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Abstract This study aimed to investigate the effect of using a combination of ipguk
(koji) and zeolite, as an alternative to the traditional nuruk fermented agents and
rice and rice husks combination, on off-flavor suppression in solid fermented
spirits. In alcohol production from solid fermented mash, the traditional brewing
combination (nuruk + rice husks) produced over 1.3 times more alcohol than that
obtained using the alternative combination (ipguk + zeolite). The levels of acetic,
butyric, isovaleric acids, and methyl mercaptan, the components causing the
offensive odor of distilled liquor (25% alcohol), were significantly reduced upon
using the alternative combination as compared to that by the traditional
combination. The acetic acid level decreased from 99.38 mg/L to 19.34-24.12 mg/L
when using the alternative combination. Butyric acid, isovaleric acid, and methyl
mercaptan levels decreased from 95.90, 5.37, and 426.78 mg/L, respectively, to
undetectable levels. The furfural content decreased up to 4.3 times. In contrast,
acetaldehyde levels increased from 228.04 mg/L to 529.74-578.71 mg/L when
using the alternative combination. As the moisture content of the solid-fermented
mash prepared with the alternative combination increased (from 40 to 55%), the
alcohol production also increased proportionally, and the alcohol content of the
distillate was elevated (from 37.14 to 43.74%).
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ofal QIEHRDA, 2021). 1A Ea¥ *10: = HlE&Z 50-
00%=E €519 wotd= AA sto] ZEe F= BHA7
LEE 5l= AL EA o7 SttH(Bea, 2001). ojdff AFEEH=
Yas A 753 ooy, FdaE YAE 71t
Xu &, 2017). YA+= 5 TEL T& Aol A5t
Y=Y ARete] HF 7138 77, njdEe] WA
< 7I4slete] e e S7HAZItHWood 5, 2016).
Iy As 75 A e ARt nldEe] £3Eskal
o, lactic acid®} butyric acide} Z-2 o] AES Tt
oldtHZou 5, 2018). =W A& w5 FAE AMES
1A FaSRFAAE of2et o3 A&(Seo 5, 2021
Shin &, 2021)°] A=t oA LA 14| &5l
o|F= AASTHE Sl LF AAHA, AHAs] Hof 9l
o] 52 E/dol £A Estth(Shin &, 2021).
&2 AFoMe 75T GA qAAE A=
Al&T}ol E(zeolite)E ARESH] 114 HE F/FY o|F
£ Adstetazt sigitt. A= o FY FF0lE Bl A
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HSeo &, 2021; Shin 5, 2021). °o]&= &
o] Ao amel A7t HEF & %= Y4 &E8
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2. XMz % diH

21. ME Y A2 #F
2 Ao ARGSH 1A R &59] ARl a5 I
oA AeliE 202084 B FE ARSI HE F5
AMI5=(Sanseong Nuruk, Busan, Korea)2 ARSI
o, A= Au]i(Leeseo Rice Mill, Wanju, Korea)®l
A A A= F W (Aspergillus luchuensis)yS
&34 3 K Gyunggi, Korea)?| A& FHIste] Ag:
[pinin 353% (A oryzaerE A|xoto] ARSIt F=S Al
S uf) 222 ZH9g(Ulsan, Korea)9 AlES AMESHS
U] Oﬂ F2Z 0.1%(w/w) B33k, Al=7]1(Mini-15,
Yaegaki Food Co., Hyogo, Japan)ollA] £2& 38C=
FAAZIHEA 43A17F 2t HiFeE & 50ToA 6AIZE &
ot Axsth Al&gtolEE 1.40-2.36 mm I7|2 H
RS GAEE8H(Seoul, Korea)olAl F+Yotdc &1
= Saccharomyces cerevisiae N9(Anh %, 2014; Choi
5, 20040)E
Z|(BD Difco, Franklin Lakes, NJ, USA)o| H=3l1, 3
0TollA 24A17F Hljgste] ARE-SEIT
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yeast extract peptone dextrose(YPD) Hj

22 OX 258 XX
F¢, AT 5 9 dwan =g 44 87

(Kyungchang Co., Seoul, Korea)& AFM&sto] 1.5 mm
olst2 AAA EHstitt. EalE 40l 40%Y &2
7Fskal 3087 HAIRE &, 429] 40%(w/w)E= FAE &
33t o2 100C 2"(14 kw, Pyeong Hwa Machinary
Co., Daegu, Korea)2& 4087t S48t S 9

