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Abstract This study compared the quality of fifteen commercial makgeolli collected from five
Korean regions and classified them by starter: rice nuruk (RN, n=3), wheat nuruk (WN, n=6), and
wheat nuruk with exogenous yeast (WNY, n=6). We measured alcohol, pH, titratable acidity, soluble
solids, and reducing sugars under national standards, profiled taste with an electronic tongue and
volatiles with an electronic nose, and analyzed the data by PCA and PLS-DA. Alcohol ranged from
5.43 to 12.82% (v/v), pH from 3.39 to 4.74, titratable acidity from 0.21 to 0.71% (v/v, citric acid
equivalents), indicating an overall mildly acidic profile. RN showed lower residual sugars and higher
alcohol than WN and WNY, consistent with faster saccharification and more complete fermentation.
All three electronic-tongue scores (sourness, saltiness, and umami) were highest in the RN group,
with sourness and umami tracking titratable acidity, whereas WN and WNY showed a more
moderate overall taste profile. In makgeolli, sixty-four volatiles were detected and ten high-
discrimination markers (discrimination power >0.900) separated products according to starter type,
with RN characterized by ethyl 2-methylbutyrate and 2-butanone, WN by butanol/propanol and ethyl
acetate, and WNY by isoamyl acetate. PLS-DA and heatmaps corroborated these modules (acid-taste
for RN; alcohol/carbonyl for WN; ester-acetate for WNY). Collectively, these indicators, such as
pH-acidity, residual sugar-alcohol balance, and ester/alcohol ratios, offer actionable targets for

selecting nuruk or yeast and standardizing makgeolli quality.
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At Afo B AL FERFT QIthKim 5, 2016; Noh 5, 2012).
2 F5 Bof d3= YE(Seong 5, 2021), FE(Nami}
Kim, 2024), % F(Bang 5., 2016) 53} go] whde] 2
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o oS e o R AASHAY 5714 712 el Til(sweet),
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L 0k(astringency) 50 HSAE H =T Yeom 5, 2020).
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with yeast, WNY) & 31502 E&5I9t & A|l8= 1
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Quality characteristics of makgeolli classified by starter type

Table 1. Commercial makgeolli samples used in this study

Groups Samples Ale.%" Major ingredients Province”

Rice nuruk RN1 13.0 rice, glutinous rice, rice nuruk Chungcheong-do
RN2 8.5 rice, rice nuruk Gyeonggi-do
RN3 8.0 rice, rice nuruk Gangwon-do

Wheat nuruk WNI1 12.0 rice, wheat nuruk Chungcheong-do
WN2 8.0 rice, wheat nuruk Gyeongsang-do
WN3 6.5 glutinous rice, wheat nuruk Gyeongsang-do
WN4 13.0 rice, wheat nuruk Gyeongsang-do
WN5 6.0 rice, wheat nuruk Jeolla-do
WN6 11.0 rice, wheat nuruk Gangwon-do

Wheat nuruk WNY1 6.0 rice, wheat nuruk, yeast Seoul

and yeast
WNY2 10.0 rice, wheat nuruk, yeast Gyeonggi-do
WNY3 7.8 rice, wheat nuruk, yeast Gangwon-do
WNY4 6.0 rice, glutinous rice, wheat nuruk, yeast, jongguk® Chungcheong-do
WNY5 9.0 rice, glutinous rice, wheat nuruk, yeast, ipguk Jeolla-do
WNY6 5.8 rice, glutinous rice, wheat nuruk, yeast, jongguk Jeolla-do

DAlc.%, labeled alcohol content as declared on packaging.

YRegions were assigned to five major areas: Seoul-Gyeonggi, Gangwon, Chungcheong, Jeolla, and Gyeongsang.
dipguk and jongguk are Korean label terms for koji-type starters; original spellings are retained.

