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Abstract

This study analyzes flavor ingredients according to types of whisky and maturation periods based on total 40 different
types of whisky that are mainly distributed to Korea via imports. Whisky was classified into four categories based on origin,
and also into different categories based on maturity period, ingredients such as fusel alcohol, fatty acid, and fatty acid esters
and proportion of patterns were analyzed. As a result of an analysis for fusel alcohol, high qualified types of alcohol
including 3-methylbutanol, 2-methylbutanol, iso-butanol, and 1-propanol were detected from all Scotch whiskys, America
whiskys, and Canadian whiskys. In particular, the proportional sum of 3-methylbutanol and 2-methylbutanol, and the sum
of 3-methylbutanol and 2-methylbutanol/iso-butanol were regarded as core factors to determine each type of whisky.
Acetaldehyde, ethyl acetate, and acetic acid increased as maturation and storage period became longer. As a result of the
fatty acid and fatty acid ethyl ester analysis, the major fatty acids were dodecanoic acid and decanoic acid, both with
detection of octanoic acid and hexanoic acid. However, dodecanoic acid, decanoic acid, and octanoic acid were lower than
the detectable limit in American and Canadian whiskys, showing a unique phenomenon that hexanoic acid was detected
only in very small amounts. Malt Scotch whisky showed higher significance than blended Scotch whisky, making it possible
to classify types of whisky. Fatty acid ethyl ester contents showed significance with fatty acid either. In addition, changes
in the whiskys based on maturation period were confirmed via proportions of fatty acids and fatty acid ethyl esters. In
general, the proportion of fatty acids and fatty acid ethyl esters decreased as the storage period increased. This study provided
basic data to classify types of whisky based on maturation periods by analyzing the proportion of flavor ingredients such
as fusel alcohols, fatty acids, and fatty acid ethyl esters.
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34, 22FS A48T A% U $4 BHoB TR 5 9
THPark SK 1995). 9] AL EE Uzo] ufa} ZE(mal)
27], 28 (grain) 927, BN E(blended) $127], 2
(com) 4571, 2olye) A7) Fo2 LprojHich. Yyl
FHHoR =9 AFEWE ALY Scotch whisky, oL
E X499 Irish whisky, B]=+2] American whisky, 7Jj1iche]
Canadian whisky9] 4t} Akx|H 2 E=235kc)

27] Fujol] G v|Ale faRE FHEEIEC] 63%
ojm, o AHE 29%, FAL A AWAF= 27 44% T
Lolrh 2719 4 A4 WSt T2 F|IHES
L7119 FREE AT 205 AvEd FAYIESRH
Zoll= o] Ao 4T -&F(2-methylbutanol, 3-methylbutanol)2]
ol 7HE wom, 92719 TR W A7t w2t g
H](2-and 3-methylbutanol/isobutanol; R1, 3-methylbutanol/2-methyl-
butanol; R2)¢] 73t HE 7HX B2 4| R, R2 £
HlmE 9lA7]0] 7S PUsHeT FaT G2 drkle
5 2001; Piggott 5 1989; Russell 5 2003). A|PALZ = =
AL ol z:AL Tag 8129 9 AAEY] 7|o{7F 24,
AqAHEFAANE 2AtlE, RAlo|aobd, B 6~129]
S5 A4 oo AH 2R, 7tEY SFE A olak
9, n-574, o]auHid, n-ulAYHs|E 9 tiopNd 9] 7]oj7t
2 AoZ &EA AtHAylott & MacKenzie 2010, Cimara 5
2007; Ji IS 1985; Piggott & Conner 2003; Piggott 5 2007).
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9] otu|i-Ato A Faf|, &R 9] E4~7 Z(Ehrilich-Neubauer-
Fromherz)o| ©]3f| Keto4to] A4, o]Zlo] 22 Eehik(decar-
boxylation), Botu]=3Hdeamination)F o] FALF 0] A
ek, AATE FAYTEE FRE w0 o B 04%
HE AHEY, U2 Fo| ohuiedt Sheek A8 £0 £R
9 2wl mhebA s ch2nl, 7.2 % Khigh temperature
cooking) S FL ¢ A mash Fof FALIL YATFS
OF 0.48%, A2FAHlow temperature cooking)®] 7%~ 0.64% A3
Atk 215 9thRyu & Ki 1987).
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83 sipEo|th S dane wet A= 1 74
ofl - 2 Aol ek, Ak B} R TAE pymuvic acid
7} S7H A o) 4] TS o] 4 acetylcoenzyme A9] Aol a],
A2l carboxylase2] ko] 2]aljA] malonyl-coenzyme A7} A}
At Zdol7t Aoja EXgFo] Z X|HFARS acetyl-coenzyme
A, malonyl-coenzyme A2} NADPHO| 9]&jj4] A=A €t A
AedaeEe P W, w2 LA EGE F2 2
oA o W2 g Aito] /g o] ElE Yk (Park SK
1999). XAt} &-go] ester 2 3 SHES a7 AY
A% F IFE oAM= 7P B2 2 RIS ok A
At esteri= AYAFS] S = ot fAkeb AHPARS] /g oAt
o] coenzyme A7} B 40|tk o -Ketoacid= AHeH2 E715
4 Wh-g-0] A2 acyl-coenzyme AR ¥, pyruvic acid= 2
FHEA o) o)) A] acetyl coenzyme .2 FH Tl Acyl-coenzyme A
= acyl group2] alcoholysise] 2Jal|A] ester 22 FA5HA €
tHGoss 5 1999; Park SK 1999). o] 52 2% A|Zu}lA oA ¥
& 48 e 2 S5 21 ol w2 AR 3 el A7t
RoeBg AT Fipol whE AHMikr AAE estere] gk}
/3717100 wE Zh AL RRAT ester ] @ Zfol7t e
Aot Lee 5 1994; MacKenzie & Aylott 2004).
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1. A=

