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SSENEE TSNS JSAA

Abstract This study aimed to investigate the fermentation performance and quality characteristics
of distilled soju produced from various rice cultivars using Saccharomyces cerevisiae N9 yeast. The
rice cultivars included high-yield varieties such as Samkwang (SK, control), Shindongjin (SDJ),
Baromi2 (BRM2), Guemgang-1 (GG-1), Hanareum-4 (HAR-4), Chohong (CH), Saemimyeon (SMM),
Mirchal (MRC), Irumi (IRM), and Migam (MG). The fermentation results showed that the high-
amylose SMM exhibited significantly lower CO, production and alcohol content (16.57%), indicating
its unsuitability for distilled soju production. The pH, total acid, and amino acid content were similar
among the rice cultivars. However, volatile acid content was comparatively higher in the SDJ and
SMM cultivars. Organic acid composition revealed that succinic acid, citric acid, and lactic acid
were the predominant components contributing to ester compound formation. Distilled soju made
from the SDJ, IRM, and MG cultivars exhibited higher organic acid levels, enhancing ester
production. Sensory evaluation indicated that distilled soju made from SDJ, with the highest ethyl
acetate concentration, scored the highest in aroma and overall preference. This result is likely due
to the positive contribution of ester aroma compounds to the sensory profile. In contrast, SMM was
found to be unsuitable for distilled soju production. The SDJ cultivar showed superior fermentation
efficiency, higher volatile aroma compound formation, and greater consumer preference, making it
suitable for producing distilled soju.

Keywords rice cultivars, distilled soju, Saccharomyces cerevisiae N9 yeast, fermentation, physicochemical
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1. ME

aFE R HaAE ARGt ol e8E SR A2E, 9 SRIIZ SRS =
ER4 230 %4 SRR AZT 242 B2 450 BE 944 252 s 5 Yok
5, 2008). 71 F F5A A0 AHF2 2021 7]E 2,567 kKLE A 10W7F 3.78) 55131 0m,
FZ Zeujd FRol Ot $HY Fe 29T FMiEHE 5 74 &FY ARl o A4
A0 o ZErkKim 5, 2022a; Kwon 5, 2023a). E3 FR4 AFE I $42E AE5}]
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Azxst=d F2 2, 148, 9, 28] 50 AHH, 574
270 A B2 AW sAREY] 4] g 2 5UtAE F
7} o]oj& 4 Qlth(Kwon 5, 2023b; Lee 5, 2012).

B (Oryzae sativa L)Y A AA A9 60% ©JAto] F4]0
E ARSI Q= 8% AlgARolth feEuE & ARl =
o] A% 48] FE7E AL Ast 2HEsE Hol 7HH
A E] 2oH] FAag QIR o ES FAL Jlof ARAE o
off TRt theFRt BAS S5k Qlch &9l AHIE S7HA717]
FoiME B 7HES wolaL 1L FFol Akt 7HAE A
HE ofo] B9 L E HYBlste Sl F7HAIE st
£ Zo] " QstK(Chu &, 2023; Huh 5, 2012; Jo &, 2020).
Woni} Oh(2014)f1A =W} 7k & Al 25 EH E2 A
Z3h=t] 71 @ol ol&H L 3l Folo] F/E Axst=H|

ol gHrt B3t 53] F7 Alxo| AREEE & Al
53

02 & 7o) u|§] BI1A]7F Bo} BUte] AE Zrj9)
7lojste vl7b 31, 1 & 284 AZL 0@ AE 28

F2 % YA UckKim} Lee, 2019). W47 B o}g3}
of Az3 R4 A% T AT F7 Wil U2 B4
2}o|(Yi 5, 2010), &2of W2 FZ EX(Choi 5, 2017), &
% 87] 9 7|7kl T2 E(Kang 5. 2017) o] o|FolA]
g EAY FRY 278 Az 9% & FFE 4a 2
5 54 A7E 253 Aol

FRA 27 £99 AR, 35, 549 BAZ ol 9

[e]

A8 5ol wet SR ol heket Bis YeptnE o]
of 93 &Hlo] AxE|ofok gHh(Choi 5, 2014; In 5, 1995).
ESE £519] f714F SRk vk dgoA A EE thost &
T2} Aot ester?t T2 7] JEROZ HelE o] FFF
9] et 3] HECE A-E3HtH Chung, 2015). A4E F71
Aol whet SR U ] A2 g 4 qleH,
THFY BHoA= FEd ] ARY 24 ARTL WS- F
3t AA 237 "ok B3 04 Al oEsto] gt
I} k9] H7HE o] FojR| 1L Slth(Lee 5, 2014). Lee 5(2013a)
o] EH YR-EOEH ZIFojof T AO| vt B2 7t
T2 Aol =2 =37 Al QFF/do] Qlofof gthal B st
At

meba 2 Ao M s thed £5 A% AR, A5, HE
02, 274 13, gotg4%, 23, Aud, u|23, o|Fn], u)zt

