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Abstract This study aimed to identify the key volatile compounds and their contributions to the
sensory characteristics of commercial makgeolli. Quantitative descriptive analysis of six makgeolli
samples revealed ten sensory attributes (eight aroma and two taste attributes), with significant differences
among samples. Notably, samples using different traditional nuruk showed distinct characteristics:
some exhibited strong fermented and acidic notes, while others demonstrated predominant fruit
notes, highlighting the crucial role of nuruk quality in determining sensory properties. Gas
chromatography-mass spectrometry (GC-MS) analysis identified 43 volatile compounds, with 13
compounds commonly present across samples. Gas chromatography-olfactometry (GC-O) analysis
revealed 38 aroma-active compounds, among which isoamyl alcohol, ethyl caprate, methionol, and
2-phenylethanol were identified as fundamental aroma compounds through both GC-O and odor
activity values (OAVs) analyses. Correlation analysis demonstrated significant relationships between
volatile compounds and sensory characteristics: isoamyl alcohol strongly correlated with alcohol and
banana-like notes (r>0.90), while methional showed strong association with nuruk-like aroma
(r=0.908). Notably, phenylethanol exhibited high values in instrumental analyses and was characterized
by rose notes in GC-O; however, these characteristics were not distinctly perceived in sensory
evaluation, suggesting masking effects in the complex matrix. This comprehensive analytical approach
provides insights into the relationship between volatile compounds and sensory characteristics of
makgeolli, emphasizing the importance of systematic quality evaluation in makgeolli.
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Sdgs AS FURE oo daAet ARE o]8d] FFAZ] g9 HEFoltk(Choi 5,
2012; Noh 5, 2022). vl e S Tgold AHE: okt HRER Qg Beael
T EA4S 7HAH, o]2et RS2 AHAY 7|aket AEY F4S Aok $aT% 948
Ageick(uh 5, 2012). B9) $E ol AARE AL ] ARES udele] BT B4
< Fste Y4 84olH, ol AR AT A dE, HRA, AR B T ot 82l
93] ¥ T=r}(Choi 5, 2020; Kwak 5, 2017; Woo 5, 2010; Yoon 5, 2024).
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ko 2 of=317] oYt of 7t
gt ddzio] ZHE % e A4 BEQ A7} 2,
HRE 7o) Hxrgo] ZAss] tRolckHong 5, 2023).

50 24k JREe] B Jol=s Bk fa
GC-olfactometry(GC-O), aroma extract dilution analysis
(AEDA), odor activity values(OAVs) 5 TSt Hhdo] &&
H3 9tk GC-0% 717] ¥4} Qke] F7he Aghet wle
&, Bt viE AN 3] B4 B4 A¥sks b 2]
CH(Frank 5, 2001; Hofmann 5, 2018; Plutowska®} Wardencki,
2008). AEDAE= 3F 259 421402 3Xs}o] zF ABR9] g
7| B=E Hrsh, =EE @ 34 <AAF A4(Flavor Dilution
factor, FD factor)7} 4% g AJ&o] 7|dst= A7t &
AoR AAHoR £ W) HRE 2225k o A8
&&= "PHo|tH(Cheong, 2021; Grosch, 1993). E3E, ZF A4H.9]
A FEE o 489 A E v w4l OAVsE &5f ZA
29l g7lof gt 7|9=E H7Fd 4= AUH(Chen &, 2019;
Wang 5, 2021).

oleiet BAYES Bo) AL 4o 4ue
Algstn], Ao 7] E4S Hoh ZLA 0= ofs|sh= b
T8 Tt T waY Aol ke AR 7|
7F AlRskdl me, AlEe] 4 S48 245k 8 )
A58 Mokt o] Aofsk 20| ST ek, wehA
o229 7] 548 4gs| olsfisty] flsiAe 717184
59 39 423 W Ao AAe §e HAH B7b
Aol o] FoiAoF it}

wfeb 2 ATONE AB AREEE dios B 4R
& tHos BASIIA SISt FAHCE, GOMSE
o AL R A B4, GC-0F o83t 7] &4 H&
B4, 72T AU RARAS 57 15 54 WlE 49
Sttt E3E ZF JEO] OAVSE AEsto] A4 &7] EA
gt 7|9 =F g7st, ols s X R EAlsto] vt
A1) ] B4 Aeke 9y HRL TRk s,
o2 53 udele] B4 T AvlAER Asis 49
A& AL At 7|2 ARE AFotauAt gt
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2. g 2 diH

2.1. Mg & 5tZc JeyE &4

2 dtolle SEle F989 FdEeIEA AEl 6%
M1-6)yg 2RloA Ffsto] FA0f ARgstleH, ofof H
3 HHEE Table S10] YERHH.

