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Pattern Recognition for Typification of Whiskies and Brandies in the Volatile
Components using Gas Chromatographic Data

Sungmin Myoung®, Chang-Hwan Oh**

Abstract

The volatile component analysis of 82 commercialized liquors(44 samples of single malt whisky, 20

samples of blended whisky and 18 samples of brandy) was carried out by gas chromatography after

liquid-liquid extraction with dichloromethane.

component analysis(PCA), cluster analysis(CA),

Pattern recognition techniques such as principle

linear discriminant analysis(LDA) and partial least

square discriminant analysis(PLSDA) were applied for the discrimination of different liquor categories.

Classification rules were validated by considering sensitivity and specificity of each class. Both

techniques, LDA and PLSDA, gave 100% sensitivity and specificity for all of the categories. These

results suggested that the common characteristics and identities as typification of whiskies and

brandys was founded by using multivariate data analysis method.
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[I. Material and Methods

. Standards and Samples

B ATl ARE-g 37) 39 27 ARECM)S I F
WE 2o wishol A A sty & 82719 9127
FEo] A o] &Eom, FIFEE 927] 447), EHY =
927] 2070, BT 18702 FAEAL. 72} A8 Adas
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B01~B20, H#t]:= RO1~R18E uﬂuﬂo}aiv}. A& 20ml
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A3t
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2. Analytical Procedure

RE N8E 2499 E(MPLC grade water) 2 432 &
Fe 20%= 24 F AAFH(Liquid-liquid extraction;
LLE) st3lem, A5 10mlE vke]e(viaDoll Wil NaCl oF 3g
S Arrste] 3AZ 5 dolZFZ 2 g9l (Dichloromethane:
DCM) 1 m & ¥, o7 YA (vortex mixer)E ©]&3] &3t
stk WAdel A 3083t Bisle] #8l¥ DCMT& 83
3 PTFE A##] ZE(syringe filter) 2 J¥}3}le] GColl F<
stk 3R] AAE GC-MS(6890 GC, Agilent /time
of flight mass spectrometer: TOF-MS, LECO)Z ©]-&3}9
tl. Transfer line &%+ 225T, ©]29(on source) =&
220C 2 AAFNSI 127 Azl Ygh 7k~ A ZelE a8
Fig 1.3} Zth
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A gas chromatogram of a single malt whisky
(LAPHROAIG 10 years)
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Fig. 1.

Atfa WAL GC-FID(7890A, Agilent Technologies)
datas &8sl o, o2 A4 1 ml/min, 74%7] LrE
250C2 A3k GC-MS ¥ GC-FID &5 nj&s

Hm er

FAB 7]7] A
DB-WAX(30m X 0.25mml.D., 0.25/m film
thickness, Agilent Technologies)E ©]&3aloitt. Azxw 7+
AqBo Agk ~HEHS glo]lB#E]|E A ALY, n—paraffin

(splitless mode) 2.2 A& 1ulE
Ae Adye

OT’__—T__‘
E3E (C~Cop)S 7|52 7 A3 Retention index(RDE
ETFE F2 Fuwd 3 A 53 vlaste] s, 7
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3. Statistical Analysis
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44 ¥]3 WA (normalized peak area ratio)©]th.
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Table 1. Volatile Composition of Whisky
Retention

peak Index compound
pl 1051 1-Propanol
p2 1105 iso—Butanol
p3 1151 1-Butanol
p4 1226 iso—Amyl alcohol
p5 1236 Ethyl hexoate
p6 1254 3—Methyl-3-buten—1-ol
p7 1258 1,1-Diethoxyisobutane
p8 1268 Acetyl acetate
p9 1347 Ethyl 2—hydroxypropionate
p10 1360 n—Hexanol
p1i 1390 3-Octenoic acid
p12 1435 Ethyl octanoate
p13 1517 Benzaldehyde
pl4 1564 n—Octanol
p15 1639 Benzeneacetaldehyde
pl16 1656 unknown
pl17 1677 Diethyl butanedioate
p18 1688 Dodecanyl acetate
p19 1812 2-Phenylethyl acetate
p20 1843 Ethyl dodecanoate
p21 1914 Phenylethyl alcohol
p22 1952 unknown
p23 1972 Dodecan—1-ol
p24 2006 unknown
p25 2046 Diethyl hydroxybutanoate
p26 2176 unknown
p27 2184 (Z)-11-Hexadecenal
p28 2251 unknown
p29 2277 unknown
p30 2382 unknown
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[1l. Results

1. Pattern analysis in volatile components
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Fig. 2. Box and whisker plot for 30 volatile compound
peak in extract of whiskies
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PC2(16 38%)

PCA(40.05%)

Fig. 3. PC scores plot of the studies samples for the first
two PCs
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3.2 2k 71 PCH 719142 0.4005 ©o]aL, PC2¢] 7]
&8 0.163824 A7)0l &o] 0.56430.2 HH3 ghoz 1}
ok dWH o vl go] H&5E A8E Yuste T
A AREAe 7pX7} Avka $ad S Qlk
Fig 3.& &3te] <18 4= glizol, 3~471] $1227] 4
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t}. o] S37~S42 FE7} AEA AZEE 9 A7 2A UYu]X
2FEWUSA AZEE 9 ay)9) a2y o v)ele)
2= 927 B01~B209] A$ PClAS7}F @e &
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PC2ATE whe%o 2 depton], JIFE §127]9
TV %, 5 PC27F W% O R ekt

ol EAHE A7) AATE ASEES} e HES AR
& 2718 M2 EFete] BA9E Feoly] miel 42E
E Sah gk sl g 7hs Alolet sk Bl e A
de PCLAGE AFEE §127]9 vla)] W& %o, PC23s
T wEE fAste] & At s o 5 A9l

