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Abstract

This paper analyzes phenolic compounds, carbon isotopes, and sugar components of whiskys based on the maturation
period. For this, the paper considers a total of 40 whiskys(mainly imports) distributed in Korea. It is important to analyze
the presence phenolic compounds(e.g., furfural, syringaldehyde, vanillin, syringic acid, and vanillic acid) because these are
found only in whiskys ripened in oak. The results indicate that the total content of phenolic compounds increased with
the increase in the storage period regardless of the type of whisky. In terms of vanillin/syringaldehyde(V/S), Scotch whiskys
had 0.4~0.5; American whiskies, 0.30~0.34; and Canadian whiskies, 0.31~0.33. In terms of Scotch whiskys, Macallan
had 0.25~0.34, making it unique among Scotch whiskys. In terms of the ratio of carbon isotopes, there were clear
differences between malt Scotch whiskys, blended Scotch grain whiskys, American whiskys, and Canadian whiskys: —23.4~
—243, —16.8~—21.0, —11.0~ —11.5 and —9.5~13.9, respectively. In addition, malt Scotch whiskys contained 40~230
mg/ { of fructose; blended Scotch whiskys, 20~120 mg/ £ ; American whiskys, 50~70 mg/ ¢ ; and Canadian whiskys, 20~
100 mg/ ¢, demonstrating that the fructose content of single-malt whiskys was twice the average fructose content. On the
other hand, malt Scotch whiskys contained 30~170 mg/ ¢ of glucose; blended Scotch whiskys, 20~120 mg/ ¢ ; American
whiskys, 20~30 mg/ {; and Canadian whiskys, 10~110 mg/ ¢, demonstrating that the glucose content of single-malt
whiskys exceeded the average glucose content. This study’s results can be used as a database of classification for whiskys
based on the fermentation of raw ingredients and the period of maturation for distinguishing between different types of
whiskys. In addition, the results can facilitate the verification of genuine whiskys by allowing for the identification of
different types of whiskys based on the period of maturation.
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AYET A7)0 553 ) gk 92719 - 7MY
83t gaolu, o]2jgh gt gtol] FFE v|A= Q4 A
A vrol A gt Al23H, 23§ (Barrel = Cask 53
ZHE AT A E SRR FEE 5 Uk 9=
7] B9 % ¥ REYy IE e 2 e IR
2 UE 23504 LRt S S AXHA B
o] Elth(Park SK 1995; Piggott 5 1995; Piggott 5 2007). €2
A /8ol AMEE O YR FRoll= white =, red
23, Yh}R @ 3, sycamore, eucalyptus, redwood, o}7FA|oF 5
o8 7kx7F e, A% SOl MAY Be AE sl £
A & WAZE s 80l J&E0] He olf "ol 23
white @ F7to] £ AW &/Ado] dE ol&EH Qltt
(Brigida < 2010; Mosedale JR 1995). 2] A&}t =40 G
o) ol g EhE Gl eI Ro AL W AN $715%
A2 FAE ] Uk F=Z cellulose7} 459 A 50%E x}A| 5}
3 911, o] ]9l &= hemicellulose, lignin, tannind} 7€} loctone,
terpenes 5] o] w4 ol IeHA, A WIS 4o
71t} Hemicellulose= tHEo] 58l o2 =349 37| =
celluloseo]] HISA 1/10 Axoln, 2 35S TE O 7|51=
OFgh Eftoasting)o]] oA = E37F HA dolu= 540l
el 2 3%-S toasting & W hemicellulose?] &EF|AHE-0]R}
3 EAo] Q= AEQI furfural, maltol, cyclotene, ethoxylactone
ol A€k Ligning 3IUF B#HS £ I€HOEHN
92719 7ol Fa37t IS v]A|= A=E<] vanillin, eugenol,
guaicol, 4-methyl guaicol, 4-ethyl guaicol, 4-ethyl phenol, ferulic
acid 50| TrEo| At} Tanning 2 EE=GT gallic acid7}
ester A¢HS Sk 9lon, 25¢HA)| 2] ellagic acidy 35 A =
Atk Tannin g+ 3Foll= FFS VA A= gout, HEH
gAY g2, 2% B A =2 F §E == Al
3] F23t Aotk 1 9of n|go|A|vt gofl= thets]
2Q93F 92 1= AE2I oak lactone®] ¢JTHConner 5 1993;
MacKenzie & Aylott 2004).