£ 35C olstz ¥Zet g, et A £dE FA
giste] F5 10%, B5(S. cerevisiae N9) 1%, & 50%E
F7IE A7 & & TSItk SbeE 22 L EEAE
A ZHKomax Industrial Co., Ltd., Seoul, Korea)ol &
1 SEo] SUEHA PEF Ao BlEdE H2 o £
< 2 R E 27C SRAA 1447 1A TRAIA
THTE €508 AMGSIginh Tart guE 14 €59
SR 40.99%(Shin 5, 2021)°1ch. Y=+t A2t
O|EE AMESH A= GA WAl AlSTelES H7ekel
5 Al A= AR&sto] Aok}
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2.3 0/z18t &2 24

1A £99 £ETHE 4HA4ES771(P/FD-720,
Kett Engineering Co., Ltd., Tokyo, Japan)& ©]&3}
S5t 1A &R ol £4 BAE fldf &3
10 goll 3575 ¥°l 1,000 mLE -85t 1087t wElst
At o]F YAEF7|(CR22N, Hitachi Co., Ltd., Tokyo,
Japan)& 12,000 xgolAl 2087 ¥4 B3 JsdS
A FFEAFY(NTS Liquor Licence Aid Center,
2010) &8st BASHAT

Z4A(DMA 101, Anton Paar

Co., Graz, Austria)® &334t} pH= A5 100 mLE
#5to] pH meter(Orion Star A214, Thermo Scientific,
Waltham, MA, USA)E o]-&3dto] &35t

FAE= A5 10 mLE F5t] 0.1% phenolphthalein
(Sigma Chemical Co., St. Louis, MO, USA) AA|2F&
2-382 "gojxd th2 0.1 N NaOH(Samchun Co.,
Seoul, Korea)& £3HpH 8.3)7} 2 uj7tx] A5t
A4 anlFgo]| 0.0064F F5to] F4hE citric acid g2
2 3RAslo] BABEAY mL 2 UEFHAtHLee, 2008).

o) AR A5 10 mLoll 0.1% phenolphthalein
AJoFE 2-32 ¥, 0.1 N NaOH €902 Alg7t 9%
Aol & wj717] F3Z & F4 formalin €% 5 mLE
7st9itt. o719 0.1 N NaOH &40 & Al57} T34
o] & wj71A A% & 1 X F glycine FHFOE HA|
stAtHJoung 5, 2004).

T2 A5 10 mLE SomogyiHH(Hatanaka2}
Kobara, 1980)°] =5t H=st & glucose TFOZ I

ASHAT

2.4, SI/A 24

4 &9 10 gofl FFE ¥ol 1,000 mL= -85kl
1087t wRksigith. 71 & 94E2](12,000 x g, 20 min)sto]
0.45 pm syringe filter(Nylon, Sartorius AG Co., Goettinge,
Germany)® o339t t2 HPLC(LC-20A, Shimadzu
Co., Kyoto, Japan)g °]&sto] EA45I¥ct 4 B2
post column B'HE ARESIATE E4E columne TSKgel
ODS-100V(5 gm, 4.6 mm IDx25.0 cm, Tosoh Co.,

Tokyo, Japan)E A&} ©]8A42 8 mM perchloric
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acid(Sigma Chemical Co., St. Louis, MO, USA)E ©]
|otFoH, 42 1.0 mL/min, 2 B9 2%+ 40T
= oleh. dgolA 2E2E 714 98 0.2 mM
bromothymol blue(Sigma Chemical Co.), 15 mM
Na;HPO4(Sigma Chemical Co.), 7 mM NaOH(Sigma
Chemical Co.)2} 883t & UV 440 nmolA H&3I3ich
ojnff HF3-89] §42 1.0 mL/min, ¥FE2EE 25CE
Skoitt.

2.5. 2 25 EFF HZ

<% 700 g& Y SFHOE FRIAAH. TF71 T

ZE F3F IFF FH7E AZS0(Ye 5, 2021) A &
A st 57171 FFEEE AZeto AMgStTh S5
71 29 AR, SFF $4FY 3l FRoE 4I5S
of A8 AR =3 L PR SYAT 15 L SRSE Y
2 o} 3’ WE(MS-DMB, Mtops Co., Yangju, Korea)
= 7tgste] YA E A”o| FREE o|FHA S F
Fe Higo] MErF BAHE 3 L WS EE ARSI, St
o 3 cm B0 93 Ego] AXHEE A&l B
S 1 mm A4 Fgo] A 2 mm HHCE Q=
A7 Eotay H3wS AZsto] ARSI ¥R W
Bt 9o 14 £59Z Y1 AT 3717 A g
5 78 A= 92 v B E FAste] 377 97
& o5& sttt ¥4R= 1Y9E AT ¥4 s
o] E7} Bakd 500 mL HAAAGE $2 02 AF
AA Aot $Z=2(LCC-R160, LabTech Co