0.4
I
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p28
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o p26
o S
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208 o

PC2(16.38%)

o8 o2

mw 520
e 02
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P17 be p07
501 °
o

02 01 00 01 02
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Fig. 4. PC loading plot of the studies samples for the first
two PCs
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Fig. 5. Hierarchical Clustering of Whiskies using GC
volatile compounds
2. Classification of whiskeys using LDA and
PLSDA
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32 %

=

WHEHF1=-117.82 -0.82XP01 + 147xXP02 +
1.38%xP04 - 20.22XP05 + 25.54xP07 + 2.36XP09 +
135.13XP11 + 134.11xP16 - 6.03XP19 + 6.24XxP20 -
121.40xP23 + 3.21xP28 — 4.94<P30

WHEAHF2=-2847 + 123XP01 + 0.72xP02 +
0.07XP04 + 6.96XP05 — 49.18xP07 + 1.46XxP09 +
95.04xP11 + 155.14xP16 + 1.44xP19 - 0.93xP20 -
146.70xP23 + 2.54xP28 - 5.21xP30

k=10 gk alfrgt(eigenvalue)S eld A3 &
HEle] 76.8%24], ezt el isiA] vjwd 279 &
Heherh 2 Yepdtia @ 4 A3ith

5
I

o

B b
L

2 o Singlemalt
© Blended

A Bangy

T T
-10 0 10 20 30

Discriminant function 1

Fig. 6. Discriminant scatter plot of whisky samples

91227) AEE

Sof diste] flollA 4% 2709 Sl
3B .

AgE P BHEgse] # =X E Fig6
o] AAEHTE Fig 6,949k o] 2t dhdd a7t 9127 3
2 gesl e 998 4 Ak
PLSDA®| tigh 2= el 30719 Fagde 338 g
sk HEAES 9)sle] VIP(Variable importance on PLS
projections) 3t 71502 18519t} 7k FHgE WSl T
g VIP #h& 1od9] #h& 2= 49 89 W& PLSDA =
Aol 2FAZITE olF VLR AEYE SHusE TR
"*zqﬂo“’“ﬂ Aele 322 Table 29F 2t

Table 2. Selected volatile component of the classifiers

LDA \ PLSDA

P01 (1-Propanol)”
P02(iso-Butanol)”
P04(iso—Amyl alcohol)’
P0O5(Ethyl hexoate)
P07(1,1-Diethoxyisobutane)”
PO9(Ethyl 2-hydroxypropionate)

P10(n—Hexanol)
P11(3-Octenoic acid)”
P16(unknown)
P19(2-Phenylethyl acetate)
P20(Ethyl dodecanoate)

P21 (Phenylethyl alcohol)

P23(Dodecan—1-ol)
P28(unknown)
P30(unknown)

" common selected volatile component

A A A DA AFHAEYE S Foto] ded 3
A2 13718121, PLSDAYA VIPE o] &3l AeH 3y
Bo 79},
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O T BRVIHAA FeHes duy g 5
24 1-propanol(P01), iso—-butanol(P02), iso—amyl alcohol
(P04), 1,1-diethoxyisobutane(P07), n—-hexanol(P10)o]$it}.

7709 FAAES e PLSDAE 483t A3 AA &5
WSl WEe) 43.14%7F PLSDAS] 3 A Awos 4
WE XY, F 1A B2 47.82%24 F 90.96%= drgst
th. Fig. 7& 91227] 3892 PLSDA #45 =23 An=
A, 3719] frEo] wEsHAl AolRs SUE & ATk

AollA AAIS EFEFY S wdsly] fate] e
(sensitivity)9} &©|Z=(specificity)E Table 3. o AAISFSAH.
HN3EE A dold N 7 & £FEFd 93] 2ut2A
e HEs onlatd

, AE-F&(true positive rate)o]gkaL
3t} 1-EBo|x: Q EF8&(false positive rate)o|g} gt}

b A

PLSDA SCORE PLOT
FLSOASCOREPLOT

Legend

Discrmantunction 1

Fig. 7. PLSDA score plot of the volatile composition of

whiskies

Table 3. 213 A3} LDA, PLSDA B o]44=Ql Az}
(W7e=1.0, Hol==1.0)= Yttt 7 719 EF7EE F 4
Agk B¥E wusly] $34= ROC 348 118 AUCToR
o9 A4 Rge Aud £ A, F Ry BE 5
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Table 3. Classification Performance of Different Pattern
Recognition Techniques

Discriminant Techniques
Category LDA PLSDA
sens spec sens spec
Single malt
Whisky 1.0 1.0 1.0 1.0
Blended
Whisky 1.0 1.0 1.0 1.0
Brandy 1.0 1.0 1.0 1.0

olgbar yebsttt (Fig. 8).
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