 T 2 Bethyl 2-methylbutanoate  0.605 0.258 0.336 0.340 0931
TR Reethyl 3-methylbutanoate — 3.362 1310 1.568 1762 8.791

T ifpropyl butanoate 0.721 0593 0.605 0853 1150
JFR . ethyl pentanoate* 30024 34353 M543 4T 40919
CFR L igethyl caproate* 212733 1994140 1522349 1650259  2247.632
TS T B3-methylbutyl butanoate 2,054 0.600 0711 0878 3,555
LR CHhexyl acetate 16163 5074 7874 10060 48008
CR 1 Epropy! hexanoate 2781 2.130 2558 2837 3491
R £, Bsethyl heptanoate 96.598 29.811 40434 41.085 149.744
LR L eethy! lactate* 846652 858500 1020605  1067.145 887454
CUFR T eutyl hexanoate 4783 1.801 2.256 2.9 8.339
T2 Beethyl octanoate 1957 5819 10539 12084 27516
U 7 1Wsisopentyl hexanoate 4388 1.158 1740 2055 5.089
T £ Bgethyl nonanoate 1.285 0.569 0.771 0.875 1476
CUFR C Ehexyl hexanoate 4.168 4369 6522 9.375 8.356
KR Beethyl decanoate 1.493 1.685 1043 1472 1.640

T ZH " Clediethyl butanedioate 0,172 0.099 0.103 0.128 0.209
{5 L ethyl undecanoate 0.019 0.020 0.016 0.021 0.023
-~ 2 Bethy] dodecanoate 0415 0495 0.268 0378 0.607

e 4549420 4308630 3877380 3918829 4862278

W e ROR A GC-FID Rl i1, it HS-SPME & it R,
R, Wi S8 2 WINEERE 8RR, K2
WIS A B
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i e AL R 416 (1522.35~2247.63mg/L),
fi & = IR AT PR 4.16(949.92~1261.35mg/L). T TR
Ji6(65.85~122.80mg/L). FLIZ £.1i6(846.65~1067.15mg/L),

X — 45 RSB rh A A8 DY R e 2 — 3. H
e e B B 2 B L1 (29.81~149.74mg/L) . [T £ ik
(32.12~47.95mg/L). 2-HAEENIR L1i6(21.33~42.47mg/L).
LR CTR(5.07~48.00mg/L) V% £.Ti5(5.82~27.52mg/L).
R PR IR LA /E Img/LLL R .

212  EERYIR

W RY R & R, BZHEE, RZ
AT HZB(K2). i IS e A 3- AL T
), JRE R EEVEE129.39~167.75mg/L. UK IF R B
(37.49~83.24mg/L). 5 | §£(53.33~79.04mg/L). | ¥
(38.86~78.04mg/L). 2- ] E%i(29 32~51.59mg/L). "JfE5E
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AMEFET
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Table2 Concentrations of alcohols in Yanghe supple and mellow
aroma style liquors
mg/L
e/ 416%HZL  HM%BTIL  46%TZL 2% TZL  42.6% MZL

IR 1-propanol 64.746 70532 37492 37511 83.043
2-TE-butanol 48873 30,345 29318 37.163 51.585

5T Bi2-methyl-1-propanol*  53.326 54263 75.743 79,043 72729
IF: T F¥1-butanol* 38.861 42,654 77419 78,038 58.718

S5tIREE-methyl-1-butanol*  129.393 128.445 163.652 167751 150.538
2-fi2-heptanol 5074 ND 0.186 0223 0.696
IECE1-hexanol 7275 4341 7.500 10.107 16350
3-2Ef3-octanol ND ND ND 0.071 ND
13 1-octanol 0.361 0.260 1251 1.875 1240
TETE]-nonanol 0.063 ND ND ND 0,053
1% 1-decanol 0.089 0.064 ND 0.014 0231

[EEEE 283,514 260372 355.068 374284 352,140

7« ND. ARfli e R,

2.1.3 EEmR S

F3  BUHEAATEBRRCAYRERE
Concentrations of aldehydes and ketones in Yanghe supple
and mellow aroma style liquors

Table 3

mg/L
WaY 41.6%HZL 41%TZL 46%TZL  529%TZL  42.6% MZL
514 3-methylbutanal ~ 9.040 4.402 5.366 5503 20.197
C #hexanal ND 0.291 ND ND ND

