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Abstract

Ten commercial activated carbons (ACs) prepared from four different sources (bamboo, wood, peat, and coal) were
evaluated for their adsorptive efficiency of six volatile compounds (isoamyl alcohol, hexanal, furfural, ethyl lactate,
ethyl octanoate, 2-phenyl ethanol) which were dissolved in a 30% alcoholic model solution. These six volatile com-
pounds are frequently found in alcoholic beverages and possibly contribute to physiological hangover due to their
high concentrations. They are also generally regarded as off-flavor compounds at certain levels in alcoholic bever-
ages such as whisky and vodka. Two hundred mL of 30% alcoholic solutions containing these six volatile com-
pounds were treated with 0.2 g of ACs while stirring for 16 hr; the treated solutions were then measured for their
adsorptive efficiencies (or removal efficiencies) by gas chromatographic analysis using two different sampling meth-
ods (direct liquid injection and headspace-solid phase microextraction). The adsorptive efficiencies of the ACs varied
depending on the identity of the volatile compounds and the source material used for making the ACs. Ethyl
octanoate, 2-phenyl ethanol, and hexanal were removed at high efficiencies (34-100%), whereas isoamyl alcohol,
ethyl lactate, and furfural were removed at low efficiencies (5-13%). AC prepared from bamboo showed a high
removal efficiency for isoamyl alcohol, aldehydes (hexanal and furfural), and 2-phenyl ethanol; these major fusel
oils have been implicated as congeners responsible for alcohol hangover.

Key words: activated carbon, alcoholic beverages, volatile compounds, gas chromatography, alcohol hangover

M

rh

Ed E(Activated Carbon: AC) T8 FlA|7] g o=
ol o)zl RAP whd AN 7134 =
< Agse] Hold el ety F
A, R, B EFEA HeH
2, 92, gA, AASS, S SO de) Abgs
(Choi et al., 2001; Damrau & Goldberg, 1971; Jun et al.,
2008; Noh et al., 2008; 2001; Park et al., 2005). & &t

wslEl oA, A, AeA| (e, TeE, S gehs

o #4714 B4S Daskd w2 448 /)3
AE 7179 FHEA 900°C-1,100°CE 714 5l

A %3 tHCho & Bak, 2004; Park et al,

a3l

Iz_“é B A

Corresponding author: Seung-Kook Park. Department of Food Science
and Biotechnology, Kyung Hee University. Yongin, 446-701, Korea
Tel: +82-31-201-2655; Fax: +82-31-204-8116

E-mail: skpark@khu.ac.kr

Received June 17, 2010; revised August 9, 2010; accepted August 11,
2010

249

x I
lo rr

d

of ¢

N,

Ch(Park et al., 2005).

G| F2 ZrAe] FAE
SN o FrellEdg AASAY dWF7] &
7l ed=ds FF oL Al A sk tlol Ee] AR-EH oA AL

I THJun et al., 2008; Son et al., 2006). L&}, 2] F A
o] EA T AR w-¢- A|FHE o, Hdo|i} 240 F
Hell o] = T AA, o|FHAET 435 AA
Soll AREE oA 3L ATkl B 378 THHa et al., 2003).

areol @gof oM AxsteE dILLEL Agl F
B2 dFIZEARo] A E, ol B Fo] =
Zo] WA= 53], amyl alcohol, furfural, aldehyde 5]
2 s3] ARle] & Rko] ozt &
%2 WAlE YA $h(Damrau &

fusel oil AEE

Fol wepd

%3
A



250 A -

Liddy, 1960; Damrau & Goldberg, 1971; Damaris et al.,
2010; Rohsenow et al., 2010; Swift & Davidson, 1998).
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AFAL FA ¥ HWA7F YA =™ (Conner et al.,
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HPLCH(99.9% <=%)9] o|&-2(Fisher Scientific, Pittsburgh,
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isoamyl  alcohol(40.3 pg/mL), hexanal(40.8 pg/mL), ethyl
lactate(51.6 pg/mL),  furfural(57.2 pg/mL), ethyl octanoate
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(DVB/Carboxen/PDMS, 50/30 um, Supelco, Bellefonte, PA,
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Table 1. Properties of six volatile compounds dissolved in a 30% alcoholic model solution

