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Changes in volatile compounds in rice-based distilled

soju aged

in different types of containers

Wan-Keun Kim' and Seung-Joo Lee"*

'Department of Culinary and Food Service Management, Sejong University

Abstract In this study, volatile compounds in 13 aged and 3 commercial rice-distilled soju samples were isolated by
headspace solid phase microextraction (HS-SPME) and analyzed by gas chromatography-mass spectrometry (GC-MS). A
total of 85 volatile components including 35 esters, 15 alcohols, 5 ketones, 3 aldehydes, 15 miscellaneous, and 14
unknowns were identified. Esters and alcohols were the largest groups among the quantified volatiles. Differences in
volatile compounds among the distilled soju samples and possible sample groupings were examined by principal
component analysis of the GC-MS datasets. The first and second principal components (PC1 and PC2, respectively)
explained 51.94% of the total variation across the 16 samples. The samples aged in oak containers had higher
concentrations of ketones, aldehydes, and miscellaneous compounds. In the positive direction of PCI1, oak-aged samples
were observed, while, pot-aged samples were observed on the far negative side. Furthermore, samples aged for longer
periods, such as 18 months, were observed in the positive direction of PC2.
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2001). olgtell 4 F dojue WHslEe Fu)e)h Ao wish &
HZEo] T &3] vt vk old WslES A shet
59| 7IEsl, Asl, S 3 2 SEHHQl ®islel o3
Z o3t (Gonzlez-Robleset Cook, 2016)
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ZH]RIZ 28} e 3% 4% & ¥sks A A+ (Kang 5,
2017) B FFF0 g A18 Ariste] 4 F olsiery
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A B71(EERIE S 29, 371, 23%F)8 S4717H0, 6, 18
4ys gEjste] AL 2 §e(18x2°C) o2 AshHA 3|
Aol WslE EA3130 Tl Headspace-Solid Phase Microextraction
(HS-SPME) W& ol&slo] @714d%-S FE3HaL, Gas Chroma-
tography-Mass Spectrometry (GC-MS) WH o2 A 2 AR
silom, ol Al AF] IEAERE Hwsit 3k 3
3 718w B AAE 9% 4 (Principal Component Anal-
ysis, PCAYS 53l A487] 2 4717k w2 Al k] #}o]
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2 aFE Algdol A8 tHKang 5, 2017). A=
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o /A AFE Az, 47 ZERlEE 24, 94,
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Atk Az A5t g, 191E7F A% AR I 7248
OS2 ARSI Gt A 25} AulsEe 3ATF 1+
o= 83|/ wAste] WM EUEHSNTHKang 5, 2017). Al

e o
o

u o

-

[e}

=

ol oo ofN

[N}
(=}

Table 1. Materials and their information of 16 rice based distilled soju

[s}
AHE= Table 13 2t 3y PrIdEY] WREZED o
AR FE Al A2 " AR 2-methyl-1-pentanol?} NaClZ
Sigma-Aldrich (St. Louis, MO, USA)|A -0l 34t}

sl=AmolAa TXHMOEFESHSE 0|88 LME =i

A9 A R FE2L dPdTe WS 283
tHShin} Lee, 2015). 2+ Al89] €3& F52 10% (v/v, DW
solution)= ] 4 s & 20mLe] Headspace glass vial (Supelco
Inc, Bellefonte, PA, USA)Y 3149 5¢8 &7 H, WFEFEEZ
0.1 mL (2-methyl-1-pentanol 20 ug/mL. DW solution)} NaCl 1g
< Y3, Y4+E Headspace cap 18 mm PTFE/Silicon (Supelco
Inc)Z UESATH UEH viale 305 F<U 40°CollA 300 rppm
2 aitste] HYPFEE v F, SPME fibers ot 30 &<
g RS SFAIZ F 220°C2] GC-MS injection portel]
187 &zste] £49519 . SPME fibere A8 A (Lee 5,
2014b; Shin} Lee, 2015)°] WS F=ste] S43 ¥]54 &
3132l PDMS/CAR/DVB  (Polydimethylsiloxane/carboxen/divinyl-
benzene 100 um, Superco Inc.)y2 4o AL&-3F3ITh

