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Abstract The production of distilled soju by fermenting nonsteamed rice was
evaluated using commercial enzyme products. White £oji and modified nuruk had
alpha-amylase activities of 31.90 U/g and 3,532.71 U/g, respectively, and
gluco-amylase activities of 698.32 U/g and 4,899.58 U/g, respectively. The enzyme
products had activities of 5,604.15-225,182.00 U/g and 13,517.41-120,822.41 U/g,
respectively. At enzyme concentrations of »800 mg/L, the Chung-moo-purified
enzyme had an alcohol productivity of =19%. Nurukzyme R400, Sanferm Yied,
and Diazyme X4 exhibited alcohol productivities of >19% at concentrations of
»600 mg/L. The alcohol content of the vacuum distillates was 41.31%-44.86%. The
volatile component with the alcohol content adjusted to 25% was analyzed and
principal component analysis was performed. The volatile components in white
koji, Diazyme X4, and Sanferm Yield were similar. The modified nuruk treatment
group had a relatively high ethyl lactate content compared to the white koji
treatment group. The Nurukzyme R400 treatment group had high contents of
butyric acid and ethyl butyrate. The Chung-moo-purified enzyme was characterized
Thus,
nonsteamed rice fermentation, no effect on the alcohol productivity and quality

by a low component content. when enzyme products were used in

of vacuum distilled soju was observed, suggesting that it can replace white koji
and modified nuruk.
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B 9 31.6, &5 18.9, WF 14.7, 344 & 13.2,
AF 10.6% £0.7 AH|FFo| &JHKOSIS, 2021). 18
U s 717 SR4 279 &HFS 693 kLA 2,567
kLZ 270.4%4 A3t ct. 583} upA L ke &
StllA 7HA] e AL e E3FE BskE dQlo] & Ao
= AZtEd olejo] Hisdor dFdS 7H A=
ATE S ZAY 2219 AlES wHjsty] s thaRt
Adol afstHA EFo] STHE A= AthKorea
Agro-Fisheries & Food Trade Corporation, 2021).

554 255 FARE T SHEE A7) o]
48] 9 7S 71 B Ak 7w
siefel] e B4 ohlet 712 e
o] Wty W Ax7} Lk FF4 &F

AxsHL A a9 Ax

AEMH‘L

=

, o S BAR U S A
th &4 Al dAoAN= TEA, S, B A5} AR
Ho. HEAE F2 A gfo] w2 WE ARgote] &3
< Axstal 9o o] o] £39] 2 pHZL A "ot
(Choi &, 2014). A WA AEE pH7} B2 S04 &

FL WAAo] o gRE A r2ofA Halslod(Choi
5, 2017) 43S SEstaa) sl SAuls SAohe
5740l Aol 201 9l oledE AAsHL nES dtst

E009] 3rS Hojsk= AAo] 9tHKim 5, 2012). 18
U 2e, A, ¥47] 5 45 AuRAet Hedf A
H], AR, oluA] HE S22 49 2-37°] &Yk
H|ZA FE7} e FRYANAE ojfgol Ik F M
A s e SAS) 31 Be33e AR BHA7]

S

L e olgdlel WiE Yen st
] J

(Choi &, 2021). 18y Ao A= ofds] KAk £
2 7|1 §lo] sjddo] "asit.

SFA &Fo] AMgSl= Ao Al=7] & 1HE9] AH]
oF HEQlgo] glojof APArgt 4= Q17| o] EES]

2RI E BT et AAELFE o) B4
£ olg3jof St W<l ao] Yo] Aje] Bg U
Bt B40) Bk 5] w0 L3tulgt 7gulgol
517 sk, olo] gt iekos WA adel Jgo] g
Ars EE PSS A & 5 o R

O.

o

EA7F Atk AgolAE +5FHE yeasty aroma/flavor
2 Qs o]= Y SFF aFo] FAH 948 &
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8314 dhHKwak 5, 2015).
AEEaies AFTAoNA ZGA ol&5H Fho] H

i 1a% 5 9
& S Kol S A8elo] FeHOh, 200, 19
S 5 WaAS A8 e AN 55
of Hhalit sk o R Aad upt gk wet
A A0S BAAE o8t T2 HE BT 2RY

4g Bsto] A9 48 7hsde dEstan

2.1. Mg
AL FATA G A AeiE A BS FYsto] AR
591, WL X2 I A(F)(Choeun-Goksik Co., Ltd)
oA, NFFEH 434 S a2 (Hwaseong, Korea)
oA Fujste] ARLsFATE AH F22S E4(SKS, Roll
Type, Kyungchang, Seoul, Korea)2 1.5 mm ©|o}Z
74%71] =45t} ARgSEITE &5 AR ARERE BAA
AR a4 (Chung-moo purified enzyme)= @5
‘?—J’B.(Ulsan, Korea)o] Al =AY R400(Nurukzyme
R400), Sanferm Yield®} Diazyme®X4+: @H]Anto] Q.
Z(Songpa-gu, Seoul, Korea)ollAl F3sI3ct A= A
AAHA Ee5to] Bt 5
N9(Ahn 5, 2014; Choi &, 2017)& YPDH{X|(BD
Difco, Franklin Lakes, NJ, USA)°l #&stal 30T oA
48417t Aufjget & ARESHAITH

9l Saccharomyces cerevisiae

Jﬁ C2 AMEE A=) AT

%(i;ixﬂ)% 212 Skt A= B F9] 50%, 7H
TrES 10%, a4 lL AA| %] 200 mg/L7t HEZ

A7FsiTt. X*Er%*% 27] oA gt AgeEol A
| ik &, W= Agate H“%

200 g°ﬂ ’§ 400 g:% 3 }3} I AFFE A= A
= om, ﬂiXﬂ Agts ZaA
@Eél =9
£ A4 ¢ 1%
25c0ll*1 1397k

180%?1 1,080 mL& é% > *HH g e

?l 16.80 mLE H7lotth dEFo 2
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F59 aagA 42 A% 2842 A& 10 g
0.5% NaCl(Junsei Chemical Co., Ltd., Tokyo, Japan)
Sk 10 mM acetate buffer(pH 5.0) 100 mLE 7}‘5]-1
QLA 347 B 3-43] A WG] 25 T U4
£2]7](CR22N, Eppendorf Himac Technlog1es Co.,
Ltd., Tokyo, Japan)Z H4E2(1,390 xg, 15 min,
400 &, A5HE 34T o2 oIHPVDEF, 0.45 pm)st
o] ARg-sHITt.