& Agole] E5Y ERF &
% o

o

2.1. &g Me
A2 AFo] THiEE AR, AEA, vhRr29k =4
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oA AlFeE Tt 5 7 12, TolE 43, 28, Al
o, v 23 o]fn|, nZt FFOE F 1052 AREolglon,
RE21= Ao R ofity. Wtk (Aspergillus luchuensisyS
AHgsto] ARgt A =2 FHsHE LA (Andong, Korea)o
A FA3H O M, Saccharomyces cerevisiae N9(KACC93234P)
ARE FAIA} @YU A (Hwaseong, Korea)o| A 151
o, FAFAL FHto] Q ME(Ansan, Korea)ol|lA] LJsto]
g8tk

22 ZFT =% HE

22 o9 AZE 9 LA P o2 2ot o] 0,
Astat ZA0l0] SREES Dojslol FEE 170%0IH 2
A5tk WA W AR A 5.65 g7 B 435 g N9 RY
04 2 A183to] W zo] Yol 48417 St 25°ColA] A
AT 19 R 2 ES 14167 62 AR Aol 2471
FU 23T U8, 08 FU BN SPAG. BE F4
7]1(MS-30, Yaegaki Food & System Inc., Himeji, Japan)o] 4
I fo] et 7] AR SRE 508 53t SAFStL 30% W
yoto] FHS A5t of7]o] T 185.01 g, A=
50.87 g, = 239.13 g, FA|AA 0.5 g& g0 25°Cof|A] 484]7F
SO HEAF . 28 Ha2 WA eold dent 1Y He
of & 5 358.33 g ARGt AR AFEE 467.97 g,
= 49036 g& Fol 109 B¢ HAAA &F AR Bagt
=55 Az €912 19 13] wrlsldA FAE 46t
of, A A2l ® &% W AR CO, BT F7d5to]
Uetdt ol¢ B4 9 FRE fls fAHEY7I(CR 220G,
Hitachi, Co., Tokyo, Japan)Z 5,488 xgof| A 1057 YAlE T
Sl AF=oHS Whatman No.2 filterS A}2-5lo] oj3}s}ich

oN N

23. ZEY AF HE

¥ 258 BRT E9 J5AL 3 L §3F9 47 Bk
2] Y3 JABL ol§3le] Y B4 FHPOE ZRY
o 5% BEe 25E A4 239 1%9 3L wgon, ¥
T A E5 40% ¥ FF Aol wobd urbA 213
stoick. & Al BRe Agegon], RS 4o

oF ¥R

of ol 4°colA] Bttt 1Y F 42 I2E Sl
25%7} B7] st} A% Azt

24 SEF $29 /33 S5 £Y
UFE, pH, FA4L FTAL opu|icAl T AN 7 2

A Ao 9Jste] 245} tH(National Tax Service, 2020).
dFE AFS S5] A8l ZF Alm 100 mLo] FF75 60

mLE &3sto] SFoch SHFA oF 80 mLE w1 SFS

2100 ML/ 487 F FRAS 15CE 2Yol0] ITS
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EX7](DA-155, KEM, Co., Ltd., Kyoto, Japan)E ©]-&-5}c]
245}t pH= pH meter(Orion 3-Star, Thermo Scientific
Co., Waltham, MA, USA)Z Z=743tgom, 242 A& 10
mLE £3}A]7]= d B Q3% 0.1 N NaOH |%0] 44| mL
$E acetic acid2 27g3t o2 SHbsIth. ofn|le Al o
2 348 248 R0 B4 Z2UY 89 5 LS AR
ThS 0.1 N NaOHE ZAsto] pH 827} 2 fj7t4] a3t 0.1
N NaOH &Ho| &H|H mL & glycine® & HAibsto] Lpe}
Hlow, ik I3S 3 85 Sl SR AR 30
mLZE 0.01 N NaOHZ pH 8.27} 8 wj7Hx] A5t Gk acetic
acid FFOE gHiltsto] A4tstqitt.