i

sl INEel BN o MY 2N

HS-SPMEZ F&% 3 37]45-S GS-MS (Agilent 7890A
Gas chromatography/HP-5973N  mass selective detector, Agilent
Co., Palo Alto, CA, USA)Z E4315th 4o AM4-H columne
Stabilwax-DB (30 mx0.25 mmx0.25 mm, Resteck Co., Bellefonte,
PA, USAYS AME3I3TE Q89 25+ 40°CollA] 5% 53t /A
g ¥ 220°C7HA] 5°C/min®] $E2 F2A171 & 527F §A5
t}. Injector= splitless mode A 220°Ce] 22 HA317.0mH, o]
54 7IAZE helumE 45 1.3mL/min® & S0t g &
2ol MSD (Agilent 5973N) Z71& jonization voltage 70 eV,
source temperaturex= 200°C, interface temperaturer= 280°C, & &2~
HEY FAPE$l(mass spectrum scan range)= 40-350 m/zATh.

Code AI(C(,Z})]OI Raw materials Container Aging period Storage temperature
CON 46.39 Rice Stainless 0 month Constant temperature
6RS 46.28 Rice Stainless 6 months Room temperature
6RO 43.90 Rice Oak 6 months Room temperature
6RP 45.74 Rice Pottery 6 months Room temperature
6CS 45.76 Rice Stainless 6 months Constant temperature
6CO 44.40 Rice Oak 6 months Constant temperature
6CP 46.14 Rice Pottery 6 months Constant temperature
18RS 44.50 Rice Stainless 18 months Room temperature
18RO 4223 Rice Oak 18 months Room temperature
18RP 45.75 Rice Pottery 18 months Room temperature
18CS 46.66 Rice Stainless 18 months Constant temperature
18CO 44.58 Rice Oak 18 months Constant temperature
18CP 44.70 Rice Pottery 18 months Constant temperature
HYJ* 25.00 Rice Pottery 3-6 months Constant temperature
JRJ* 25.00 Rice ParFly oak 6 months Constant temperature
Stainless
SKJ* 23.00 Rice Stainless 12 months Constant temperature

*Commercial product



GC-MSZ #2 ¥ peaki= mass spectra®} Wiley 275 mass
spectral database (Hewlett-packard, Palo Alto, CA, USA)] mass
spectras B|1L3}od, librarye} 70% ©1/de] vix& R o 3=
AEOZ SIFTE €9-C259] alkane (Aldrich, Milwaukee, MN,
USAYS AHE31d 712} peak®] linear retention indexS -3}, ©]
£ #3(Andre 5, 2014; Kovats, 1964; Lee 5, 2014a; Lee 5,
2014c; Lee®} Choi, 2005; ShinZ} Lee, 2015)7+2] H|wE 3l F
el 270 BT Esle -9 i d)AdEe] s48€E A
S 2 Soith 18Tl A 24 U EEEE (2-methyl-1-
pentanol)®] peak areas} SHE FLA 7] L2 peak area®]
Hl&2 AlLkste] ¥ st th(Shingt Lee, 2015).

SHEA

&4 B AT R AT 1659 AU PR B
= XLSTAT ver. 2014.1 (Addinsoft, New York, NY, USA)
|3te] Alge] Fxo g IR AAE Bt 9
3l correlation matrixE &% F4% 4 (PCA, Principal Com-
ponent Analysisys HAISHATE TR Aol e A8 165004
FAE TURY] BE RS o]&ste] AAIsHAT