Tokyo, Japan)E ©]-&5to] 33] ¥he S5t 4T o
L2 DNS oz =& ckMiller, 1959). A5H A|lg &M
1 mLo| 3,5-dinitrosalicylic acid (Sigma-Aldrich Co., Ltd.,
USA) 3 mLE 41 100°C Water Batho] 582 59QF #91 &
A4 P73t o]F 25 mL7b HA SRSTE Aok
Blanki= A& 4l S5 1 mLE 22 HHOoR Aeoqict
BT AUV spectrophotometer, Shimadau Co., Kyoto,
Japan) ©]-&3f 550 nmolA FFE=E AT 0, 31.25,
125, 500 2 2,000 mg/L 5= glucose EZEH(0, 31.25,
125, 500 & 2,000 ppm)= A|£5to] HFAHOE ghitsto] 2t
2% RS ARSI,

2.3 HXI5IE 0/&5F JHEE HEIZA

g2 Algso] gt sHE S dotkr] flste] At
3(Astree2, Alpha MOS, Toulouse, France)E o]-&3sto] H4-&
Pstct. A8 24 A EEEE standard kit (ASTREE 11,
Alpha Mos)E AR&5}9] conditioning, calibration 2 diagnostics
procedure <=9 2 sensor ATE|E EH0I5F & 43519 ct. TAg]
Amo] 3L FEE 8-10% $FLE Aot oA
(Advantec No. 2)& ofZfet , 12} S5H FAIFE 94 22
2 Salo] Yaa] 100 mLE 483 T 28 vlojAd] gol 53]
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HRE 2435190}, 7714 AlA(Sourness, AHS; Saltiness, CTS;
Umami, NMS; Supplementary Sensors, PKS, ANS, CPS,
SCS)9] AZ=E 0-109] 7 oz ot Frg welsto] L4t
eFSiT 7 AlRe] St 43 HEEAS Alpha MOSAOIA
A5= AlphaSoft (version 17) T2 I13-S AREolo] A|Z}F5}
steiek,

2.4. 8ATE 0[F2t S[EF HEEY

92 A &S] te 714989 e AR (Heracles NEO
electronic nose, Alpha Mos, Toulouse, France)S ©]-8-3f 4]
oI} A& HA4 A Kovats (Custom Alkanes Blend Standard)
£ o] &sfo] ZF A& 9] F A (pick) S Lo standardZ ©]-85
9} AJ& 5 mLE 20 mL vial (Ls-Phs-Psck GmbH, Langerwehe,
Germany)ol] Y11, 40°CollA] 3087t 500 rpmO. & wWHISH 7
%= 789] column (MTX-5 and MTX-1701)0] HZ+=l Flame
ionization detector (FID)Z 3|9H4 7| AES HAESIAT
Injection syringe typeC.2 column 2%7} 25°CE FA|H
AEO] Al column head pressure 1.0 psiZ2 FYU5FATE B4 A
injector®] 2L 200°C, detector 260°CZE 3}l injector
pressure= 1.0 psi, detector pressure= 39.0 psiZ S}FT}. A
29 53] v 2helgion, 7 AJRe) P14 HERe
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Alpha MOSAMOA A &-5 AlphaSoft (version 17) T&2 13-
Agsto] Sateict.

