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8 o BE WELFE P19¥e] YAE FYL THoE JFLF, PulE, oBF AREF T
EA e 7L TE5MQ F2F 4¥8 GC-FID-MS= #4438l F34k 7128kl Moutaichiew, Ergou-
toutiv 53 wl@3dch t}FA F¢A Q) Porapak QE 143 A £33 £27] &7, $9l5Ey
52 Aadde] W vie d¥sz FAH27 g dZE 5K SelA5E FEEh FHe
2&5 Wse FAg, Fed, S8 Al Y 4R4E ehiidde 428 S5 A}
27HEE MPEAT, 24 B, 25 g S AMHoE Foleln dme SEAY £
WAS7} S4% M52 A2 Bl $AASE Aol AR deitiort Bad 40 sec-butyl
alcohol & FRAAF7} S E 73l gi 3709 n-propyl alcohol®r} #F-F4]7to] mete}. Ethyl
alcohol <] #]°ll methyl alcohol, n-propyl alcohol, isobutyl alcohol, isopentyl alcohol, phenethyl alcohol 5-¢]
A=Atk F34F Sl n-propyl alcohol Fzko]l Al o2 ¥ uv|sle] $2)i}e} £F ol isope-
atyl alcohol®] gefo] :stch 5 brc) Aozl A=k QAL 93l chifSANUFA L)
< ARsle A A3 feluel RlEafe FF4 2R 2 S Y E R T

ABSTRACT. This work is undertaken to determine alcohol homologues so-called fusel oil that may
be present in the Korean folk sojues (distilled liqguor) made from grains and to describe sample preparation
and analytical method by GC-FID-MS. Solid phase extraction method for sample preparation by using
porous styrene divinyl benzene polymer (Porapak Q) was compared with steam distillation and solvent
extraction method. Retention behaviors of homologous series of alcohols were also studied. Log values
of retention time, molecular weight, boiling point, and capacity factor of alcohols showed linear correlations
to the carbon number of an alcohol, to the oven temperature, and to the dielectric constant. Components
such as methyl alcohol, n-propyl alcohol, isobutyl alcohol, isopentyl alcohol, and phenethyl alcohol have
been identified. The more amount of isopentyl alcohol than other alcohols are contained in the Korean
folk sojues, while that of n-propyl alcohol are contained in Chinese kaoliangchiew. Degree of similarity
or dissimilarity and classification of the individual samples were discussed using multivariate statistical
analysis(principal components analysis} based on GC data.
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WA $AZRE YA GRS FEHAE o] & vl
fusel cilelet 421 e gt & ApAoe
Aol ek ohje} Az FH AApge] N o
Z4%2)} v)$- F8% ARorh A WUSLF
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Mg $ e 538 Nz 9lof 2Fe 4 EE
e FHe FFoR o] LEx7] FJ 2xel2
2527 F2FF0)7] wel Az Yaot Py
zjolol] uhz} WA AR Fie Yol ME 2
2h %3 Hoivh apg sl e FAY
ofnglel Agog Fiel Udzrl FAH oY
A ARE 35 7k e Aol A RISE 3
REAYsL W&Fe) wFRI7 AAEe] 22
olepss, =gt AEAIGe] Aol ule} FHA
£9} A o4t WPstm em -2y
24 Ee] Bieda FAgge] AFT Aol
1= 3
dng BAYeRE FF FuFE3Y, 2UE
228 pot. dichromated AH8-8| 4 ethanol£- ace-
tic acid3 AF#H4)7) ¥ ammonium ferrous sulfate 2
sk w®, GC 18-dihydroxy naphtha-
lene-3,6-disulfonic acidell #)&+ colorimetric me-
thod®, p-dimethyl aminobenzaldehydeoll )%} spe-
ctrometry'', IR spectrometry? o] i}, 2 %l
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M7 Axx FHE7|E o14% HPLCE 3#3 f%
A 5ol 2}k HPLCYS, A8 o] &3} upyls
flow injection analysis'™® S-o] B}l A7
£ IFE d2E o AP GCOL TR
gol ALEZ o et gel Hiie] HE
arz) g el AxE HA 4 A)8Ldo) Fol A
foot APl FAH7} Aok =¥ A 4 AL
RARE g A7hA Ayt 71A ez Qe
HePel Ry AEL A3EY7) g2 ¥ A
848 glel #AFAde] et

E dFelAle GC-FID-MSe| 2]3 42 T
A 2AYE ARz Y6 HEe2 HE 2
&AaFS0 B AAES AAE Fse T34+
§ 7resiel wimsigdch =3} GC ¥MAERE
ch ek SA e 7)) sl SR Y(prin-
cipal components analysis; PCA)?32 8 3 2]3}o
25F A3 fAAA o) AAAE ANl

