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FEEAYSIY LEITAF Y

Abstract This study aimed to assess the quality characteristics of barley nuruk and makgeolli based
on grinding size and inoculation rates, with a focus on identifying key aroma compounds contributing
to nuruk off-flavors. Barley was hulled to 30%, using coarse (5 mm) and fine (1 mm) ratios, and
inoculated with Aspergillus luchuensis 34-1 at 0.1% and 1% rates. Quality parameters such as
moisture, pH, acidity, amino acidity, organic acids, and free amino acids were analyzed. At the same time,
enzyme activities like saccharogenic power, o-glucosidase, glucoamylase, o-amylase, and carboxypeptidase
were measured. Microbial contamination was assessed, and volatile aroma compounds were
quantified using gas chromatography. Results indicated that finer milling (I mm) and higher
inoculation (1%) significantly increased enzyme activity and free amino acid content in nuruk,
leading to a higher concentration of fruity volatile compounds in makgeolli. Thus, adjusting the
grinding size and inoculation rates in nuruk production is key to enhancing makgeolli flavor quality.
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L2090 32 HEZ AR AN Ygz, o]} ALty YA a4 shohs 0]

Wa AEtEOlt: Bk 52 2 7 7K Pz ERE ARl B Y AR £
U YR Aot A HFAIT] Aoy, U=-2 A Bo|| Aspergillus <
wiofFote] A Z3thH(Bae 5, 2008). Al FE0= F2 Aspergzllus Rhizopus, Saccharomyces 52
Tutolo} ARE H|E AFEZ TAEo] 9lon, o]ZL amylase, protease S| AAZ AAI5to]
ot} thlo] Belg 45k, ARY YRE olg3to] go 3ol Wash $aFoA F
3% 9= ?}E}(ParkJ} Chung, 2014).

olefat wraAe] ALg- HTojuk FaE Ao| oiet oje] ofAlel FHE 9 AR 77|

T Slek QolAE TAKoji BIE E TS Agelo] B, vk B cloi Ua AEE
Az, EFNAE TAHQUEHE LEAS A8olo] W9} 22 HEFES THETSakandar 5,
2020; Yamashita, 2021). 0] Z7oA= &, W, HE] & clofst TES BHE AEFE Q] AT E ALS
st 9o, ZF J79] EXL T-25lo] =EJ En|9} —‘111_4 =22 WA Qo

=3, Qv AFEe 8elE YA Avdel YRS 48T 19 o 43S 2w slnt
Tekashita(2012)°] A70] T2, QOIA Kol TA ABT shochul EHT 5] HEE 717
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o], 53] ester 3182 Fefol Fol THgo) o etk B
5] QIth(Takashita, 2012). E3H, B & A X3¢ FA|&= &2
B-amylase &/ 7HA, o] & Qlsf T3} A&o] FIEHIL &
& $80] 78It R E I tH(Bechman 5, 2012).

SollA] AYEE AL Pl sk o)5e) H7Ed
o uelo) SlE AHAE ERT R4RA, 2% 754
| 83 IS 3t} & =0, A% ¥a I F g4I
T8 5 YFEE oLEF F 5t isoamyl acetate= R
SES 242 1 2% 5840) WA eRdthKang 5,
2016; Mamede 5, 2005). oJo] HIe] -2 F&, +235, & F
=9] gkn] £AJ3} S 4F-27F21 2,3-butanediol, 1-octanol,
1,1-diethoxy-3-methylbutane2 AH|A} 7|52} 29 Al
AE EAth(Heo 5, 2020). |23 A4 A5 +59 ¥
= A"y Al 9o] F AlEY F43 ARAF 7]k
T8 JFE 1A U2 AARE olF % FFoA 711
oF ookt v EET B4E tAMREEC] HF R AEY
4 §A 4 o] A& FA0 1S 58% 9T ol &
Totar, 942 9] gn| FAE 3t HHe] F5 A wH[gt
Adoltt. +59] FAI B2 59 A4 W, ¥E 2%
4 5k, A% 1Y F57 & T o 2400 s 2A
FLEHER He $59| AES et &8s7] A=
Az 249 HZ3P7} W42 o|th(Hayashi 5, 2012; Takashita,
2012). WbA B AtolM = dre B 279 o+ HSE
< g9 3 B 52 AR5t 4 E tAHEE A4S Al
oL, o]F 7t A2 v E AXT 5 AUe 75 AE T4
< Adstarzt gtk ol& B3 F5o] urdE] ] Fujo WA=
FFE B} o] olgfolal, HFHo=Z wae] BHE
GAIZ13AL _it