2.4. a-Amylase & =&

Kikkoman e-amylase AZEF7]E(Model No. 60213,
Kikkoman Co., Tokyo, Japan)& Ar&sto] &4t
SH4J714 & 2-chloro-4-nitrophenyl 6>-azido-6’-deoxy-
B-maltopentaoside(N3-G5-4-CNP)& A& g-amylase
o] Zgo=z WMl 2-chloro-4-nitrophnol(CNP)°]
FEEEM 24E S4ske W4JoltK(Shirokane <,
1996). a4 8N 2oz 7|FLMy} §ALHAL 7
0.5 mLA 33t BEGHE 1 mlA AJHo] Esto]
oA 5&EZt Af|Fsttt. EtHo] 0.1 mLY| 284 O-H
I WHRRE & 37T oA 1087t ¥HEAIX] e RS AI
2 mLE F7beto] ¥HeE FAAFHT E3EEAUV
Spectrophotometer U-2900, HITACHI Co., Tokyo,
Japan)E ARESF] 400 nmellA f-2E CNPY] F3=3}
< &7t Blanke 714-8&H3} 348AS ZF 0.5
mlA Y& uhgd 1 mLE 1587 7123t & whgg Ao
2 mLe REAN 0.1 mLE do] TUHA TLEE =4
Skoich A ]Z*V]' ABske oo WAl wt
A4kt Yehiglom a4 1 go] 40CA 302 &% &
HAE 5= e 1% AEEHY mL $5 v[ITHNRIB,
2017; Shirokane %, 1996).

e-Amylase activity (unit/g)
= (Es - Eb) x 0.179 x 22.2 x Df
Es: AlR9 F8%

https://www.ekosfop.or.kr

Eb: Blank 3%
Df: 3] Aujj4
2.5. Gluco-amylase & =&

Kikkoman @3t 23 A=7|E(Model No. 60212,
Kikkoman Co., Tokyo, Japan)& AR&3sto] %5}t
7149l 4-nitrophenyl O-a-D glucopyranosyl-(1—4)-
B-D-glucopyranoside(G2-PNP)9l gluco-amylase®] 2}
go= t;'ab-‘l.“?’l'o] 4- nltrophenol(PNP)O] L5 g4%
5, 1996). 714-&H7 G4
0.5 mL’V‘] —°—?J’°} HRSHS 1 mLA Ao
0}04 7ColA 582F aFstit. of7]of 0.1 mLe] &
AAS H7IRE ohE wykste] 37CoA 1087 WA
o R38R 2 mLE 2ol B SAAIX & 400 nm
oA F2jE PNP F8&4t= 57453t Blanks= W3
H 1 mLE 1587 712%t 3 B AY 2 mLe} 284N
0.1 mLE Y& ¥ 400 nmoA FF=HS S

4 A ZAA Al Bok= o AAAS ARESHA
on GATFLE A 1 go] 40CNA 60% 5 7HA

—E-—Oﬂ A-gsto] PEE ZEFY mg 5 YUett
, 1996; NRIB, 2017).

Gluco-amylase activity (unit/g)
= (Es - Eb) x 0.171 x 144.6 x Df
Es: A29] &3
Eb: Blank 3%
Df: 3] Aujj4

2.6 g4LH9 LY =5 A=

& 600 g & 1,080 mLE 7l & EAAE &3t
2 ogt 39 200%E 1,000 mg/L7HA 200 mg/LA
S7HZIHA 2429] =& A zstginh of 7)o Aujek
AHE 16.80 mLE F7lote A E /A6t 19 1
FHA 25Co)A 1397 Eastct

2.7, olste M2 24
=519] olafe} g AL TAIY T4 (National
Tax Service Liquors License Support Center, 2014)]l
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ol

et BAsHY. 43e dge S5 fld 74 Alm
100 mLell S5 70 mLE &3st] S/ § SFAS
o 80 mL ¥ FFSFE 100 mL7HA] HE%t &, 43
ZX7A(DMA 101, Anton Paar Co., Graz, Austria)Z =
gstaict.

it A YIS = S0l AR SR 10 mL
£ #3l, phenolphthalein(Sigma Aldrich Co., St. Louis,
MO, USA) &% oF 2-312 Hoj=d thz 0.01 N NaOH
(Samchun, Seoul, Korea)2 AZ¥log wWHE u pH
8.2-8.37FA] AA5}1 acetic acid THOZ JHAFSHA]
B AT

pHE A& 10 mLE %5} pH meter(Orion Star
A214, Thermo Scientific Co., Waltham, MA, USA)E
o]-gsto] 33] HHESIA.