QA 7)= AFESH= Y= o) 95 malt whisky, grain whisky,
blended whisky, com whisky, rye whiskyZ & 4= ¢Ith. Malt
whisky= 100% 5 2)(HoPghe W A)7] 3 ZRsto] BHE )
2~7]0]t}. Malt= Scotch whisky?] LR ZA], tjFE grain
whisky 53} &£3}3}o] blended whiskyS FF==1] ARE3}A]
ok, 2428 malt¥hS AM8-31] malt whiskyS WH57| % it
Malt whisky Fo|A = o] SR04 T A2 ThE malt
whisky 7]8] 42 7Z$E blended malt whisky 2}il 3}, o
o 27204 vrE0] 2 malt whiskyTHe AFE-8lo] A E35}13k
7495 single-malt Scotch whisky 2kl 3t} Grain whisky+=
e, &4, A9 59 F52 371, Ea, SRAZ
Aot} £42 3¢ FASHL F2 malt whiskye} EHH 57|

o)At HERELD LR

93t B2 0 g2 uk=t} Blended whisky®t ol8] 279 7Y
AF 2 Y278 Dk, & Scotch whiskye] 7

2 malt whisky®?} grain whiskys EdIY3}e] =t} Comn
whisky= £-5%(80%)2} rye?} malt 5] Y52 EFsko] vk
E ZAoly|, &2 American whiskey?] ¥ =20|t}. ©]E Bourbon
whisky2}1L&= 3T} Rye whisky= 51%9] 90| thE &2
Ao] BtE A, ryei= Canadian whisky 9] =z olch 92
Fol A BHe) BF AT AT v T RO
EAstol, o]t AR 9o o) FFL W Hew
Ad# A AThPiggott S 1989; Piggott & Conner 2003; Russell
= 2003).

Lee $(2011)2 912719 FFel /3717 wabA F4
FEE T} AAL D AAL esere] T W HEL BA
Skt 74 dF2F2 3-methyl butanol¥} 2-methylbutanol
3+, 3-methylbutanol and 2-methylbutanol/iso-butanol®] Z
& 9278 £59 9 $47IEE Tok o] 54
A Q4w 2gsich bk AL ehyl ester] 24 A3
oA FEE= RX|WPAR dodecanoic acid, decanoic acid, octanoic
acid, hexanoic acid2 §JA7|9] £2Z9} &A]7]71o) waha 9
£7] 5 YN FuYRo fES Hofaithn ok

2 AF= 2719 oak FolA 4 T FHEE HeAd
SRIEAET H27|1E Axshe 98 LR a5 dda
9 {a7)of ZhESh= v|FY G i EATeEA 2 9
27] F7E D A7 ©E A& HIE vlaste] siE
sletgch ol aH|Fo] 7Hg W2 Scotch whisky S 7]&2
2, Y 85 2719 I RS FEsh] A% 78
gt ARE AT 5 S Aotk
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1. A=

2 Ao ARSE A7) T ATLE SN 2 5
A FEHL e H271E FHeE AESEGT) Malt Scotch
whisky?l Glenffidich(12d, 154, 184, 30) 4%, Macallan(12
9, 159, 184, 254) 4%, Glenlivet(12, 154, 184) 3%,
Glenmorangie(10, 184¥) 23, blended Scotch whisky?l
Ballentines(12d, 174, 21, 30, Very old) 53, Chivas Regal
(124, 1849) 2%, Imperial(12d, 17, 21) 3%, Windsor(12
9, 174, 21¥) 3%, Johnnie Waker(Black, Gold, Blue) 3, J
& B(Rare, Jet, Reserve) 33, Royal Salute(21) 155, American
whisky?] Jim Beam 23, Jack Daniel 15, Canadian whisky<2l
Canadian Club Classic 15, Crown Royal 15, YEAF malt Scotch
whisky?] Yamazaki 1£3} ¥UEAF blended Scotch whisky<Ql
Hibiki 1E& EAAEZ ARSI
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2. Hi=Y EEtE0 HEEN

Z} 9j27] AlZE 045 m syringe filter2 13 & Hi5/d
3k Ao ARSI s SRk AR A2 HPLC
(Agilent-1200 series, Agilent Technology, Santa Clara, CA, USA)
2 0]g3lgon ZORBAX Eclipse XDB-C18(4.6x250 mm, 5-
micro, Baltimore, MD, USA) columng AF&3} T 2%(v/v)
acetic acid and 0.05M sodium acetate7} $HG-5 ZZ(81A)
2} 0.5%(v/v) acetic acid7} $H-5-% HE-2(E1B)E Al85}o]
gradientE 0] #HE4 IRHES 85 EA5HA o5 &
Tl 232 0 SA-8BO7:3); 44 -EHA-EHIB(O7:3);
218, SujA-&TB(70:30); 305, SUjA:LTHB(70:30); 405,
LA SUBO7:3)E stEom, 82 SEX 1.0 nl/min, column
9 L= 40TE FABIAL, AR HE2 280 oA &
AR THAOAC 1990).