F#nonanal 9.635 ND 0.139 0.335 0.759
%W decanal 0.703 0.230 0.027 0.191 1154
2-3fi2-octanone 0379 0.056 0.747 0.748 0513
2-T:f#2-nonanone 0218 0.047 0.044 0.017 0369
2-+—ili2-undecanone  0.059 0.067 0.059 0.003 0.043
PR 20.034 5.093 6381 6.797 23.035

BEHI R R BB S R & ERE, K

ZHEIRZ(R3)e & mf i MR E)E  IE (3- A

TRE), JRE K6 H4.40~20.20mg/L. HIREIFE T8
(0.00~9.64mg/L) R IE 24 (0.02~1.15mg/L). & &l
i) 2 i 112~ T 1 o
2,14  FEIBIED

M2 EESBZENSEREEDS ERm, K
ZEEAR(RY) . Hrh, SRS GYE2- K R
(265.16~617.25pg/L). FLUIER HIE(166.75~484.42pg/L).
2-IK LR LTI T R FE 7E86.69~357. 11ug/L,  TMi3-2K 14

1R LR & AR ECR, 11129.63~514.37pg/L.
F4 FNRERATESFEAADRRIRE
Table4 Concentrations of aromatic compounds in Yanghe supple and
mellow aroma style liquors

ug/L
IR 4.6%HZL  41%TZL  46% TZL 52% TZL 42.6% MZL

K1 #benzaldehyde 338.09 202.83 16675 30470 484.42

L acetophenone 243 2306 881 1440 39.05

IR Bethyl benzoate 1726 20,61 1539 1861 3035

2K LML Fethyl 2-phenylacetate 218,31 17702 8669 9004 35T
3N L gethyl 3-phenylpropanoate  514.37 3055 15554 12963 187.67

2% B2 phenylethanol 30068 31974 26516 41889 6175
CH KL phenehylbexinone 19707 B66 43913447 45573
il 161921 130274 80273 113073 386068

215 EERAEY
BZERNBRESYE R, HIChRZE,
MR NG (RS). MELEGYT, ﬁ%
4-FELOR W (172.27~417.05pg/L), H
(19.85~332.78ug/L).

£S5 WFUARMOFERRLEHRERE

Table 5 Concentrations of phenolic compounds in Yanghe supple and
mellow aroma style liquors
ug/L
e 41.6% HZL 419 TZL _46% TZL _52% TZL 42.6% MZL
4 EF”E_L 18 AR 4-methylguaiacol ND ND 3.50 23.90 ND

LI AT4-ethylguaiacol ND 9.31 2431 048 70
4-%%%4-methylphenol 2926 23461 17227 20602 41705
4-L 3K Fd-ethylphenol 2.75 19.85 93.85 143.08 33278
AL ?% 259.01 263.77 293.93 40547 77353

2.1.6  FERMHAIIR

£6 WMARRAEEREAIREEREY

S

Table 6 Concentrations of fatty acids in Yanghe supple and mellow
aroma style liquors
mg/L
IR 4.6%HZL  41%TZL  46%TZL 2% TZL  42.6% MZL
L Facetic acid 658.877 790.538 767905 412896 676313
A #propanoic acid 13321 18.526 9.767 9242 14220
5T B2-methylpropanoicacid 5314 6457 5776 6.171 8480
T Hibutanoic acid 30313 3174 46.551 41778 48714
571 3-methylbutanoic acid 4489 5.026 3.170 3491 5.380
[ pentanoic acid 243.162 262.517 333.536 292.852 277.500
4-FHE I #Rd-methylpentanoic acid 0,615 0.679 0.628 0.670 0.503
Cfhexanoic acid 684.032 843.134 1180.628  1019.844 806.706
FFoctanoic Acid 6.220 5.649 11552 11.050 10.725
T-fnonanoic acid ND 1.345 ND ND ND
% decanoic acid 0.672 0.851 0.797 ND ND
FRMANRE SRR 1647015 1967896 2360.309  1797.995  1848.542
e FERMEA LR R BB R B 20
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Table8 OAVs of volatile aroma compounds in Yanghe supple and mellow aroma style liquors