H o) ARRE ¢4 7] malt Scotch whisky¢] Glenffidich
(124, 159, 184, 304) 4%, Macallan(12d, 15, 18\, 25
) 43, Glenlivet(124, 154, 18) 33, Glenmorangie(10%,
18%) 23, blended Scotch whisky $1 Ballentines(12, 17+, 21
4, 304, very old) 55, Chivas regal(12, 18) 2=, Imperial
(129, 17, 21d) 33, Windsor(12, 17, 21d) 3, Johnnie
Waker(Black, Gold, Blue) 35, J & B(Rare, Jet, Reserve) 35,
Royal Salute(21d) 15, American whisky?l Jim beam 23, Jack
daniel 138, Canadian whisky?] Canadian club classic 15, Crown
royal 12, 1 2]9] YEAF malt Scotch whisky $]27]¢1 Yamazaki
131} =X blended Scotch whisky ¢l Hibiki 1€ 5 & 40%
& BYxRE gt
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1-propanol, iso-butanol, 1-butanol, 3-methyl-butanol(isoamyl alcohol),
2-methyl-butanol(active amyl alcohol), n-phenyl alcohol, hexanol,
heptanol, phenyl ethanol®} acetaldehyde, methanol, ethyl acetate,
acetic acidE 40% oflg-&ll Z+z} 10, 20, 40, 100, 200, 400 mg/
(5 THEo] ¥F g0 2 31, YREZEZL 7o) ¥
Zg gl BAX R o] 3-pentanolS 40 mg/ L 7} HE=E ZA5}
gt Zzte] BXA 2= X84 PTFE syringe filter(17 mm,
0.45 pm, Nalgene USA)Z oJ3}SF & gas chromatography(GC,
Agilent HP 7890, Santa Clara CA, California, USA)S AME-5}14
FAFFETHAOAC 2005; Piggott 5 1989, Russell 5 2003). &
A 72 DB-624(30 mx0.25 mmx1.4 mm)E ARSI oE
L5 2AL 3TN AR 34 F 5HLF $2% 5 250C7%
A 10C/ming] £E2 F23HHIL, AR FYFS 1w, °lF
Aoz dES 1.0 nlmin2 FYsHH:. AT D HE7]
ol 2 250Co|9lem, A&7]< flame ionization detector