Ay

AME W Alek Aol ALY FFAF(EFEE:
alcohol ¥ 45%)= 7152 ZA°laL, Fule(alco-
hol ¥ef 40%), AF ] HF(ZUMWE: alcohol ¥
25%), AX FF{R[HE: alcohol 8k 40~45%),
Moutaichiew(R MF&M: alcohol ¥3% 53%), Er-
goutoutiu{ —#RIEH: alcohol #F 56%)= A VEE
Agslle}l. g dZE FEM A% diethyl
ether, sodium sulfate anhydrouse chromatogra-
phic grade &g analytical grade(#% 99.9%)9)
Merck AE& BEFFo2 o)g3iqch

2E 2 2555 ¥ol&YyA] ob& E-pure
system(Barnstead).2 2 A g} FHg AH4-slg o
o] E2) H|AEEE 18uScm o))

Gas Chromatography2}l GC-MS. )iz =2rlE
23 = HP 5890 Series [I{Hewlett Packard) &
GC-14B(Shimadzu)& AH§3t9 2 FIDE Z33to
HP 3396A integrator{Hewlett Packard) = C-R6
A chromatopac integrator(Shimadzu)E. 71 8-3151=},
+3 %-2 polyethyleneglycol(PEG) WCOT fused si-
lica 24|22 3(Shimadzu, CBP-20, 022 mm id X
25m, 0.25pm thickness)& Ab&-3lgen] oz
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Table 1. Operating conditions of GC-FID*and GC-MS

FRE - FRR - & B FET - KBk

GC Hewlett Packard 5890 Series Il Shimadzu GC-14B
Method 4) (B) ©
Column PEG fused silica 10% PEG on whp PEG fused silica
capillary (HP-20M) 100/120 packed capillary (CBP 20)
(Hewlett Packard) {Shimadzu)

Length 25m 6 ft 25m

LD./O.D. 0.32 mm 2 mm/1/8 inch 0.22 mm

Film thickness 0.2 um 0.25 ym
Temp. ()

Injector 190 190 210

Detector (FID) 195 195 210
Oven Program

Tnitial temp. () 70 70 40

Initial time (min) 1.0 1.0 50

Rate (< /min) 50 5.0 80

Final temp. (C) 170 170 200

Final time (min) 10.0 10.0 50
Carrier gas (Np)

Flow rate (N») . 2.5 mi/min 20 mimin 1.5 mi/min

Hydrogen 30 m//min 35 m//min

Air 300 mi/min 450 md/min

Split ratio 1:100 1:67

Sample size 0.1y 01y 0.1y

GC-MS QP2000A with GC 14A (Shimadzu)

Column: PEG fused silica capillary (CBP 20} 0.22 mm £d. X25m, (.25 ym film thickness
Oven program: initially 40C for 5 min, increased to 200 at 8¢ /min and held for 15 min

Injector and ion source temperature: 210T

El ionization voltage: 70 eV

Carrier gas: He (2.0 m{/min)

Split ratio: 1: 100

Sample size: 0.1 W/

Vacuum pump: Rotary vane pump V-009-2 (Stokes)
NIST library

BN 2AL Table 13} k.

12%-2] alcohol &4 €542 27 010g4
HiM B Y XFLAE A8 2 F 010
W GCol F<J3le] 2] g 312 g REE A
azntEaPE Aot

FZoE2PE AL ¥ 7 FHolagY Hq F
AL gstod 22 A|RE GC-14A/GC-MS QP2000
A(Shimadzu)ell F=¢ldte] U o) AZelEIHY
(TIC)& 3 92 7 Ho|= rirle] Azt ~e .
HE A3 o] A& NIST librarye} vls}eich

+87| 284, 1259 42¢& F34 1584

£ 7}7} 0.10 glethanol 40.0 )8 s 2 414 20
ml 3 FetAe Yo 2E5R HA7MA) A4
o 1417k 7V 57 2573 o5 7Nl sodium
sulfate anhydrous& 718le] 28 #)73leh o)
F 010WE GCol F4l3l EFF R IB0lE
agg L YL FehAck 22n 59 H
o= 20 m/ F-u]EekA o) n-butyl alcohol 0.020
g% ¥ XFE3 2(Moutaichiew: 2-butyl alco-
hole g%sl== l-octanole W% BEFSUR 3
th 7lela £F2 FAAAR HANY F FF7 F
73 oL 9o e ez SRS AAs 020
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WE GColl F48d AZojeayd & F3}2 Hola
dAeBte YPAdn, GC-MSZ FAstdch
2ol F=8Y. T2 Wiios FFETPE 2

o} o] % 10 m/§ diethyl ether 5 m/ 2 23] & 5}o

o] &9 010 WE GCol FUste EFEAe] 2
2nlET30E 9o 5L T

n-Butyl alcohol 0.010ge V¥ ZFB3AE 7}
AFAR 10 miE diethyl ether 5mi2 23] 2%
F 3299 020 W3 GCo FU3le] 2=2r}pEa
Y Pl Y2 GC-MS2 FHIAC)