wEY o] g 41.6% HZL _ 41% TZL _ 46% TZL _ 52% TZL __ 42.6% MZL
1% Z.Wiethyl acetate 32551.60" 35 37 34 29 39
MR £ liGethyl propanoate 19019.33"¢ <1 <1 <1 <1 <1
5 TR Z.Wigethyl 2-methylpropanoate 57.47" 739 371 582 648 652
T Z.Wiethyl butyrate 81.50" 1372 1507 808 908 1374
2- %L TR . Fiethyl 2-methylbutanoate 0.2"" 3026 1292 1680 1698 4655
52 %P £ Fethyl 3-methylbutanoate 6.89"! 488 190 228 256 1276
T N Epropyl butanoate 160" 5 4 4 5 7
JXIR Z.FiFethyl pentanoate 26.78"% 1200 1283 1663 1790 1528
VR . Tiethyl caproate 55.33'6 39992 36041 27514 29826 40622
1% 5 3G HE3-methylbutyl butanoate ND
LR CLlighexyl acetate 1500 1 <1 1 1 3
CUR A i propyl hexanoate 12783.77"¢ <1 <1 <1 <1 <1
PR ZTiEethyl heptanoate 13153.17"% 7 2 3 3 11
LR . Tiethyl lactate 128084 7 7 8 8 7
CLfi% T fiEbutyl hexanoate 7007 7 3 3 4 12
1% L Higethyl octanoate 12.87 1" 1517 452 819 939 2138
O 51X liisopentyl hexanoate 900" 5 1 2 2 6
T Z.lisethyl nonanoate 3150.61"% <1 <1 <1 <1 <1
L% CLfiRhexyl hexanoate ND
241 £, Tiethyl decanoate 1122.30" 1 2 1 1 1
1"} — Z ik diethyl butanedioate 353193"% <1 <1
[-—}ilR Z.liEethyl undecanoate 1000 <1 <1
+ “hiiR L 1igethyl dodecanoate 400" 1 1 1 1
1E ¥ 1-propanol 53952.63" 1 1 1 1 2
2-"1 Ji#2-butanol 50000 <1 <1 <1 <1 <1
5T i 2-methyl-1-propanol 75000 1 1 1 1 1
1E T 1-butanol 2733.35"% 14 16 28 29 21
5 %% 3-methyl-1-butanol 179191 1 1 1 1 1
2-JJEfiE2-heptanol 1433.941"! 4 <1 <1 <1
1 U 1-hexanol 1100™ 7 7 7 9 15
3-% % 3-0ctanol 18 4
1E [ 1-octanol 800" <1 <1 2 2 2
1 F-fi#1-nonanol 80" <1 <1
11 241 1-decanol 180" <1 <1 <1 <1
5 )%/ 3-methylbutanal 16.51" 548 267 325 333 1223
C\ ¥ hexanal 25.48" 11
2-Mi2-octanone 250" 2 <1 3 3 2
2-F-fifil2-nonanone 2002 1 <1 <1 <1 2
T-#¥nonanal 122.45"9 79 1 3 6
2-%%#% decanal 10" 70 23 3 19 115
2-F— ¥ 2-undecanone 400" <1 <1 <1 <1 <1
2K % benzaldehyde 4203.10" <1 <1 <1 <1 <1
.t Kacetophenone 255.68""° <1 <1 <1 <1 <1
2B R £ Figethyl benzoate 1433.65" <1 <1 <1 <1 <1
2-7K .18 L TiGethyl 2-phenylacetate 406.83"% 1 <1 <1 <1 1
3-JKN % L [iGethyl 3-phenylpropanoate 125.21" 4 3 1 1 15
2-7K Z,J##2-phenylethanol 28922.73"° <1 <1 <1 <1 <1
CLR-2-7K £ [i§2-phenylethyl hexanoate ND
4- T L A AR 3 4-methylguaiacol 314.56" <1 <1
4- 2 I @A AW 4-ethylguaiacol 122,74 <1 <1 <1 <1
4-HI LKy 4-methylphenol 166.97" 1 1 1 1 2
4- 3£ 7 Hy4-ethylphenol 617.68"" <1 <1 <1 <1 1
T HIJE A dimethy] trisulfide 0.36"! 1931 1795 2195 2673 2370
B furfural 44029.73"¢ 1 <1 <1 <1 1
5- H L4 % 5-methyl-2-furfural 466321"% <1 <1 <1 <1 <1
L Racetic acid 200000 <1 <1 <1 <1 <1
i propanoic acid 20000 1 1 <1 <1 1
5 T #R2-methylpropanoic acid 300007 <1 <1 <1 <1 <1
T Mbutanoic acid 964.64"" 31 34 48 43 50
3-FI 3L ] iR 3-methylbutanoic acid 1045.47" 4 5 3 3 5
% pentanoic acid 389.11" 625 675 857 753 713
4-H HE [ % 4-methylpentanoic acid ND
C\#hexanoic acid 2517.16"% 272 335 469 405 320
¥ octanoic Acid 2701.23"% 2 2 4 4 4
T nonanoic acid 3559.23"% <1
&1 decanoic acid 13736.77"% <1 <1 <1