2.5. A/

= Hlojel= 33 ®HE SAsH3loH, BT HARE ®
Aokt AEgtol gt BAA B4 SPSS (Statistical
Package for the Social Science, Ver 20.0 SPSS INC., Chicago,
USA) T2 73S AR5 T, LY A EAE A (analysis of
variance, ANOVA)Z} Duncan’s multiple range testES %-85
of p<0.05 22N AT AZAYL. +2 3 RSO
£42 eual7] 915 PCA, PLS-DAS} o|3ts} A/} &)
% 7 ARG A2 91 heatmap BHS B JTHL
XLSTAT AIZEgoj(version 2018, (version 2018, Lumivero
Co., Denvers, USA)YS AFg-olo] 43451t} ESH A|2HE 33]
SAUS WSS R AP Sto] IFRN, WN, WNY)9
02 54 54 Aol A= 1t HolE 15| fsf =¢ay)
HgZ ol&sto] Hrisialon, Ax EAHSE 7 W4, &
W, F= 5 A7 8110 ARFhol| vA= IFE 23sto] &
Asloich BAA §994 p<0.052 AR AR 95%
FEoA 4RSSl SAEAS Microsoft Excel 7]¥H
XLSTAT software (Lumivero Co., Denvers, USA)S ©]-&3t
&391a 7 & (mixed-effects model, Type III tests of fixed
effects) B4 $Yol I, TAE RIS p<0.05 FFoflA]
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A AE] o7 5 WgEe] 24 B4 9 vHES 7t
A= 719 BA Al Al WiAISHAATE, A3t 34 A] o]
AtEE 1o g} E3H Al 4= RN (n=3), WN
(n=6), WNY (n=6)2 ¢t 7+ & 7} BA4FsHA 1A=
o}, o]2fgt HE 420 Xjol= BAF 24 9 BA A A o
FE A ooz ok 7k 594 sl Fo7F E8
ottt
B AFoAE £5, a8 5o FYa0 net S Alw 9
A8 AR 1559 F4 A4S vedies €32 %), pH
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Table 20 AAIE HEe} Zo] Al ubde|o] AFE A2
AR A AFE EE|(RN)7F 9.7542.05%, BE H7F €
2 g A (WNY)7} 7.59£1.74% 5 EAZQ] G232 Y
Chp<0.05). A%} | BRFor AXF WNY6 A&7t
5.430.03%9] 7P W 93L& FFS e AN, 95
o g AZ3F WN4 A57F 12.82+0.02%% 7MY &2 &<
HA AR 750 SR met Al IF I SAKeE o
YEAEA A3 {Foju]et 15 Aol FHEHA YEA
dokot, Batghe] AT AuEH 2 FRo8 A3 4rd
2 AFERN)o] AhF 02 =2 ofghg TFS Uetfidled,
Kang 5(2014) HiolA AARE Al obde] d3g oFF
(5-9%)Eth == ol Bl 928 £5 & ¥R
Fog A "ok dRHHo R 4FE FE2 wo|uA4 AR
A7tsto] AlEg WNY 259 W2 452 g2 A% A
oM Ha F=7H AR o] Al o] Rl HAM,

1

o ek

N
o

A 24 E= uE AsAEoR g1 o] A$E
7V54do] glont, B A AFto R 71144 S| T
= gk 2 Ao ARERE HA 2 o] it dEE EF
8.7142.37%= 7|12 AL ukde]7} oF 6-13% HYek= A
A+ Aol FIlstAtHChoi 5, 2020; Kang 5, 2014).

lo 4> to |m

o

3.2. BZ2l A|E9 pH, Fie

atdg] A EE0] gt pHE: 3.39£0.32 (WN3)9J|A] 4.74+0.00
(RN2)9] HRE HoJ(HA| B 4.13+0.31), Ao 4] A&
E2 S UEUgIth(Table 2). IFEE AW EH Ht
A OoF RN 4.24+0.35, WN 3.99+0.32, 181 WNY 4.21+
02002 YxEFto 2 A2 dhde|7t Ao R pH7L W
Ao, FAA oS WATHp>0.05). ZF I1F HolAd |
2D 9 ARG JE, BH 5 FURS AR QI AR &
ZJo] o] et A0 AlREY, B AFoA T
499 B+ pHe FARAY 94429 A% pH 3.8-4.7 WY
oo Z3tEthKang 5 2014).

FARZ AL SAEC 2 YE o=t Ald uHEe 5
427k 0.21+0.00% (WNY1)ollA HTiZE 0.71+0.02% (RN3)<]
HRACHA Bt 0.41£0.15%)° AAATE 1F 7F F51,3 Z}o]
£ Holx| gioith. 5 Hdo R AWEY AR5 08 A
23 G4 RN7F 2 250 v AHH R 2 dIZ
I FARE SAlo Bof, IR IPoA 9 fANE FE /714
Aygo] el 7HsAdol UAIRH(Park 5, 2012), pH7}F Wt}

A3 A-HHwang 5, 2020)2k+= “dolstA EA14 724d0]

3.3. 84 A29 Jf8Y 12 2EE
7F8A B E(°Brix)2 2.20+0.08 °Brix (WN5)O[A] 15.63+
0.09 °Brix (RN3) ¥92 YA EXEHJATHAEA B 7.68+
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Table 2. Comparison of quality characteristics of commercial makgeolli grouped by nuruk type and yeast use