718 1EE SRS A A (Atago Co., Tokyo, Japan)
£ Argoto] 4ot o, 3Hld 3RS Kim 5(2022b)2
HhH o] wal DNS(dinitrosalicylic acid)§<& ©]-8-5to] £45}
Atk 3)43%t Al& 0.2 mLE DNS A]9F 0.6 mLE Y1 =
2o 53 Bt FHAYL. FH T, 2elo] ERL 42
mLE 21 E3F LA (Cary 60 UV-Vis, Agilent Co., Santa
Clara, CA, USA)Z 550 nmoj|A] =735} glucose SFO =
HE ATAE o835t g/100 mLE FAISHIH

25 SEE 2HY LI HE £Y

FTHF €59 714 2 pump 2712 F4E HPLC
(LC-20AD, Shimadzu Co, Kyoto, Japan)E ©]&3}% post
column FH o g2 BEA51ct f7]AF A48 column TSKgel
ODS-100V(4.6x250.0 mm)2 AM&5te] B340tk Pump A
9] o]FARE 8 mM perchloric acidE 0]-851%°2™ injection
volume 10 pL, flow rate:= 1 mL/min, column oven®] 2T
£ 40°CE 519t} Columng B35l U2 £21E2 pump B
0]541(0.2 mM Bromothymol blue, 15 mM Na.HPO., 7 mM
NaOH)Z} ¥k-g-5to] UV 440 nmoflA| H&stith. o]t pump
BY flow ratex= 1.0 mL/minZ 39 H. Al&E+ 7H0.2 um,
Millipore, Co., Cork, Ireland) & ARZ5}IT.

2.6. SF4 A9 2/EY 3V &F

S5 250 W] AR BHS 9 555 TS 58
VTL YFS 5% UV AT TR, T TE WY e
oA SAAZ] 3 APt SFH 10 mLof| dichloromethane
(Sigma Aldrich Co., St. Louis, MO, USA) 2 mLE d7}s}o]
SFZHS 3]43ta] 0.2 um syringe filter(Millipore, Co.)Z& o]
st

PP P71 A2 Kwon 5(2023a)°] w2 gas chromatography
(Nexis GC-2030, Shimadzu Co.)E Agoto] EAst9t. &
AL columne fused silica capillary 30%0.32 mm film
thickness(NukolTM, Supelco. Co., Bellefonte, PA, USA)E

o

i
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183191t Column®] L& S0°CAA 52, BT 30K 58
Slod 200°Co| A 5E0 2 A3t Carrier gasQl N,9| -4
2 24.2 cm/sec, split ratio 20:12 A5}, Injector?] &%
& 250°C, detector= FIDE AMESIOH &= 280°CE 3}
R, AT YrE YRR ARSI

ddste] AYPsiglct. ¢332 &
E7F25%2 2 SRA AFE AR ARG &R
S AR 54 Bk B7HE AT aHR 7S A}
= 94 AR o g, ot ARl 7SR RARIICH,
4 A 2APIAE 78 HE2 &
=, 2, et 2 A, &0 9ot 2 A% o
W2 s WUl & A7 SEsguste 4
B2 P (HR-202309-0 N2 HE] 592 HroF APsteict.

=

28 &4 24

A BAL 7 24 FE] tisto] 33] HHE S5, B
+ 23 MeantSDE HASIGIH:. ZF A& Thof| 2121l A}
o7t A okiis] Aok ALAA EAHAanalysis of
variance, ANOVA)S AAst & A& 7F Ao|7} Q&= FS
Duncan’s multiple range test2 AR AAS Fo4F 5%
oA AEoIATE B4 42 XLSTAT(Addinsoft, Paris,
France)@ oL$35itt. Y W] Ao SlEW BHe
MetaboAnalyst(https://www.metaboanalyst.ca)S ©0]-&5}o] &

43}9ict

(

==X A HI= E ol orgLe E
1. BEF 259 wE 54 ¥ 272 54

UTE 3 2
E59 23 1 2 Aol golont, AuHe Agstel Az

&

<519 CO, YT b 5500 vls] oF 138 H= 74
As & 4 A% gREY & £33 T7F €99 €2
SIS 18-19%= 291 A3 (Jeong, 2017) 22 A 23t
T S5 fARBH UEou, AjulHe ARgste] A&t
ST €12 16.57%=E @A5] o= S S UE
Wk ol= Fig. 13 593 A3 Uetdl=tl, AfuH A
g BN ofdEA o] 26.7%(Cho -5, 2018)0]™, ilof
UEA 59 7|82 ofdEA 50| 25% oo|BE AjnH
< JopdEA FF07 AHA Qlth AopdEA FE2(Sim

L o]\ o

|
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Fig. 1. CO; emission and fermentation efficiency by weight analysis.
SK, Samkwang; SDJ, Shindongjin, BRM2, Baromi2; GG-1,
Guemgang-1; HAR-4, Hanareum-4; CH, Chohong; MRC, Mirchal,
IRM, Ifrumi; MG, Migam.