FARZ AR 10 mLE Fsoto] &3 AAF0.2 g
Bromothymol Blue(Sigma Chemical Co.), 0.1 g Neutral
Red(Sigma Chemical Co.)& 95% ethyl alcohol
(Samchun, Seoul, Korea) 300 mLo] |35 oF 2-312
gojxg th2 (0.1 N NaOH(Samchun, Seoul, Korea)=
23} AA5IA acetic acidE $HAFSH] EA|SFT

oAt = AR 10 mLol £ A|A|2KBromothymol
Blue®} Neutral Red)S 2-312 ¥ 0.1 N NaOH &9
o2 Algrt gEMo] F wj7hA] S3AX & F4 formalin
2-M(Biosesang, Gyeonggi-do, Korea) 5 mLE #7}5}
Tt 947190 0.1 N NaOH |40 & A|g87} &350l &
712 AAT & 1 $2)E glycine O R Tt
B AT

g e 39 T2 A8 10 mLE SomogyitHH
(Hatanaka®} Kobara, 1980)°l &3to] F3Fst & glucose
FFoE HASHUH

FAN(free amino nitrogen) T2 ninhydrin method
o &3} glycine(Sigma Aldrich Co.)& AR&3lo] 243}
AthHorwitz2} Latimer, 2011).

8.
=52 110 mmHg? st AYSF st 3

AZH27|(R-114, BUCHI Labortechnik AG,

672

Switzerland)g 7§&sto] ARE-SIA . Reciving flask®
o I AZsto &&Fo] 54 71538 dropping funnel=
Faslgict, £89 X 80CE o, 3% 50
rpm & XAsto] TR &R 1 L8 L8 4710
Y1 Ago] 22H LG $715 £ Yol S/RE A
215ttt Dropping funnelo] 29l FH%o] &R 9
40%%1 400 mL7} HolA S/E FEIIIL YFE AR
H

T 548 W/ SAstel YL, pH,

i

38
=
i)

2.9 gVI&E 24

FVeE BAS 96l SRE 3l &=
25%% AT SFA AFE ARSI 2F8& AR 30
mLo dicholoromethane(Sigma Aldrich Co.) 6 mL&
A7Isto] FHiAR] & SFEAS 3lste], 0.45 pm syringe
filter(Nylon, Sartorius AG)Z o35} HKishimoto
5. 2006).

A F7IAELS gas chromatography(Nexis GC-
2030, Shimadzu Co., Kyoto, Japan)E A-&3lo] 435}
At 48 columne fused silica capillary 30 mx
0.32 mmx0.25 gm film thickness(Nukol™, Supelco.
Co., Bellefonte, PA, USA)E AH&5IITE. Column oven
9 2= 50C(GR), €9 3TH S350 200CGDE
o2 1We A5} Carrier gas(N»)Q 52 24.2
cm/sec(linear velocity), split ratio 20:1%2 A3}t
Injector®] 2%+ 250C, detector= FIDE ARE5FY O
o 2Z+= 280CE ol Ao ARERE EFEAIR
Sigma aldrich AFe] AlES AMESIROH, HAH2 uE

wyow sheltt

i
-"C‘)I
o

o
5

o
il

2.10. EHA=/

EAE SPSS Z& I (Version 12.0, SPSS, Chicago,
IL, USA)E ol&sto] ZAHEA(ANOVA) & 937} =
=] tistod= Duncan's multiple range testZ p<0.05
SzolA AR 20 R9AE AR,
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3. &y % uFE

3.1. BLNS FSAF Yo Lzt TS YAHE

BS54 Ao aAAIE A7he oy EE 7|7k
A 2% pH W3FE Fig. 191 Yerieh. 7k
277 IR 49714 216.90 go| A4stHEA 7H
A%FE YRR 9= A2 107.10 g, FEAY R400
2T 54.20 g0 & 11 HE o]t 1 0|99 a4A A
2|79 EAZATES 23.90-40.70 gO& N2 AR
ot AETh Hdf 9.1419] AlolE Bt HAEE TEI YA
13Y971A 9] 4 FARATL NFF5F A2+ 261.90 g,
W3 A2 240.06 g, F2A49 R400 A2 186.82 g
0l YA Ba AP 95.71-103.70 g2 7N
FEo|u W=t Ao H|sto] o 2.749]9] A4St 2jo]
£ YeErigith

A4 AT 27] €H9 pHE 6.59-6.85 M2
Urebstal, Rt JEe] weh WolA| o A 49 Aol
3.28-3.847H4] Wotxlon o] WraFw A7 & HI}
£ UEhA ottt

A9 FFAPE] gt
ofo] g7t F2H €99 YHEAS 24510 Table 1
et €3E T2 AFRE 20.28, B 19.69,
FEAY R400 16.40, Diazyme X4 11.80, Sanferm

r
Hu
2 4o

_[

H
¢

:
B

i

UE WS B 9

21-=

A

300

Modified nuru,

250

200 Nurukzyme R400

White koji

150
Diazyme X4

Sanferm Yield
100 - /

CO, release (g)

Chung-moo

50 - purified enzyme

0+

0 2 4 6 8 10 12 14

Fermentation time (day)

Yield 9.50, $F8A &4 7.82% <OF Fig. 19 #A%
A ARSI BAaA A2t &R F4RZ 0.09-
0.12 acetic acid%, o)A+ 0.02-0.03 glycine%, 3+
A2 0.06-0.09% HET MFEEL H= AR &3
I} QAR HEH, free amino nitrogen(FAN)ZFS
636.48-1,329.85 mg/L=2 /NFHE 2,707.98, HH=
1,634.64 mg/LEtH Wotoy ¥rao] Fa3k 200 mg/L
o[- 2(Hill¥} Stewart, 2019) FEsta Ut T4A A
t7h TSROy W= At vlste] F5AF Ao o

o AFZ Yol W2 A2 aaA9 JR B3 £t
o

k

Aol detH o AL EE W=t JfRFRES] oY
2 77} 31.90% 3,532.71 U/goldx gstde 7t
698.329} 4,899.58 U/gelAtt. gt#, AR A3t
2 5,604.15-225,182.00 U/g ®Hol,
13,517.41-120,822.41 U/g HH=Z wj$- & #olg B
o} 7oA FHEGAIEAL Sanferm Yield® H3}EHo]
gotd Rt k27 10.3, 15.74) 735t H3kg a40)9]
S22 R4003} Diazyme X4+ F35tgo| sl H} 742}