upelo] YNbR BAS AN AR B4 74wt
(National Tax Service Liquors License Support Center, 2023).
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T HAHHHE ol8d A& 100 mLE F3 &
StAF0] &713 20 mLO| SRR 23] HAHHATHA
2 g Aol BatEeATo] TSI, AEeA
28 5% 2 WA AT % 71ee B SRS
85 mL o|4F 81, 100 mL7HA] SF+2 H835t9ch 57
2 S3lsto] ¢3-S B47](AL-3, Riken Keiki, Tokyo, Japan)E
ol-gsto] S5ttt 7HA PR HAE =EA|(PR-201,
Atago Co., Tokyo, Japan)S A}R-3lo] 24351900, LUt
DNSH-S &-85}%1.2 1, Ultraviolet-visible spectrophotometer
(Cary 3500, Agilent Technologies Co., Santa Clara, CA,
USAYE ©]&sto] 550 nm dPolA EFF=E 75t
glucose(Sigma-Aldrich, St. Louis, MO, USA)S F&FEZ=Z
AEFTAE A4dsto] ghibsaltt. ofAute E42 Choi &
(2011)9] Aol AAIE AA, 24 WS 7 45t A
ottt &, 1087 223 A sto] Almof EAsk= T4t
7FAE AASHL, 60°CY] 87404 1587t 7126t 4TS
< SLAFTE o] Tl AAE ¢l Carrez IHHE S&
SIL, o] dg YHET S AFFAE 0.22 um HE o7}
o] BEXof o]835l9th EA4L Hitachi LaChrom C18 column
(5 pm, 4.6 mm LD. x 250 mm, Hitachi High-Technologies
Co., Tokyo, Japan)S A&t HPLC(LC-20A, Shimadzu Co.,
Kyoto, Japan)E 0]-85}9 .01, 0|54 CH;CN / 0.01 mol/L
KH,PO4(pH3.18)=15/84(v/v), detector UV210 nm, flow rate
0.8 mL/min, injcetion volume 10 uL XACE st pHE
pH meter(Orion 3 Star Benchtop pH meter, Thermo Fisher
Scientific Inc., Waltham, MA, USA)Z &435}9c} AL A
= 10 mLE ¢35} 0.1 N NaOH(Yakuri pure chemicals Co.,
LTD, Kyoto, Japan) 240 =& pH 7.00] & wj7}x] &*5}0]
1 = Z4te = gHibsto] Uelint opn|ieAt S Alm
10 mLo] H=x=eQl AA[9FS 7}ste] 0.1 N NaOH -§H o
= g2 B340 U w7k A4t & SAAZETY &9
(Yakuri pure chemicals Co., LTD) 5 mL o] thA] 0.1 N
NaOHE 92 ¥-380] Ug u7}x] 23 gko.2 vefsick
A= SR AR 30 mLof| HlEXE|Ql AR 7Tt
© 0.1 N NaOH $9002 g2 25M0] e W4 49
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o} FESt= THE Boto HE ALE T 2HE HdE2
659 Algt Aol A Fo5HA AAEHE o] &

IO REEEES ST EN AR B4 B4 &
o}g EZlolth HARRAS 9l 72t 8= F740] =
F88t ol 20 mLA A F = OH, FHA St Al A}
2] A& #7]5F0] Wiliam’s latin square®(Schlich 1993)°]
ojs) AHaHA ANSHRT. 2 o] Bge) Bl 158 Ax
0E A8l WS ok 1Y, WS 4G 15902
HHEE SHgoM, BE BAL 33 W Sguel

23 oz Y 82 55 ¥ 24

ukAz] o] B RS 2317 Yolo] Liquid-liquid continuous
extraction(LLCE) $&H& AR&513itt. 2F42]9} dichloromethane
2 12 H| &R 3 & JYEHEFEZ 2-ethyl-1-hexanol 1 mg/mL
(wv)E &8sto] 3027t 300 rpm9] £E2 wrksto] SWiE
F&319tt. &5 o]7X(Whatman No.41 filter paper,
Whatman International LTD., Maidstone, England)& A8-5
o] Z sl ojat % 718 3 Belalol FFPAUERS
2 FES AR #2& AAT & S solvent-
assisted flavor evaporation(SAFE)S ©o]-83lo] 3¢t &S +
Z5Ft}y. AT HI(WSA Co., Ltd, Seoul, Korea)E 0]-&3
o 3x10°% ZYste] I B =& T vigrux distillation
column(Vacuum Jacketed, 300 mm)S AR&-5}0] 3 mL7HA] &
SAZ & AA7MAR 0.1 mL7HA] HF FuE S5 24
Alm=Z ARESAH.

B B B2 Agilent 7890B GC(Agilent Technologies,
Inc., Santa Clara, USA)?} 24 X7} t}E DB-wax column(30
m x 0.25 um LD. x 0.25 pm film thickness, J&W scientific)
¢} HP-5MS column(30 m x 0.25 pm LD. x 0.25 pm film
thickness, Agilent)& &-85}0] ~35}9c}. DB-wax column
2 o83k B 2AL GC oven L 7] 40°COIA SE7H
$AI% T, SCmin®] $EL 200°07H] $-£3}0] 2083
A5t HP-5MS column& ©o]-&3%t B4 AL 27| 40°C
oA SEZF 4RI &, 3°C/min2] £E2 $L51oH, o]F
5°C/min®] &2 200°C7HA] 52510 1087t FAI5k3A °]
ZAF 7IAE HeCE 1 mL/minC 2 AA5}H o™, split 30:1
ZACE 2 uL FY5}9tt. MSD-Olfactory Detection Port 3
(Agilent Technologies, Inc., Santa Clara, USA)(Gerstel,
Miilheim an der Ruhr, Germany)+ detection temperature 25
0°C, inoinzation energy 70 eV, Mass scan range 33-350 a.m.u
2 dAsit. 3 HE 532 Retention Indices(Rls)2}
NIST library(NIST 17)5 v|usle] 35ttt sigE9 RI
U alkanes EEEH(Cr-Co)S FUTIO] SASI. 2T
4Ro| Fegre FoleazvtEld(Tco] A WEE
WREEEAS) culstol AT,
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24. GC-OF 0/&zt 8V 24 &2 24