2

2. Mz I gk

2.1. &8 HMe

2 Aol AREE ¥R HEjs 20239 A AR
E ARSI AFE e 5231 RIS A STl A
A3t Aspergillus luchuensis 34-1(KACC No. 46420) A&

T
|

¥R
£

22 Bx g+ L FF HE

Ado] A% #F+= PDA(potato dextrose agar) H{Z|o]
28°C, 5% ol HieFstlty. ZAE FAHEE EedtS 10 mLE
gol Cell spreader® XS F1l, B4E 34oto] Bt
o] 7|94 syringeol oSt Bt TAH 1 mLE 5%
Tween 80 solution(ES food material, Gunpo, Korea) 9 mLO]|
HEFSTL 1% methyleneblue(Sigma Aldrich., St. Louis, MO,
USA) 89 2-38-2-8- 7}5}%] hemocytometer(C-CHIP, INCYTO,

958

Cheonan, Korea)o]] Boj&=& @u|7 o7 HAAY EALTE =
g5kl

5= 24719 72 299 5 mm(Coarsely, 5 mm
milled), 1 mm(Finely, 1 mm milled) & 7} E837]1& 43
stact 245 dEE 100°CoA 3087E SATE & 40°CE
YA H . Y5 ] 25%9] &5 714 ot Rk & 24
552 H(10° spores/mL) & ThFTt FE(0.1%, 1%)2 HE0HA
o} 4 AT A A+ Jarsto] A% oFlrh(Back 5,
2011; Jung 5, 2018; Kim &, 2020) F250| W=H 98
300 g Yol Y ZeAR F52 4JFPotal 4-Chamber A2
Hi<F7](500 UL, Vision scientific Co., Ltd, Daejeon, Korea)&
ol-&sta] 30°C, F= 85%F FAISHH TRAIZ

2.3 He[F59 2HEE Z4

SESIEES Moisture analyzer(MX-30, AND Co., Tokyo,
Japan) & AMGHo] 5 A 1 g€ FE F 200°CON4 71D
Sto] pE SUFE S5 satde ARt YutaE
B4 915} BT 35 AR 5 o8 Aolo] F7% 45 mLE
gl 3AIE 57t A-L2ofA wHksto] 10,000 rpm, 102, 4°C £
Aoz YAEF(CR 22G, Hitachi Koki Co., Tokyo, Japan)S
Agstel AEAL Fo) B4 AR A8t pHE pH
meter(Orion 3 star, Thermo Fisher Scientific Inc., Waltham,
MA, USAYE AHgsto] S45tqltt Al AR 5149 10 mL
£ pH 7.0714] 27%7F 0.1 N NaOHO| A:H|FZ SA5HH.
ofa| At = A8 34N 10 mLof| 0.1 N NaOHE AR&-5}o
pH 82712 AXE & F4 zadd 84 5 mLE 7}8hal o
Al pHE 8.271A] F35t=t] 4H|=& 0.1 N NaOHO| AH|wF
o =As}9ic}.

2 1 0

2.4 He/F59 gAY 24

FE20] g4 A4 &L 5 B4 7|E(Kikkoman Biochemifa
Co., Tokyo, Japan)E AR&5}0] T3}, a-glucosidase, glucoamylase,
o-amylase, carboxy peptidase TS BEASIQ T BLLT A
(Cary 60 UV-Vis, Agilent, Santa Clara, CA, USA)Z T4 E
S 54 B4 42 A% BY 55 FEE AXE
A8 A& 10 ol 0.5% NaClo] ZE3HE 10 mM oK EAF 9=
H(pH 5.0) 50 mLE 7}otal A20A] 347 B3t wEtelo] &
3} & o] Z}X|(Filter paper No.2, Whatman Internantional LTD.,
Maidstone, England)2 oj¥}slo] B4 Alg& ARESITH

25, HY529 SI/M B4

7 BYS AT T FERS BT 2 10 ¢ 3R
%40 mLE Y3 347 FF AL
pm, 108, 4°COIA AL o] Y5AS et
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Nylon filter(Milipore Co., Tokyo, Japan)Z oJ1}3] 24 A&
2 Argstgnt. $714F 24 7]7]= HPLC(LC-20A, Shimadzu
Co., Kyoto, Japan)Z ©o]&5}%1l, E48 AHL TSKgel
ODS-100V(5 um, 4.6 mm IDx25.0 cm, Tosoh Co., Tokyo,
Japan)2 ARESFTE €1 AZ 8 mM perchloric acid(Kanto
chemical, Tokyo, Japan)E ©|-&35}%1, & BE 0.2 mM
Bromothymol blue, 15 mM Na,HPO,, 7 mM NaOHE ©0|-&3]
¥Oom 842 1.0 mL/min, column oven?] %= 40°CZ 3}
St} ABE BT BBE oS4 B Be ST F UV
detector(440nm)°f| A HZ&3FAT.