_[

)

1%
¥ rlo 18

0 2 4 6 8 10 12 14

Fermentation time (day)

Fig. 1. Comparison of the mass of: (A) CO, released and (B) pH during the fermentation time of nonsteamed rice mash prepared

with various amylases.
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Table 1. Chemical properties of nonsteamed rice mash prepared with various amylase products

Enzyme products Alcohol Acidity Amino acidity Reducing sugar Free amino nitrogen
(%) (acetic acid, %) (glycine, %) (%) (mg/L)
White koji 19.69£0.02°"? 0.06£0.00¢ 0.04£0.00° 0.4210.01° 1,634.6415.83°
Modified ruruk 20.28:0.01° 0.05£0.00° 0.04+0.00° 0.11£0.01° 2,707.98+17.35°
Chung-moo PEY 7.8210.02' 0.12+0.00° 0.03£0.00° 0.09:0.01¢ 1,329.85126.79°
Nurukzyme R400 16.40£0.04° 0.09£0.00° 0.02+0.00° 0.10£0.00% 936.26£11.36°
Sanferm vyield 9.50£0.03° 0.12£0.00° 0.030.00° 0.11:0.01% 1,234.50+28.78°
Diazyme X4 11.800.02¢ 0.10£0.00° 0.02+0.00° 0.06£0.01° 636.48+4.05'

DAl values are meantSD (n=3).

2= f\eans with different superscripts in the same column are significantly different at p¢0.05 by Duncan's multiple range test.

9Chung-moo PE means Chung-moo purified enzyme.

Table 2. Enzyme activities of commercial enzyme products and initial enzyme activities in nonsteamed rice mash

Enzyme products Commercial enzyme products (U/g)

Initial nonsteamed rice mash (U/mL)

a-Amylase Gluco—amylase a-Amylase Gluco—amylase
White koji 31.90£1.09? 698.32+14.70f 3.8120.13° 83.10+1.75°
Modified nuruk 3,532.714189.29° 4,899.58+103.15° 126.1846.76° 175.0043.68°
Chung-moo PEY 139,453.89+1,361.76° 13,517.414514.08° 27.8920.27° 2.70£0.10°
Nurukzyme R400 18,729.8441,772.37° 94,999.60+4,026.95° 3.7540.35 19.00£0.81°
Sanferm yield 225,182.00499,132.84°  14,382.6418,175.06° 45.04+0.00° 2.88+0.64°
Diazyme X4 5,604.15+207.45° 120,822.4143,150.71° 1.1240.04° 24.16£0.63°

CE? against alcohol production

r=0.309 (p=0.551) r=0.815 (p=0.048)

DAl values are meantSD (n=3).

2= f\eans with different superscripts in the same column are significantly different at p¢0.05 by Duncan's multiple range test.

9Chung-moo PE means Chung-moo purified enzyme.

“CE means the correlation coefficient between alcohol concentration as shown in Table 1 and two amylase activities (a-, gluco- ).
The initial enzyme activities in nonsteamed rice mash were calculated based on the amount of added enzyme products.

5.1, 21.681 =2 339 84E UETh A[E] AHEH
HaAel a9 G B CE &R 7] Aoty o
3tES Moty dFE A TAE BUksAH
(Table 2). WSt NFFE HFFL 126.18, Sanferm
Yield 45.04, %
X4 1.12 U/mLz=ol it A3t dads & R 9
& FI] ABASE 0.309(p=0.551)Z ¢FE A
dof izt A go] W2 Ao g yeylt vt gt
MFEE AL 175.00, ¥ 83.10, Diazyme X4
24.16, =22 19.00, Sanferm Yield 2.88, ZFAA|a
4 2.70 U/mL 0]t} B3tgo] ¢3S AJAibol| mlx|=

F8ATE 0.815(p=0.048)= 95% ©]F2] 4AlFreolA =

FU...lo

rlo

o,
)
fol
o
o
~
o0
o
i)
A1
N
[0)e]
—-
)
o
N
~
3
D

o}

Mo = w

674

Age 7HEA asl9] Fotgo] w2 A+ ¥

3.3 giN9 s£ 4T

TaA9 T e diE B4 ZHE Table 3
of Uetiglct. 2o dE7ie daag 5oz SAe}
U= AREole AAFRONA €22 IF2 18-19% F
ZO|FHBae, 2012). BE AaAlE ATk JEHom
¢IE Aol Aot sFEARLE A7kt e
o ¥FE kv 22A 9 H7Fs=ol ek 9.17-19.48%
HAZ 800 mg/L o1 A=FlM 19% olde] & &
F2 el #5491 R4002 16.60-20.00% HA=

https://doi.org/10.11002/kjfp.2023.30.4.669
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Table 3. Initial enzyme activities and chemical properties of nonsteamed rice mash prepared by varying the amount of enzyme
products added