=E
< ©l

SRA AF0| FHY STME

HS-SPME W& o|8-sto] Sy P71d8s 2R3 165 Al
Fo] GC-MS #4 A3 Table 29 2tk 1652 AFolA ol
2F(ester) 35%, &2 (alcohol) 15%, HlE(ketone) 5%, L3}
o] =(aldehyde) 3%, 7|EK(miscellaneous) 135, FI&H1E (unknown)
145202 F 8552 3aA F714dEe] HEHUT) Ethyl alcohol

S A9 ethyl acetate, ethyl butanoate, isoamyl acetate, ethyl

hexanoate, ethyl heptanoate, ethyl octanoate, ethyl decanoate,
diethyl butanedioate, ethyl benzeneacetate, phenethyl acetate,
ethyl dodecanoate, ethyl tetradecanoate, isobutyl alcohol, isoamyl
alcohol, phenethyl alcohol & 158<] AdH-0] 165 A5 EFol
A HEHAT ALY F79EY peak area (%)= Ol ZFE]
7791%, L& 20.73%, LHSFI= 020%, A= 0.19%, 716k %
AT 045%E Al=E7Y 7P E=A UERETE 2 5 ethyl
octanoate, ethyl decanoate, ethyl dodecanoate, isoamyl acetate,
phenethyl acetate, ethyl hexanoate, isoamyl alcohol, phenethyl
alcoholo] FZQl F8 7] Aol ZAoR Yehth ole 4
HEL2 Ao g Lo F2 UAFE FQ PR 2
AFdME FHA L7 Fo AP IR FRIHA
t(Lee 5 1994; Shin?} Lee, 2015).

SR AFo| oAEHR HE Y

2Bl FRAA T8 PR E giRE] Rl A,
ok A, By, 927] FolA AEE vk th(Ebeler, 2001;
William, 2016). &7 2% #4138 CON A|89] F o2 gt
(1,364 mg/L)ell Hlal 18701 Aol wet BRE 54 Al59] d&
| stgro] Z7}al9t) e/lY 93 <4 A1E21 6RO, 6COY 7
$ %A 27 1A 3ol e Al 235 Sl w3
WA Ro] &4o] Z7lste] CON Algel H8) o 2=Ee] ko]
oA ZHAEF o uH(1123.89-1262.51 mg/l), 1870€ &4l AR
(18RO, 18CO)%] 73-%-, &73717k0] F7Iel we} old =g}
long-chain fatty acid 7Fe] of|2=F ®¥H3-o] F7t2 ghefo] F7Ksh
Ao g oAAXTHKang 5, 2017). ZEISlgx 28 &4 A]F9

HI

R

I

o] 7w sk 545

ohd A Al ol2E ool F7FsFA S LH6RS, 6CS), <

| S715el wet o] FolE 2oz vkt 371
AES] 7, ZERlEE 2, 23%F 54 Al HlE =
< oll=E e vERlaL 53] 1971 &2 SA4AIR(18CP=
& S7Fe B3tk AlEAIE 3EHYI, IR, SKIHE F o

2l 279.74-369.64 mg/Lol| BlalA, 1870 AdAE2] o
SheFe- AA= SHI(I8RS; 1594.50 mg/L)l A BAlE 104)
(18CP; 333927 mg/Ly7H4] =7 vrehse}.

BE ABOAM A" AdEoE HATS Y= ethyl butanoate,
ethyl hexanoate, ethyl tetradecanoate’s-©] WA oH, FHoz
= FU39 ethyl hexanoate®} ethyl octanoate”} 7Hg =3kt &
2 o1F &4 &7]d wWel CON ABolM HEHA &L 3-
methylbutyl butanoate, propyl octanoate, ethyl furoate, propyl
decanoate, ethyl undecanoate, isobutyl decanoate, ethyl tride-
canoate 52| oZH dEo] THHIUG 4 &7 wg o=
A UeRd 1R R 03 &4 AR A4S AdIE e
ethyl 3-methylbutanoate (Giuliano 5, 2009), EiT]oA F2
A== diethyl pentanedioate (Zhao 5, 2010)2} IZFFS U=
ethyl undecancates©] HZAZACE &719 A F= &4
A== ethyl tridecanoate (Magdalena 5, 2017)2} dg gw &
E£3S Y= ethyl pentadecanoate’t &7 EATh & AFox &
ol thFsh o 2E ARLS YR A1F(Shing Lee, 2015), HF
(Nunokawa, 1967) SolX% F2 7|42 HE B} Qo)

e rf

i

2x ZE3% gu|E FoJdltiLee 5, 2014c). Ethyl alcoholg A
93t = UTL TS CON (274.87 mgLYIA 7% 2k, 6RP