2.6. 2o|=59 R0ttt 4

Seloluldl BAE 9% w8 228 97U 247 5
AstA A 2st FEE 1 mLo| 5% Trichloroacetic acid(Sigma
Aldrich Co.)& 713t T2 10,000rpm. 105, 4°Cof|A] QA&
g oFh. A5 FH3t & 0.2 um Nylon filter(Milipore
Coy AH3le] olabsl] 222 AZsieict 24 771 of
0] - AF AFEEA7)(L-8900, Hitachi, Ltd., Tokyo, Japan)S A
f3lo] EA591 APL PF#2666(4.6 mmx60 mm, Hitachi,
Ltd.)& AREolch A9 2T 57°C, reactor =T+ 136°C
2 Aot EAol& ninhydrin solution(Wako pure chemical
Industrial, Ltd., Osaka, Japan)Z A}&5}93tt.

27. =59 45 + 55

He|R59] duthlats, f4ES, B8 9 35l £, it
FE 7] Al w5 ARE Fdt A4 E5(3M Diluent
9 mL, 3M Co. Ltd., Seoul, Korea)o]] <& 3]4sto] AXLE
(Petrifilm TM Plate, 3M. Co. Ltd.)o]] 3|4 1 mLE B335
o] ARESFRTE. YHHA|T-E(AC, acrobic bacteria count plate,
3M. Co. Ltd.). GAHFE(LAB, lactic acid bacteria count plate,
3M. Co. Ltd.), EXHFH0]-8(YM, yeast & mold count plate,
3M. Co. Ltd.), tF-2(EC, E. coli count plate, 3M. Co. Ltd.)
52 ol&sto] S5l ARkl A, i 35°C
oAl 1-297F Bigote] Ueft= colonyE Aol 5 9
0] 28°CoflA 2-3U7F Hijgsto] UEfL= colonys A4
SH9itt. HAYE 4= AlZ mLY colony forming unit(CFU/mL)

= kgl

28 B2=52 g5 5ZE X

o] (A, 2023) 2 ke AR F 2417k Bo] B3 142}
22 ik o] FA10] 91 1410 FA 3
LIRS Az DEES 40°CE 42 F AR o)
150%2 714511, A% 52 5%, AREHED) 0.1%S 42
soict. P LEE 5te] v 18] TS 25°Co1A] 7L

o
z
()
]
il
f,
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ZF RIS, o) cls) AFHOE BAS Azl

AT

2.9. Bel=55 2&at 5fZE/9) YEYE F4

dIZ FF2 A= 100 mLE SFot], S7F 80 mL|
552 79 100 MUK 83 F 7lo] Fme B4
(AL-3, Riken keiki, Tokyo, Japan)E& ©]-&dlo] =43}t
pH+ pH meter(Orion 3 star, Thermo Fisher Scientific Inc.)E
AFg3te] 2SGE. FUL ST RS citric acid FFO
2 belgltt. opiAtes A& SAY 10 mLo] 0.1 N
NaOHE AH§3to] pH 8270 4% 5 54 X2l 89
5 mLE 71513 thA] pHE 8.2714] S31ste o] AHHE 0.1
N NaOHS] 4:%& Z45}5itt. AL BT 259 30
mLo|| phenolpthalein(Showa chemicals Inc, Tokyo, Japan) &
HG 2342 H713F Z 0.01 N NaOHE 0|85} pH 8.27}4]
HA3 A8 acetic acid FFOZ FHASIY

2 fy

H

2.10. He|F=5= &85l 514/ /28 E 24

szl Sy ] AR B4 A BuRaT e
AlZ AFZEN 10 mLo| methylene chloride 2 mLE &7}5}o]
150 pmO2 147t WuS) BulFES NPT, S30| B
% methylene chloride & E2&]3t th2 0.22 pum nylon filter
2 oj7}ste] Ao ALE3HITE. GC(GC 2010, Shimadzu Co.)
£ AREste] BA511a #4418 A& DB-WAX (60 mx0.25
mm [Dx0.25 pm film thickness, J&W Scientific, Agilent Co.)
£ AR5t 9™ Flame ionization detector(FID)Z HZ5}%
t}. Column Oven®] 2% 45°C(5 min holding), 5°C/min %
2 100°C(5 min), 10°C/min 52, 200°C(10 min)Z T2 13
SFATE 247l A (carrier gas)= AAE o] 8€319 T 52 22
cny/sec(linear veolcity) split ratio= 50:12 A5} F47]
o] &&= 250°C, 4&719] 2%+ 280°CE 3T

2.11. 84 24

EA B4 XLSTAT 2021(Addinsoft, Paris, France)& AF
8310} 2AEIT). Hejrga) uele] bR B4 2
+ 33] ¥HE37 51o] meantSDE UERIQLAL, YLHX] ZARE
4J(one-way ANOVA)T} Duncan’s multiple range test (p<0.05)
£ olgste] 18 AR 719) S04 Rolg AZeIsTk F4%
EAPCAS $slo] I8 14 RA0IN 2 5 4
Z9] JAE Ao, 3|EW(Heatmap) £41 43310