3. ERAQOHY FRIAA 24

2719 BhAPY T YA 492 EA IR-MS(Isoprime-EA,
Micromass, Cheadle Hulme, UK)S AMR3lG o, A8 X
= 2715 EE(boat, T4 AF)ol oF 0.08 mgE Fof Al
& o 33] vhEste] SAs R on, H|E A $13) reference
standard(NIST RM8542 TAEA-CH-6 sucrose)Z X %3t house
standard(—12.2740.16)Z ¢F 0.08 mgS o} Bw7kel 12.27 Y
o] BAE AT e AT Ao

Y S-S IRt AFRA71Y 2 S electron
voltage+= 89.90 eV, trap current+= 200 uA=Z 3}, ion repeller
= —2.73 V, accelerating voltage+= 3,954.02 V, extration voltage
£ 7406 AVE Sigith. FUALUIEY BT BEE
ZL PeeDee Belemnite(PDB) 2] 59 4H]-&9f tidt A|&2 2]
UL EE TheT 2L Alo] oo AXHE Fro 1A
3} tHWemer & Brand 2001; Wieser & Brand 1999).

8 "C(%s)=(Rsample — Rstandard)/Rsamplex1000
Rsample: }\]E—q 13C/12C
RSuawa: EFEA ] PC/°C

4. & 2k 2o

ol7)9) o Bl BAHS T4 oY) Z2ohE1en)HPLG
Waters 2695-2414, Pump 600, Waters, Milford, USA)E ©]-&3]
o BX5IYct A|RE $84 syringe filter(17 mm, 0.45 m,
Nalgene USA)Z oj3} & M o Z 3la] HPLC 7|7|of] U5}
At ZH-& carbohydrate 10 m(3.9x300 mm)-S ARE-3}5 0O o
0] 5 A O 2 acetonitrile:FbO(75:25) 5 ARESIR T, §452 14
mé/min, FYFL 20 wlo]w, AZ7]= Rl Detector2 =35}

k.

gt 3 G g7 24 59
Za 3 ng

1. H=d sietEel EA4dnt

HsA4 e f2719 AR Fol k3auF Fo=R
E 2&5E 3leky F R0z 9358 THE woj £
IEHoZN AL HAY IR Y2719 Ao A
E2of] B3} = of(ethanolysis) THE] A= AJE-o|t}. Table 19]
A Hi= vie} o], EAo ARE 9147 BFoA] vanillin,
syringaldehyde, furfural, syringic acid, vanillic acid, ferulic acid
7HAZENeH, qAF = furfural ] FHgo] 7MY =31,
Th&-& syringaldehyde©|™, 71 €]9] vanillin, syringic acid, vanillic
acid7} ERIFQITh §]27] FfFoll TAIJlo] A7 7|7ke] Ao
2 3 dlma SRR o] Z715HAE, 58] furfuralz}
syringaldehydel= 4771 7b0] we} the ARl wla) 27 &
ok A ok & A4 Sakee) dRre AR
o TA gle] malt Scotch whisky”} blended Scotch whisky,
Bourbon whisk, Canadian whisky} t} teFo] =gtom, A+
77b0] A48 % s SRR Serel BAEL, Ui &
A7 UFE A QL AR wt & ol BeEol
S7 ke AL AA717e) whet ethyl acetate”} 571k 9
e Qe A0R Mt Hisd BAL JAHOR eyl
acetate]] 7] 3¢ E& o] W7] w0t Guymon & Crowell
1972).