(78551 mg/L)ollA 7173 &=tk Autd oz ALoa HAdE A
go| 3%, ole &4 AE(6RS, 6RO, 6RP)2] LFEF o]
480.01-785.51 mg/LE =7 vebdd B8, 18719 54 AR
(18RS, 18RO, 18RP)= 388.35-545.98 mg/LZE <Ad717bo] 5715t
of wet ashs AES UERITE v g 4 A5e] A,
A e 4 A Al TR 5438718 ARS-EE A1FE(6CS, 6CO,
6CP) B & A AlFol Hla] ¢xs ko] AA AEHA
O1K312.55454.12mg/l), 1'd SAFAEE AX  L23(18CO;
47248 mg/L)2} -&71(18CP; 649.99 mg/L) &4 AlBolA &7
o] & Zo 7 FUIRITE A Bel 79, TR g0 m
& 2% Hspl AN ole &4 2730 ¢ o

T Aol GFS T AR AAKI v g2 Ao A4
o 2E9t fFAFeAl 239 §7158S Sl
oFo R FIFIAIL §7] &/0lA F7HEel ¥ Eth &7
Q3% BT S 7ML A3 (Andre T, 2014), <7334
A o 5 P EAS Foste AoE JEh T $-
guEte] F/A AT A& 7 ot F7IAE S 549
gt A+7F ZaskeEr AR,

E A7dgA T4 # F8 ¢IE AHES isoamyl alcohol,
isobutyl alcohol, phenethyl alcohol®-Z YEPGTE 53] 7] A&
Z 8% 932 3= ZAeZ BIFE isoamyl alcohol, isobutyl
alcohol BEE A|ROA LA oH, w2 S Yeilth
FollM F23F 37482l isoamyl alcohol> AT =] A 7+
W28 s e 2 IuE WY, oFF EA A A=A,
&gt 5 2H4FHE UM A8l Al aldehydeE At HE #
Wl (Hong 5, 1999; Lee 5, 2014c). Isobutyl alcohol> €&-3H
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Fig. 1. Principal component analysis loadings for 71 volatile compounds (A) and scores for the 16 distilled soju samples (B). The samples

and volatile compound codes are defined in Tables 2.

™ (Hong 5, 1999), phenethyl alcohol “gv]dky} W&
Tl 3HAA FrE Fositt olvtel] AEH
o2 AngS Y& citronellolo] ACH, ojl= AT o
M= EA4HcHShin? Lee, 2015). £ %4 A2

1-butanol, 1-decanol, 4-ehylguaiacol 5°] F= FAEU=Y
f127], By 5 934X sAEHE FRAAN U5 5
£(Camara %, 2007; Zhao 5, 2008)°.&2 Q3 <4 Ao
F7¥elE o= AAXY 3] H4 A5 AS 5449 ¢
MM EFFS e A2 IR 1,33-trimethyl-bicyclo[2.2.1]

heptan-2-ol (fenchol)°] &7 ¥ thAngela 5, 2017).

