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Analysis of Key Aroma Components of Four Kinds of Single Malt Whisky

ZHANG Yi'?, LI Xiaoyan'?, NIU Limin®, LI Hui'"**, SHEN Bo', CHEN Wenbo'**, SHANGGUAN Jingyu®
(1. Beijing Engineering Laboratory of Geriatric Nutrition & Food, Beijing Key Laboratory of Nutrition, Health and Food Safety,
COFCO Nutrition and Health Research Institute Co. Ltd., Beijing 102209, China;
2. Jiangsu Modern Food Circulation and Safety Collaborative Innovation Center, College of Food Science and Engineering,
Nanjing University of Finance and Economics, Nanjing 210023, China;
3. School of Food and Biology, Hebei University of Science and Technology, Shijiazhuang 050000, China;
4. Huilan Whisky Distillation Technology (Chengdu) Co. Ltd., Qionglai 611500, China)

Abstract: Aroma compounds in Scottish Macallan single malt and Japanese Yamazaki single malt whisky of two ages
each were analyzed by headspace solid phase microextraction combined with gas chromatography-mass spectrometry (HS-
SPME/GC-MS). The results showed that esters, acids, and alcohols were the most abundant volatile compounds in all
whisky samples, accounting for over 90% of the total. Odor activity value (OAV) was calculated for 58 of the 243 volatile
compounds identified. Phenylethyl acetate, acacia alcohol, and frans-nerolid alcohol in Scotch Macallan whisky had
higher OAVs, contributing to obvious floral aroma, while Japanese Yamazaki whisky had an obvious fruity aroma, due to
higher OAVs of ethyl isovalerate, ethyl 2-methylbutyrate, and 1-decanol. Two-dimensional hierarchical clustering analysis
suggested that the typical aroma compounds in Yamazaki whisky were 2-methylbutyrate ethyl ester, butyrate ethyl ester, and
isovalerate ethyl ester, while those in Macallan whisky were acacia alcohol, frans-nerolid alcohol, and damastone. Additionally,
principal component analysis (PCA) confirmed that each whisky had unique aroma characteristics. This study suggests that flavor
characteristics are an important index for the evaluation of different whisky samples.
Keywords: single malt whisky; headspace-solid phase micro extraction-gas chromatography-mass spectrometry; aroma
compounds; two-dimensional hierarchical clustering analysis; principal component analysis
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Tablel OAYV and aroma description characteristics of aroma components in whisky samples
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ERLRE 106-32-1 0015 144~14421441  91678+64798 13747743895 7736749428 11096549785  MSRI bk (FEnk, Alk) | Rifnk
ES 2035-99-6 007 1662~16751670  584%124 3451018 5.68+0.33 12.88+1.28 MSRI Ak KR GEE)
TR 105-54-4 0001 1037~1038/104 1296610035  12338+90.84  49.13+136 40.38+29.00 MS/RI ok )
SRR 108-64-5 00001  1068~1069/1064 14454050743 151270445866  393.14%14.60  283.22449.40 MSRI Rk GERS, HE)
LRETROR 7452-79-1 0000063 1053~1055/1064 1990.11+1505.71 191274138885  310.79£1259  211.36%33.20 MS/RI ok GERH)
R 110-38-3 0022 1629~1652/1633 3717414836 29845+18.04 2646142926 3193029272 MSRI Aok ok GERuk, A&
Jekid 106-33-2 04 1845~1850/1847 42454102 35461081 25794214 561741049 MS/RI LY
KM 110-42-9 0018 1583~13595/1614 349£0.13 3831061 2074023 3.05+0.04 MS/RI TeAnk, Gk
CRLE 123-66-0 0005 1215~1234/1230  32621£11.07  34540%542 178331151 149.54£106.36 MS/RI KA (HE, FER)
BRI 106-30-9 0002 1315~1333/1337  61.20%5.05 44.51£5.60 15294071 17.82+0.71 MS/RI Sk GEER)