24 STUHE olB8l DA =5 3 /Y.
A3 Az AR+ FYHGEd 20X100cm, 80
mesh frit}yel o34 F8A 2 polydivinyl benzene
(Porapak-Q, 50~80 mesh, Waters) 2.0 g% %335}
o 2TE 87 o 76 =AY g3
EFEE 0mE &M o3l ¢4 F34)
ek 255 10m/2 M2 F diethyl ether 30 Ml
Fa3ch old vE-E el FAbY]| B(barrel)S
d73le] Zol(plungenNF F 3] AF2 Y31 oA
TF EEE vk F29% G ZE o9 e
well BotA 44 3Fe AXo)= mpon
NAss, A2d& sodium sulfate anhydrousZ
FEE A7EN PP §7|o] ) gz
vl 2] Pasteur 8¢ £ AHP YT E gy =g
Ho|Z & uistct. 22 24H43~45C =)ol 4] 300
W7t @ W73 FE8 o, o] FH 0.10 WE GCol
Fl3le] ARolEIYP L J2 HPEE FaAC

#-Butyl alcohol 0.020 g2 W% EFEAE 713
2F 0 miE 2L o A SN APl
FHAA 2 358 o] F54 0.10wWS GColl
Flste] 2wt IY S Tl Y} w GC-MS
2 F4sdch

FHE EA(PCA). GCel o3 78 d=L &
A AFEY AEE £ 97494 FORTRANL
E 243 VAR Z2 330 igste] FO-324
o, % 3teigenvalue), 253t e (eigenvector) S
AAbskR o BAE] A 1FARAH M 2FPRAL
ddck FARNLZRE A 1FHEYHPC-1)9}
A 254 PBNPC-2)E 7 ZHFHE A Akskaic)

3 ¥ 2
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BAZZOl 0l URE STHHS| GC B2IHE.
PEGE HA422 § WCOT =AY s 2
BYE M4 Table 19 A, B, C We) 7} =
A Fag FEHS £2) ASL ulEY A
SJEYFN), o|&% ssHzol(H), $AE(), &3
AGE)E Table 29 ek W4 A, BY) ajejeig

Blas) B gt s A 99 R AW Ao

ANBEQANF} HYS AR YL A2 A% )
FEIUR 22eleaYPe) B9 sl Gz o
A FHLLAINE gode) 22u 0B g 4
Tro} B 2%Z 2] methyl alcohol, ethyl alcohol, sec-
butyl alcohol, n-propyl alcohol?l &' Y ozt 7
Asteidd 2Ag 239 &% =238 24 ¥as)
sl

Ay A2 1239 42 e $239 ey
3204C o4 219TC 712) Yo WS Bxsnz &
<o) o AAdctn Adso] 2r|eEE LT 2
3] 5E7F %28 H 8C /minZ $24)A, HFex
200C 2 587 2417 vy Co) Z=2rlzage
Fig. 15} 2t} ubg Cr} 27] 258 70C 2 39 1
2 FAY o 52IdHE 5C/min, JF LT
170C 2 3 ubd AR} R'gho] o o] 4 W)
AR HL wlg olaR A, Hele F33lw A
B4 28|22 o} 28mine g A9 v]ge <
ste}. Table 12] wb] A, B, C 2449} 2.8 2%
Wilel g Rajek B, K9 AN Fig 2%
Zol ¥ C71 of k3 g AAAS vehlde) £3)
ethyl alcohol®] geko] B2 2HF9 7% methyl
alcohol(bp. 32.04T)2] $-$-2)7} ethyl alcohol(bp.
46.06C )8l B9l A $2371 Qe 27)
2EE @A 3T 27)EE FA4A]7HE R AA)
|3 A'gle] W53 MAEL & 4 Uil 28
229t FEAZKR) Aol BAE 4 ()2 %Y
¢ Ut

logz=(a/T)+b 1

3714 Te AWLET g bE AYH Afo)
123
A Ab&(straight chain)®) €28 $Z 49 814
FN)7E 27158 4, £AF 239 loggtE s
AR ez 2715} H 2(Fig. 3), Neol ¥ log '3t
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Table 2. The gas chromatographic parameters for the determination of alcohols