W
o]

g

il

()]

ol T o oo

o by ox o ot
U

o

|
)

>
o2

R
—
d

>

1
d

71El &Y ME 2M

gslo| =9 AT 9 7|EF &I
A ABAA F2 HEHUCH o FRE 2
371 &8 Al Ha] 2uf o]de]
(2017)8] AFoNM=E HE & F/HA
B3l oeke IR ke 2R HIHY. o=
’d A BolAe] A T3, T3S U= 4-ethylguaiacol (Rafael
, 2004), FA3E HEISES U= 2-pentyl-furan, X|Z=8F, 2Hl
W= octanoic acid 5°] FAESUCE o] "ol 1,1,6-trimethyl-
1,2-dihydronaphthalene, 1-ethyl2,3-dimethylbenzene & W&= &3}
o T3 ASHUT B3l A dnrow M§3E Z
ghag e 2e BHg 5SS T AR Ead v 9l
ThGayle & Yoji, 2004). L&} alkaneT$} 7Fo] Zai4He] w3t
TAZ BAFTE B 3FEES threshold value?} =0 AHA
o2 &9 Fgm FEE FA] ZIrhr A Urk(Shing Lee,
2015).

3

i oft > wlo

3

Component Analysisy AAISIATE B4 Al AR 165904 54

b [e)
H AR T vkl B 145 A9 7Ule] RS o831
o, B8A3= Fig. 13 2tk Fl GBI 2 GAEE)=

=1
or—

AA dlele] wEe] 7H7t 28.80%%} 23.14%E AW Aoz
UERsth @718 BXE AT EHFig. 1A), F1 oA g9l
%k 292 1-decanol (all0), 4-ethylguaiacol (all5) 52 7S &=
<, furfural (adl), 1-decanal (ad2) 52 ¥Ul|slo]=, 2-nonanone
(kel), 2-undecanone (ke2) 52| #&= 2 2-pentylfuran (ms3)Z} 7+
2 FEEEC] BEHNOH, ol 23 S ARAAN =2
S-S UEt olet 2 EFEL o3 4L e 94
= ZS.Z(Vivian 5, 2003; Zhao 5,

E AEY Zo= AlEHEn.
ethyl tetradecanoate (es31), ethyl

hexadecanoate (es34) 5 ZF ClZEF7F BE3 oM, ol

71 4 NBAM w2 FFE BT o] 2dE2 37 &
de dhe T FF(Luo 5, 2008)9k PEERC], -l (Kim

2009) SolME B gk
AE BEX(Fig. 1B)E AW EH, FI& $A447]0 wE Xol&
YERNSITE. F1 &9 gho 2 93 <4 A|Z7K6C0, 6RO, 18CO,
18RO) 231 em, &9 3t Ho=z g7} ZHRlg: ~E &
4 AN E7F BX5TH18CP, 18RP, 6RP, 6CP, 6CS, 6RS, 18RS,
18CS). A =724] AF(SKJ, HYJ, IR A% & xjo]E g+
WA 3 F1o] S0l EX393 CON A9} =33 A2
Atk F2 oz 47|17k g xjolE Yelfo] FAde)
18719 42 87F YEIET CON Al F2 &
el 2H|el A AES Ae 4
ztol7b AA UERA] gikot, oAy 37 4
SA717F St Wl F2o] o] wEe = FEis

2~ AE
= ==

o OF

i) =

48700 me & Q8 FRA Ao

92, 03, 8712 7}
Aoz 4% A

Wy PR B A

5%, A= (ketone) 5%, &

™ oot
N

N
oL 2 i Hy

> m ox ox

Y

E(ester) 35%, ¥=-2(alcohol)

_.

i
=
o



550 =2 E 388 x] A 51 WA 6 F (2019)

E (aldehyde) 3%, 7]1EH(miscellaneous) 13, ¥]&F21E-2 (unknown)
14502 F 8559 I el AE=HAU ol2H9 &
FAgo]l F8 HdEoZT EAHUSH, ethyl octanoate, ethyl
decanoate, ethyl dodecanoate, isoamyl acetate, phenethyl acetate,
ethyl hexanoate, isoamyl alcohol, phenethyl alcohol®] F+8 7]
AEoZ Yeldth 2 9] 23 &4 AlEolA 4-ethylguaiacol,
furfural, 1-decanal, 2-pentylfuran®] &= HEZZHA FAHE