LBAKLH 103-45-7 002 1820~1822/185  558+0.10 230+164 12324167 17.76%6.89 MS/RI HOIAEMk. W Ek
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FTRMCR 97-62-1 0015 967~968/961 213547884 20938%60.14 1412011 56.79+4145 MSRI LR
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PR 706-14-9 005 2051~21532113  009£0.12 0.28+0,03 0.28+0.20 ND MSRI  fik, KAk CBRFok. A0
ALBLHE 101-97-3 015555  1788~1790/1779  024%0.17 04320.04 021£0.15 0.2240.06 MS/RI SEEIR, Ok
TH T 623-40-7 0.06 986~987/992 1446%3.89 12084075 0.20+0.01 460+3.87 MSRI Rk CERE, HEH)
ORI 2198-61-0 032 1454~1461/1464 0.2240.16 0.10+0.13 0.14£0.00 0124009 MS/RI KR (BER, #ETH)
PR R 112390 2 200020042203 0.01£002 ND 0.02+0.02 0.04£0,03 MSRI i
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Jil:i 112-53-8 0.82 2161~2163/— 1672017 0.97+0.04 2404031 2.10+0.36 MS LS
15481 112-30-1 0.047 1951~1952/— 31.92+0.36 23.0240.50 1797£143 1661228 MS g3
SONE 4602-84-0 0.02 2550~2 5541— 9.38+042 6.94£042 1496+ 141 18.14+3.30 MS Tk
R LR 40716-66-3 0.064 2235~2037— 109£0.76 8.98+0.55 13.65%1.16 1444£231 MS ik, Tk
5 2R 543-49-7 007 13LI~13401327  0.0620.04 0.08+0.06 ND ND MS/RI EELS
TR 628-99-9 0087 1507~1508/1528  0.54+0.38 1.1240.04 ND ND MSRI 10k
24—E 1653-30-1 041 1707~1716/1706 0.15£0.02 0.11£0.08 ND ND MS/RI L
iEmE 7212-44-4 0.2 2017~20172046  0.13+0.19 0.2940.20 ND ND MS/RI Tk, Hitank
4 111-87-5 013 1546~1547/1564 1632004 1694004 030+042 0.50£035 MSRI HEk, fiink
ETE 71363 02 1 144~1156/1 150 0.130.00 010001 0.05£0.07 0.07£0.05 MS/RI Jelink
5TE 78-83-1 125 1093~1112109%  0.03%0.03 0.01£0.00 0.04+0.04 0.05£001 MS/RI EELS
b 334-48-5 219 2265~22712246  10.53+030 10.92+0.14 9214092 938+1.55 MS/RI S
es H 1472 19 2248~22501— 1462012 1792017 1022007 098£0.12 MS Sk
@ 112-37-8 10 2470~24722400  0.01£0.00 ND ND ND MSRI TRk
Pk 112549 0.002 1910~1914/— 23.15+192 17.86£3.58 7.19%10.17 13.07£9.24 MS fEZrk
Tp 124-13-0 00007 1285~1289/1287 ND ND 5804821 ND MSRI it
1= 10486-19-8 0.01 1912~1913/— ND ND 4.94+3.56 ND MS il 3
SEIRE 590-86-3 0.0024 917~918/917 1.69%1.20 276£0.15 3044037 ND MS/RI IR, AT
-~ RA2- TR 18829-56-6 00004  1537~1541/1542  23%1577 51154833 2987+3.23 25.36+17.96 MSRI Mk, Fidk
T 124-19-6 0001 1388~1396/1396  19.95+431 21264291 24.180.89 189743.14 MS/RI Rk, K
EoE 66-25-1 00045 1080~10821078  7.10%464 7.03+4.77 1.95+1.39 1012072 MS/RI FHEE, KA
R 112312 00062 1498~1502/1498  693£0.77 3924555 ND 3004425 MS/RI g3
LR 124-25-4 0.067 2125~2 127/— 0.68+0.13 0.5320.04 0.71£0.11 1204020 MS g3
43 7570 25 781~783/— 0.01£0.00 0.01£0.00 0.01£0.00 0.01£0.00 MS Bk, HEIR
Ko BN6934 000043 I8B~ISHIL  2B02EW09  UIHBLITAT 298EWE 06381917 MSRI Bk, BB
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2 107-87-9 0.1 976~978/978 461651 ND 0.15+0.04 ND MSRI Aok, FiE
2LTH 821-55-6 0038 1383~13901401  0.81+0.00 103£0.05 0.11+0.16 0.15+021 MS/RI HH
M-Ik 3777-69-3 0045 122~12061235  0.02+0.03 0.02+0,03 ND ND MS/RI U3
KOLL6ERII-TEE 30364386 00025 1964~2040— ND ND ND 12654897 MS LS
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Fig.2  Two-dimensional hierarchical clustering dendrogram of aroma
substances in fouy whisky samples
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Table 2  Variance contribution rates of first three principal
components for aroma components in four whisky samples
HH LA T3 ZE TR % R T7 TR %
1 37.747 07 65.081 65.081
2 12.317 61 21.237 86.318
3 7.935 32 13.682 100.000
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