Compounds Symbol F. W. B. P.(°C) Manufacturers (all from USA)

Isoamyl alcohol IAA 88.15 130.5 Sigma

Hexanal HEX 100.16 131.0 Aldrich

Ethyl lactate (ELT) ELT 118.13 154.0 Sigma

Furfural FUR 96.08 162.0 Merck

Ethyl octanoate EOT 172.26 206-208 Aldrich

2-Pheny! ethanol 2PE 122.16 219-221 Fluka

Ak, R SRl whE sRAsieEde] dHdE = S8% EdEM 2Tl 4, 6, 8 5 Ao AW

AE &A317] #1383 Unscrambler program(v.9.8, CAMO
Process AS, Oslo, Norway)2 A}-8-3}¢9 principal component
analysis(PCA)E A 3}5 T

gt nF
652| 2lLdstet=Ee &4
30%°] dAER El%ﬂoﬂ A7Fe 657l FAst=E
(Table 1) ¢=g FaIPA TR o3| o] =A
v, e 435 EY Ax FAdA HEHE stEs
7E02 MAHTF oM, o]F isoamyl alcohol> LH-2gt
FoA A= r,HJ;ﬂo] AE O ZA Z=FF1) 9279

Al 553 WAE WA ste Ao HAZA furfural,
acetaldehyde®} S fusel oil®] FAHAESZA 2 L&A
S tH(Damrau & Goldberg, 1971). $127]2] 7390 A=
9] fusel 0il “spicy”, “hot” L= “solvent-like”e] 7] &
dol o, AFd Afole 23y olF=E HAFeh ®
i 7|33 dFES T BTl A% fusel oilo]
EAske Afole & Zbstal ok ¢xe 2E
oA B == acetaldehyde= FFAdF Aol <3 9] <
o] & e dEA glou, Higde] 210CEA A
E‘:}E gonag @@ﬁr@oﬂ’ﬂ /g ste] ofgh F2E | R}
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2F0
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19/] ester ﬁsloi A@ME]];]_ i /\laqoﬂ,q: o}
S goM FAFoZ A E = ethyl octanoates} 24213}
Aoz EAH, E FxolA “buttery” 2t
“coconut’} 7+ “creamy” ¥+ F7|EHS Ztov =2 F
TolA = o]HE WAY e Al o3t oHdo= E 5
= ethyl lactateE A3 THCantagrel 1989). 2-Phenyl
ethanol> ©}7]=2FQ1 phenyl alanine®] Ehrlich FZol 2]
ailA A=, phenyl ring 725 7H wi-¢- T3 44w
27154 SstEEA dE580 e AT
(Fukuda et al, 1990). ©]’¢z} 7+ 6714]<] 3 3etE
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2FeE A= Table 39 Weht 9ot 6714 ShebEell thsh
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A3}, Ethyl ester= AMu; TolofE 5o HaskS ) 252 2 (Herry et al., 2001), BrAp7F Bola] A4A
Table 2. Activated carbons used in this study
Activated carbons A B-1 B-2 C-1 C-2 C-3 C-4 D E F
Activation method sh p? S S S P P P S S
Surface area(BET) (m%g) 1,329 1,400 - 1,100 1,050 - - 1,050 1,000 -
Micropore volume (mL/g) 0.68 0.2-0.5 = 0.1-0.5 0.06-0.2 - - 0.45-0.8 0.1-0.5 -
Average pore diameter(A) 20.3 0.2-5.0 - 0.2-5.0 0.25-5.0 - - 0.2-5.0 0.2-5.0
Product origin DY EY J9 E E u” U D E J
Raw materials Bamboo Wood Peat Coal Peat Wood
Types Powder Granular