(FID)E ARE-SFAH-

3. X|HHAb Gl X|HHAF Ethyl EsterffQ| 2AIH

03 P7IE A U ARA ethyl ester EAHE
93 A= YAy 25 EAARE 10 mlE 20 ml test tube
of @i, WHEEZEZ(12 mg2] methyl laurateE 500 me o2
Zahazo] Wil iso-octane £3) 1 mieh &3 oF | g& H7}
3 3 vortex mixerE o835l 187F 78HA 3k & HFA)5}
o] 3 2 HH A5HE Fsto] x]-84d PTFE syringe filter(17
mm, 0.45 1m, Nalgene USA)Z o|1}5l GC/MSZE A3 h

22E A& 5 GOMS A=vtE oA v|Fe s HEH

myristic acid, palmitic acid, palmutic acid ethyl ester=A|| 2]t

b
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Table 1. Major volatile congener ranges of whisky
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UuiA) 38 JBES GCR AR $127] A
Q) A7)0] Xubatal Z|HFAL ethyl estero]] il BEARES
ng ¢ ©ol® F7) Bajsle] zhzhe st GC(Agilent
HP 7890, Santa Clara CA, California, USA)+= HP-7890 MSDZ
AMgstg o, B4 L HP-5(30 mx0.25 mnx1.4 um), AZ
7] FIDE ARSHTE @8 2= 242 50T A 1&%F
FA3}2 300C7HA] 10C/ming] £E2 52 & 5871 84
Stk A& FUFS 1 ul, ol eE= FES 11 nt/min
2 z=elslynt 29T 25 250To|9on, A&7 &
= 280C2 §A 5tk

1) 2-Methylbutalol2} 3-Methylbutanol2| &l/Isobutalol2]
2 HIE H|(R1)

Il AlREE 57 F 4050 dete] 1y ¢3S T
P GOz BAshel 7+ E9le] 9|27 Hojgkel skt
Zaghe] o 9 B+ e FASHATE 2E Y2704
g &F-25F2l isoamyl alcohol(3-methyl-1-butanol), active anyl
alcohol(2-methyl-1-butanol), iso-butanol, n-propanol®} acetaldehyde,
ethyl acetate, acetic acid 5°] &<1=]ItHTable 1). $]27]9]
ol JE = =93t HJE 29] S}Ltel isoamyl alcohol, active
amyl alcohol> American whisky&7} isoamyl alcohol 1,342.2~
1,663.7 mg/ £, active amyl alcohol 419.4~532.8 mg/ L 2 7}%F
$=%k37, malt Scotch whisky+= isoamyl alcohol 718.1~1,239.6

(Unit: mg/ £)

Whisky Acet- 1- Ethyl Iso- 3-methyl 2-methyl Ratio Ratio
type aldehyde propanol acetate butanol butanol butanol R1" R2?
Min. 59.2 207.3 141.6 311.5 718.1 202.7 2.32 3.13
Scotch malt
hisky Avg. 90.6 260.8 27172 438.4 915.5 268.8 2.73 3.42
whis|
Max. 145.8 365.9 472.4 604.3 1,239.6 403.3 3.08 3.82
Min. 20.6 268.1 120.7 3239 241.4 86.3 1.00 2.73
Scotch blended
hisk Avg. 67.8 359.9 176.1 389.6 409.8 136.0 1.38 3.00
whis|
Y Max. 98.7 609.5 261.1 514.4 715.7 2243 213 3.61
Min. 303 100.2 204.1 449.6 1,342.2 4194 248 2.73
American
hisky Avg. 432 117.7 245.6 601.5 1,487.2 477.9 343 3.13
whis
Max. 57.0 146.6 308.7 801.9 1,663.7 532.8 3.92 3.45
Min. 12.6 29.1 74.5 14.2 50.8 47 3.60 4.69
Canadian
. Avg. 14.1 101.3 9.3 63.1 191.6 37.8 3.76 7.75
whisky
Max. 15.6 1734 114.1 119.2 3324 70.8 391 10.81