Enzyme products Initial conditions After fermentation
Added  Amylase activity” (U/mL)  Alcohol (%) pH Acidity Amino Reducing  Total sugar
conc. . T (acetic acid, acidity sugar (%) (%)
(mg/L) HCORNPa X %) (glycine, %)
5w @ (a+0.56B) gieine.
Chung-moo 200 270 2789 1832 9.17¢0.06™? 3.87+0.02° 0.10£0.00°  0.02#0.00° 0.10:0.01°  2.03+0.20°
purified enzyme g ; | ) b )
400 5.41 55.78 36.64 16.79£0.05%  4.24+0.01 0.05+0.00 0.02+0.00 0.08+0.01™ 1.51£0.10
500 6.76  69.73 45.81 15.2940.03° 3.73:0.01¢  0.09+0.00° 0.03+0.00° 0.09+0.02° 0.410.04°
600 8.11 83.67 5497 17.814#0.03° 4.06£0.01°  0.06£0.00° 0.02+0.00° 0.11+0.01°  0.29+0.15%
800 10.81 111.56 73.29 19.29+0.02° 4.4410.01°  0.04#0.00° 0.02:#0.00° 0.05:0.01° 0.21%0.16%
1,000 13.62 139.45 91.61 19.48+0.01° 4.34+0.01° 0.05:£0.00¢ 0.02+0.00° 0.22+0.04*  0.10+0.07¢
Nurukzyme R400 200 19.00 3.75 21.10 16.60+0.02" 3.81#0.03° 0.07#0.00° 0.02+0.00° 2.61+1.47° 3.800.17°

400 38.00 749 4220 16.9410.02° 3.66:0.02" 0.09:0.00° 0.02:0.00° 0.53:0.08° 2.23+0.24°
500 4750 936 52.74 16.94+0.02° 3.66:0.02° 0.09:0.00° 0.02:0.00° 0.53:0.08°  1.80:0.22*
600 57.00 11.24 63.29 19.21:0.02° 4.17:0.01°  0.05:0.00° 0.03:0.00° 1.1120.52°  1.65:0.44
800 76.00 14.98 84.39 20.00:0.06° 4.04:0.01° 0.06£0.00° 0.02£0.00° 0.28:0.09° 0.860.13°
1,000 95.00 18.73 105.49 18.1410.02¢ 3.97:0.03° 0.07t0.00° 0.02:0.00° 4.40:0.67°  0.48+0.23"

Sanferm yield 200 2.88 45.04 28.10 0.13:0.03"  3.69:0.03° 0.10:0.00° 0.02£0.01°  0.08:0.01°  2.75:0.18°
400 575 90.07 56.19 14.41:0.01° 4.04:0.04° 0.05:0.00° 0.02£0.01™ 0.06:0.01° 0.42:0.10°
500 719 11259 70.24 16.76:0.06" 4.29:0.03° 0.03:0.00° 0.01:0.00° 0.08:0.01°  0.330.10*

600 863 13511 84.29 19.01£0.03° 4.34:0.06° 0.04:0.00° 0.02¢0.00° 0.05¢0.01* 0.18£0.11%
800 1151 18015 11239 19.12¢0.09° 4.33:0.04° 0.03:0.00° 0.01#0.00° 0.04:0.01° 0.18+0.10°
1,000 1438 22518 14048  19.38:0.02° 450:0.05° 0.03:0.00° 0.01+0.00° 0.04£0.01* 0.1620.14°
Diazyme X4 200 2416 014 2424 11.80£0.02" 3.74:0.01° 0.10:0.00° 0.024¢0.00°  0.06:0.01™ 1.57+0.31°
400 4833 027 4848 17.55:0.05° 4.30:0.01Y  0.03£0.00 0.0240.00 0.06:0.01° 0.41£0.13
500 60.41 034 60.60 1863:0.01Y 4.43:0.01° 0.03:0.00° 0.02¢0.00° 0.04+0.00°  0.30:0.21°
600 7249 041 7272 19.530.02° 4.54+0.01°  0.03:0.00° 0.01£0.00° 0.05:0.00°  0.29+0.06°
800 %66 054 96.9 19.530.02° 4.54+0.01°  0.03£0.007 0.01£0.00° 0.05:0.00°  0.29+0.06°
1,000 12082 0.68 12120  20.05:0.01° 4.55:0.04° 0.03:0.00° 0.02:0.00° 0.08:0.02° 0.24#0.10°
CE® against r 0514 0151 0.720

alcohol production
0.010 0.482 0.000

DAl values are mean£SD (n=3).

2= f\leans with different superscripts in the same column are significantly different at p¢0.05 by Duncan's multiple range test.
9Amylase activities in initial nonsteamed rice mash are calculated based on Table 2.

“CE means the correlation coefficient between alcohol concentration and three amylase activities (gluco-, a-, and modified-).

600 mg/L oJdollAl 19% oY dFE TS HoF3] LAY FEE Ig Aol it A5t o] Al
tt. Diazyme X4+ 11.80-20.05% HYIZE 600 mg/L ©] + 0.167(p=0.437)°1 1 B3+ 9] A 4= 0.501(p=
A AEolA 19% oY sER dISE BAetinh Z+ 0.013)& Table 49} o] F3tof & JF= B Uit
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ot T 549 AL A5 Zgo] = Zoz YERE
ot SRAAEA Aty BE €319 AFFHo] 111.56
U/mLe] &2 &/44& 71 )2 W 93lEo] 10.81 U/mL
2 Qs 19% ol EaES Aottt BHH, &5
A1 R400 600 mg/Let Diazyme X4 600 mg/L A2+
olA= dsto] Z+Z 11.249F 0.41 U/mLZ R3koy &
g}go] Z+z+ 57.003} 72.49 U/mLE &2 3% 19% oA}
9] FLE Yol &, £33 29 g2E BAHES
21357] YaiMe dslo] 112 U/mL HAEoME 335}
o] oF 11 U/mL7} BR3t1(FFAAEL) H3Ho] 0.41
U/mLY] 7% 73 U/mL o/39] B3tgo] B/3(FEAY
R400) Ao QoFHtt HEES|O] & 847 BilFoz
8ok A2 GEHAQl AHdo| Fata-golut vhgAITE
< £017] Yol EFahA Aot 11 Hle-2 Aol wet
Zpo]7t ItH(Kunamneni®t Singh, 2005; Liu %, 2014).
SR a4 FE2AY R4009] A2 HE golgo] &
& A4iHdo] mA= FFES AR Tl Hskgo] m|F|
2 o] AASIA(112x + 11 = 0.41x