Vanillin/syringaldehyde(V/S)+= Scotch whisky= 0.4~0.5,
American whisky+= 0.30~0.34, Canadian whisky—= 0.31~0.33
E Scotch whiskyo] H]3}A] oF7he] W H|E H Yok T2y
Scotch whisky %+ Macallan2 0.25~0.342 American whiskyl}
Canadian whisky2} B]£23}¢d, Scotch whisky o 4= V/SH]
7} e BEg EAL etk 53] vanilln® Az o2
SHE 2IUROIA © Pol F2HH, AAHo 445
235 B I&UE o= Fa 50uut B2 gol =24
ohal 2H31E vl Qlth(Park SK 1995). wEbA] o] Zjol= A
2359 Az, Aol W Zolztar & 4 Yok &,
Bourbon whiski= WHE Eof| 72 HE(RNES ARSI
Scotch whisky®= sherryZ(18)-& ARE3}3L grain whisky2} blending
skt felo] gt e AzhEc:

o|F Fdto] 7 927|E ¥ HsA SET ViSH &
BN fa7|R E BEE EAS 4 ¢ Q%L E
g f&719] FHAE £4717h) 2 A=x 2715 wds
Ly £go] B Zoz wuH:

2. EIAOHNERIRA EAM AL
olA7|e YRo| waekd 37 malted barley2 HE THE

malt whisky, wheat = maize 59 IFZHE 7= grain
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Table 1. Comparison of phenolic compounds content with each type of whisky (Unit: w0/ 2)
Type Furfural Vizglc Sfl?f € Vanillin a;fhu;ie Total v/s” VAR
12 9.3 1.9 1.6 22 4.7 19.7 0.47 1.16
Glenffidich 15 11.2 2.1 1.8 2.0 48 21.9 0.42 0.95
18 13.2 2.5 1.7 2.0 45 239 0.44 0.80
30 18.6 2.6 4.7 39 10.1 39.9 0.39 1.50
12 7.6 2.7 32 3.1 9.2 25.8 0.34 1.15
Macallan 15 9.7 33 35 34 10.1 30.0 0.34 1.03
18 13.6 5.0 38 38 11.1 373 0.34 0.76
25 18.9 8.9 5.5 4.6 18.4 56.3 0.25 0.52
12 6.9 1.1 1.3 1.4 29 13.6 0.48 1.27
Glenlivet 15 10.1 1.6 1.7 2.0 43 19.7 0.46 1.25
18 13.4 1.6 1.8 2.0 4.1 229 0.49 1.25
Glenmo Range 10 59 1.0 1.1 1.7 3.0 12.7 0.57 1.70
18 9.9 24 24 25 55 22.7 0.45 1.04
12 2.8 1.1 1.2 13 2.6 9.0 0.50 1.18
17 39 1.3 1.7 1.7 3.6 12.2 0.47 1.31
Ballentine 21 6.1 1.5 1.9 1.8 38 15.1 0.47 1.20
30 9.2 33 2.8 2.6 5.5 234 0.47 0.79
vV.O 25 0.8 1.2 13 2.6 8.4 0.50 1.63
Chivas Regal 12 3.1 0.6 1.2 13 2.8 9.0 0.46 217
18 53 0.8 1.5 1.6 34 12.6 0.47 2.00
12 2.7 0.6 1.3 13 2.7 8.6 0.48 2.17
Imperial 17 32 0.7 1.6 14 32 10.1 0.44 2.00
21 34 0.8 1.7 15 3.1 10.5 0.48 1.87
12 23 0.4 0.8 0.7 1.5 5.7 0.47 1.75
Windsor 17 3.8 0.6 1.2 1.0 2.3 8.9 0.43 1.67
21 5.5 1.1 2.1 1.8 42 14.7 0.43 1.64
black 2.7 0.6 0.9 0.9 2.0 7.1 0.45 1.50
Johnnie Waker gold 6.7 0.5 1.1 1.0 22 115 0.45 2.00
blue 4.6 0.4 1.0 1.0 2.0 9.0 0.50 2.50
rare 22 0.4 0.7 0.7 1.4 5.4 0.50 1.75
J&B jet 2.5 0.5 1.0 0.9 1.8 6.7 0.50 1.80
reserve 35 0.6 1.2 1.1 22 8.6 0.50 1.83
Royal Salute 21 10.1 1.7 2.1 1.9 3.8 19.6 0.50 1.12
Jim Beam A 43 2.6 23 24 7.8 19.4 0.31 0.92
B 43 25 23 23 7.7 19.2 0.30 0.92
Jack Daniel 104 7.0 34 32 9.4 334 0.34 0.46
Canadian Club Classic 0.6 0.6 1.0 0.6 1.8 4.6 0.33 1.00
Crown Royal 1.0 1.1 14 1.1 35 8.1 0.31 1.00