! Activated by steam; ? Activated by phosphoric acid; ¥ Data not available; ¥ domestic; ¥ Europe; © Japan; ” USA
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Table 3. The percent removal efficiencies of the ten activated carbons for six volatile compounds which were spiked into 30%

alcoholic solutions

Activated carbons Isoamyl alcohol Hexanal Ethyl lactate Ethyl octanoate Furfural 2-Phenyl ethanol
A 7.242.4° 46.615.6" 21.043.5° 100.040.0 16.5+3.4° 46.7+2.8"
B-1 43429 21.843.3" 8.742.8% 100.040.0 8.543.4< 16.943.7°
B-2 4.4+42 .8 40.3+2.7° 8.941.9< 100.040.0 15.242.9° 48.1+1.5°
C-1 3.342.2¢ 37.943.5% 7.144.6° 100.040.0 17.613.6° 44.6+2.3™
C-2 3.5¢1.5¢ 29.1£6.3% 5.8+3.8 100.040.0 15.9+4.6° 25.344.7¢
C-3 5.842.5% 253452 6.412.7% 100.040.0 7.743.3¢ 19.143.9°
C-4 4.6+3.8" 30.146.2¢ 3.9+1.9° 100.040.0 16.2+4.5° 23.5+4.9¢
D 4.042.4% 28.142.1% 4.6+2.6% 100.040.0 10.442.3% 25.241.3¢
E 5.042.2 34.4+1.7° 4.2+1.2° 100.040.0 11.0+4.2 41.612.1°
F 5.743.1% 44944 5° 13.543.5° 100.040.0 11.8+4.4° 44.0+4.2™
Average 5.3+2.9 33.9+4.1 8.412.9 100.040.0 13.143.7 33.543.1

Values are meantSD.

Different letters within the same column are significantly different at p <0.05 by Duncan's multiple range test.

ethyl octanoate= 100% A AEALH, WAl ol G
o] A3rE 2-phenyl ethanol> %= 2] alcohol )&l
33.5% A=7F A A=A} Aldehyde?] hexanal¥} furfural
& 7}7} 33.9%9}F 13.1%9] A &S XAt} Hexanal3}
furfural> 72 aldehydeZl] o] A5+ A| A&l Zpo]7}F B2 A
< furfuralo] 30% @IRIDGH B 2 &7} HEZ,
hexanal 0= A48 d FZo] Fvta FHHTH
(Conner et al., 1994). u}iy}x]i 30% LSRG 8o
S/l 77k stEol AW gl Ttk stgEdd
ethyl lactatet} isoamyl alcoholQ] AALEL 7tz 84%)
53%ZA A AEo] ul$- e Ao 7 Hol o] & 3FEE9|
Aol el FEEV Rt dES-8d ] X571

7F 9= AS & 4 A KConner et al, 1994; Grant &
Higuchi, 1990).
B TRl mE AAESS HFEAEE AT

isoamly alcohol,
ethanols Tl 5

hexanal, ethyl lactate, furfural, 2-phenyl
o] Spdsieteol ek AlARE] o

Ao ZE=ROH(p <0.05), 53], ¥REFHEAA =LA
EA2 4% fusel oil®] F/43E<1 isoamyl alcohol, 2-
phenyl ethanol, furfural 5+ o}lUz}, U x| 27k2] 3|4
313221 ethyl lactate®} hexanaldl]l e AlAL&EE 2 &
/\é%y_p}c h:_ol—;}

o] Fr1stES ek 282 S
AzAqd el =essts 54 wet E‘rEE}(Bak et al,
2005; Herry et al, 2001; Ra et al, 2008; Tamon &

Okazaki, 1996). 281}, EAdeto] =& 2358 z17]
M FEGE & dddE Agiast §e xH
7}2401: she, EHUr—,—i TE G OE AR T
ARG 458 §2 FHAS TR ERE Sz o] b
+ B2 Aoz BuESthBak et al., 2005; Cho & Bak,
2004; Herry et al., 2001; C,, Bamboo, 2010). & 413 ¢j
ARE S U e Ao e SARETE £
ERA(1329 m/g)S 7HAER FHES0] $43 A0
F8T Utk 2, 1A Ao R FHES

(1 dlo Ho

ru&}rur
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Fig. 1. A typical GC trace from the HS-SPME analysis of the alcoholic model solution treated with activated bamboo carbon (1,
ethanol; 2, isoamyl alcohol; 3, hexanal; 4, furfural; 5, 2-phenyl ethanol; 6, ethyl octanoate).
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Fig. 2. Principal component (PC) loading and score plot (Bi-
plot) of the removal efficiencies which were calculated from the
direct liquid injection of GC for 30% alcoholic model solutions
which were treated with ten different activated carbons. (IAA,
isoamyl alcohol; HEX, hexanal; FUR, furfural; ELT, ethyl
lactate; 2PE, 2-phenyl ethanol).
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2 QA Fe] #EFl 914
313 AAREH Fo A