A
Alcohols tx (min} N H(X10 3 m) a k
1. Methyl alcoho! 1.996 14634 1.708 _ 0.597
2. Ethyl alcohol 2.084 6679 - 3743 e 0.667
3. sec-Butyl alcohol 2,596 8013 3120 ol 1077
4. n-Propyl alcohol 2670 5657 4419 L 1136
5. Isobutyl alcohol 2.984 12680 1972 2 1.387
6. n-Butyl alcohol 3,585 11452 2.183 1 1.868
7. Isopentyl alcohol 4341 4982 5018 2 2473
8. n-Pentyl alcohol 4.992 7159 3492 L 2.994
9. n-Hexyl alcohol 6920 15830 1579 - 4536
10. n»-Heptyl alcohol 9155 22525 1.110 e 6324
11. 1,3-Butylene glycol 16,002 57043 0438 ad 11.802
12. Phenethyl alcohol 19.543 96228 0259 . 14.634
Alcohols - B
¢z {min) N H(X10* m) o k
1. Methyl alcohol 2.190 1615 155 0.752
2. Ethyl alcohol 2.550 1516 165 + 1.040
3. sec-Butyl alcohol 3773 2047 8483 H 2018
4. n-Propyl alcohol 4034 3054 8.186 v 2.227
5. Isobutyl alcohol 4.969 3763 6.644 il 2975
6. n-Butyl alcohol 6.136 5032 4.968 H 3.909
7. Isopentyl alcohol 7.582 5986 4.176 v 5.066
8. n-Pentyl alcohol 8.646 8196 3.050 He 5917
9. n-Hexyl alcohol 11.234 12130 2.061 o 7.987
10. »-Heptyl alcohol 13.835 16876 1481 v 10.068
11. 1,3-Butylene glycol 21.276 13226 1.89¢ e 16.021
12. Phenethyl alcohol 26.827 16199 1543 2 19.662
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Table 2. Continud

C
Alcohols tz (min) N H(X107*m) « k'
1. Methyl alcohol 6.258 62660 399 2129
2. Ethyl alcohol 7.058 79705 314 b 2.529
3. sec-Butyl alcohol 9.265 137344 1.82 . 3.632
4. n-Propyl alcohol 9.657 149212 1.68 L 3.828
5. Isobutyl alcohol 11.042 195081 128 e 4521
6. n-Butyl alcohol 12470 248801 1.00 He 5.235
7. Isopentyl alcohol 14.072 316834 0.79 He 6.036
8. n-Pentyl alcohol 15.113 365444 0.68 o 6.556
9, n-Hexyl alcohol 17.410 484973 0.52 - 7.705
10. »-Heptyl alcohol 19.503 608597 041 H 8.752
11. 1,3-Butylene glycol 24.998 999840 0.25 = 11.212
12, Phenethy! alcohol 27973 1251981 0.20 v 12.986

AL HehldokFig. 4).

28]v} & 4702 sec-butyl alcohol(bp. 99.5T )
S kel v X BeHo) o] & &S 379
n-propyl alcohol(bp. 98T )BT} A £a|=jgic)
Hz|4kel PEGE McReynold AH(X'=322, Y'=
536, Z'=368, H' =572, $'=510, £=2308)7} v|32 3
& FAEA)7] W&o PEGe) ti¥} 33Me] =2
the A& ka5 3702 a-propyl alcoholo) &4
4702] sec-butyl alcohol®r} =) Abe)] g A4z}
4o] o Acke AE uigkdk FAY A7 #
HAe)el 2712 A8 ¢ e Fig 59 2]
go} 2 G2 EAUFTE o) B2 F¥L jehyAn
sec-butyl alcohol-& £=15.8(25C )24 n-propy! al-
cohol®] £=20.1{25C )Rt} go) 2ol B3z
we] §3Edck 2o Ay A Uske] hydro-
xyl7]17} 7}A) Al&{side chain)oll A hydroxyl
712t PEG ARl ot 4aatgo] o 7ehy
43289 A7 fAAdee A8 4eld n)
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A %] v] Ik HAsch

sec-Butyl alcohol?] o)A &AM &) isobutyl alco-
hol#} n-butyl alecohole Fo4o] & F£A=z
3 F2lHA, o] F o) HAMEL FhAlEe] I
JALR 0] o 4o, isopentyl alcohol=} 1-
pentanot Al M%E wlRrlA] Asrl vhedyid,
Aromatic alcohol?l phenethyl alcohote] 713 H&
A f]=Edek. a7t 4799 1,3-butylene gly-
col®] 42 o9 ZAsierl, o]RL PEGY Ao
7232 AP=7} 2 glycole]7] H-Eeolz} Pxich
Fig. 631 7ol AAE7} S48 Kol Ao HA
=7t 39.1 mP<l isobutyl alcohol® WAEsF 227
mP<l n-butyl alcoholB.x} w14 425} alz}y
Seld vlMe e YAxvr) FeHel o =2
o fgds.

e3¢ ¥4 ARNFe2 HA o dinonyl ph-
thalate”} ®o] 29evt #2]3 H3 =7} 175
T2 37| o goll 2F o] Za3)= phenethyl alco-
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Fig. 1. Gas chromatographic profiles of standard alco-
hols: separation column: PEG WCOT fused silica ca-
pillary (25mX0.22mm id., 0.25 um film thickness);
oven program: 40T (5 min)}-8C /min-200C (5min);
injector: 210C; FID: 210T; carrier: nitrogen (1.5
w/min); split ratio: 1: 67; sample size: 0.1 W' Nume-
rical letter from Table 2.