%, 2015) H¥ YAE0] B A sl o] T3} A B
of That Aao] otHlck. Faol ofs) WL Bt o|5olx]
7] SI% 39l B4 9 5o T3P} olol A glof A=
2 Wa Wgo] F85) Lojubx] %S A0 ALRETHCho
2010; Kwak 5, 2014). WepH $E E42 Tefsughe v,
Al 5L Frgoz tha AP elrka weEth

3.2. ZEF 259 pH, 4 Optt I HUM Y
pH. 4T, ofulieAl 91 % FPAT YFL Table 19] et
Wt pHe 4.34-4.76, 4t SFFE 0.19-0.22%, oFv|:Ab

o
oft

£ 0.20-031% B2 BF E£ 7F GARE 2 ok pH=
18 5 AAEE ot 57149 59 5 59
drol Btg e A4S o&e & = AHo|y, F
A=) FFEo] e f7l40] F2 Fojeta, TR
QA B G0 A YAEHE=
Stefo] gebAint. ofu| i AR Whg 3ol 70 £t 9] diof| o]
o= 9% 947 2851 ofu|ic Aol glefo] o
F FFS S7MA71E YQlo] H7|% Sttt pH, &
oAt FS Lee 5(2013b)] A-oflA] Hast
F &79] o|stehy EA3t Al ATk e
9] pH Y= 4.04.602 LA Sy, 2 12T
St &3 9] pH7F L5 9] Qo] EiEof
A EFL & B4 AF 7129 0.5% olst% 7ol
o] g4 vt MP=o] TFHA AFE ARl HE
Ath(Lee &, 2012; Lee 5, 2013b).
&80 23he 3HRALS. 22 xAtol, 3]dkAl Slefo] wrh
L AL #a B 54 7|7 Fof| 2AEo| 93| ojAtart
A

oy
o Ju mS
wy 4= 4y
DA = -

H
N

7

i

1

;:O

i e s
(o
&
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ol
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pack
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i
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£
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==
1o
My
lo
T
jﬁ!
it
=
N

o 49 =

=2
S0 £4) 5 RS LRI Fake] 4
kel

A4-121.0 mg/L HEo] LA Fgo] Rus B
dejol|l A AGE 5 Qe FAE ol &
& 9lth(Kang 5, 2014). £ Aol A= 71.80-205.10 mg/LZ
Ueht 259 2 AJolg BArh. g2l Ao R Axet 5
T SRET 22 FAL RS UE R AER, S

(o]
12, Ajojd 502 A2 S7F S5lolfen, A =4

2 ™ ox 2
o rlr o rd

.
=R S
S

)
4

Table 1. Physicochemical characteristics ofdistilled spirits mash fermented using various rice cultivars

sedese

Alcohol ™ (%)  pH Total acid™

Amino acid

Volatile acid™ Soluble solid"™" Reducing sugar™

(%o, Acetic acid) (%, glycine) (mg/L, acetic acid)  (°Brix) (%, g/100 mL)
SKV 19.1340.55%% 4.49+0.01° 0.22+0.00° 0.23+0.00° 126.00+0.52¢ 12.30+0.17° 0.70+0.05°
SDJ 18.80+£0.20%° 4.73+0.01° 0.19:+0.00" 0.30+0.01° 205.10+1.21% 13.00+0.17* 0.70+0.02°
BRM2  18.70+0.26™ 4.63+0.04° 0.2040.00° 0.2620.00° 86.20+0.46%" 10.90+0.17° 0.07+0.00"
GG-1 19.13£0.21%® 4.59+0.02% 0.2140.00° 0.23+0.00%" 135.70+2.00° 12.43+0.25% 0.38+0.04¢
HAR-4  18.83+0.29™ 4.54+0.03¢ 0.22+0.00° 0.23+0.00% 103.90+0.92° 12.50+0.36* 0.1240.04¢"
CH 18.40+0.35° 4.76+0.02° 0.19::0.008 0.310.09* 111.800.69° 12.70+0.00° 0.16+0.04¢
SMM 16.57+0.40° 4.34+0.02" 0.23+0.00° 0.22+0.00¢ 198.20+1.95° 9.50+0.10" 0.2420.00
MRC 18.77+0.49% 4.54+0.02¢ 0.21+0.01% 0.22+0.00" 83.70+1.56" 11.50+0.10¢ 0.31£0.01°
IRM 19.37+0.06° 4.61+0.00° 0.21£0.00% 0.20+0.00¢ 87.90+1.088 11.50+0.00° 0.45+0.04°
MG 19.33+0.12% 4.57+0.02% 0.23+0.00° 0.26+0.00° 71.80+3.08 12.43+0.06* 0.98+0.03°