HAZY dem, 58] Al 1 F8EH Al 2 FAHE Bl
71 de] YA = A7 S7HEA]

7+
S-9] "Weko| X3l e BAE] B-1, C-3, D, C4,

AREI} 5o YFOE 99X
o
=

HS-SPMEA0]| 2|5t 3|2 SIEIEC| 24
AR ol 30% LHELRG LN o] Ho}
(€]

AL

A 657 FALAESHEEC] 15mL &%) SPME vial
9] headspacedll Erty ESAIF=AE 2137 f13+4,
HS-SPMEWH & AR&-ate] &2-&-89 3} headspace®] 714
7t B 2Esklg woll SPME fiber24 F2FA1A
#4718k GC chromatogram-2 Fig. 19 )32, 7+ 3 &
°] GC peakH & ol g ¥ A= Table 40 e} U
. GC peak® A e o] E45F A88&7] WF9
headspaceel] T B2 32 shgtEo] EAsh= 21& ofv|
stERE, vl FX] oF JWAASHEEY peakH F o] 2 A
Tolle F71FHe] Yolxtkal B & Ut} wEkA, HS-
SPME 4 A=A I8 siehese] 7] 540 vt
U 9FE vA=AE #R1s= Zlo] 7Fsdtt). Table 300
A9} 7+o] direct liquid injectiondl A& Al& 2] Aqige] &

Wyto] ofug} gdlo] EAlete thE a5 EAAS A
Zhgof oafA JaS A Hrh(Watts et al., 2003). o
Bol, 439 FE7} 20% o4l fAloM i)

Table 4. GC peak areas from the HS-SPME analysis for six volatile compounds which were spiked into 30% alcoholic solutions

followed by the treatment with ten different activated carbons

Activated carbons Isoamyl alcohol Hexanal Furfural Ethyl octanoate 2-Phenyl ethanol
A 32.1£2.0° 1289.0£50.1* 329.1447.0% 866.24209.2¢ 17.943.6™
B-1 20.3+4.5% 970.5%£176.7° 324.2459.7% 2803.8+525.5° 19.445.3%
B-2 31.146.7% 1374.6+119.2% 331.9447.1% 715.3467.9¢ 12.812.5°
C-1 30.940.5% 1308.1+126.3° 308.5+28.9° 931.1£150.8¢ 16.7+1.1%
C-2 20.6+0.4% 956.4166.3° 309.24+46.3° 2410.7£141.3* 23.2+1.3°
C-3 18.8+4.7¢ 902.0£186.3° 330.2418.2"% 2963.2+669.4° 21.244.1%
C-4 18.8+2.3¢ 874.3169.3¢ 324.446.7> 2968.91345.3° 22.614.6°
D 23.4+1.9% 1040.9£81.3% 351.9436.9% 1879.14415.7> 22.8+2.5°
E 27.5+1.9° 1197.4+84.7° 329.6£35.9% 1240.44327.4% 21.047.1®
F 32.1£2.4° 1220.2428.4% 372.6£39.6" 763.5£163.9 18.944.5%

Values are meantSD.

Different letters within the same column are significantly different at p < 0.05 by Duncan's multiple range test.
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Fig. 3. Principal component (PC) loading and score plot (Bi-
plot) of the HS-SPME analysis for 30% alcoholic model
solutions which were treated with ten different activated
carbons. (IAA, isoamyl alcohol; HEX, hexanal; FUR, furfural;
EOT, ethyl octanoate; 2PE, 2-phenyl ethanol). (PC1 explains
close to 100%).
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FTE7F Yt AR S F HoFa 9low wiE Al AR
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S HoF AthFig. 3).

A M2 GE DA, A4, dE, ArhE Az
H 10712 g ekl thaliAl, 30% Y-SR dEHo] B3
Ho] Q= 67FA] 3] 313 E(isoamyl alcohol, hexanal,
furfural, ethyl lactate, ethyl octanoate, 2-phenyl ethanol)<]
SHEES WUk ol o7HA ARSI ES 4=
SR FF DAEY, 27 58 Afole 39

Ulo] & ¥yto] ofue}t 91247 HETRe} 1H2 &oflA]
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