2 QATONE A%k urele] g7] B4 ARe Sela] 9)
stol, ot AHRAAUNS| SAS ol 2atsict
(IRB No. WKIRB-202304-HR-017). A|%} u}A2] o] 7] B4
gEE 7 EnEIH o] 37 A[A"S AAT GC-0F
ol-gsto] F&T Algo] IH HEEY F
ov] 7718l % B4 Hslall g B4 AR50 AdHel
F=E gristy] gt o g 7 giEzos &85y 9]
& aroma extract dilution analysis(tAEDA)E AA|5}th &
Nof| Z|ZF3t dichloromethane 3uj42 HAA O 2 5|45
HaL sl 2 pLE FAT T sniffing porto] Al A==
/g HAEY retention times 7]1E3 T 9 FFES HAZE G
OVg U 9 tA Bstol T 518 A(Mavor dilutioin
FD)Z T39I Sniffing® EALL 5 A9 270] <Jo]
stelom of7]A ¥ojZl logs FD g Batsto] 3 /4 4+
o] Aol Axg Yer|ict

O 1

2.5, 8rZ3/9/ OAVs £=

ubde|o] Z- g7] 89 AA 719 =g Bt flote] &
7] FE9 =& ot HE9 odor threshold2 o]
OAVsE ofef 4|3} Zo] A5t} 7] =9 dal= 7|&
23S 215 ck(Table S2).

OAVs = Concentration of compound / Odor threshold

value

2.6. SAx2/

£ AFolA & pythong °] &3 5A £45 Ao,
pandas, numpy, scipy= H|°]E]lE A 2|5}17, matplotlibZ} seaborn
oz Nz ) SAO] Tl FAEEH principal
component analysis, PCA)E Z-&35}o] A|57t, A|5e} ) &
47 BAE EASEAL biplot e & A5t GC-0, OAVs
oA =&H F8 A&} Fr| E4 1+ A= pearson A
THEAZ 53l BrlskloH, AAl2] dhigho] 0.6 o<l
A5 st AlAElskgleh GC-02F OAVs HoJE = log
scaleZ W3} & bubble heatmap O 2 A|ZSlelgion, R E &
A& p<0.05 204 948 BkeR

-

3. Za ¥ 1y

3.1. 2Za erye
uhge) 65o] e Qe B4 Aik BE BA g

A& bl 7oA Rl ZfolE B oH o] Table 19 LR
o gpdEolA A3 Ta oA o] ofsf go] Ak
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Table 1. Quality characteristics of commercial makgeolli (M1-6)

Sample  Alcohol Soluble solids Reducing sugar Aspartame pH Acidity Amino acidity Volatile acidity
(%) (/100 mL) (mg/L) (%) (ml/10 mL)  (mg/L)

Ml 12.3742.05*  14.60+0.20 6.81+0.31° 0.00+0.00¢ 4.35+0.02° 0.42+0.04° 3.7740.19° 133.60+16.31°
M2 7.53+0.06° 6.83+0.06° 1.18+0.18¢ 107.40+5.13°  4.29+0.01° 0.20£0.01° 1.27+0.29° 50.30+4.16¢
M3 6.17+0.32° 4.000.00° 0.50+0.01¢ 147.42£16.43°  3.97+0.03° 0.24+0.02° 1.08+0.05° 124.20+4.20°
M4 7.00£0.10° 12.40+0.30° 5.90+0.53° 0.00+0.00* 4.55+0.04° 0.200.01° 4.73£0.11° 76.40+4.16°

M5 11.70£0.00° 19.93+0.31° 12.08+0.97* 0.00+0.00¢ 3.93+0.02° 0.85+0.01° 5.30+0.08" 536.00+19.29°
M6 7.00+0.17° 8.63+0.15¢ 3.73+0.09° 3142042.40°  3.46+0.04° 0.82+0.00° 1.79+0.01¢ 1,104.60+31.87*

DAIl values are mean+SD (n=3).

IDifferent small letters in the same column indicate a significant difference (p<0.05) by Duncan’s multiple range test.

H A7E(Kim 5, 2022; Lee?} Park, 2010), 922 9] Zu|e}
HEo A9 9F= P EE I8 =8 gEF= A
#31 FAlo] HFARA A FolA= AnRte] A9 gRlow &
B (Kwak 5, 2017). 922 659 ¢3S g 24 A5,
M1 M57F O AR &2 52 YERth 2-ae A
2 Al AFEE 959 2ol oA AGEE 7, F714L off
A 52 7HEA 120 2= o] A=Y urde ] v
o} Frgo] 7]o==t(Kang 5, 2014), B2 65 5 M57}
7V =4 e B3 a3y S S| 4HEA| ekl
H2 B0 A=E fold 4 Qe TET EIF M504 7
A UEhy s AR 3ol 7MY A4 JE ok Ae &
4= QI WA Aebde] o] A9, A&l Fo] dotloH &
S YoM FRZE HeEY A e IS 50| 9]
2013 % 9lof WA "o ohd oAuE HAH|E et
(Park 5, 2011). & AojAE= F2 3 §HeFo] 5.9 ¢/100
mL H[THI A FoA ofAntEs H7Isto] ©gts HEshe A
o= U

oA @tS Uelis B3 oA Algts Folsh= A
o] EAsto] £3F5 o]FH(Woo 5, 2010), H[EE A4
T £33 92 slti(Lee, 1968; Lee} Lee, 2000). 2H2 ]
6%59] pHE 3.46-4.55, T4 0.2-0.82%% UERGOoH, 35|
M58} M6o] At dFo] =SIth Alg F M58 M6 Ao
FS A9 MANA 2 Azoto] BRI offet Amet
SARE EAE] fEd] REE F7HH0E A g
Ao g HOltkKang 5, 2015b; Seo 5, 2005). S}A|4F o] 2