USK, Samkwang; SDJ, Shindongjin; BRM2, Baromi2; GG-1, Guemgang-1; HAR-4, Hanareum-4; CH, Chohong, SMM, Saemimyeon; MRC, Mirchal,

IRM, Irumi; MG, Migam.
™ Significantly differ at p<0.001.

»Values are mean+SD (n=3). Different superscript letters within a column indicate significant differences at p<0.05 by Duncan’s multiple range test.
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ZEch A5 w2 AL S 7 59 B FES AE
2(205.10 mg/L)T+ Aju|(198.20 mg/L)C.2 et &3
£ o] BS54 E AN BSS AT 4 =dl(Jeong
5 2013), E3] Ajn|HS ARESto] A3t 519 FhAl
o] thE &H 9 Hle] Bl A U2 A I o
of acetic acid®] B4%=7} Eotfl7] wiizoltal HetE ot
2hA] Afju|H} AE3lS AMgoto] Al2e £ 2 4]
A 71340 FEAA FFZ 718§ AR S/ B OA
ojget YFZ £Y & UL ZoE AtmHrh

3.3 ZEX =09 JI2M [UsiE 2 st8/5 512F

2 25 AXS SR €Y 7HA 1 R T2 9.50-

He AREste] AR5 &3]
71 W2 9.50 °Brix, A5 XS AHESto] AR5 &Hlo] 71
=2 13.00 °Brix® UEFATHTable 1). 7} 1FEL I3
BEE T 5= = Ao FRE EFst] &9 Tyl
gFS 7|4 WraFo EAQogN ZFQ5HAq 2530 AL
TPE o] FoW FHRFY &) WolkAAY, 7t

1
FHE ot F2o] FAHARA I 7AE furfural®] 2373
I

[e]
FFE U, 40 7841 4= 73 Aol A AL
2 A9
SAFY FFZ 0.07-0.98%= HIZH2E ARG A £

3 o), Hl7hg AHgstel
Azd 255 $500] 7V £ BT TS UERIT 81

o Al BRE AF8Sto] AT £5(Choi 5, 2018)9] 2}
o PRI 2 ST AL W 19 Hgol 9] Hie] &

A o] go] AP Hol BE &3] WAzt T AW 7
o7 HojArt}

3.4, ZRF 299 LM B

SHF €29 4714 2 Table 20 YERHTE F=Fo]
=A yERd 32 A7FA] §714RS succinic acid, citric acid,
lactic acid =02 Ut 8 Al 7H4] §7]4R2 vjw 3] &
Aol & 2 HA 714 SREN SHFE olPHA= &
Agt &R0 pHE W W Y % W29 29 WAL
S5 I T ester IE WS SAAA flavor B2 Fe
o7 AHA Utk Choi 5, 2014). ThSO.2 acetic acid, malic
acid &0 2 e

Succinic acid®] HFE 22.96-75.42 mg/100 mL Ho] &
Zelo] glom E3], o|Rule} njgt FFOE AR &4
succinic acid grgFo] A 5] =9t} £6lo FQ LAt R
= succinic acid®} lactic acidO 2 X1 E$OH(Choi 5,
2018), succinic acid7} = &5lof| T {74kl H]sf @o] o
FrEo] o] EHloIM SA == Ae= 2 succinic acido] 2]
3t o7 Holtt Citric acid T2 11.86-49.63 mg/100 mL2]
HAE YEPH O, citric acid= Y=+ AR A] Asp. luchuensis©]|
ofsf A4to] E7] wWjzof &2 citric acid ¥Fo] SHH A2

Table 2. Organic acid contents of distilled spirits mash fermented using various rice cultivars

Organic acids (mg/100 mL)