" Ratio R1=2-methylbutanol and 3-methylbutanol/iso-butanol, ” Ratio R2=3-methylbutanol/2-methylbutanol.
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mg/ ¢, active amyl alcohol 202.7~403.3 mg/ ¢ ©]11, blended Scotch
whisky+= isoamyl alcohol 241.4~715.7 mg/ £, active amyl alcohol
86.3~224.3 mg/ ¢, Canadian whisky+= isoamyl alcohol 50.8~
332.4 mg {, active amyl alcohol 4.7~70.8 mg/ { 2 & X}o]&
wof 9j27)9 2ot} P AT Y] EYH Aol
o] o %= Sgick 9ATIoIN BALT L] ThREL S
2-methylbutanol, 3-methylbutanol #} isobutanol ©] $}ekH]= ¢4
7] 275 & A= 940|th 2-methylbutanol ¥} 3-methylbutanol/
iso-butanol(R1)2] H]&-2] H|= malt Scotch whisky 2.32~
3.08(F4+ 2.73), blended Scotch whisky 1.00~2.13(F< 1.38),
Arrerican whisky 2.48~3.92(% 3.43), Canadian whisky 3.60~
391+ 3.76)2 947 TFE Aolg HE&E FRIE
271R] @270 4 malt Scotch whisky @} blended Scotch whisky
9] z}ol= EYWE &= grain Scotch whiskyol] WhE FH oz B
oIk

2) 3-Methylbutanol/2-Methylbutalol2] &t2k H|2 H|m(R2)

A Glenffidich
Macallan -
Glenlivet -
Glenmorangie L
Yamazaki '
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Chivas Regal —_——
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Fig. 1. Comparison of contents with sum of 2-metylbutanol
and 3-methylbutanol(A) and 3-methylbutanol(B) with each

type of whisky.
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Aylott & MacKenzie(2010)0]] 2518 grain Scotch whisky2]
2-methylbutanol 2} 3-methylbutanol 2] gF=Fo] malt Scotch whisky
e} e o uy vt gk ujeby ofd Aol Ha
s9] AR = BRI TE A7)0 2 o2 BaE,
American whisky®?} Canadian whisky 2] 2-methylbutanol ¥} 3-methyl-
butanol/iso-butanol-& B 3.431} 3.76 0.2 o] T ¢A7| 71
L d)%=3%t B]82 2o|u}, American whisky2] 2-methylbutanol
1} 3-methylbutanol 32 Canadian whisky]] H]af] A'E3| =
2 3RS HRIt)(Fig. 1). ©]2]gt 3-methylbutanol } 2-methylbutanol
9] H|(R2)%} 2-methylbutanol ¥} 3-methyl butanol/iso-butanol(R1)

2 7} 9278 B2 o 4 gk

3) 1-Propanolz} Iso-butanol?| &2F H|i

g &I Z 1-propanol T} iso-butanol 2] -2 malt Scotch
whisky+= 543~941.6 mg/ £, blended Scotch whisky+= 560.8 ~
958.3 mg/ £, American whisky+= 549.8 ~948.5 mg/ {, Canadian
whisky+ 141.0~187.6 mg/ £ ©] %It} Scotch whisky2} American
whisky+= 7 9] H]&=3E TS Holi= W, Canadian whisky=
4s] A2 FFoe g o)zt 1L, 1-propanol o] FHg= Scotch
whisky, American whisky, Canadian whisky?] 0.2 x}o|7}
21310 ™, iso-butanol ©] =L Scotch whisky2} American whisky
= 79 H]s=3}3, Canadian whisky®}= 2 2JolE H T
I1-propanol®} iso-butanol®] $tFo 2 T3l YA7|EH EAS