Namyangju, Korea)E °18&3t9 4C =°] Y43 do| &
EEE 5] SRAS ol SRS EFE dF2
A2 S5t HojAe SRA &
7t 2 1 S/E SR Hokd /Y
of FFE AFS 25%2 2T A2 TFF ARE A
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2.6. 284 &2 B4

Fry F7)1HEL gas chromatography(GC2010,
Shimadzu Co., Kyoto, Japan)& Ar&slo] EAJ5}ch
EX4L columne fused silica capillary 30 mx0.32

mm ID, 0.25 gm thickness(Nukol, Supelco Inc.,
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Bellefonte, PA, USA)SI¥T}. Column oven®] &k &=
50C(H), 5C/2 52, 100CGH), 10C/2 52, 22
0CA0RDE ZEIASHAUT. HHTFA(EL) 452 24.2
cm/Z(linear velocity), split ratio= 50:12 A&}
th. 3971 =& 250C, FID A&7]1E AHgstglon, 2
L= 280C=E skl 75+ 0.22 pm syringe filter
(Nylon, Sartorius AG Co.)& ojZ}slo] AREstt. A

AL REEEYT AYHS YT T 4SS

2.7. B2 Y furfural 241

A dFE T S0 AR SR/ 10 mLE
F?t &, phenolphthaleing& 2-33& 75t 0.01
N NaOH &0 & g=Mo| yetd w712 53} 27453
1, 281" NaOH9 4 mL 2 FA|SFITHTSINTSA,
1997). Furfural® SF=g AE351%tHLee 5, 2015).
AZE 2.0 mL F8(Kartell, Milan, Italy)ol] €& the 235
=AUV spectrophotometer, JP/UV-2450, Shimadzu
Co., Kyoto, Japan)E A&kl 275 nmollA S st3ith

2.8. &2

SA= SPSS 2 3 (Version 12.0, SPSS, Chicago,
IL, USA)E o83t FARLA(ANOVA) & #2217t Q=
g=of 5= Duncan’s multiple range test® p<0.05
FEOA AR 719 FoRE A5

3. Zif 3 uH

3.1. EeHe ZEEY

2 A7o] 8% 355 LaA Al S4L
Table 10] Uehiglch. 3o SE03e F5, Wol

27} 15.31%9} 18.46%2 UEhgth. pHE B3 5.23, ¥

Table 1. Typical characteristics of fermented agents

= 3.46010 1L, FAF oFFZ ZH7F 0.249) 1.68%F #W=0]

=9 ol ®Wro] &=t H|ste] Y= AHA Y
FA4F o] =2 EA4(Nakamura 5, 1990)2.2 olsd
oh 3o HAYUQ Fopuiil FE 77 0.049%
o A& 50 AR £ E
k2 8.86%011 1L, pHE 6.91, 4t 0.39%, Fohv|=
Ak 9Fg 0.06%=, =l B|s] =ekgo] 1.741 R11, pH

£ 134 &2 E4o] gtk

o
o
(@)
X
L
rlu
N
5
)
2o T
%)

3.2 i £59 YHEY

a7t 25H A €319 GRMES Table 20 Ut
Uik 23 RS AuEd =+ A4 220l E 4.34%,
WA SOl E 4.24%, A FE+YGA 5.62%2 W5
Y23 A 239 g3 Yido] oE AHEtEY 1.3
v ol =oktt. $HH, dFE AYAMl A S TlA|
oY e 77 3.28, 3.23, 2.12%2 A =+
A7} o2 At Hs) 1.58] F= @tk

pHE 72} 5.00, 4.46, 4.22% &3 AR IS
nd FEg UR= gtk Fotu|At g Azt
0.87, 0.53, 0.52%2 H% A8 L3 200 mg/L(Sung
7} Lee, 2017) o4 oHRstaL
A% FE+GAE J7IsE 14 504 S Eol AR
o €99 3T T2 21 YA g
olsjglc}. Shin 5(2021)9] ATLoA g3t
SETo] 40% F2R1 B $HgoA &R o5 A
StEoltt. GAE A&eto|Eq H]sf| o] gFx Fu)7} 2}
om ggigo] Qlo] L= 715 Alolof] U2HE 4= §lont, A
S| E= 5= 71F Afolof F=o] WAYARITE. o]2fgt o]
F2 S F5+9A7F d=+AZEelE 14 &3 v}
o] 319] 3 o880l KEH Ao Fekdr.