Y V/S : ratio of vanillin/syringaldehyde, 2 V/V: ratio of vanillin/vanillic acid.
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whisky, malt whisky®} grain whiskyS &3$}5}+= blended whisky
2 RS 4 vk dubEo® 3 A8 §7CUn S ghe
oF —24~—300]9, C4 A182] §"CU2) 2 ok —10~—12
2 AEo] wt thE gaF et g 7RItk ol 2
A2 slo] 2718 BAEAULNE SotuTA Sgick

2719 FF 9 4717 E H@HAFY4H]E EA IR-MS
2 Basslth @ ER0) gA7I01AT S4717H12, 15, 18,
094 B)0] T 912719 Holeks a7] FREE B
3} Table 29 A3} th Malt Scotch whisky= —23.4~
—24.3, blended Scotch grain whisky+= —16.8~—21.0, American
whisky+= —11.0~—11.5, Canadian whisky+= —9.5~13.92 &
Qsjol, 9a7) FRol w2t 217 A2 e Ge HHE &
% slgitk

Table 25 HE 02 QA7)0 ghAEQYAHE O
ulms) Bl Fig 19 2ok Temolq o 2 9Eo] malt
whisky+= C3 24]&<] malted barley 25| Th50]Z] 7| wj&of,
I e Y459t FASE Bt AE 994 H]E 71X W, blended
whisky+= malt whisky2} grain whiskyS £3}5}2 2 malt whisky
o vlgiA =& #e 7= A= EHET: F=2 grain whisky
< com, wheat & o2 EAE F=& ARSI Jlom, F=2
AFEERE come] BHAS9] 940 oF —110] 5 grain whisky
o] B4E9)914H] = malt barelyo]] ]3] %}, American whisky

Table 2. Comparison share of the carbon isotope with
each type of whisky

Type Brand 8 °C(%0)
Glenffidich —23.90.33"
Malt Macallan —23.610.35
Scotch Glenlivet —24.340.32
whisky Glenmorangie —23.440.35
Yamazaki —23.6+0.30
Ballentines —19.240.36
Chivas Regal —20.5+0.32
Imperial —19.240.32
Blend Johnnie Waker —19.9£035
Scotch
whisky Windsor —18.6+0.27
J&B —21.0+0.33
Royal Salute —19.9+0.30
Hibiki —16.8+0.30
Bourbon Jim Beam —11.5£0.37
whisky Jack Daniel —11.0+£0.21
Canadian Crown Royal —10.0+£0.40
whisky Canadian Club Classic —13.9+0.25

Y Each values are means+S.D.
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Fig. 1. Comparison of carbon isotope ratio with each
types of whisky. Forty different types of whisky were
analysed by the IR-MS method. Symbols are shown in the
right-hand box, which contains the labeled brand name
information. C3 plants has & “C value range from —24 to
—30% and C4 plants has 6 "C value range from —10 to
—12%.

9 EHAEYUA ZHe HH comE YEE dlo] TS0l A
o|™, Canadian whisky= com< FHRZ 3l o 7R
Bo] T3t YRE AMES Aoz AyZtEL:
T79 dtaof oA A EE ek 2 Ao et
g HAFHYUAHE B S545pE AMSRE F99] 9
2 6 Q%)L oF —10.71+0.31, barley ¥ wheat& AR5}
A0 oEkL ¢ C(%) 2F —25.08+2.18, cane sugar 9
8 6 C) e —12.8120.51, B 0712 ALgEHs Ao
ke 6 °C(%)e oF —27.74+0352 K% b} 91, synthetic
ok o CUS oF 3472 Ygo] uet B2 Aol2 B
oltkIshida-Fujii S 2005; Rossmann 5 1991).
BSAFHAAE] B4 ATA A7) E ARt UR
AE I 5= ATk Y7 YR JE get A=
T2 B4 59 Y4H|E 7FX B2 malt whisky, grain whisky,
blended whiskyS 8Helo] 7Hs3ltt. Egt dubael 74, 3
Ao, 7| A EA 59 dasHdan e T3
A ] AEH 270 FHE Edshe 59 Y= 27
E T = S Aoz dgE