& 5 AT

2. Scotch WhiskyQ| A& 7|ZH0| [}Z Acetaldehyde,
Ethylacetate 2! Acetic Acide| &2F Hs}

Scotch whisky %= #|&F 7]7bo]] WE acetaldehyde, ethylacetate,
acetic acid®] W35 HH #7|7to] 448 F7HES 22l
o 4 SlchFig 2~4). ol 9127 WAL 22T 44
Al &FLo] AFStE] o] acetaldehyde”} AYAI =] 31, acetaldehyde
L t}A] acetic acid7} AJAI =, E3F A H acetic acid= o
g2 BEgoll oJ5to] ethyl acetateE A§/3517] wZolch of7]
of A% oA &= vheste BAE= HEE X35t
A AR7IZr0] Aag o] AREY S B AnE B
ek ol2gt A= =Fof i v gle ¥3E SXY
FEW 29 A7) 4 927 BHEEE, 2% 23 27hHY
7)17ko]| w2 acetaldehyde, acetic acid L ethyl acetate®] 3+=F
A3l T2 A7 A 9] EFE FFol|4+= acetaldehyde
76.25 mg, acetic acid 68.84 mg, ethyl acetate 200.63 mg, $]27|
B Z o X acetaldehyde 175.4 mg, acetic acid 88.43 mg, ethyl
acetate 386.53 mgl. 2 A7t wet S7iEtty Euy Ay}
FYg Ato|t(Ji IS 1985).
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Fg. 2. Changes in acetaldehyde content during Scotch whisky
maturation. A: malt Scotch whisky, B: blended Scotch whisky.
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Fg. 3. Changes in ethylacetate content during Scotch whisky
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Fig. 4. Changes in acetic acid content during Scotch whisky
maturation. A: malt scotch whisky, B: blended scotch whisky.

. RIA719] X|diAkn}p X[HHAF Ethyl Ester® 4420}

1) fI2712] ZF0| M A[2Atnt X|2At Ethyl Ester2]
EEgelim

f27] F5ol wheh AAk AP ethyl esters 2415 2
I F8 LS GOMS AZ2utEIY R FIE 4= I3l
1% F9 AHMAERE octanoic acid, decanoic acid, dodecanoic
acido]™ 1 9]9] 49| hexanoic acid, myristic acid, palmitic
acid7} &l =l o™, X|HFAL ester= ethyl octanoate, ethyl de-
canoate, ethyl dodecanoate”} =92 AJE-o|n, ethyl hexanoate,
ethyl myristate, ethyl palmitate7} <1%| IthFig. 5). ©] & ©]
o 2 AZ=F ethyl hexanoate, ethyl myristate, ethyl palmitate
£ A3t Y2719 S A4 ethyl esterd] T GC=
A vlwgt 2agt AE Table 20f sttt E3t Fig
694 HEi= ufe} ZFo| American, Canadian whisky+= Scotch
whiskyS} 2] Aate] A9 BelEx] ghol b2 sEle] 7
Ho] I 2t} Scotch whisky 5 malt Scotch whisky+= T %]
S F 333 mg { oA 889 mg/ ¢ o], blended Scotch whisky+=
140 mg/ ¢ ol A 287 mg/ ¢ Zko] ERIE . ow, A|Hite] o
o] A A S 2 malt Scotch whisky7} ¥=%}kT}. Scotch whiskyF

AME Agat ool 2 2pel7t daS & 5 A A
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A=A Fetal

® (1) Hexanoic acid, ethyl ester
(2) Octanoic acid
e ® (3) Octanoic acid, ethyl ester
3e+07 4) Decanoic acid
(5) Decanoic acid, ethyl ester
e (6) Dodecanoic acid
26407 (7) Dodecanoic acid, ethyl ester
@ @) ® (8) Myristic acid
1.5e+07 =
ISTD! (9) palmitic acid
1e+07 @ @ 0 palmitic acid, ethyl ester
5000000/, ! ! l\! @
M. f. '“. o S plu/ ‘ JJ LJ\»L_ I)JL}- | i

Time—> 6.00 8.00 10.00 12.00 1400 16.00

16.00

T I T T
20.00 22.00 24.00 26.00 28.00 30.00

Fig. 5. GC-MS chromatogram of fatty acid and fatty acid ethyl ester of whisky samples. GC was performed using a
Hewlett-Packard series HP 7890 gas chromatograph equipped with a split injector and mass spectrometer detection system
(HP5975C). The column was an HP-5 column (30 m by 0.25 mm by 1.4 pm). The carrier gas was helium at a flow rate

of 1.1 mé/min. The following temperature gradient was used for eluting the products: 50C for 1 min, an increase to 300C

at a rate of 10 °C/min, maintenance at 300°C for 5 min. Mass spectra were collected by using the scan mode, and the solvent

delay time was 3.5 min. All of the mass spectra were compared with the spectra in a mass spectrum library (WINOS) or

with the spectra of the authentic standard compounds.