Acidity % (citric acid d.b.) Amino acidity (% glycine d.b.)

Starter Moisture (%) pH

A. oryzae (yellow koj) 15.31+0.18° 5.23+0.02°
A. Juchuensis (white koj) 18.46+0.33" 3.4610.02°
Traditional (sanseong) 8.86+0.15° 6.91+0.15°

0.2410.03° 0.040.00°
1.6810.06° 0.06£0.00°
0.39£0.05° 0.06£0.01°

All values are meantSD (n=3).

Values in the column with different lowercase superscripts are significantly different at p<0.05.
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Table 2. Characteristics of solid-state fermented mashes made from different combinations of fermented agents and auxiliary
material

Fermented agents A. oryzae (yellow koji) A. luchuensis (white koji) Traditional nuruk (sanseong)”
+ auxiliary material + zeolite + zeolite + rice husks

Alcohol (%) 4.34+0.02° 4.24+0.02° 5.6210.03°

pH 5.09£0.00° 4.46+0.00° 4.22+0.00°

Acidity (% citric acid) 0.3420.04° 0.73+0.00° 0.40+0.02°

Amino acidity (% glycine) 0.87£0.06° 0.53+0.06" 0.3240.00°

Reducing sugar (%) 3.28+0.01° 3.23+0.01° 2.12+0.00°

All values are meantSD (n=3).
Values in the column with different lowercase superscripts are significantly different at p<0.05.
Draditional nuruk + rice husks cited in Shin et al. (2021).

3.3 IH =59 27/ B3 (Yoshizawa &, 2004). =& AR HA| w519 77]
Zr 1A €59 4714 =F2 Table 30 YA = A FFS formic 0-2.95, lactic 28.10-57.83, acetic
St 3559 974k % Zo =+ Ao E 59.05, W= 3.48-19.46, citric 0-37.66, succinic acid 23.97-87.86
+A 2l E 137.59, AF F5+9A 357.62 mg/100 g mg/100 mLe] EXE HItKBrewing Society of Japan,
o= AEF w5 GAE St 1A &Hlo] A=+AlET 1999). WaZ AMES AA &2 W= ZA|o| citric
o|Eo H|sto] X[t 6.1H] o] A UEHT NE F71 acid ?rgo] &7] "ol €99 citric acid &FE 56.10
oF  mg/100 mLE FSHY, 1 99 74t e 2A A
o] Px+AlETHelE 14| &3 Hlsto] EA YEHTh & o]& Holz %=tHNakamura 5, 1990).
GO {714k ano] ofsiA oF 73%7} A El=tl|(Brewing A=tol] ALl EE SFeE 1A &R 9] {714 TR
Society of Japan, 1999), citric, succinic, malic acid formic 0-5.40, lactic 0, acetic 30.06-33.85, citric
= tricarboxylic acid cycle(TCA) tjAlo| A FHE0 Ao 0-71.11, succinic 14.08-32.63 mg/100 gO.&, A} &
acetic acide ¢33 LH5|E Akstol| osiA] AYdEth 2t A &ulo] Hls) RAY FARE 9bgE Heloh Wi,

0|

A0 2= formic, lactic, acetic, succinic acid¥

Table 3. Contents of organic acids in solid—state fermented mashes made from different combinations of fermented agents and
auxiliary material

Organic acids Concentration (mg/100 g)
A. oryzae (yellow kojr) A. luchuensis (white koji) Traditional nuruk (sanseong)"
+ zeolite + zeolite + rice husks

Formic acid 5.40+0.25° ND 36.61+0.93"

Lactic acid ND ND 156.55+1.13"

Acetic acid 30.06+0.50° 33.85:0.38° 66.74+1.03

Citric acid ND 71.1120.44° ND

Succinic acid 14.08£0.23 32.63+0.54° 97.72+0.86°

Malic acid ND ND ND

Propionic acid 9.51+0.24° ND ND

ND, not detected.

All values are meantSD (n=3).