i+ x SHTCHR161ITBIE A PRI B 46% LTV KB (AT I E IE ) 5 Z7% SCIRO 71 B 40% LRedii P I(E ; Z253CHK (18] [20]. [23]
(B AE K BB s 2225 SCRROOIIT BB 2 AE 12% LBEH IR 5 225 SCRR2 U0 B2 MU R I B . 25500k (225 [24] INBEAERAE 10% &
BEVVCP B » ND. RIIE, SOkt 380 22 B
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RZEMEREGIIRS s, B2l S8
BAKR(R6). i ANIRE O, Fk G
684.03~1180.63mg/L, X—HHm TIREM AW S
R . OEERIIANIRE L (412.90~790.54mg/L),
FRIUE IR (243.16~333.54mg/L). | FR(30.31~48.71mg/L)-
N#(9.24~18.53mg/L). ¥R(6.22~11.55mg/L). 7R
(3.17~5.38mg/L).

2.1.7  HABAED RIK

At fb & A0 A6 F 3 R B IRE R S - R B
P o PP R A VAT 4 2R R T R o R R AR
0.65~0.96mg/L(#7). K =Hi7E EAM P 25T
WA R,

B e 2R I 5 R 6.72~53.18mg/L. i -
BUAAE TR, IRE ORISR g o g D,

7T BEARNAEEMBAADRERE

Table 7 Concentrations of other compounds in Yanghe supple and
mellow aroma style liquors

mg/L

%] 41.6%HZL 41%TZL ~ 46% TZL  52%TZL 42.6% MZL
“HIE=idimethy trisulfide 0.695 0.646 0.790 0962 0.853
fWEfurfural 41.920 9.984 6718 12616 53179
5-FUEBRES-methyl-2-furfural 0.076 0.548 0.355 0.082 1.079
MBS E 469 11178 7863 13661 5511l

AR EE, R AW, SERANLEY Sk
FERAWEML, RELICR AN R4l AR
fis. TROBESRIN T, WARMANRY, abA
R, LR TIRANE, HRRREEE .

22 RERLAHIOAV

IFEAA DI 5 e A AN B A T AL & 0 &
IoTik, &S TRk DA, E R ELLOAVA 1S,
B — b &5 R IR S S ik S s E 2 k. OAV
B, B ZAL A P KR I DT EECK s k2, DTk
NSNS R AR A 1 B AL 9 (R et b, S T 4 R Y
FI R A A TOAVHET, 45 L3RS,

MESHTLLA H, OAViE LAY IR LTe (>
27000, “F3434799), UiWIZAL G I 40 22 Y i
IR S K5« OAVIEILIK LA PI(OAV >2000) 52
2-I TR 4BE(1292~4655, F14)2470). - HE =
(1931~2673, ~“F342183), ULIHX2MEG V)& 40 52
AW EEES D . AT HENEEESAEDE
(OAV>1000): &2 L HE(1200~1790, “F1J1493). |
%2 2. T6(808~1507, “F141194). £k 2 W5 (452~2138,
PHI1173) —EFESUAGYAT(OAV>100): IR
(625~857, T¥725). 2-HEWMR LR (B71~739, T
¥1599). FMME(325~1223, F1539). RKIE LNE
(190~1276, “F1y487). C.lE(272~469, “F14360).

R — AN EAA A TR AW ER
e RGBS NIRE L AWM EEFSRS LR
li&. ZMZlE. T ML 20, EEAPIRLE
CR. TR SMAFLR", kR AWl EE
Ktk &I R Z0E. LR L. 2R TIREILEY
A RMATI W EERF L. XM SMETA
W T2, HFE—29.

S

3 4 #®

VEIT 20 2 P 2 IR B AT A R K, L
CLIR £ A2 A0 2 7R P S 1) O B A 1 00 5 TR A 7R P 1
TS SIRERAWARKZ, EENET
O RE2- A TR WG I =R. RIRLHR. LR
CERMNR WG, TAZ LRI FUR LG, X2 4
I S A R I R E D)

% 3CHR -
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