HERE LS 19 BAES A4Sk
3. Zit A 1H

3.1. HEr59 eryE 24
_]

A7
BHIHR29] Ut E BA Avl= Table 19] YEFALE 5
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Quality of barley nuruk and makgeolli by grinding and inoculation rates

Table 1. Quality characteristics of barley nuruk according to grinding size and inoculation rates

Samplel) Moisture contents (%) pH Acidity (mL/10 mL) Amino acidity (mL/10 mL)
A 13.46+0.26% 5.08+0.05° 0.48+0.03° 0.65+0.05%
B 13.90+0.36° 5.66+0.03° 0.53+0.01° 1.52+0.15°
C 17.61+0.82° 4.77£0.01° 0.36+0.02° 0.32+0.01¢
D 20.35+1.69° 4.30+0.06° 1.04+0.04° 0.77+0.01°

YA, 5 mm, 0.1%; B, 1 mm, 0.1%; C, 5 mm, 1%; D, 1 mm, 1%; Barley grinding size: 5 mm, coarsely milled; 1 mm, finely milled. Inoculation rates:
0.1%, 0.1% by volume of raw materials; 1%, 1% by volume of raw materials.
DAl values are meantSD (n=3) and different superscript letters in the same column indicate significant differences by Duncan’s multiple range test (p<0.05).

AzoNA P22 Alett At 279 23S M7= F8
@ aslos e slont, Pl 4 27 8 8
Aol gizolng wa F FEE FAsHE Aol 85kt
(Bal £, 2017; Shuyuan =, 2022) 2 oﬂ;LoﬂxiL HEE By
7 Z_}%’* 1 mmZ 31 ZAALS 1% FE% 22D, 1 mm
1%)°] 20.35%% 7Fg &2 $24FS B, 2471 =<
5 mmE 817 TAALG 0.1% BEZ3 =2(A, 5 mm 0. 1%)01
13.46%% 7P} B2 +ESERS Bt A 1% FE

o 17 o9 B0 FETGE B, QA0 EX A
#4801 S7hoke ohigel PIES 2 2 ko] A
584 B 2712 SR 7RI 23et UAas
tH(Choi &, 2019; Kim 5, 2018, Lee®} Park, 2020). That dF
E7h A o] oA FEO AT A WAL, 3] %
0% 8 W So| olg2 F¥o| FAsY YaHOE 3
S0 2l SRU] 14% o BT AIE 92
2 & Q= BAHo] o} A% $L 95 % 47 2% 59
4 Asto] djH]sto] Az} ﬂﬁﬂ AoZ Atz Hrh(Lee 5,

Ha] 229 pH 24 27} D(I mm 1%) F+20] 43002
S pi Gk A, $4p7] G | 912 %)
AL 0.1% HES FZ(B, | mm 0.1%)°] 5.660.2 71 =&
e E‘ﬁﬂr ofu] A= B(1 mm 0.1%)7} 1.52 mL/10 mL
2 7MY 2 @2 Hof Ake} op|iAte = EHE 54 T

2 20 gho yehgth 35S s 2afsto] o
2 10P7ﬂ TEEI, ZE YR Yol EElo] ngE)
P& o] BolsiAH, F7] «¥o] 7Fsste] 3714490 =
Zol9] ATt G AAto At AEE AT 4 3o
Bo] BrE F AE9] 4o E YFS vk B A7
| BEHE FA ot o, At of| it /o] =2 A
8 1 mm 7HO.E A= Zo] ulBE g o gt
3ol S oz motHrt.

(3]

=

of
o

i

32 H-%
24 2719 2 B580) 42 HarRe 54T 37

960

AT} Table 20] e 35 9E 3PPoH F22 A7
E J}eBEE & Qs aas TEsh, a4 o5 A"
gAERLS aro gAdog F-aEth(Fujita 5, 2003).
3 T2E ARE AR} F20] Ao AFLL WA
sto] dAlES] Hig At o]src‘g 2 gL e Hasis
g3} o] "4Zo]H, o] WAL F2 uPEo| YA Th
of s FErk(Park 5, 2022). WhA BEHE F7 A=
A 20| AR SRS APAL £83 48 B A4 Az

I‘

L’z
:19 J[m

St BE+59] g5l D(1 mm 1%) F50] 699.79 Unit/gO
2 71 =9k 7, ol= Alm utg A9 g3lelo] 698.3 Unlt/go]
A3k VTS S A B ACS mm 0.1%

2 g5lgo] 248.19 Unit/gC.2 714 Worom, A|gt %&Xﬂ

ot WA yebgth 95 AE4A 9 amylose?} amylopectin®]
o-1,4 AL 7Rt AT 5490 o-amylases F2E