Qs 27] BB A EHE Akgo] A83to] A T

o] %7 et 102 shereTKChoi 5, 2020).

wh, R e ASEE A3 wo] Zeh thaido] BafEly]
ofvliAto] A4, vlEe] Qopelo s ol &gt Sl
ZHduto| = J3kS = QQlo|th(Erasmus, 2005; Kang 5,
2015a). o]=gt opn| At FF TS M5 AlRolA 7HY A
UERET. B da dgolu A% Sof A EE Ak
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o & Hu
H“ b
mm |o

EJ ] o}E}(Fleet 1993 Jeong S, 2013).
A g NREE Fol7h 27 e B
M52} M6°] thE AlZE0] HIsl FolAor w2 7
o} mEkA s AlZEO|A Akt oJgt Wart AP S
7Fs/dE AlARI.

3.2 BMENS 58 922 B0 54
we] 652 HFA RARAS Sua 23, § B4 87
(alcohol, banana-like, nuruk-like, pear-like, fermented, lemon-
like, cinnamon-like, roasted grain-like)2} BF £4 27l (sweet,
sour)’h E2HL0H, 34 Az 2 Pl Sgol 1 A
o7t £ApsISic. WAV 45| Bof HEsel olg o
HEEEHZ Table S30] HEHIL, HAREAH S &8 =2€ &
] EAo]| tst =& rader chart® Fig. 1°] LEFHTE
Eﬂ—ﬁﬂgi T‘)’J:jq- E]'Oﬂ _Z,__Q,_ﬁ} EX o] 3}o] 5]04_‘:.1:1] MI.Q_
sweet¥} fruit flavor(pear-like, banana-like), nuruk-like7} &3]
7ol o, M2 A= alcohol, banana-like EA4J0] FEHA
t}. M3+ roasted grain-like £440] E3| =4 H7lEgloH,
M40 A= sweet, fruit flavorZ} B4 735ttt ¥HH M5O
A= cinnamon-like7} S-U5HA B71= 9110, sour, lemon-like
7} & Aol 8] 73kl on, M6oj| A= fermented S/3°]
55 24 BT A 2 Ao A8 e 6%
o] AL FFL 6.17-1237%=2 2 AJol& HYo, &n E
A3} {95 ABS HolA] ek, ol ITL T 2
WA Az HAlo) 7|1t Ao g et dutd o g ubg
Pt wa 9w AHo] ¢Re o] 15% ot A 3
ROl & B/1S B9 U fgo] 2AH, o) YA
Aol Az PHe Mejse A0 Holed], U3 Y= 2
7| 83 4 /4T 58 2k YL o3 He a5

Ao FEE A A wABIReH, e dAES A
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makgeolli flavor

alcohol
15

banana-like

sour 13

sweet nuruk-like

roasted grain-ike pear-like

cinnamon-like fermented

lemon-like

—M1 M2 —M3 M4 —M5 —M6

Fig. 1. Radar chart representing the intensity of flavor attributes
in makgeolli based on quantitative descriptive analysis.

HolM ashe @9 BYsly] ofiuteE 71 AL

Holoh B3, AA &g AT Aol d4jske ¢EE 4
Zof| ZolE BJEd, E3] M29] 39, AA &I oF

o o

(7.53%)°] EA ¥l alcohol E4Jo] A AAH A
FAH(1.18 /100 mL)F AHE(0.20%)7} Aoz do
alcohol E40] f 2Zd Aoz ALt v MsE 7%
=2 7Y ¢FE(11.70%)S oL S0l 52 G
(12.08 g/100 mL)2} AHE(0.85%)F 3] alcohol Fro] AfiZ]
o7 oA F7he Aog Helth o= uhAdz|9] Fu| E4o]
des] FFE AFETE G, AL 5 O ARSI 594
A Aozkgol s 2FEe AR

-

updele} A7t BAZE R0 17 B4tk Aae ot
317] Sla) Am0] B4 7ol el 4% B4 AXsct
(Fig. S1). & A 74.82%(A|1 FAE=45.82%, A2 ZAE

=29.01%)Z UEEOo M, A1 F4480] Q) M1, 2, 3, 42} M5,
6] A o]F3oH A2 FAEA sl ML, 4, 5, 69} M2,
30] A& o|F Rt All F/dEC] 2] ®WRFO 2= banana-like,
nuruk-like, alcohol, pear-like, roasted grain-like7} $J*]|5}%12.
o, 9F9] HgFoll= cinnamon-like, lemon-like, fermented, sour
7F 7oA FobE|Qlch. ER, A2 RS Al FE FA %
A =2 A98E Ueilet, 29 HEeE Fotd Alse
roasted grain-likr@} 735 AFHASS YERASIT

o213t Al&7t | 549 Hpol= 2710 IRt TaA%}
1 59 vdEo] $8% JTZ o AR YEHTH(Han
, 1997; Lee 5, 2012). JA7F A7} A28 QA rE= A
™ BRE H7FSHA| ot A|lxsta, FHEA Zit 5 4]

fo

ol oft

https://www.ekosfop.or.kr

=9rd M52 M6L fermented EAJF} lemon-like, sour”} 735}
A R RS L S YA WE FLs AREEE A
LolHA RS HI7ISHA] P2 M12 banana-like, pear-like2}
22 3 Agko] A YER}Y, sours ZA| Q1A E0] M5, M6
e E2E AR YER o]2e Aol2 B W, +5S
A7k Azetol BAGlE BAS Az AL HEF o1
A Zmolq $2 ol e Hekel B4 Br1E B9 Yot
£ @119 4A8E Azl APt 55 Axste Aol
8% Ao weHE