FEE - HER- & B FET - KFH

hol(FH=4 219C )& <70l RejdEsiede
F-A3ec). Martin® $& 4328 $8%59 conge-
ners £4& $13l carbon graphite(80~ 120 mesh)
o PEGG%)E 43 feld 31AYL ALY v}
alew H 2= PEG 2@ ZAHe] k2 244
@ol ¢)145 2 e} & 4y 3 PEG WCOT &

log bp
log tR log m.w.
1.5 3.2
—+ 10g t +
-0~ log m.w.
L3k -5 log b.p.

12.7

r = 0.9959

I 1 1 L L L 1 L

0.5

Carbon number of alcohol

Fig. 3. Plot of log , log bp. and log m.w. versus carbon
number of alcohols.

b.p.
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i

o . N T G 0
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Oven temperature (°C)

40 &0

. N . . ) A o
80 100 120 140 160 180 200

Gven tempetature (<C)

Fig. 2. Oven temperature dependence of boiling point. molecular weight, and capacity factor of alcohols by
different methods. A, B, C letter from Table 1.

Journgl of the Korean Chemical Society



GC-MSell &% W& 2759 42 FF4) 84 647

log k'
0,8
0.6 o
041 o
ul
0.2
u]
-1.0 1 1 L 1 1 1 1 L 1
o 1 2 3 4 5 & 7 8 9 10

Carbon number of alcohol

Fig. 4. Plot of log %" versus carbon number of alcohols.

th k
20 8.00
o —+ Retention time
; O x
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16.00
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-4.00
5 -
o]
e
0 1 Il ! A 2.00
10 15 20 25 3o 35

Dietectric constant of alcohol {25°C}
Fig. 5. Effect of dielectric constant of alcohol on rete-
ntion time and capacity factor for the separation of
alcohol homologues.

A AYPL AFF) ¢ THA Eeld A
P #9498 + ddrh
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R

25

20

15

0 1 1 i L 1
0 2 4 é 8 10 12

Viscosity of alcohol (cp, at 15 C)

Fig. 6. Effect of viscosity of alcohol on rentention time
for the separation of alcohol homologues.

X2 Yol +g, YA, MHY. AAY
el a2 3583 ARA 2 AFIL Table
37 2k 371 3549 7% methyl alcohol}
phenethyl alcohol®] 3 80] wtad| o)7L bpr}
32 methyl alcohole] <F 14]2te] {3y} 8
A A el 4] £Ao) @7, phenethyl alecohole F
30| 219C B Folx £%7] FH7) ol o
2 M 22T g SFENE o4 4
3 34 e 99 alcoholEe] 90% A
9 g2 Jehled, 3e3¢] Y& methyl alco-
hol, ethyl alcohol> 45T o419 6~84|7ke] w4
Aol 2] Bojal ethyl etherst ¥4 3FuslolA
g0 otk

1 AHgAle 57 FREI Sl 3aEy0)
7t7k 0.1 pg/mi, 1 pg/mi 4l u)3le] A Y529
AFPA= 3ng/midch

9] AFNAH B Img/m! AR EHAE
gl loid Lul =234 T FEAE
o] 4-g 32 R FHye] & A& HelA Ysirh
22 1pg/md o]3E BAE7] At S
2o g FAo] T}, HFA FUAME o



648

FHRE - HER- & - T KBK

Tabie 3. Recovery, reproducibility and accuracy of alcohols by different methods for sample preparations

is Reproducibility Accuracy
Recovery (meanz 7\’:)‘ [area RSD. (%)) [relative error (%)]

Alcohols Distil. Extrac. $PE? Distil. Extrac. SP.E. Disti. Extrac. S.P.E.
Methy] alcohol 4247+ 097 8120% 1102 1744+ 134 508 693 130 —3534 —221 041
Ethy] alcohol 8239+ 670 8113t 914 4451+299
sec-Butyl alcohol 7840+ 675 9943+ 907 8190% 299 7.34 201
n-Propyl alcohol 84.74+ 666 948711060 7661x359 1258 5.26 118 548 -669 008
Isobutyl alcohol ~ 8142% 633 10028t 858 87.72+246 1257 1239 269 1439 -600 000
n-Butyl aleohol 90,12+ 4.02 10055t 700 9366+208 1335 1083  3.16
Isopenty! alcohol 9142+ 2.58 10388+ 6.13 9859+059 1382 1826 445 7.05 095 0.03
n-Pentyl aloohol 9619+ 225 10239+ 552 9824+023 14.71 952 476 513 -—105 -027
n-Hexyl alcohol 10389+ 244 10406+ 335 99.76t 0.62 254 543 7.07 773 011
n-Heptyl alcohol 10218+ 275 10368+ 203 91.83t4.45
Phenethyl alcohol 5953+ 12.86 9596+ 060 9830+476 2528 1278 105 -—-5752 112 0.085

“Five replication (#=5), confidence interval at 95% confidence level. *Solid phase extraction by polydivinyt benzene.