Malic™"? Lactic™ Acetic™” Citric™ Succinic™
SK" 11.78+1.88% 13.21+2.03¢ 12.23+2.35¢ 18.25+2.13% 28.28+4.40°
SDJ 16.611.72° 39.12+2.90° 33.38+2.50° 28.87+7.94% 37.06+2.30¢
BRM2 17.68+1.94° 25.49+2.88° 14.96+3.22% 26.93+1.96™ 53.49+4.01°
GG-1 17.8942.22° 19.06+1.72¢ 20.14+2.59% 26.89+2.75 42.80+1.98¢
HAR-4 14.4242.73% 15.54+3.25% 15.07+3.70% 21.13+6.82% 35.48+9.56°
CH 16.93+3.88° 247242 34° 22.77+4.34° 27.00+4.15% 36.87+2.98¢
SMM 11.90:£0.64% 10.68+1.02" 14.42+1.65¢ 11.86+1.76° 23.23+0.68°
MRC 9.63+0.89° 14.08+1.05¢ 9.69+1.81¢ 17.60+1.58% 22.96+1.42°
IRM 29.65+3.81° 39.15+3.38° 25.70+3.51° 33.00+11.45° 75.42+3.63°
MG 25.03+3.75° 34.24+2.78" 22.5143.75° 49.63+7.94 66.68+4.06

USK, Samkwang; SDJ, Shindongjin; BRM2, Baromi2; GG-1, Guemgang-1; HAR-4, Hanareum-4; CH, Chohong, SMM, Saemimyeon; MRC, Mirchal,

IRM, Irumi; MG, Migam.
2™ Significantly differ at p<0.001.

Values are meantSD (n=3). Different superscript letters within a column indicate significant differences at p<0.05 by Duncan’s multiple range test.
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2 A= EHtH(Lee &, 2017). Lactic acids= 10.68-39.15 mg/100
mL H9E Uehion, 438 ¥a A] Lactobacillus sp.2F -2
EA A 93 malo-lactic fermentation(MLF)2k= 1}40]
ofL} malic acid?} lactic acid® AZFETHKim 5, 2020). =}t
A e E501AM malic acid7t 7FE AA| AEHE AL diFE
9] malic acid”} lactic acidZ AZEJTH= AL & 5 ATt
Citric acid®} lactic acid= AMEE ZAAAFH F49] Hr gy
21 JollA AR = F32 FSAA Fr FHE A
g8 F uAEeH kS Eoietha A Utk(Choi
S, 2022a). A FES AREote] AR3 &3] citric acid
@} lactic acid9] drgro] 7 A WUEF O H citric acid= H|
& #3F, lactic acid= Al5Z T} o] f0] FFOE A 23 &5
o] =& IS YEFHTE Acetic acid= 9.69-33.38 mg/100
mL9| HYE Yetllth. 454 FE50 8 ARet 3ol 7H
=2 acetic acid FFE YEMH=T], o] acetic acidZ HAFSH
Ak oM FLT AIE HEITE Acetic acide 9

APO 22X SHRFE HolEH, TS LH|s|E Alsle] 9
o sk Aol7] to] Ziol 2HHe AT F 4 9
. ST 2k ) The 7RSS ATl ester
o7 AgE]o] L os AEst7| % gk(Choi 5, 2013).
2 ATl f714F TS HOLE O, ester 31kE S &
L succinic acid, citric acid, lactic acid, acetic acid &=o] oj
279 4Rt £ AR, olel, vz E5E Aol
Az 7T €50 TFA 2F0A ester =] B
EFAsto] 2F AF9 F4 L AHA 7|50 == SR
PEE Y

3.5 SEY AFY HUY B HE

2 A7 & EFHE ARG TFA 239 I
AEL alcoholF 5%, fatty acidF 55, ester’® 8%, sulfurF 3
F3} aldehyde® 15°] AZEATHFig. 2). °] F FAR= &4
7 B2 IFEIES oJufob, JFgo] w01 |7F LA
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Fig. 2. Clustering heatmap of volatile compounds of distilled soju (alcohol 25%, v/v) of various rice cultivars. SK, Samkwang; SDJ,
Shindongjin; BRM2, Baromi2; GG-1, Guemgang-1, HAR-4, Hanareum-4; CH, Chohong; MRC, Mirchal; IRM, Irumi; MG, Migam.
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<39 Yglo] H7|&= shA|eL, o AHE SRRlET} o] &9
S AA5k= 9 Q40|thKim 5, 2013). 1-propanol(P),
isobutanol(B), isoamyl alcohol(A)y= &5 4 H]&o] 7|EZQ]
Frlol| YFE ol SFFY Teoll S85H AEsto] AlE
582 2% Aethlee 5, 2014). AFLISHF 5 isoamyl
alcohol9] grgo] 71 E9k=t SRToIM HEH= 8 F
7] &olH, 53] T4 SRFOIA =4 HERTHQIn 5,
2020). ESE, Isoamyl alcohol2 <o AggFo] £A|5lH Z3}
B WA o R EAT Aol EFfsta AFRL &F
o) tehhiz Ao2 FelA qUckChoi 5, 2022b). 4 5
254 279 ke HlEsRE 32157 P e Fel
416.92 mg/L, 279 A5go] 7M =2 3589 505.57 mg/L
2 eht