e

ol

3.3 8lZe gl &2

2ZeoflA GC-MSE &3l T A& 43 Ad&o] HEHUL
o 7t Algd AEe BEE AlZslsto] Fig 20 Y]l
= akAZ] o)A ethyl acetate, 1-propanol, isobutanol, isoamyl
alcohol, 3-ethoxypropanol, ethyl octanoate, acetic acid, 2,3-
butanediol, ethyl decanoate, methionol, ethyl laurate, 2-
phenylethanol, ethyl palmitateo] £AJ5}91.0 1, o] & isoamyl
alcohol, 2-phenylethanol, ethyl acetate, acetic acid, isobutanol
o] 2% JEO=E Ueiith o5 dRIES WA I A
45, vde9] 7] ZE0AE FAske o Sa% I
St} Park 5(2014)°f] W= isoamyl alcohol, 2-phenylethanol,
ethyl-4-hydroxybutanoate, 2,3-butanediol”} ZFAg]of] FQ 3t
AEOoZ YERFE O™, Jung 5(2014)0 W= 2-phenylethanol,
isoamyl alcohol, ethyl hexadecanoate, ethyl(Z)-octadec-9-
enoate, ethyl-9,12-octadecadienoate®] TrAE] 12F0)A £&
H&-S ZAok= A2 B0f alcoholFo} ester7F 24 2] of 4]
707 S AR AL AT 5 AT 59 o) A7}
2 17 BEO|A isoamyl alcohoh® HAoIA F85H
SH 0N, 2 HEZ ARsto] AutAQl vdd g7l 2
A 71998 Aoz wotE ). oyt nE wdao] 44 ek
A3 GEOIEE FARE FFoE EAT BF AR Ao
£ FESE JEL ofd o0& Az Het vhH AR EZ Alo]
£ Hol: AHo] A=Y, M1 2 A|ZHT} acetoin,
2,3-butanediol®] 735}A] =&} 2. M, propylen glycol, ethyl
isobutyrate, acetol, 2-hydroxy-3-pentanone, ethyl nonanoate
o] gt Aol thE AlRoM= HEEHA LA g
07 Uegt. M2E isoamyl acetate”} =7 HEE0H,
M52} M62 GALSHA| tfE A|ZHT} ethyl lactate, acetic acid
2} monoethyl succinate”} 73514 &%= A0 & YERGTH
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Fig. 2. Heatmap of volatile compounds in commercial makgeolli
analyzed by GC-MS.
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Table 2. Aroma active compounds in commercial makgeolli by GCO

No. RI” Possible compounds Odor description” Flavor dilution factor (=log; FD)"

DB-wax HP-5MS M1 M2 M3 M4 M5 Mo
1 <1000 -2 Unknownl Creamy ND¥  ND ND ND ND 0%
2 <1,000 - Ethyl propionate Fruity, sweet 1.5 1 ND 1 3 3
3 <1,000 <700 Diacetyl Banana 2 ND ND 4 ND ND
4 1,043 - 1-Propanol Fruity, sweet ND 2 1.5 2.5 1 ND
5 1,067 - 2-Methyl-1,3-dioxane Fruity, sweet 2.5 ND ND 3 2.5 ND
6 1,078 - Ethyl isovalerate Fruity, sweet ND ND ND ND ND 2
7 1,086 - Unknown2 Floral ND ND ND ND 1.5 ND
8 1,131 823 Isoamyl acetate Slight fermented ND ND 1 ND ND ND
9 1,147 - Ethyl valerate Fruity ND ND ND ND 1.5 0
10 1,149 <700 1-Butanol Sweet 1 ND ND ND ND ND
11 1,190 - Unknown3 Makgeolli 0.5 ND ND ND ND ND
12 1,208 739 Isoamyl alcohol Fermented, wine, moldy, cheese 3.5 35 3 4 3.5 4
13 1,238 - Ethyl hexanoate Sweet ND 0.5 ND ND ND ND
14 1,261 - Isoprenol Peppermint-like ND ND ND ND ND 0.5
15 1,316 - Unknown4 Banana, fermented 3.5 ND ND 2 1 ND
16 1,350 926 Ethyl lactate Almond, acidic, nutty 3 2 3 1 3.5 2
17 1,385 841 3-Ethoxypropanol Buttery, wine 1 0.5 ND ND ND 1
18 1,450 <700 Acetic acid Acidic, vinegar 2 2 1 3 4 3
19 1,480 980 Methional Roasted almond, grain, potato-like 5 3 35 4 3 2.5
20 1,510 - Unknown5 Moldy ND ND 2.5 ND ND ND
21 1,549 788 2,3-Butanediol Candy-like, sweet, fruity 0 1 ND 0 3 2.5
22 1,571 - Isobutyric acid Sweet, floral, fruity 1.5 0 ND 3 1 1
23 1,605 - Unknown6 Grain ND 2 1.5 ND ND ND
24 1,623 - Ethyl decanoate Cheese, fermented, moldy 1.5 4 2.5 3 2 2
25 1,643 1,183 Diethyl succinate Cheese, fermented, moldy 4 3 4 4.5 3.5 4
26 1,665 980 Methionol Vegetable, roasted, grain 35 4 3 35 2.5 4
27 1,674 - 1,3-Propanediol diacetate Potato, grain ND ND 2.5 ND ND ND
28 1,808 - Phenylethyl acetate Slight acidic, fruity ND ND 0 2 ND ND
29 1,826 - Unknown?7 Nutty ND ND ND ND 1 ND
30 1,849 1,597 Ethyl laurate Nutty ND ND 0 ND ND ND
31 1,873 - Unknown8 Floral ND 1 ND ND ND ND
32 1,926 1,120 2-Phenylethanol Floral, rose 4.5 4 4 5 4.5 4.5
33 2,008 - Unknown9 Grain ND 2 ND ND ND ND
34 2,044 1,368 y-Nonalactone Burnt sugar, candy-like 35 1 4 ND 3 35
35 2,083 - Unknown10 Cotton candy-like 35 ND 4 ND ND ND
36 2,184 - Lactic acid Fruity, sweet, slight banana ND ND 1 4.5 4.5 2.5
37 >2,200 1,317 4-Vinylguaiacol Grain ND 1.5 ND ND ND ND
38 >2200 1,997 Ethyl palmitate Sweet, slight floral ND ND 1.5 0 2.5 2.5