A A 544 87100 wEl PClgellA 7|d|e] & ol

R, SA7170 whgh 239 §715A AlRolA FTIAgE

ZHe 202 YeTh ZERIEE 249 4 AR5 A

F Ao vws)] 7R Wsyt 7Y AA et @
239 F7] SAHAE thgstste] PR WstE 5ot
ATt o] ARl Tz I AM|RE AL AAElY] IF &
d FFA AT NS 98 $& A HaskE e AARI

N ol A

G o

HF

ZAle| 2
B ATE SUSLNEL DRHIENLARIGI2011-5)
1L AREAY AUOR FFATAY - AFEHSIATA

A(No. 2019004218)°] ALE o} 45 A7ATe] AR
olo] ZAL=FU.

Lo

References

Andre RA, Leandro MS, Aline MB. Formation of volatile and matu-
ration-related congeners during the aging of sugarcane spirit in
oak barrels. J. Inst. Brew. 120: 529-536 (2014)

Angela LP, Rahil G, Philippe D, Andrea B. Unexpected impact of 2-
methylisoborneol as off-odour substance in aged wines. Food
Chem. 220: 498-504 (2017)

Bae SM. Distilled soju production technology. Wogok Pub. Co.,
Seoul, Korea. pp.14-16, 166-306 (2001)

Camara JS, Marques JC, Perestrelo RM, Rodrigues F, Oliveira L,
Andrade P, Caldeira M. Comparative study of the whisky aroma
profile based on headspace solid phase microextraction using dif-
ferent fibre coatings. J. Chroma A. 1150: 198-207 (2007)

Ebeler SE. Analytical chemistry: Unlocking the secrets of wine fla-
vor. Food Rev. Inter. 17: 45-64 (2001)

Gayle AB, Yoji H. Screening method for petroleum-derived aromatic
hydrocarbons in wine. Aus J. Grape. Wine Res. 10: 17-25 (2004)
Giuliano D, Solange IM, Jose MO, Jose AT. Characterization of vol-
atile compounds in an alcoholic beverage produced by whey fer-

mentation. Food chem. 112: 929-935 (2009)

Gonzlez-Robles IW, Cook DJ. The impact of maturation on concen-
tration of key odour active compounds which determine the
aroma of tequila. J. Inst. Brew. 112: 369-280 (2016)

Hong Y, Park SK, Choi EH. Flavor characteristics of Korean tradi-
tional distilled liquors produced by co-culture Saccharomyces and
Hansenula. Korean J. Appl. Microbiol. Biotechnol. 27: 236-245
(1999)

Kang SH, Kim JH, Lee AR, Kim AR, Kim TW. Physicochemical
properties of rice-distilled spirits matured in oak and stainless
steel containers. Korean J. Food Sci. Technol. 49: 369-376 (2017)

Kim TW. A suggestion for industrialization of maturing distilled spir-
its. Korea Soc. Food Sci. Nutr. 20: 26-29 (2015)

Kim HR, Jo SJ, Lee SJ, Ahn BH. Physicochemical and sensory char-
acterization of a Korean traditional rice wine prepared from dif-
ferent ingredients. Korean J. Food Sci. Technol. 40: 551-557
(2008)

Kim JS, Kam SF, Chung HY. Comparison of the volatile components
in two Chinese wines, Moutai and Wuliangye. J. Korean Soc.
Appl. Biol. Chem. 52: 275-282 (2009)

Kim JH, Lee DH, Lee SH, Choi SY, Lee JIS. Effect of Ganoderma
lucidum on the quality and functionality of Korean traditional rice
wine, Yakju. J. Biosci. Bioeng. 97: 24-28 (2004)

Kovats ES. Gas chromatographic characterization of organic sub-
stances in the retention index system. Adv. Chromatogr. 1: 229-
247 (1965)

Lee TS, Choi JY. Volatile flavor components in mash of takju pre-
pared by using Aspergillus kawachii nuruks. Korean J. Food Sci.
Technol. 37: 944-950 (2005)