AHAES butyric acid7} 8 SRHEE YERGTE Butyric
acidi= acetic acid®} WEI7HA|E A5 A|HH4E dhgo] v A4
0% Lo A BRHE Uehis vl gL G
< YERATK(Shin 5, 2022). & 139 23S B 3.65-3.86
mgLZ |7} e A Ao ARH,
Esteris Afzh, LR 2 SRI0kS 5 21U W rieh 2
wo] B4 deo] £ HRORM, 250 & B4
FFZ HA= AJEOITH(Choi 5, 2022b). Ester 21H& 5
(o)

% K

£ AT FF0E A2 FFHA AFolA 7P 2 o]
AEE9=tl, Choi 5(2015)°14] acetic acidE H7Fsto] Az
ot & SFA AT ethyl acetate”t S7HE ¢ ATETE
Ul 2 Ao L acetic acid7t 7 =A AEE AW
A FE08 AR B FFA &F7F 7PY =2 ethyl
acetates B 5Ue HAFZ e

Furfural:Z 55 A 500 3R fejohr|iito] T, aldehyde,
ketone§t 5} ofn|l7tE Y ¥HS-Z StHA A= SFER
719 F (=) E 7R3 tH(Choi 5, 2014). Furfuralo] 7}
EZ F52 O|FHIE 2.13 mg/Lyl o, AFZolA 7 3
S 1.79 mg/LE YERGTE 2 AFoA F8AQd ] &
3& YeRE= Ester?] & S B o291 AR W2
F52 v 2d E5olH, A5 FF0E AXT T
T4 AFT) 33.14 mg/LE 7HY Eob &F FEOA FAF
A g 208 Almdrh

X

= o

3.6. EF4 £59 A5} 24

1039 & 5 waein 958 94 9 P s 4
U2 B2 AU EFOE AZY FRA 2FE FRgO
2 APt geka BEstel, A AL AT 952 B of
Bole] A% R4 2T 297 |TE L B B

1016

e Qs 713E 24 gRost o, o o A%
21 71552 9% A= BIISHATHTable 3). 2T T, %,
BHQl 7|3 B W BFEE 5890 Holt ertx]
A, Fot ANA 7| EE FHY Wpgo] BRI A%
B 22 AEA EES Aol A2 $RA 2771 4%
O W4 Uehit ol TUst BYt e B B4
LR ester 7] SHHBo] A% FHe

SO = 2

< 7HA Ao AH|RR] HubAQl 7| S et 2 Y
o] Slttx TEThHeo 5, 2020).

B4 AT w7 52 74 HEE Brlelga, B E4
2 EYL, F EAHORE IS F A I 2 F, oF
T, B, st & o & A F2 grierglen, gkl

= &0 ol AT, AL 94 A BHeERE 5
23 g2 A5 B7IsHtHTable 4). £/ 2% B7F 23tof
Ae gt 9] BT 5941 ApolE HGlom, ojel9 &
FELS FYAQI AJolE YERA] &Sttt &30 B4 4k B
7} A F ester 3RMEC] 7P BUH AN FEOE Ax
S SR A3 M B2 1Y o FrE YEth £
ZQl Aol& BEHH 153t F EAoA = o|Fu|2 AXT 5
FA 237 7P =2 A4E vEleH, 5942l Rol= ¢l
A9k gy EAQAE 7MY 2 H4E UERT o EA

e B4 AgolA gUE Ustdl= furfural 3] 7}
P22 TS UER| giEold, AHRbEe] Bhfje} 43t
T HoHA Woks]l AoZ AlmHTh

S

A

O_uﬁ-ﬂ
r lo rw |o

r
I

_?lg

Table 3. Consumer preference scores of distilled soju (alcohol
25%, v/v) of various rice cultivars