YRetention indices were determined using n-paraffins C;-Cy, as external standards.
PRespective compound was not detected on HP-5MS column.

) Aroma properties perceived at the sniffing port.

YFD factors by two panelists.

ND means that not detected during sniffing.

9FD factor <l means that the respective compound was not detected during sniffing of the undiluted extract.
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Fig. 3. Heatmap of volatile compounds in commercial makgeolli
analyzed by OAVs.
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Table 3. Major volatile compounds detected in makgeolli samples
by GCO and OAV

Classification Code Compound
Alcohols ALIL 2-Phenylethanol
AL2 Methionol
AL3 Isoamyl alcohol
AL4 2,3-Butanediol
Esters ES1 Ethyl decanoate
ES2 Diethyl succinate
ES3 Ethyl lactate
ES4 Ethyl octanoate
ES5 Ethyl isovalerate
ES6 Ethyl undecanoate
ES7 Ethyl isobutyrate
ES8 Ethyl butyrate
ES9 Ethyl hexanoate
Organic Acids ACl Acetic acid
AC2 Lactic acid
AC3 Butyric acid
Carbonyls COl Diacetyl
CO2 Acetoin
Others OT1 Methional
OoT2 y-Nonalactone
OoT3 4-Vinylguaiacol
Unknown UK1 Unknown4
UK2 Unknown10

A EAoA F5F Tt Auso] ZEESI Isoamyl
alcohol2 alcohol(r=0.934)} banana-like(r=0.907) &1} 735t
Fo FBBAES YEHHCM, Hong 5(2012)9] AFoAE
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butanediolo] 92| 0] TATFT} LA F P4 FAo 7|49t
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Supplementary materials

Table S1. Ingredients and alcohol content information listed on the sample labels

Sample Alcohol  Starchy raw material ~ Fermentation agent Yeast Sweetener Acidulant

Ml 10 Rice Traditional nuruk

M2 8 Rice, wheat flour Refined enzyme, Ipguk o Aspartame, rice syrup, glucose,
isomaltooligosaccharide

M3 6 Rice, puffed rice Traditional nuruk, Ipguk o Maltooligosaccharide, aspartame Citric acid

M4 6 Rice Traditional nuruk o

M5 13 Rice Traditional nuruk (Self-production)

M6 6.5 Rice Traditional nuruk (Self-production) Rice syrup, sugar, aspartame
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Table S2. Odor threshold values of major volatile compounds in makgeolli

No

Compounds

Threshold
(mg/L)

Matrix

Reference

Ethyl acetate

5.00

‘Water

Pino JA, Mesa J. Contribution of volatile compounds to mango (Mangifera
indica L.) aroma. Flavour Fragr J, 21, 207-213 (2006)

1-Propanol

9.00

Water

Pino JA, Mesa J. Contribution of volatile compounds to mango (Mangifera
indica L.) aroma. Flavour Fragr J, 21, 207-213 (2006)

Isobutanol

6.51

Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)

Isoamyl acetate

1.60

‘Water

Quilter MG, Hurley JC, Lynch FJ, Murphy MG. The Production of Isoamyl
Acetate from Amyl Alcohol by Saccharomyces cerevisiae. J Inst Brew, 109,
3-90 (2003)

1-Butanol

0.46

‘Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)

Isoamyl alcohol

0.30

Water

Pino JA, Mesa J. Contribution of volatile compounds to mango (Mangifera
indica L.) aroma. Flavour Fragr J, 21, 207-213 (2006)

Ethyl hexanoate

0.002

Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)

Acetoin

0.01

‘Water

Boonbumrung S, Tamura H, Mookdasanit J, Nakamoto H, Ishihara M,
Yoshizawa T, Varanyanond W. Characteristic aroma components of the
volatile oil of yellow keaw mango fruits determined by limited odor unit
method. Food Sci Technol Res, 7, 200-206 (2001)

Ethyl lactate

128.00

Water

Fan WL. Determination of odor thresholds of volatile aroma compounds in
Baijiu by a forced-choice ascending concentration series method of limits.
Liquor Making, 38, 80-84 (2011)

10

3-Ethoxypropanol

10.00

Beer

Barrett J, Halsey SA, Peppard TL. Flavour stability of ales brewed using
hydrolysed maize syrup-sensory and analytical aspects. J Inst Brew, 89(5),
356-360 (1983)

Ethyl octanoate

0.02

Water

Giri A, Osako K, Okamoto A, Ohshima T. Olfactometric characterization of
aroma active compounds in fermented fish paste in comparison with fish sauce,
fermented soy paste and sauce products. Food Res Int, 43, 1027-1040 (2010)