Lee SM, Han HY, Lee SJ. Volatile compounds in takju (rice wine)
using different types of fermentation starters. Food Eng. Prog. 18:
348-354 (2014b)

Lee DH, Lee YS, Cho CH, Park IT, Kim JH, Ahn BH. The qualities
of liquor distilled from ipguk (koji) or nuruk under reduced or
atmospheric pressure. Korean J. Food Sci. Technol. 46: 24-32
(2014c)

Lee DS, Park HS, Kim K, Lee TS, Noh BS. Determination and mul-
tivariate analysis of flavour components in the Korean folk sojues
using GC-MS. Korean J. Food Sci. Technol. 26: 750-758 (1994)

Lee DH, Park IT, Lee YS, Seo JS, Jung JW, Kim TW, Kim JH, Ahn
BH. Quality characteristics of fermented wine using nuruk by
aging container and period of distilled liquor. J Korean Soc. Food
Sci. Nutr. 43: 1579-1587 (2014a)

Luo F, Fan W, Xu Y. Characterization of volatile and semi-volatile
compounds in Chinese rice wines by headspace solid phase
microextraction followed by gas chromatography-mass spectrome-
try. J. Inst. Brew. 114: 172-179 (2008)

Madrera RR, Gomis DB, Alonso JIM. Influence of distillation sys-
tem, oak wood type, and aging time on volatile compounds of
cider brandy. J. Agric. Food Chem. 51: 5709-5714 (2003)

Magdalena S, Paulina W, Tomasz D, Waldemar W, Jacek N. Authen-
ticity assessment of the BOnisiowka™ Nalewka liqueurs using
two-dimensional gas chromatography and sensory evaluation.
Food Anal. Methods. 10: 1709-1720 (2017)

Nunokawa Y. Composition of Sake. J. Soc. Brew. Japan 62: 854-860
(1967)

Park CM. Optimization of alcohol fermentation and aging conditions
for a development of a distilled alcoholic beverage using barley
grains. MS Thesis. Kyungpook National Univ. Daegu, Korea
(2007)

Rafael AP, Juan CM, Manuel M, Juan JM. Effect of Schizosaccharo-
myces pombe on aromatic compounds in dry sherry wines con-
taining high levels of gluconic acid. J. Agric. Food Chem. 52:
45294534 (2004)

Shin KJ, and Lee SJ. Volatile component analysis of commercial Jap-
anese distilled liquors (Shochu) by headspace solid-phase
microextraction. Korean J. Food Sci. Technol. 47: 567-573 (2015)

Vivian AW, Christian EB, Roger BB. Study of aged cognac using
solid-phase microextraction and partial least-squares regression. J.
Agric. Food Chem. 51: 7738-7742 (2003)

Wenlai F, Michael CQ. Headspace Solid Phase Microextraction and
Gas Chromatography-Olfactometry Dilution Analysis of Young
and Aged Chinese "Yanghe Daqu" Liquors. J. Agric. Food Chem.
53:7931-7938 (2005)

William NS. Volatile components of oak and cherry wood chips used
in aging of beer, wine, and sprits. Aust. J. Grape Wine R. 4: 37-
40 (2016)

Woorisool treasure house. Foundation of Agricultural Technology
Commercialization and Transfer. Suwon, Kyeonggi, Korea. pp.
230-256 (2001)

Zhao YP, Wang L, Li GM, Pei GR, Liu QS. Comparison of Volatile
compounds in two brandies using HS-SPME coupled with GC-O,
GC-MS and sensory evaluation. S. Afr. J. Enol. Vitic. 32: 9-20
(2010)

Zhao Y, Xu Y, Li J, Fan W, Jiang W. Profile of volatile compounds
in 11 brandies by headspace solid-phase microextraction followed
by gas chromatography-mass spectrometry. J. Food Sci. 74: 90-99
(2008)