Appearance  Aroma Taste Overall liking
SK" 6.80° 5.40° 5.25° 5.40°
SDJ 6.70° 5.65° 4.85° 5.55°
BRM2  6.70° 5.35® 5.05 5.20°
GG-1 6.45° 4.90™ 4.20° 4.85°
HAR-4  6.60° 5.05% 455 4.80°
CH 6.65" 4.20° 4.05° 4.55°
MRC 6.35° 4.70% 4.55° 475
IRM 6.65" 4.65% 475 5.10°
MG 6.75° 5.05% 475 4.95°

USK, Samkwang; SDJ, Shindongjin,; BRM2, Baromi2; GG-1, Guemgang-1,
HAR-4, Hanareum-4; CH, Chohong; MRC, Mirchal, IRM, Irumi; MG,
Migam.

DValues are meantSD (n=86). Different superscript letters within a
column indicate significant differences at p<0.05 by Duncan’s multiple
range test.
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Table 4. Intensity rating scores of distilled soju (alcohol 25%, v/v) of various rice cultivars

Appear  Aroma Taste Mouthfeel

-ance

Clear Alcohol Fruit  Flower Acetone Bumt Nutty” Sweet Sour Bitter Sweet Umami Sour Buming  Astringent

sensation

SK" 640 480" 355 3.50° 450" 235" 285" 4.00° 265"  4.05" 440" 3.80° 2.90° 4.65" 3.30°
SDJ  6.65 455" 3.60° 345" 3650  205° 3.80" 430" 2.65°  440° 420° 3.60° 265 4.40° 3.35°
BRM2 6.10° 4.00°  3.50°  3.20°  345° 200" 4.05° 440° 295  370° 435  390° 2.90° 3.85° 3.40°
GG-1 625 445* 330" 345 375 230® 355 3.90° 3.00° 4.10° 415 375 275 4.60° 3.40°
HAR-4 6.15° 4.10° 335" 335" 355  1.80° 3.35° 385 3.00° 355 380" 355 270 445 3.35°
CH  6.70° 445" 295" 290" 3.90® 225® 380" 3.65 265 380" 375 330° 255 4.30° 2.90°
MRC 6.15% 3.85° 325" 3.70° 335 210" 4.00" 4.00° 3.05° 3.80° 4.15* 3.60" 2.60° 4.40° 2.60°
IRM  6.25° 3.80° 2650 2.70°  295°  3.05° 500 390" 220° 3.65° 340° 375 2.80° 4,05 2.90°
MG  6.60° 405" 3.10° 3200 325" 265® 490 3.70° 2.60° 3.60° 3.80° 355 2.60° 415 3.05°

USK, Samkwang; SDJ, Shindongjin; BRM2, Baromi2; GG-1, Guemgang-1; HAR-4, Hanareum-4; CH, Chohong; MRC, Mirchal; IRM, Irumi;

Migam.
Y"Significantly differ at p<0.05.

MG,

*Values are mean+SD (n=86). Different superscript letters within a column indicate significant differences at p<0.05 by Duncan’s multiple range test.

N A% A834el X B5Y
],

=458 Wil i, £4, oot S
SHA| UErgt o, $AR fFoll A= /ﬂ%ﬁiﬂr Ajm 1
AjHog o slEke el o] dhg & acetic ac1d-4
Y52 oI5) 2L % el Ao ket 7key 1

23} U FY9) Ak Wzt 29 ojzold Ao L}
Bl o, 11—7]4} %Oﬂ/ﬂ succinic acid, citric acid, lactic
acid’7l +8 A& AEEHUT 53] 453, o|Fn], ulzt
£E=0] w2 °7l'& TFE Hol, ojet 72 %5—01 ester
SRR AL 9 274 45 Az 4T RO et
Wt 39k ¥ AR Ao A= isoamyl alcoholO] *9 A

2o Uehgon, 454 EEIA BAFE LA ester
sjg=o] 71y ol AZHdrh W WAL A5A B

o8 Az SFA 257 I 7|2 o)A 7 15—
o xq/\g HHolo W o] ester 3F7] o] 7|5 Ao 7]od3t

o geEn B dfolde And F52 S7F Azl
Z* °15W %2 Zlor Holn, 453 F52 ¥a a8, Y
3 G AR A R 2R 7| S0l M HE FF5 HE &

449l ARNE Bol, 74 4% Azo] APty ArEt

AukA ]

B RS
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