12

Acetic acid

99.00

‘Water

Czerny M, Christlbauer M, Christlbauer M, Fischer A, Granvogl M, Hammer
M, Harti C, Hernandez NM, Schieberle P. Re-investigation on odour
thresholds of key aroma compounds and development of an aroma language
based on odour qualities of defined aqueous odorant solutions. Eur Food Res
Technol, 228, 265-273 (2008)

Isobutyl lactate

340.00

14% EtOH

Moreno JA, Zea L, Moyano L, Medina M. Aroma compounds as markers
of the changes in sherry wines subjected to biological ageing. Food Control,
16, 333-338 (2005)

2,3-Butanediol

‘Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)

15

y-Butyrolactone

20.00

Water

Takahashi K. Study on shelf life of sake. J Brew Soc Jpn, 85, 286-292 (1990)

16

Ethyl decanoate

0.01

‘Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)
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(continued)

Compounds

Threshold
(mg/L)

Matrix

Reference

17

Isovaleric acid

0.49

Water

Czerny M, Christlbauer M, Christlbauer M, Fischer A, Granvogl M, Hammer
M, Harti C, Hernandez NM, Schieberle P. Re-investigation on odour
thresholds of key aroma compounds and development of an aroma language
based on odour qualities of defined aqueous odorant solutions. Eur Food Res
Technol, 228, 265-273 (2008)

18

Diethyl succinate

100.00

14% EtOH

Moreno JA, Zea L, Moyano L, Medina M. Aroma compounds as markers
of the changes in sherry wines subjected to biological ageing. Food Control,
16, 333-338 (2005)

19

Methionol

0.12

Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)

20

Ethyl isovalerate

0.003

11% water/ethanol
solution containing
7 g/L glycerol and
5 g/L tartaric acid,
pH adjusted to 3.4
with 1 M NaOH

Escudero A, Gogorza B, Melis MA, Ortin N, Cacho JA, Ferreira V.
Characterization of the aroma of a wine from maccabeo: key role played by
compounds with low odor activity values. J Agric Food Chem, 52(11),
3516-3526 (2004)

21

Phenethyl acetate

0.25

Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)

22

Ethyl laurate

5.90

‘Water

Pino JA, Mesa J. Contribution of volatile compounds to mango (Mangifera
indica L.) aroma. Flavour Fragr J, 21, 207-213 (2006)

23

2-Phenylethanol

1.10

‘Water

Pino JA, Mesa J. Contribution of volatile compounds to mango (Mangifera
indica L.) aroma. Flavour Fragr J, 21, 207-213 (2006)

24

Ethyl myristate

4.00

water

Pino JA, Mesa J. Contribution of volatile compounds to mango (Mangifera
indica L.) aroma. Flavour Fragr J, 21, 207-213 (2006)

25

Lactic acid

Air

Endo R, Kohgo T, Oyake T. Research on odor nuisance in Hokkaido (part2).
Chemical analysis of odors. In: Proc of the 8th Annual Meeting of the Japan
Society of Air Pollution, Symposium (1): Hazard nuisance pollution problems
due to odors (1967)

26

Ethyl palmitate

2.00

Water

Pino JA, Mesa J. Contribution of volatile compounds to mango (Mangifera
indica L.) aroma. Flavour Fragr J, 21, 207-213 (2006)

27

Monoethyl succinate

1,000.00

14% ethanolic solution

Moreno JA, Zea L, Moyano L, Medina M. Aroma compounds as markers
of the changes in sherry wines subjected to biological ageing. Food Control,
16, 333-338 (2005)

28

Ethyl linoleate

0.45

9.4%(w/w) grain spirit

Salo P, Nykanen L, Suomalainen H. Odor thresholds and relative intensities
of volatile aroma components in an artificial beverage imitating whisky. J
Food Sci, 37, 394-398 (1972)

29

Acetal

0.0049

‘Water

Fritsch HT, Schieberle P. Identification based on quantitative measurements
and aroma recombination of the character impact odorants in a Bavarian
Pilsner-type beer. J Agric Food Chem, 53, 7544-7511 (2005)

30

Diacetyl

0.01

‘Water

Leksrisompong P, Barbano DM, Foegeding AF, Gerard P, Drake M. The roles
of fat and pH on the detection thresholds and partition coefficients of three
compounds: diacetyl, decalactone and furaneol. J Sens Stud, 25, 347-370
(2010)

31

Isobutyric acid

6.55

‘Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)

https://www.ekosfop.or.kr



Predicting aroma compounds in makgeolli using multivariate analysis

(continued)

Compounds

Threshold
(mg/L)

Matrix

Reference

32

Ethyl undecanoate

0.00

Air

Goldenberg DM. Geruchswahrnehmung und Schwellen von Duftgemischen
beim Menschen. Hals Nasen Ohrenheikunde, Zwanglose Schriftenreihe, 19,
Barth, Leipzig (1967)

33

Ethyl Oleate

0.87

9.4%(w/w) grain spirit

Salo P, Nykanen L, Suomalainen H. Odor thresholds and relative intensities
of volatile aroma components in an artificial beverage imitating whisky. J
Food Sci, 37, 394-398 (1972)

34

Propylene glycol

340.00

Water

Alexander HC, McCarty WM, Bartlett EA, Syverud AN. Aqueous odor and
taste threshold values of industrial chemicals. ] Am Water Works Assoc, 74,
595-599 (1982)

35

Ethyl isobutyrate

0.00002

‘Water

Seideneck R, Schieberle P. Comparison of the key aroma compounds in
hand-squeezed and unpasteurized, commercial NFC juices prepared from
Brazilian Pera Rio oranges. Eur Food Res Technol, 232, 995-1005 (2011)