2 0.56 ko), o] Hgt a4
taAgoR su(Egasy = o

g) 1 23S Table 30 Yetf At &4
1 19% olde] TEoh= (H)EEAES F
A&A(800 mg/L) 73.29, F+EAH] R400(600 mg/L)
63.29, Sanferm Yield(600 mg/L) 84.29, Diazyme
X4(600 mg/L) 72.72 U/mL2 ALt} HR)Eda
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3 dFE& YA igt A== 0.723(p=0.000)
ok o A9 0.501 20 Aol 69% Z71st
. O]E B4A19] ZFtol; B o] o] &5 A] k2 ok

AAE ol§5hA T ) FAT 5 U 2 42
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fodn 3R o B
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34 ZFR5Y

Table 19 W3} /g5 A2+ €53} Table 39
7} 1,000 mg/L 5E2 E4AE At €5 44 557
311 11 55N 9 EAS Table 40 YEMQIL. ZF S5
O] AFEL 41.31-44.86%] EEE YERHSITE. oo tf
3 SF 88 & R0 TRE & ¥ILY I8

83.5-91.6%°] HMAE Bt 7Y pHe 274

A4l R4009] FHArE 747t 508.007} 862.00 mg/L& ¥
= 198.00 mg/LEH £}7] W22z sfAdrt. a5
EAcl= K714 F 7P @ol EAske AL citric,
succinic, lactic acidX¥HChoi &, 1992) °|&2 35+

Al Zow  acetic acid7} IS FQHEoltH(Choi
S, 2013). AR Fo] B o Ao} A=, dEkEo
2 A4 UHE ST AS 0.1% vHo R A=Y S+
o A=3E 7] dizo] F4o B2 JFE vXItHLee
5, 2015). FEAR ARAF A4 Hro|m gukd o
2 AZ WA= Q1A= o], d4to] HrstA B4dE B¢

Table 4. Physiochemical properties of vacuum-—distillated sprits of nonsteamed rice mash prepared with various amylase products

Enzyme products Vacuum-—distillated sprits

Alcohol (%) pH Volatile acidity Alcohol yield (%)
(acetic acid, mg/L)
White koji 44.32+0.00°7? 4.17:0.01° 198.00£0.01° 90.0
Modified nuruk 44.86£0.01° 3.92¢0.01° 404.00£6.93° 83.5
Chung-moo PEY 44.28+0.01° 3.9240.01° 330.000.01¢ 90.9
Nurukzyme R400 41.310.02° 3.67:0.01° 862.00£3.46° 911
Sanferm yield 44.40+0.06° 4.390.01° 78.00£0.01f 916
Diazyme X4 41.83+0.04° 3.760.01° 508.00£3.46° 83.4

YAIl values are meantSD (n=3).

2f\eans with different superscripts in the same column are significantly different at p(0.05 by Duncan's multiple range test.

9Chung-moo PE means Chung-moo purified enzyme.

White koji and modified nuruk in Table 1, and enzyme treated samples at 1,000 mg/L from Table 3, were used in the distillation.
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)

P gl BHHOR 8T + Uck

3.5, B4AHE 0/85/0] HZEE 57

AAAE ARESH] AR FHA =
Table 59 Uetltt. HA, 2+ A9 15U TZ79
A= W= 709.85, MFHF 347.84, THFAAARA
459.97, 549 R400 504.73, Diazyme X4 460.62,
Sanferm Yield 790.05 mg/LZ ¥=3} Sanferm Yield
Ao A =4 Yehgth 139ISH F gl =2
Z12 isoamyl alcoholZ Z+7+ 485.94, 224.10, 352.76,
198.92, 317.39, 569.00 mg/L EEZ EAITt S74]
20| Qlo] IFYFEFE= 7EAQ o FFE vlA=
9 1-propanol(P), isobutanol(B) ¥ isoamyl alcohol(A)
H&o] 9 2 AR #o] wt Ao)7} Al AR I

Nl
oo

A Sthlee 5, 2015). Z+ AZ49 P, B, AY 32
642.22, 288.41, 432.41, 270.97, 416.24, 751 mg/LZ
Sanferm Yield A7} 7F =9kal A= whHo| whet
Fdf 2.68) ZpolE Ett. 12 A/P, A/B, B/PY HI&
of oM FEAQY R400S AsHH ZHt 27.85-
50.35, 3.25-3.92, 7.71-15.48 mg/L HYZ SABIEH
i, FE4Y RA002 ZH2ZF 3.23, 2.76, 1.17 mg/LZ o}
2 Ago] Hlef] @2 Zolg YEPfIct

AL kol 2 22k 9.10, 29.30, 7.24, 66.24,
15.59, 10.21 mg/LE +SA9) R400 #2+9] ghgo] 7t
A =01 NFEEC] HE Wt U9 95 I T
& Aoty S YRZ sk WII G4 AT
S vl B, 249 R400 A7 R o
o] w|5he] 7.38)7kF =9k 11 9] 4L 0.8-1.8HE