Samplesl) Alcohol (%) pH Total acidity (%) Soluble solids (Brix°) Reducing sugar (%)
RN1 12.62+0.04% 3.96+0.00 0.46+0.01 8.97+0.19 0.02+0.00
RN2 8.63%0.15 4.74+0.00 0.30:£0.00 5.00+0.16 0.48+0.00
RN3 8.0120.02 4.03+0.02 0.710.02 15.63+0.09 0.54+0.00
Mean+SD 9.75+2.05*Y 4.24+0.35° 0.49+0.17* 9.87+4.39° 0.35+0.23"
WN1 12.22+0.00 4.45+0.00 0.27+0.00 6.77+0.21 0.15+0.00
WN2 8.07+0.02 3.99+0.01 0.42+0.01 3.630.12 0.64+0.00
WN3 6.72+0.16 3.39+0.00 0.60+0.00 5.13+0.09 0.24+0.01
WN4 12.82+0.02 4.21+0.00 0.49+0.01 13.30+0.00 0.60+0.00
WN35 5.98+0.05 3.98+0.01 0.29+0.00 2.20+0.08 0.61+0.00
WN6 9.99+0.01 3.95+0.00 0.40+0.01 6.73+0.09 0.17+0.00
Mean+SD 9.30+2.60™ 3.99+0.32° 0.41£0.11° 6.29+3.53° 0.40+0.22%®
WNY1 6.59+0.04 4.58+0.00 0.21£0.00 7.63+0.17 0.82+0.02
WNY2 10.62+0.04 4.33+0.00 0.3620.01 11.17+0.09 0.65+0.02
WNY3 7.78+0.01 4.22+0.00 0.48+0.01 8.23+0.05 0.53+0.00
WNY4 6.28+0.01 4.09+0.02 0.2240.01 2.63+0.09 0.160.00
WNY3 8.83+0.02 3.97+0.00 0.68+0.00 11.50+0.00 0.53+0.00
WNY6 5.430.03 4.08+0.00 0.28+0.00 6.70£0.22 0.54+0.00
Mean£SD 7.59+1.74° 421£0.20™ 0.374£0.17* 7.98+2.97% 0.54+0.20°
Total 8.71+2.37 4134031 0.41+0.15 7.68+3.76 0.45+0.23

DRN, rice nuruk; WN, wheat nuruk; WNY, wheat nuruk and yeast.
PAll values are mean+SD (n=3).

JValues with different superscript letters indicate the significant differences according to Duncan’s multiple range test (p<0.05).

3.76 °Brix) (Table 2). 15¥ FH3+S H|wsf2H RN (9.87+
4.39 °Brix)°] WN (6.2943.53 °Brix) 2t} o)A 02 =4
EFdtH(p<0.05). RN :Lé_oﬂ/q 7184 18 Ho] =2 AL =
Z2gE} HAEY 5 HO 73RO0 Afhgog =0 420
AJAFSHH, WNOJA] B %I" HOl AL TapgolA o]
HASHAl £REAEZ AARITHCho 5, 2016).

oY FFL Erdo g 3hibsio] AASHR oW 0.02+
0.00% (RN1)°]A4] 0.82+0.02% (WNY1)9] ‘ﬂ%i/ﬂ, E3) &
5 2271 035+0.23%% AHA oz W2 2 YA
CHAA Hd 0.45+0.23%). o]= A, UHRE 55 9=
A 29 YEZE(WNY) 159 FH7F3H0.54+0.20%)3} H]) 1w 5}o]
EAXCE Foulet Alo]E Hth(p<0.05). RN 10| ¥
BT} JRHO R £ FTLS FAl] B Wby, W
o0& AZT WN I8§9] 23 ARolH £ BUFL ehd
AL WE % 9 olgo] APHAAY LEFR AFHo| o]
e WP 2 ek BRAKSeong 5. 2021)

229 lﬂoi

o
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3.4. 5Zc HZAZY HE 2gtelf 28 F4

2 7oA 7} e

ahAg] A| & (sample)of| Al

oyt

39 54

< 7]& WhE(technical replicates) 0.2 7FEstal, 2de] A=z
=7} ojztaky S4jo] Al gL Bl Asto] A=
uOPﬁ\:]-(Table 3).