F2J2Ql o] Ho|Z| Ao} ol AQJet HE Haf a4
2L ZHE FA st dFE0l #5545 =4 UEHth
Carboxy peptidaser= 72| Tl A2 HELO| =9} ofn 4t
Eofoll HojstH, of oA FH ofr|Abe UE vBE
9 th,} Ato] " Ql JokA g ARREH, A% 0] gy} gF
o G ]t Numazawa 5, 2024; Souza 5, 2015). D(1
mm 1%) ¥20] 10,982.77 Unit/gC.&2 7} 2 AL HY
1, 9A] 5 mm 24) FE0| | mm 24 F20] H]5) *S A
< B3k
derA oz AFS WE F A9 2717 2o EHA o]
F7Foto] nlgEEC] YUl EA A2 5 ol Ea %
o] ol 1, Ia Z PAEL 23} hARIES)] Oko] Z7)stc)
(Adebo 5, 2022 Izumi %5, 2010). TFebA HelRg A2 A]
Y50 4 g0l T HUAS gole TS AH&oH &
dls} O] YE At 95 kst g4 ZFo] Yojut thEko]
AR Bdd 2T e A 24 54 43 3
Fe A £ AL AR Ardrh S 5 mm A3 5
< 1 mmZ 243 w5 wis) B9 si{RIt AA =g
FEiolA Fgol7t Belo] gt AxHE FA 23f 9=
9] JFB S LA B3t AoE ALgECh ES A5 mm
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Table 2. Enzyme activities of barley nuruk according to grinding size and inoculation rates (Unit/g)

Sample” Saccharogenic power  ¢-Glucosidase Glucoamylase a-Amylase Carboxy peptidase
A 249.19+110.26? 8.08+0.44¢ 39.27£18.95" 106.90+17.88* 5,693.65+402.49"
B 429.26+32.34° 22.044+2.20° 64.30+4.71° 108.78+0.65" 8,202.05+525.73"
C 400.32+3.50° 20.79+0.83° 59.87£0.91° 103.62+17.26 4,238.74+244.19°
D 699.79+13.62° 35.52+0.63" 105.00+2.07° 103.68+3.30° 10,982.77+116.63"

YA, 5 mm, 0.1%; B, 1 mm, 0.1%; C, 5 mm, 1%; D, 1 mm, 1%; Barley grinding size: 5 mm, coarsely milled; 1 mm, finely milled. Inoculation rates:
0.1%, 0.1% by volume of raw materials; 1%, 1% by volume of raw materials.
DAl values are meantSD (n=3) and different superscript letters in the same column indicate significant differences by Duncan’s multiple range test (p<0.05).

0.1%) 152 %%, +% 719 BA7L AsHA] ekt 0.1%S
HESNGS U, BEE oI/l L Ade] 2H $FoR
A2l 17 ok, 2 39 5 Sjpaed 299 A4 o)y

B0 o3} 2FHAL TRsHE A ol2fFt oG TR
£209) Ao ofeie 4N H 454D 4 gLom, ol
% waze] B 2 P W & Uk

3.3. BE[F=59 2[4 2Ef

24 2719k T+t 580 wE HREY {14 10F
(citric acid, succinic acid, malic acid, lactic acid, acetic acid,
tartaric acid, propionic acid, formic acid, ascorbic acid,
fumaric acid)& EA5t9 oM, AEH F8 /7|4 malic
acid, lactic acid, acetic acid, citric acid, succinic acid 5 5&
O 2 Table 30 YRt +52] Ha Il thefst
7|40l mBES] G HAF 8-S Bl BPEH, o= 7 Al
Z 27] BY Al AR 0|99 #F7} WAlste A AlskL
2F AFS Fvlo] & T2 WX thBangar 5, 2022; Woo
S, 2010). & AFoA AR Hel F52 24 3719 I
FEFl wet {714 dFolA felulet Aelg Eitt
(p<0.05). B(1 mm 0.1%) F5-2 citric acid(939.97 mg/100
mL), malic acid(663.92 mg/100 mL), lactic acid(441.82 mg/100
mL), acetic acid(276.01 mg/100 mL) E5FoA 7M =2 55
Heloh ¥ 1% JF 752 A os Rt 527t Wote

o, 5] D(I mm 1%) F20]4 malic acid(317.54 mg/100
mL)%} acetic acid(133.86 mg/100 mL)ﬂ =7} 7 G
AAHOZ 0.1% HE FFoMA HEH A4 ol 2A
YEL oW pH, AHE 9] Axte} 4 01‘2} 23S e o)A
o to] w2 H(Baek 5, 2011; He 5, 2019) isobutyric acid,
butane diacid, ethylic acid, oxalic acid 5°] =7 HAZE O
U B dTolAE o fAES BHeA] ergel ue 24
3 10% olelo] ARo] Aol o 2 L BIAS AT B
sy,
3.4. He|=59] RC/0f0[4F 2f5F
2 219 3 430l e Eaheo SajofuliAr
L Fig, 10 et HER=0l4 A2 2 ofulwit
2 leucine, glutamate, alanine, tyrosine, phenylalanme 18
Z0g Uehyth $59] drg oA AE 9 childy} 722
IR E4E0] HAEe] AT Baof ) 7hEsfE o
S, Pepo|= @ opn|iAto] A/EHTH(Lin &, 2016). YF- of
oAb AlEC] ] FAdol A 71olstar, A skE &
4= Sgt AFAR ol §HH. &, oAl F aspartate®}
glutamate+= 7F&9E, alanineS ©HHL, leucined} isoleucineS &
I AELE FR0 3 A FRE] AW 7|2 EE S
Al 4= Sl 8910 Hth(Park®} Chung, 2014). £A3 ofr]
LAl valine, leucine, isoleucine2 ehrlich pathway©f w2}