4 FF, FFHo| v HE£¥E Aot

UutA e 2 |4 $4¢) "] Yye 2 pu-
rge and trap®~%, headspace®®, simultaneous
distillation]®~3 5-o] d¢so] gtort R 5
A, sod, AR &4, SeAXYg d84, A
A S FAHel gle HoE A=, 23
ol ZMAEZ(solid phase extraction)¥ol 2%k
Axz] whye) A3l gl Shimoda $4& 2}
A5 $7AE 72 2 5 43 FAAE vl
AP A7 P AL polydivinyl benzene
(Porapak Q)7} 7+3 E:Aolztn R usigich
g F5A2 ARG 34 Y F5o F oo AR
FaA 42 AYE A45He G571 Basd
3 378,

AFY WHOIRIZOEIWTIONN WHAHE
gk 4%F9 2Fe} 3% FleERE ohF T
HE o]dqY &, 5% o5 GC-MSo| F4l
A g TICE Fig. 73 vt 432& AE Ao
359 AP AHEYL fFHy 2T 54L& v
dsict.

Methyl alcohol(m.w.=32.04): m/e=31¢] base
Holag el

Ethyl alcoholim.w.=46.06): m/e=46°] £3} o|&
Ho]Z0] X, m/e=319] base HolZE UILFol
FEH 2R Yehhe FHo)ZZAM—-CHy)* & CH:
=0H* ]9 Fojzelc} T2z M—-1)* & CH;

CHO* o] &9 7037} mie=45¢4 7}3}A| e}
s}, Methyl alcohol# ethyl alcohol-& (M—1)/M2)
Bl7b Acks 53AE o

n-Propyl alcohol{m.w.=60.09): m/e=60°] ¥}
o] #o)Zo|X, mife=314142) base HolIE:
(M—CHy)* & CH,=0H" ¢]29] dola2 &8 F
U3, m/e=2944 CH;=CH,* ol&9 Io]aE
A 5 sl

Isobutyl alcohol(m.w.=74.12): m/e=T749] 22}
o] & sfo| o)1, mie=4l, 43 2 7}¥ Fola e
CH,CH(CH;)CH;OH¢®ll 4 H;C=C*H=CH, ]2
{H,C=CHCH,)™ o129 R2E, m/e=312 CH,;=
OH* o] &9 He]azR & =+ qlch

Isopentyl alcohol(m.w.=88.15): £7} o]& =)o)
A vehA] 94, m/e=70% Eubgoll s
Akl 2eliAl B A7t sl b3l (M—18)* ge]
22 ¥} mie=55%142 o)2& (H,C=C(CHy)
~CHp}* o]&22 & = gli, mie=41442] 3
olae FA el HO0 2 CH;=CH.7} dol & w3t
CH,=CH,—CH," 2.2 A7z}tgc}

Phenethyl alcohol{im.w.=122.16): m/e=1225%
3} o] 9o) 22 m/e=91¢] base #]°]2E C:H;
=CH," °l&9 He¢]az ¥ 3 gk

249 2ole UG 42g Wi Y 57 #
Aol 4] A d=l= ethyl alcohol ¢]2e] methyl aico-
hol, #-propyl alcohol, isopenty] alcohol= #1832}
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Fig. 7. Total ion chromatograms of sojues: K-A: Andong soju, K-H: Jindo hongju, K-L: Leekangju, K-M: Moon-

baesul, C-A: Ergoutoutiu, C-M: Moutaichiew.

o}o| Al &<l valine 2 2% €] 8% isobutyl al-
cohol#} phenyl alaninee] 3| =l¢] 471 Fo]de]
phenethyl alcohol S0l FH=e] A HE & +
qlgith. 2 ulo) aldehyde R ester AE-o] 2%
EAloll &1 e

o|FR ZFF YT L i) iy AL Az
-‘Hifﬂ aole} W& u) AL, BEZ, HE7)7) Fof

2 A Ape) Ro)el Z|1ske Z3et o] RS

-J——’F‘“ﬂ el ENY AF €9 2 L 7}"1
Fte B QREL el F2F EAsAG B3P
A43g 3$ A HZE 4%E F 7 Utk 2
vl 7 ¥ LDs3k &> wlast & o g
el FAR A2 Fr|ge|ng AvtAA A5
2 o ¥ i) HEE ¥ FAY F Uk