[

pl

il

7ol AAH 0T EASHE Ao BoEh e FEL
549 AR LALY BN FEET, T FL olHe
Ao O3] YL W R0 BRE 91479
Weke BAT A3 0 P BY mEgelglon], 4y
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Table 3. Comparison of sugar content with each types of whisky (Unit: 0/ 2)
Type Fructose Glucose Sucrose Total S/(F+G)1)
Min. 40 30 <5 70 < 0.01
Malt Scotch whisky Avg. 122 89 <5 211 < 0.01
Max. 230 170 <5 360 < 0.01
Min. 20 20 <5 50 < 0.01
Blended Scotch whisky — Avg. 62 53 <5 122 < 0.01
Max. 120 120 <35 250 < 0.01
Min. 50 20 <35 70 < 0.01
American whisky Avg. 60 25 <5 80 < 0.01
Max. 70 30 <35 90 < 0.01
Min. 20 10 <5 30 < 0.01
Canadian whisky Avg. 60 60 <5 140 < 0.01
Max. 100 110 <5 250 < 0.01

D S/(F+Q): ratio of sucrose/(fructoset+glucose).

< A=HA 2 ARE deH, dEEHIt S AE
FAA 43 AR 2 A4 T FFe] W
Table 33} Zrt}. Scotch, American, Canadian whisky £33 9
S710 8 9147 40% ARl Y RS 24 7, 7 2R
o sl Hagk Adat 9 BRe Wejsiuck el
kS malt Scotch whisky 7} 40~230(ave. 120) mg/ £, blended
Scotch whisky7} 20~120(ave. 62) mg/ ¢, American whisky7}
50~70(ave. 60) mg/ ¢, Canadian whisky”} 20~100(ave. 60) mg/
(2 HIBE 9277} 2 gA7]0] HsIA] B oF 2u)
Aw wofr)t T=to] $HFS malt Scotch whisky+= 30~
170(ave. 89) mg/ £, blended Scotch whisky+= 20~120(ave. 53)
mg/ ¢, American whisky+= 20~30(ave. 25) mg/ £, Canadian
whisky+= 10~110(ave. 60) mg/ { 2 ASEE Y277} tr2
&7 vl BHHor w2 TS 7tk Ao 3
T2 127 Brdoll FARLo] thEE 15 mg/ ¢ o] A2 JHeF
225 BYrh 283 sucrose/(fructosetglucose)2] H] E3H
27] gl TAYe] AF A2 004 0.019] gro] &2l
Sode}. 92719 B gk e 2ol nar, 1, o
e} oML 2 gago] 147]2) 20u) oliolct. ol ol
sh 91a7lo] Wk 4 gl Aua g FRE TR A
9] EQ|% 7158 Aot Aylott & MacKenzie 2010; Sarvarova
= 2011).

4. Scotch Whiskye| E&H 29| £

A&7 FRE ok Hed ey 3R g
ALad], B F 2T} B Eo] o] Aol (Lee

3]
=
S 2011) 2 dIEFO SAF g AGAt

=
At ester] e B S 2 Scotch whisky2] 544 89&

Table 4. Analysis on the Scotch whisky's characteristics

Factor Range
Alcohol content > 40%
Methanol content < 50 wl/ R
Sum of propanol and isobutanol > 500 10/ L
Ratio of 2- and 3-methylbutanol/iso-butanol 1.0~3.08
Ratio of 2-methylbutanol/3-methylbutanol 27~3.7
Fatty acid and ethyl ester > 180 wl/ £
Total sugar content < 500 mg/ ¢
Sucrose content <5mg!
Ratio of sucrose/(fructosetglucose) < 0.1(0~0.01)
Ratio of vanillin/syringaldehyde 03~0.5
Ratio of vanillin/vanillic acid 0.5~25
Ratio of carbon isotope [ & “C(%0)] —18.0~—25.0

E X3} cH(Table 4). Scotch whisky= HA|1Z o2 =2 T
FE Hols Y27 REMN 0|9 2 EAA alS o8
ThA Scotch whisky} BF =75 E3%t 4%, 471710l
28 AS oA AF AR E Este ARE ]8T
52 Aol

OO0k O
S

of ol =

A F2 29 HEHE 059 92715 o
92719 £5 9 $471708 HE4 SRHE, BAEA9L

A
=

Ee BT A SRRl furfurl, syringalde-

hyde, vanillin, syringic acid, vanillic acid= 2T Fof| A 9] <4

& FoARE fAT)0) EREls AdRo|ERE 24 Fagt 9

2y
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n]E 7Hth 91487 Rl Al A7) 445 3 1
B4 A2 Aol 5718k 53] vanillin/syringaldehyde
H]+= Scotch whisky7} 0.4~0.5, American whisky7} 0.30~0.34,
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