Table 3. Organic acids contents of barley nuruk according to grinding size and inoculation rates (mg/100 mL)

Sample” Citric acid Succinic acid Malic acid Lactic acid Acetic acid

A 774.33£106.77" 511.49+118.24° 505.20+24.48% 281.65+129.71* 260.20+23.86°
B 939.97+150.42° 506.58+123.05° 663.924205.59° 441.82+122.11° 276.01+39.95°
C 644.98+44.93° 288.14+32.53" 365.59+9.69° 231.33+37.95 173.27+12.80°
D 911.68+15.46° 250.71+14.18° 317.54+12.87° 222.36+31.27° 133.86+8.83°

DA, 5 mm, 0.1%; B, 1 mm, 0.1%; C, 5 mm, 1%; D, 1 mm, 1%; Barley grinding size: 5 mm, coarsely milled; 1 mm, finely milled. Inoculation rates:
0.1%, 0.1% by volume of raw materials; 1%, 1% by volume of raw materials.
DAl values are mean=SD (n=3) and different superscript letters in the same column indicate significant differences by Duncan’s multiple range test (p<0.05).
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Fig. 1. Free amino acid contents of barley nuruk according to grinding size and inoculation rates (mg/L). All values are mean+SD
(n=3). A, 5 mm, 0.1%; B, 1 mm, 0.1%; C, 5 mm, 1%; D, 1 mm, 1%; Barley grinding size: 5 mm, coarsely milled; 1 mm, finely
milled. Inoculation rates: 0.1%, 0.1% by volume of raw materials; 1%, 1% by volume of raw materials. The abbreviation description
of amino acid as follows: Arg, arginine; Pro, proline; Glu, glutamic acid; Tyr, tyrosine; Leu, leucine; Lys, lysine; Cys, cysteine; His,
histidine; Met, methionine; Asp, aspartic acid; Phe, phenylalanine; GABA, gamma-aminobutyric acid; Ser, serine; Val, valine; Ile,

isoleucine; Hypro, hydroproline; Thr, threonine; Gly, glycine.

ano] os Ay 3k 5 2w o714 aldehyde, fusel
alcohol 9 fusel acid9} Z2 Wer= 9 3ukA slotE=R 23
S0l 2% 7Re] Folo] e e v AckHazelwood
5, 2008; Kang 5, 2014; Wong &, 2023). & JFojAx= &
2E | mmE B3 FFoA M¥HA o8 {Ejopn| At THEF
o] &9koH, 3] D(I mm 1%) F=RolA= oFet &0H2 Uet

+ arginine?} FAYS UEH= glutamate, 258 &I
leucine AJ+-0] A UEFTE B B(1 mm 0.1%) F50lA]
= 3 3} opu| ARl cysteind} methionine®| =2 3RS H Y
=4, o] AEE2 &% 95t dimethyl sulfide(DTMS)Z
wiolol, o AHE A9 AR ARARIE Y U
QJtH(Choi 5, 2014; Tamaki, 1986).

Belo] B4 279 $7 BT Selopny Bl 4
AL Fig 23} 2o B4 At el Yxto] 2717} 2
O}A| ™ aspartate, serine, valineZ A|2Jgt of]i-Al0] ggfo] =7
ekt E3] glutamate, histidine, methionine, phenylalanine=
12]9] QJaj} ofulie At gHeke) whijel Aol 27 vhehyde.
vh £ HE8L proline, tyrosine, cysteine, histidine,
methione A|2J3F f-2jotu| iAol ko] AAE Uelo
™, valine?} GABAE A|9J5t otk &7 0.6 °]
89 2 4TS 2= AR YETh

Ut o2 QAo H7]7F Ao HHAo| F7tsto] u]AY
50| ¥l EA AEL & o] Fa 880 FoA AL
2APAPAREQ] o] Z71sHHAdebo 5, 2022; Tzumi 5, 2010).
Papagianni 5-(2006)° =W +F JFFE Y, oy
Ak, 5714t & HiARRES] A4do] S7FSHAL, glucose, glycerol &
G5 GAl 3A 76k A0E Ued=d & Aol E thR
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9 O]":']i’q'ol Y3t A X YAH(Papagianni 5, 2006).
Az