2FE IR B WY 737 HrHd
SojEEHo e BAG AP 8T ¢FE FFA
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g Table 49 Yebigich

n-Propyl alcohol, isobutyl alcohol, isopentyl al-
cohol 58] F#4H%9 )& AFAE ZFIL W4
714l 0.15% <]}l A8t} Isopentyl alcohol
(924 isoamyl alcohol), isobutyl alcohol, #-propyl
alcohol®) AtHuMABP ratio)”} 459 =t} &
HF3Ychs L% ale} o] S2] v|E Fig. 8¢l
ehigic) o] FAfFe 2 Po] o HAY
A7k U2 FE3 39 Yele) S 2%
Fol% EHYE A9 9t Fg 2k ol F R e
2 AA 8] G5 shol A%g FAu, o) E | ¥l F
2 oAl F¥o] ol NAXE Aol of 2} 3
Ar}t. ABP vl $-2]8) ¥ WUEiFst 39
sheearb ads) chedA vepted, $eldet A
B ol&ARe of 4:2:1 YE 2 isopentyl alco-
hol2l &=ke] @< @kl Ergoutoutive A>P>B



650

Table 4. Contents of alcohols in sojues (unit: mg/mi, mean+ %)a

FRE-HER - & B FHET-AFK%

MeOH 2-BuOH  #-PrOH -BuOH  i-PenOH #-HexOH  PhenOH
Andong soju D 0.0181 0.1636 0.2818 0.5789 0.6170
+ 0.004 +0.007 * (.037 + 0.026 +0.352
E* 0.108 0.275 0.676 0397 0.092
+0001 0044  +0011  +0097
Moonbae sul D 0.1346 0.2788 0.7305 0.0817 0.1928
+0.001 + 0.002 + 0.002 + 0,002 +0.048
E 0.085 0205 0.801 0.143
+0.003 +0.004 + 0.006 + 0,006
Leekangju D 0.0327 0.1069 (1314 0.5160
+0.003 +0.002 * 0.006
E 0.073 0.116 0.562
+0.003 + 0,005 +0.012
Jindo Hongju D 0.2009 0.3162 0.7884
+0.032 +0.056
E 0.160 0.229 0.801 0.087 0.033
+0.014 +0.012 +0.151 +0.051 +0.005
Moutaichiew D 0.1256 1.2588 0.1654 04183 0.0720
+ 0.026 +0.194 +0.024 + 0.040
E 0.094 1.086 0.162 0.374 0.065
+0.006 +0.123 +0018 +0.030 +0.012
Ergoutoutiv D 0.6215 0.3353 0.8322 0.1122 0.0818
+0.015 +0.014 +0.026
E 0.051 0.534 0.270 0.779 0215 0.053
+0.037 +0.024 +0.010 *0.067 *0.003

“Confidence interval at 95% confidence level. ?D: Steam distillation method, E: Solvent extraction method.

n-Propyl alcohal (mg/mi)

Isobutyl alcohol {mg/mi}
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L1}
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Fig. 8. Patterns represented the amount of isopentyl
alcohol, isabutyl alcohol, and n-propyl in Korean so-
jues and Chinese kaoliangchiews.

w03 gako] W3trl, Moutaichiews Eol3h %=
n-propyl alcohol®] ¥ape| c}& F Lzl ulsf
Y53 g Aoz eyl

A 74 G2 %k %L vl 2w g-propyl
alcohol 2 42& E-2] o AFFE oFsiA o}
X9l 2Hgo]| 312, isobutyl alcohol} isopentyl al-
cohol& EA% F& 7z glch. YAIvkn} 22
F2AA G ol m¥pa] e A PR AR
o 4§ S AAANINAY BE 9 FH2A9
ZHE& F3lo] ABP =iv) 24& waydm A
F4F9] o3 e sjide] rlgslelel A=)

FUT Aol 22t M2 et HE] 214,
Eolgle A2-3dsF Hel AN components pattern
recognition)& 59 F2H7 2 e, ok g
N 22|z fseby hEe] B ¥ AYvE
AFY = e} 239 GC profileEXE UdFe

Lo
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Principal Components Analysis
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Fig. 9. Comparison of Korean folk soju samples with
Chinese kaoliangchiew samples by PCA score plot.
K-A: Andong soju, K-H: Jindo hongju, K-L: Leeka-
ngju, K-M: Moonbaesul, C-A; Ergoutoutiu, C-M:
Moutaichiew.

Ay s b Tz sk B4 2§
(finger print)°] VAN EE Yeff B|RE FH LF
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At 0|3 A vwEs FAY AR5 YA E
o] Zk3. gl HA-E #e}s}r] ojich 67l A8
W& 6% 4EE FTHFA AR 6 6X69
PA(matri)2 ¥ 5 glen 2 o] sfdd i o
Wz SASEe) ¥ 7Y PCAE 24sts ¢
2E 554 HAE QYR 2N SAHL 329
3 4= itk 7 Algel ej gt A3 4 PC-138 PC-
298] RAE =AY Fig. 99 Pl $-efvied
AFULELFEL PC-1 AF7t A2 vsslgend
PC-2 Ay AE Jehliddx T4 sheF
ke gods] 729 cluster §iE BodFdeh &
v z]9) &2 o]Z=8 ZAY(double blind test) o2 ¥
¥ 4% 2 PCA ¥4& 53 2 £0] 7|&9
ol Fd) 7IAE7HE 4 5 ALnE F 3}
g ale) 7zl o] 3t 57 *Hsensory evaluation)