Table 5. Volatile components (mg/L) in the vacuum~—distilled soj (abv. 25%) prepared with non steamed rice and various enzyme

products
Compounds White koji Modified nuruk  Chung-moo PE® Nurukzyme R400 Sanferm yield Diazyme X4
Alcohol
1-Propanol (P) 17.45:0.13°"2  7.1420.12° 6.47+0.54° 61.59+0.54° 16.49+0.18 11.35¢3.18°
Isobutanol (B) 138.83:0.81° 57.1740.81' 100.17£0.43° 72.05+0.26° 166.090.59° 87.4916.06°
1-Butanol 0.43+0.01 0.89+0.04° ND? 111.3840.58° 0.24+0.01° 0.64+0.14%
Isoamy! alcohol (A) 485.9442.71° 224.1043.34° 325.7641.74° 198.92+0.61° 569.00+2.69° 317.39+41.89°
Furfuryl alcohol 15.5540.13° 39.08+0.85° 0.74+0.03° 46.8740.20° 0.4610.08° 23.58+0.92°
Phenethyl alcohol 51.60£0.31° 19.47+0.33° 26.830.18° 13.9120.04° 37.76£0.35° 20.1644.35
Subtotal 709.85+4.11° 347.8445.49° 459.97+2.41° 504.7312.22° 790.05£3.90° 460.62£56.53°
P+B+A 642.2241.77° 288.41+4.03° 432.41£1.63° 270.97+3.30° 751.5842.28° 416.2339.01°
AP 27.850.36° 31.39+1.00% 50.35+4.56° 3.230.09° 34.5140.21° 27.96+4.56°
A/B 3.50+0.04® 3.92+0.01° 3.25¢0.01% 2.7640.03° 3.43:0.03* 3.630.73%
B/P 7.96£0.01° 8.010.25° 15.48£1.38° 1.1740.01 10.07£0.15° 7.71£2.96°
Fatty acid
Butyric acid 6.74+0.04° 21.77+0.67° 3.03+0.05° 61.66+0.25° 2.45+0.13° 11.11£0.98°
Valeric acid ND 2.2240.02° 1.580.01° 1.63t0.01™ 1.66£0.01° 1.66£0.07°
Isovaleric acid 1.73£0.01° 1.62£0.01f 16.2¢0.01° 2.02+0.01° 1.85£0.01° 2.090.03°
Hexanoic acid 1.320.00° 1.44+0.02° ND ND 1.33£0.02° ND
Heptanoic acid ND ND ND ND ND ND
Octanoic acid 1.040.01¢ 0.9740.01° 2.63:0.02™ 2.26+0.02° 4.77+0.00° 2.82+0.57°
Nonanoic acid ND 2.900.03 ND 0.680.00° ND ND
Subtotal 10.84+0.06° 30.92+0.76° 9.20+0.10° 68.26+0.28° 12.06£0.16° 17.68+1.65°
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(continued)

Compounds White koji Modified nuruk  Chung-moo PE® Nurukzyme R400 Sanferm Yield Diazyme X4
Ester

Ethyl acetate 123.61£1.55° 352.00t4.43° 75.10£2.45° 61.0141.56° 78.74+0.10° 57.53£10.74°

Ethyl butyrate 14.46£0.11° 6.44+0.10° 6.27+0.02¢ 48.96+0.43° 14.26£0.14° 10.08£2.32°

Isoamyl acetate 8.18+0.05° 1.93+0.01% 2.03£0.02° 1.28+0.00° 2.68+0.02° 1.830.23¢

Ethyl succinate ND ND ND ND ND ND

Ethyl hexanoate 0.91£0.01° 0.91£0.01° 0.71£0.01° 0.6240.02° 0.72+0.05° 0.70+0.05°

Ethyl heptanoate ND ND ND ND 0.46+0.00° 0.47+0.01®

Ethyl lactate 3.30£0.03" 45.81+0.63° 2.94+0.06" 13.37+0.05° 2.02+0.02° 11.16£0.31°

Ethyl octanoate 2.95+0.01¢ 2.62+0.03¢ 4.55+0.07° 3.7420.04° 8.06£0.07° 4.55+0.51°

Ethyl nonanoate ND 1.68+0.01° ND 0.8440.01° ND 0.830.01°

Subtotal 153.40+1.76° 411.47+5.21° 91.62+2.64° 128.98+2.09° 106.94+0.40 87.14+14.18°
Sulfur

Dimethyl sulfide 0.6620.01° 0.610.01° 1.15£0.01° 1.0140.02% 1.13£0.03% 1.0120.13%°

Dimethyl disulfide ND ND ND 1.19£0.00 ND ND

Dimethyl trisulfide ND ND ND 1.010.04° 1.31£0.02° 1.0240.01°

Subtotal 0.660.01° 0.610.01° 1.15+0.01¢ 3.210.06° 2.4440.05° 2.03£0.13°
Aldehyde

Furfural 1.4310.01° 1.5240.01% 1.56£0.11% 1.71£0.11° 1.70£0.01° 1.72£0.21°

DAl values are meantSD (n=3).

2= \leans with different superscripts in the same row are significantly different at p¢0.05 by Duncan's multiple range test.

9Chung-moo PE means Chung-moo purified enzyme.
“ND, not detected.

The vacuum-—distilled sgjv (abv. 25%) was prepared by adding water to the distillates, as listed in Table 4.