Table 2. Comparison of fatty acid and fatty acid ethyl ester content with each type of whisky

(Unit: mg/ ¢)

Whisky Hexanoic Ethyl Octanoic Ethyl Decanoic Ethyl Dodecanoic Ethyl
is e
P acid hexanoate acid octanoate acid decanoate acid dodecanoate
Min 33 18.4 474 572 102.6 30.8 105.1 44
Scotch malt
. Avg. 6.6 26.8 65.9 128.9 139.4 139.0 168.3 353
whisky
Max. 13.2 47.5 89.1 283.7 193.6 429.5 252.1 137.1
Min. 1.2 8.0 22 18.7 41.8 11.7 76.3 2.6
Scotch blended
. Avg. 3.0 11.8 333 38.0 62.1 343 94.5 8.5
whisky
Max. 6.0 18.8 57.0 74.4 106.6 98.7 138.9 29.7
Min. 39 10.0 - 11.8 - 6.9 - 1.5
American
. Avg. 5.7 15.9 - 429 - 31.0 - 43
whisky
Max. 75 22.5 - 85.7 - 79.2 - 9.6
Min. 0.6 2.7 - 3.6 - 33 - 1.7
Canadian
. Avg. 0.8 42 - 7.8 - 8.2 - 2.8
whisky
Max. 0.9 5.6 - 11.9 - 13.0 - 3.8

AL ethyl ester®] 32 malt Scotch whisky= 111 mg/ £ o} A]
852.3 mg/ £, blended Scotch whisky+= 41.1 mg/ £ o 4] 213.1 mg/
{, American whisky+= 30.2 mg/ ¢ 9|4 197.0 mg/ ¢, Canadian
whisky:= 11.3 mg/ ¢ ol 4] 343 mg/ ¢ 2 BrIE i} o] 52 gk
© Appate] gere] S0 el AREe Helou), 150 A4}

Esirtal Wbyl ool USith ol=gh A4 & #|
WAL ethyl ester®] AT AR FHo TE AR Hel
t}. Hansenula anomal®} Candida krusei SL%= Schizasaccharomyces
pombe R THE A2 F9| esterg W= AR LHA Gle

o, B 7 Aol SR yeast7} SA EAZ A-foll=
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Fig 6. Comparison of total fatty acid content with each
type of whisky.

o W& 9F9] octanoic acid, decanoic acid 52 ester7} AA =
thn REE glohPark SK 1999).
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Table 3. Comparison in the proportions of fatty acid and
fatty acid ethyl ester during Scotch whisky maturation

. Total fatty .
Whisky Total fatty ) Ratio
Years ) acid ethyl
type acid (A) A/B
ester (B)
12 3425 1154 297
15 3333 111.4 2.99
Glenffidich
18 3759 1334 2.82
30 509.7 194.7 2.62
12 264.8 127.4 2.08
15 375.7 2114 1.78
Macallan
18 373.5 2234 1.67
25 3352 226.0 1.48
12 160.6 50.4 3.19
. 17 172.1 83.9 2.05
Ballentines
21 1913 110.2 1.73
30 267.1 146.7 1.82
Black 170.9 52.1 3.28
Johnnie
Gold 278.0 97.1 2.86
Waker
Blue 286.6 1543 1.82
12 169.4 42.7 3.97
Windsor 17 168.2 48.0 3.50
21 2133 68.6 3.11

A B 3-methylbutanol, 2-methylbutanol, iso-butanol, 1-propanol
Y I ¢FEFHIF BT HEHSItE 53] 3-methyl butanol
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fiso-butanol ¢} FEE ZH7be] 914718 st 9lo] S
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T} 2| HEAF ethyl esterd] B ATbollA] 2 AHFARS dodecanoic
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1=t T o ERE AU A #]27]9l4 = dodecanoic
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Fig 7. Changes in the proportions of fatty acid and fatty acid ethyl ester during Scotch whisky maturation.
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