36

Acetol

10.00

Water

Takahashi H, Sumitani H, Inada Y, Mori D. Identification of volatile
compounds of kombu (Laminaria spp.) and their odor description. Nippon
Shokuhin Kagaku Kogaku Kaishi, 49, 228-237 (2002)

37

2-Hydroxy-3-pentanone

0.01

Water

Boonbumrung S, Tamura H, Mookdasanit J, Nakamoto H, Ishihara M,
Yoshizawa T, Varanyanond W. Characteristic aroma components of the
volatile oil of yellow keaw mango fruits determined by limited odor unit
method. Food Sci Technol Res, 7, 200-206 (2001)

38

Ethyl nonanoate

0.38

Water

Pino JA, Mesa J. Contribution of volatile compounds to mango (Mangifera
indica L.) aroma. Flavour Fragr J, 21, 207-213 (2006)

39

Isobutyl acetate

0.03

Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)

40

Ethyl butyrate

0.0009

Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)

41

Ethyl 3-hydroxybutyrate

2.50

Water

Takeoka GR, Buttery RG, Turnbaugh JG, Benson M. Odor thresholds of
various branched esters. Lebensm Wiss Technol, 28, 153-156 (1995)

42

Butyric acid

0.0020

Water

Czermy M, Christlbauer M, Christlbauer M, Fischer A, Granvogl M, Hammer
M, Harti C, Hernandez NM, Schieberle P. Re-investigation on odour
thresholds of key aroma compounds and development of an aroma language
based on odour qualities of defined aqueous odorant solutions. Eur Food Res
Technol, 228, 265-273 (2008)

43

4-vinylguaiacol

0.01

‘Water

Giri A, Osako K, Ohshima T. Identification and characterization of headspace
volatiles of fish miso, a Japanese fish meat based fermented paste, with special
emphasis on effect of fish species and meat washing. Food Chem, 120,
621-631 (2010)
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Table S3. Definition and standard solution of sensory attributes recognized in makgeolli

Attributes Written definitions Standard reference
Odor
Alcohol Odor associated with alcohol 15%(w/v) Ethanol
Banana-like Odor associated with banana peel 1 cmx1 cm banana peel
Cinnamon-like Odor associated with cinnamon 0.25% cinnamon aroma
Fermented Odor associated with activated yeast Fermented sugar solution (20%) for 24 hr by 1.5 g yeast
Fruity Fruity odor associated with pear Crushed pear 15 g/100 mL distilled water
Lemon-like Citric odor associated with lemon Lemon
nuruk-like Odor associated with nuruk 10 g nuruk/ 100 mL warm distilled water
Roasted grain-like Odor associated with grain Consilktea drink (LotteCo., Ltd., Anseong, Korea)
Taste
Sour Basic taste characterized by a solution of citric acid 0.25%(w/v) citric acid
Sweet Basic taste characterized by a solution of honey 6%(w/v) honey
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Fig. S1. PC loadings of the sensory attributes (A), the 6 makgeolli samples (B) evaluated by panels.
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Table S4. Comparative analysis of volatile compounds detected in samples by GCO and OAV

Classification Code Compound Analysis Concentration range" Detection in samples”
Alcohols ALl 2-Phenylethanol GCO 81-243 M4>M1=M5=M6>M2=M3
OAV 34-116 MI1>M2>M3>M5>M6>M4
AL2 Methionol GCO 18-135 M6>M4>M2>M1>M3>M5
OAV 20-60 MI>M6>M4>M5>M3>M2
AL3 Isoamyl alcohol GCO 27-81 M4=M6>M1=M2=M5>M3
OAV 345-730 MI1>M2>M5>M3>M4>M6
AL4 2,3-Butanediol OAV 24-685 MI>M5>M4>M3>M2>M6
Esters ES1 Ethyl decanoate GCO 6-81 M2>M4>M3>M1=M5=M6
OAV 248-838 M3>M2>M4>M6>M1>M5
ES2 Diethyl succinate GCO 27-162 M4>M1=M3=M6>M5>M2
ES3 Ethyl lactate GCO 3-54 M5>M3>M6>M1>M2>M4
ES4 Ethyl octanoate OAV 31-92 M2>M1>M3>M4>M5>M6
ESS Ethyl isovalerate OAV 0-826 MS5>M6
ES6 Ethyl undecanoate OAV 0-875 M4
ES7 Ethyl isobutyrate OAV 0-20203 Ml
ES8 Ethyl butyrate OAV 0-899 M2
ES9 Ethyl hexanoate OAV 0-240 M1>MS5
Organic acids AC1 Acetic acid GCO 3-135 M5>M6>M4>M1=M2>M3
AC2 Lactic acid GCO 0-162 M4=M5>M6>M3
AC3 Butyric acid OAV 0-637 M2
Carbonyls CO1 Diacetyl GCO 0-81 M4>M1
OAV 0-654 M4>M1
CcOo2 Acetoin OAV 0-3221 MI1>M4>M5
Others OT1 Methional GCO 18-405 MI>M2>M3>M4>M5>M6
OoT2 y-Nonalactone GCO 0-81 M3=M1
OT3 4-Vinylguaiacol OAV 0-598 M2
Unknown UK1 Unknown4 GCO 0-54 MI1>M4>M5>M2=M3=M6
UK2 Unknownl0 GCO 0-81 M3>M1>M2=M4=M5=M6

UConcentration ranges are expressed in their original units of measurement for each analysis method.

IDetection in samples indicates the relative abundance of compounds across samples, arranged in descending order of concentration (“> higher,

equivalent).
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