Hetq Hel 8 A A 4R BA8e kolT HEUS
£9 4 w2l GUA folohlndt URE S 4

3.5, 20|79 /4= &2
24 2719 T+ FF &0 IE EYrEY ndE SR
HEE gofoly] ffsf dutdl<t, i+, ikt A8 5 5
145}04 Table 4] LR ATE LHbAlt2t EHXLE 1% AF
=00l =l 0.1% FFFNA FAH 52 A EAH
B AfoA ALEH 5 Aspergillus luchuensiss W& I+
2 citric acidE ThEF AJAJSto] wha 14 9] pHE WA X%
o= Fat 9 HEA U]""U-J e YAk E4e 7
TH(Yamada 5, 2016). S F5& 0.1%% 1%2] pHE | st
A 0.1% S 52 47 508 9 5.669] pHE UEHH HE
Eﬂ, 1% 8% 552 477 9 43002 Atjdoz 2 pHFt
HAAo o3t A= 0.1% HF FFoIA F%8019 271
A ST A eR 18, Ta 7] 9AM HSE 45
QA £5HT HT 27 0129 BBE Ago] 3t
o2 woteth aX 50 AL, F A BRoA &
g R9os, Ua 5 A D4E 2Ue ARRnc

7F SAsfoF StEE, 1% HE F50] ° gt A2 =

PN rlo xR N o
lo Hd =9 i
3 PO
ﬁ O

i,

lul

g

3.6. 22/F=%

S =
HER22 323} ulAz]o] YulgE BN ATE Table 5
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Fig. 2. Analysis of interactions among free amino acids and correlation of barley pre-treatment. The abbreviation description of amino
acid as follows: Arg, arginine; Pro, proline; Glu, glutamic acid; Tyr, tyrosine; Leu, leucine; Lys, lysine; Cys, cysteine; His, histidine;
Met, methionine; Asp, aspartic acid; Phe, phenylalanine; GABA, gamma-aminobutyric acid; Ser, serine; Val, valine; Ile, isoleucine;
Hypro, hydroproline; Thr, threonine; Gly, glycine.

Table 4. Yeast, aerobic bacteria and lactic acid bacteria counts of makgeolli made by barley nuruk grinding size and inoculation rates
(CFU/g)

Sample” Yeast Aerobic bacteria Lactic acid bacteria E. coli
A 7.0x1072 4.7x10% ND? 3.3x10™
B 2.6x10™ 2.2x10% ND 5.3x10™
C 1.2x10% 3.1x10% ND 1.6x10*
D 4.1x10™ 4.6x10* 7x10° 2.2x10%

YA, 5 mm, 0.1%; B, 1 mm, 0.1%; C, 5 mm, 1%; D, 1 mm, 1%; Barley grinding size: 5 mm, coarsely milled; 1 mm, finely milled. Inoculation rates:
0.1%, 0.1% by volume of raw materials; 1%, 1% by volume of raw materials.
YAIl values are mean+SD (n=3) and different superscript letters in the same column indicate significant differences by Duncan’s multiple range test (p<0.05).

9ND, not detected.

of Uetdllth. 2dz|e) pHe Ha % €3& AP 58 T VAL SRS, ofvlkAlE 22 A 2250 Aol
5, 2014) ¥E ool Y= IXIth(Song &, 1997). A1 Aol W= o
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Table 5. Quality characteristics of makgeolli made by barley nuruk grinding size and inoculation rates

Sample” Alcohol Volatile acidity pH Total acidity Amino acidity
(%o, VIV) (mL/L) (%) (mL/10 mL)

A 9.07+0.12? 320.80+8.43° 3.95+0.06° 0.37+0.01° 1.85+0.09°

B 9.93+0.06° 307.5045.62° 4.08+0.06° 0.32+0.0.1° 1.88+0.03°

C 3.70+0.00° 777.60£9.31° 3.30+0.02¢ 0.800.06" 2.4240.18°

D 12.10+0.26* 31.90+2.55 4.22+0.08 0.22+0.01° 1.9240.09°

YA, 5 mm, 0.1%; B, 1 mm, 0.1%; C, 5 mm, 1%; D, 1 mm, 1%; Barley grinding size: 5 mm, coarsely milled; 1 mm, finely milled. Inoculation rates:
0.1%, 0.1% by volume of raw materials; 1%, 1% by volume of raw materials.
DAl values are meantSD (n=3) and different superscript letters in the same column indicate significant differences by Duncan’s multiple range test (p<0.05).