Z ZpolE HEA ottt =549 R4009] 7% butyric
acid9] gFo] 61.66 mg/LZ t)F19] ¥i=to]| H]s}to] 9.1
v =7 Yebga AR SEFE =oKTable 4) AHE
SRt A A Foll A7 2 S5 AAR: a2 F
Fob A 2 Aol s B4E 4= o, dEtdoes
£ 1 FFo| Yot Iol FIS WA A g=thlee 5,
2015). 3HH, F2At)ol sz FAgE = et a2
o] TG HE 257t FYSERE 9| thAto] 9t A
AEGE UEY F 29 5 oA 93t PR
Azt webs, EARE AHEE A9 AR 2o £ &}
ol & ¢FZ P4 E 27| pHoll WE(Fig. 1) ¥
ABPE U= o= 7=

oAHE sRMHE9] o2 77t 153.40, 411.47, 91.62,
129.82, 87.14, 106.94 mg/L&, tix791 W=u} ek

+
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5 Aol =3 a4 ATt v WA UEg
ot A AE 2 SRR AR, Hiu 2 oRIofE 5 Uk
I AR 5= 7L Qlol(Hadi &, 2013) 452 49
e IF= ”]X]t ‘gEolth. BAA A7t R (=)
tjn] SeFo] W& AL ethyl acetate, isoamyl acetate©]

o, ggol —E';‘S_ AEL ethyl octanoateZ LFEFHTE
Ethyl acetate= 4TS 7M1 ov & AA7} 25
mg/LE =OoHLee 5, 2015) TFo] =ote 1 FF2 Hluw
& A& 4t} Bthyl acetated odour activity value
(OAV)E ALFsFA(Guth, 1997) 242 4.9, 14.1, 3.0, 2.4,
312 NFREE A st A& 7t Zol7} 24 &ol=
t}. Isoamyl acetatex= HPHURFS 7HA AL Q1 2™ (Torres
5, 2010) 2719 5=+ 8.18, 1.93, 2.03, 1.28, 1.83,
2.09 mg/LE R4 H2F7}F 271 dWi=ro] B|sto]

https://doi.org/10.11002/kjfp.2023.30.4.669



Korean J Food Preserv, 30(4) (2023)

6.48] 2ttt Isoamyl acetatel] £ FA|+= 1.6 mg/L
Z(Lee &5, 2015) OAVE 2424 5.1, 1.2, 1.3, 0.8, 1.7=2
A B4 APF7F gkl QlolA Fert 9 4= Qioh
Ethyl octanoatex A& 7HA| 1L Qlom B X3t
2 0.2 mg/Le|t}. Bthyl octanoatel] OAV= Z+Z- 14.7,
13.1, 22.8, 18.7, 40.3°9.2A] ethyl acetatel} isoamyl
acetate®] H|5to] =2 FAFHS 7R Ao TA A
2ol A 2Rl W At =4 A 2,74 =A
Uepgtt A AHZE S5HE2 alcohol acetyl transferase
(AATFase) = 1802 A=Y isoamyl
acetatex isoamyl alcohol& 7|22 AATFase?] 280
2 WA (Lee &, 2015), ethyl octanoate= AATFase
2} esterased] 802 FAEHSaerens 5, 2010). T+
24 isoamyl acetatex isoamyl alcohol®] HE2HLee
5, 2015) AATFase 2/d°(Fukuda &, 1998) &&4 o]
ot 84 AHZ|F2o) Q1o Sanferm Yield Ag]TY isoamyl
alcohol?] &= W2 tir] 1178 =%=ole
E1olal isoamyl acetate?] $EF2 3.04H) HWotE=d o]
2 G4 ATTY AATFase Aol ¥ 4 ot Az
ot ", G4 X219 ethyl octanoate?] o] &2
AL octanoic acid®] o] 47t 1.04, 0.97, 2.63,
2.26, 2.82, 477 mg/LE &4 AHTFoA =2 Ho=R
Ho} esterase®] B4 2Tt FAFSHe] 0] o A=
AT B2 A0E FHHH

FEY] FF2 47 0.66, 0.61, 1.15, 3.21, 2.03,
2.44 mg/LE JA A9 deFo] A vEisith ket
E2 methionine?} cysteine 59 $&otu]lcAte] &%
At S5 Y S GA el A BAE . Table 10
A W3} FESS o83t &R fEjobr|ieAte] S
0.04 glycine%°]1. FANG 217t 1,634.649} 2,707.98
mg/Le| Ut} BHH Table 3914 BAA X272 ofw] A4t
2 0.01-0.02 glycine%°] %™ FANZE(Table 1)
636.68-1,329.85 mg/L& HZFEC} Wkt &£59] of
n Ak o] BofEo] AhEE ALE BAAAYF =
Y Bl ATt 7] Wizl FEfobn| Al ok} FAN
ol R A2 At AnE & 5 Qlvh SR A=
% dimethyl sulfide, dimethyl trisulfide= 4254 &

2 FdAdo] AottHLee, 1999; Lee &, 2015). wekA] At

esterase?] &
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Fig. 2. Principal component analysis (PCA) of the composition distribution of: (A) distillates (abv. 25%) and (B) their volatile

compounds from Table 5.

Hstge 7+7F 31.903 3,532.71 U/golA G2 7+
7+ 698329 4,899.58 U/golqitt. &AAlQ] dzlae
5,604.15-225,182.00 U/g %ol AT B3k 13,517.41-

120,822.41 U/g H91& Uettth aaAd] A9 5= ot
£ 43IE A Qo] SFEAEAE 800 mg/L O]”
Ao Al 19% oY d3E B4 el +=

24 R400, Sanferm Yied, Diazyme X4+ 600 mg/L
oj/JollA 19% o]l Y PidS Kot 2+ &
24|19 et dFE Aol it AuAS= At ol
0.151(p=0.482)°]131. B30 0.514(p=0.010)°|At.
SRS AUSH SFAY g3 g2 41.31-44.86%
o] Ex & YeHAT}. Diazyme X49]- FEA R400 A
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gt 74 2379 FIFES FAohL AR 4= o
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