& W9ade 29T Eged Be

Table 13} 20] A|AlH FHE vigfo=

L2 X2

pHe +5

(p<0.0001) & =
7/q\ oz 1,}1;}141;} H]—Eﬂi %}i.Q. ‘81—1‘%}: _%A]—E UJ 7]._9_/14
(°Brix)& Az
(p>0.05). T3 SAFo] 3
(p=0.001)0] F-2J3t
79} 53 A7)
o] a{ St Ay J,].J;

%1

dqo] e

2E oA 7 diatet 2

H A

fus

N3 A}, w9
(p<0.001), an @7}(p=0.005), JE A

H7Hp=0.020)9] 23} Folet Y2 e

olst 1]-0]

Y

PR gk
o 5m Whp-0005)sh 314 48
o g A A0 et

ko E

on, %5 %

I BARCZ FolokA] LATHp>0.05).
A9 Hg BN BH H7EeF FE ARl
o *“*51 % o8 #E Ha YAt Yol FIFE vE 5

AlARRIEH(Bang 5, 2016; Choi 5, 2020). 3] RX+=
Yy =9 n|PEZ 2ol 3
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(a) All groups (b) RN group
=g RN group —e—\VN group —e—WNY group —e—RN1 —a—RN2 RN3
Sourness Sourness
10 10
8 8
: 6
4
0 \\
"
Umami Saltiness Umami Saltiness
(c) WN group (d) WNY group
—— VN1 == VN2 —o—1VN3 ——WNY 1 == WWNY 2 ——WNY3
—— VN4 —a— WN5 WN6E —o—WNY4 WNY5 WNY6
Soumness Soumess
10 10

Umami Saltiness Umami Saltiness

Fig. 1. Electronic-tongue ranking scores (0-10) for sourness, saltiness, and umami in fifteen commercial makgeolli products. (a), All
groups; (b), RN subgroup; (c), WN subgroup; (d), WNY subgroup. Points show mean scores (n=5 per product). Error bars denote
SD. Different lowercase letters (if shown) indicate significant differences among groups by Duncan’s test at p<0.05.
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Table 3. Mixed-effects model analysis of fermentation factors affecting physicochemical properties of makgeolli

Factor Alcohol (%) pH Total acidity (%) Soluble solids (°Brix) Reducing sugar (%)
Nuruk type 0.327 <0.001"" 0.263 0.805 0.995
Yeast addition 0.750 0.005" 0.462 0.399 0.005"
Glutinous rice 0.141 <0.0001" 0.712 0.920 0.001"
Starter addition 0.122 0.020" 0.914 0.621 0.629

D"Statistical significance was defined as p<0.05 in the mixed-effects model analysis (Type III tests of fixed effects).
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Table 4. Key volatile compounds retained from electronic-nose profiling (discrimination power > 0.900) with column assignment
(MXT-5 or MXT-1701) and qualitative contribution to group separation in PCA

Column RT Discrimination Compound Odor description"
(min) power
MXT-5 19.54 0.986 butanal chocolate, cocoa, green, musty, pungent
24.01 0.990 2-methyl-1-propanol alcoholic, bitter, chemical, fusel, glue, leek, licorice
34.22 0.997 propanoic acid acidic, soy, vinegar
35.35 0.987 butyl acetate banana, bitter, fruity, green, pear, pineapple
37.81 0.987 propylenglycol alcoholic, caramelized, odorless
50.29 0.997 isoamyl acetate apple, banana, ester, fresh, fruity, pear
MXT-1701 26.30 0.992 ethyl acetate acidic, butter, caramelized, fruity, green, orange, pineapple
27.26 0.994 butan-2-one acetone, butter, cheese, chemical, chocolate, fruity
43.71 0.986 furfural almond, baked, benzaldehyde, bread, fragrant, sweet, sweet, woody
52.10 0.995 ethyl 2-methylbutyrate apple, blackberry, cognac, fruity, green, phenolic

YOdor descriptors were adopted from the built-in reference library of the electronic nose system (Astree II, Alpha MOS, Toulouse, France).
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(a) CORRELATIONS ON AXES T2 AND T1
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Fig. 3. PLS-DA score plot (axes t2 vs t1) for makgeolii group (orange), nuruk type (blue), and items (gray) and correlation heatmap
among physicochemical indices, instrumental taste sensors, and volatile compounds. (a), Ellipses denote 95% confidence regions. RN
separates toward positive t1; WN and WNY separate along t2 (negative vs positive); (b), Colored cells denote Pearson correlations (scaled).
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