19| = AE =229 pH M= 3.4004 4.5 Aol Kl
T2 QlttJung 5, 2014; Kang 5, 2014; Park 5, 2011). &
AFolA C(5 mm 1%) 22 (pH 3.30)5 A 2Je 2= 2Had
AE9] pHEEE o] H9] ol AU EE, F4F Tt of]le
AP O] 8- C(5 mm 1%) A2 of|A] FoulstA =2 A5
Holow, d3E FFE 3.70%=E o Ao Hls) §-9ju|
oFA wokth. $ubAl gkF E3E 777.60 mL/LE ThHE A Eo]
Hlol FHA R &2 2 Bt wragoA] At 570
1] B0 Sa3 gL AT, Bt A= ol RS
Zdfoto] AlgtE 8 & AUth(Lee 5, 2004). Liang 5(2020)
9] Ao MEH, IR 7] T4 FFo] HiEA S B¢
AFE Aol dAET= 23 HuE vF QitkLiang 5,
2020). &4 A3, C(5 mm 1%) A oM G443 F4F S7F
& Qlsf ol Wart APEUL, o]& Qs FHE gl #
30 3HAE gl EobA E3fgh Fn|7t AotA ved Aes
Atz ),

3.7. BE[=5= E&E5t 5/ZE[9 /2y /EFE

Gas-chromatographys &85+ 22z2]9] 3y P&
EX ZA3E PCA(principle component analysis)Z 435+ 2
I}E Fig. 30 YERHQIL. A% 94 9] £8 PR EE
alcohol 7%, esteriF 7%, aldehydest 2%, acidf 2%, ketone
F1F0E F 19%0] ASEH I =] I 7] &
52 1% HF 4A8et w2 JHEAE Bt e §
I R 5 9ESFe T ZRES stk Ul 58
e ATE Bk 8 GIAESF= EAH oAkl valine,
Isoleucine, leucine} WgFE o] :-AF] phenylalanine, tyrosine,
tryptophan®] R 9] ehrlich 25 &3 &3]0} HAghert
(Hazelwood &, 2008; Kang &, 2014).

B oA 313 LF-2(isoamyl alcohol, isobutanol, 1-propanol,
1-pentanol, methionol)2 1% F& 2F22|(C, 5 mm 1%; D, 1
mm 1%)%} w2 JHAE Bt 3, ¢FE &= /A
1-propanol®} & 32 7}l isobutanolo] D(1 mm 1%) ZH2 2]
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o JHBAE 7H whAof, R 7F, F80] IS YEhH T
& FR) $3 5re AT A $RH0E $YH
A (Mateo 5, 2001)5l= isoamyl alcohol- 1% HZ “r4 ]
o} o o] QIleh E3F, W} 9l o]F ¢l Edol1
(Seow 5, 2010), Alatx} FHo] o3t HEd tAZEE A
A== methionold} 7122 0| & 7F 1-Pentanol §
Al C(5 mm 1%) 9H4zZ|e} w2 AABAAE EJHChe T,
2020).

Aol A v, TpAke] B2l 4JE2l isoamyl acetate
+= D mm 1%) 4282} =2 AHAAE Hel v, &=
=} lactic acid9] o|AES} HHE0 8 P4 = T b=
9] ethyl lactatex=(Ren &, 2020) A(5 mm 0.1%) 22|} =
< AHBAE B Isovaleric acidi= A3 oH|AkQl
leucineo] T} TH04 & oflie3lo} LIS W32 1A
WS 20 BT BYROR, o] BAS F2 GAE 5
Aol sl ZXE K Thierry 5, 2004). W& H, A=, Aoy
Al 5 EFgt 32 YEFYE Isovaleric acid= C(5 mm 1%)
g ee} AIIAE UEHH A2 BE, 22 2 L5t
2489 F4Z ASHA7]E butyric acid GA] C(5 mm 1%)
Aot £ 4UAAE Btk

Acetoinz 8 ¥ F AE Ee it 22 njgEo]
Citric acid®} T ZEANS djAlste] AJAJE th(Axelsson, 2004;
Muyanja 5, 2003). Acetoine WF9] 7HH A9l o]F B4R,
acetoin A/ F29] FARER] diacetyl HE & P45t I}
SHA E0] AU A F79 Frlol FHH S vE
%> QItk(Elena 5, 2006; Romano®} Suzzi, 1996). o] AJE2
D(1 mm 1%)9} &2 HAE B

4. Q0

2 Agolit 2 Azel 24 2719 $7 WEGL 29
so] 52 AZSL, 0] HHE EY L AR WakE B
HBgIet. EF, el $5S B8] AxT e 14
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Biplot (axes F1 and F2: 86.51%)
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Fig. 3. Principle component analysis (PCA) of volatile compounds of barley nuruk makgeolli. A, 5 mm, 0.1%; B, 1 mm, 0.1%; C,
5 mm, 1%; D, 1 mm, 1%; Barley grinding size: 5 mm, coarsely milled; 1 mm, finely milled. Inoculation rates: 0.1%, 0.1% by volume

of raw materials; 1%, 1% by volume of raw materials.

Ao R 0|37} A1 Bdo] 945 wHdelE A

g, At 9 oAl rE BEEQ o, Tk carboxy
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ol ot 20| AA A5 1T 4= USih 2T
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AEE W, GG mm 1%) 752 A&t oA isovaleric
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£ HQlth £ A9 42302, By 489 & AV |E &
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