1994, Vol 38 No. 9

Bt R ARA ARE AAE ootz Y2

o] AT 1993dE B&H A A FAL
3 $4 74 JFFA AdE] R 19943 A
Sy A7AQN R FYFoH ol
A=), =3 AFaF AEE 71FN & 79
E3}A AZ75A] 2SN A A=)

2 8 2 ¥

1 Fhok, @8] BRYRG; RELX BT, 1986;
p 205, 229.

2. Fhmh, BERLE, BR{LEXR IV, BEX

BRHT{LHFERT, 1970; p 193~297.

#FHE ABR-NE EERESE, 1827,

. MM TEE S, BIsEEES; 1935 p 158.

. g3}, AlEeat Al 1988 21, 54.

. XERERR, ST CRIEERERSSE, 1633

(SR e ), 1985.

7. Woodman, A. G. In Food Analysis-Typical Methods
and Interpretation of Results; McGraw-Hill: New
York, 1959; p 486.

8. Williams, S. In Official Methods of Analysis of the
Assoctation of Official Analytical Chemists; AGAC
Inc.: Arlington, 1984; AQAC 9.032, 9.102.

9. Pilone, G. ). J Assoc. Off Anal. Chem. 1985 68,
188.

10. DiCorcia, A.: Samperi, R.; Severini, C. /. Chroma-
togr. 1980, 198, 347

11. Yamamoto, D.; Tsukada M.; Sato, D. Bunseki Ka-
gaku 1991, 40, 181.

12. Galiignani, M.; Garrigues, S.; de la Guardia, M,
Analyst 1993, 118, 1167.

13. Iwachido, T.; Ishimarku, K.; Toei, K. Anal Sci.
1986, 2, 495.

14. Nagacka, H.; Nohta, H.; Kaetsu, Y.; Saito, M.; Oh-
kura, Y. ibid. 1989, §, 525.

15. Toyo'oka, T.. Ishibashi, M.; Terao, T.; Imai, K,
Analyst 1993, 118, 759.

16. Uketa, H.; Nakada, Y.; Matsumoto K.; Osajima,
Y. Bunseki Kagakn 1990, 39, 723,

17. Zenki, M.; Sakita, E.; Hironaka T.; Toei, K. ibid.
1990, 39, 597.

18. Saitoh, E.; Tokuda, H.; Matsumoto, K. #bid. 1991,
40, 277,

19. Martin, G. E.; Burgraff, J. M.; Dyer, R. H.; Bus-
cemi, P. C, f Assoc. Of Anal. Chem. 1981, 64,

= < X



632

25,

27.
28.

186.

. Cutaia, A. J. ibid 1984, 57, 192.
21.
22.
. Miller, J. C. and Miller, J. N. In Statistics for Anal-

Nakasawa, E. J. Brew. Soc. Japan 1983, 78, 223.
R0, SEEHTE, EiRt, 1990; p 451~472.

ytical Chemistry, 2nd ed; Ellis horwood: Chiches-
ter, 1988; p 89~190.

. Otson, R. Inl. [ Environ. Anal. Chem. 1987, 31,

41.
Duffy, M.; Driscoll, J. N.; Pappas, S.; Sanford, W.
] Chromatogr. 1988 441, 73.

. Hammers, W. E,; Bosman, H. F. P. M. tbid. 1986,

360, 425.

Ho, J. 5. H. J Chromatogr. Sci. 1989, 27, 91.
Forst, C.; Stieglitz, L.; Roth, W.; Kuhnmiich, 5.
Int. | Environ. Anal. Chem. 1989, 37, 287.

. Gode, M.; Sandra, P.; Verzele, M. f Chromatogy.

3L

32.

FRE - HER - & B FFT - EBH

1981, 203, 325

. Au-Yeung, C. Y.: MacLeod, A. J. Agric. Food Chem.

1981, 29, 502.

Maignial, L.; Pibarot, P.; Bonetti, G.; Chaintreau
A.; Marion, J. P. [ Chromatogr. 1992 606, 87.
Sanchez Munoz, G.; Garcia Romero, E.; Pérez
Coello M. S.; Martin Alvarez, P. J. ibid. 1992 623,
43

. Rouseff, R. L.; Dettweiler, G. R.; Swaine, R. M,;

Naim, M.; Zehavi, U. J. Chromatogr. Sci. 1992, 30,
383

34. Shimoda, M.; Hirano, K.; Osajima, Y. Bunseki Ka-

gaku 1987, 36, 792.

35. The Merck Index; Windholz, M., Ed.; Merck: Path-

way, U. S. A, 1983

36. Nishitani, T. J Brew. Soc. Japan 1977 72, 415.

Journal of the Korean Chemical Society