Values in the column with different lowercase superscripts are significantly different at p¢0.05.
Mraditional nuruk + rice husks cited in Shin et al. (2021) except malic and propionic acid.
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As F50 FAE =% 14 €399 A%, formic
36.61, lactic 156.55, acetic acid 66.74 mg/100 g2
2, gRkAQl dA| &5lof Hls) 2+t 14.1, 2.7, 3.48 =<
greFo 2 IE ATt Seo 5(2021)9] AFNME wREtr}
A2 AE 553 FAE TF 1A €59 4714 A
ZAPA lactict} acetic acid®] ool ThE Alof Bl
= Uepth o3t AT F= Ahfd &oA Ueh=
Aol Al &0 A= formic, lactic, acetic acid®] &
o] £Oom(Lee 5, 2015), Lactobacillus acidophillus,
Streprococcus thermophilus, Leuconostoc mesenteroides,
Pediococcus acidilactici 52 Z4Hto] o|23t 7|4t
F5 Aok 2o FIH AN Ozcelik 5, 2016). &
3], formic acidE A=F7F I (Lee 5, 2015) X2 Y
DA TY F8S T7HA B2 APEE FE(Du G,
2008)5t7] Wito] s 2T = ZA4H ERE

Sl 4 Sk

34. Y /&=
1A 5o E A2 3

Asto] A JuS EAHITHTable 4). A 479
FTHFL AFHASHOIE FFFY AS F= 1,099.76,
H3 1,034.08 mg/LE Y=t S50l wet 2 AlolE HolA|
AU W, AE FEHGAR AR SFFE 2,145.52
mg/LZ 28] H= 52 dFOE UEgH. AF F5+%
A F7FFY ME PIEES AuEY o|FE A&ol=
acetic acid®} butyric acid &&Fo] ZH 99.383F 95.90
mg/LY FEE SR A=At ESE =20l 1t
A WS 7H4 isovaleric acid(Kang &, 2018)9] $HF=
5.37 mg/L =] 3t F=F 1T A isovaleric
acide 759 £A|5l= Enterobacteriaceaeso] 2J3f
AAEE Aoz BRI (Wang &, 2021), £ o
Agke] 0.7 mg/L(Salo, 1970)= wj¢- o} 73t & A
Uil it Seo 5(2021)Y AN E AF FE+FAR
e A 14 €8 SFF &8 acetic acid O]
394.7-4,671.8 mg/Lo|QAL, butyric acide 0-24.5
mg/L, isovaleric acid® 37.6-60.7 mg/LZ o|F &
o] Wl¢ =2 L= drFE] ATk BHA, A=+A1S

OoJE 14 &Y Z8=0|ML acetic acid?] Tt

== Z_04 o] = NN ‘6‘1—30:.% 25%% &

460

19.34-24.12 mg/LZ =] I &, butyric acid?}
isovaleric acide HEEA &AUTH

SRl ol EF E A F2 5] 2ol -4
FFS A= 20| A4 o AHZ SRlEC|tHLee T,
2015). Ethyl acetate= 29 & % Y FHLee 5. 2015)
< 7KL o, Y=+AISHOlE FRFOIA= 41.99-
145.98 mg/L, A& F5+3A FFHFAIME 362.27
mg/LZ2 Ho 8.68] =2 IFS R} Ethyl butyrate
= IQIoHE Flee &, 2015 7HA|AL Qlow, Z+z:
152.76-162.659F 124.93 mg/LZ FAFSHITH 18 A
EEAE EE3F ¥K(Shiraishi 5, 2016)F A FLee
5. 2015 7HA= dRAQ LY F718ER] ethyl
hexanoate(Fan &, 2019)2] &HF2, =+AZEo|E T
FrolMe HEHA 4%, AF F5+9A SRFl=

6.81 mg/L& 5] AT Table 39| #714F & 2

Toh Hwe) BH HEA B SER EA5AE 7140
ARl fhatgol ol2dE FeE FREAD A (Kong

= 2021)08 melch

SO E oh FE5foF & ol A F T £ F
< 7FA& monoterpene -FEA|(Vankar, 2004)°]t}. a-
Terpineol, linalool, nerol, geraniol, f-damascenone
RS AR AT, F+ASE0|E SRFA = dEH
A QFQkal, W=+ Al &t EO| A geraniol¥t 13.03 mg/L
REO] AT W, AE +E+BA SFRTOIAE e-
terpineol®} geraniol®] 22} 10.85 mg/Le}t 99.05 mg/L
9] Wi 2 S =E rEo] At HEHRE= 50l
ZAIBII = AEOZ(Chen &, 2021), 52| 1]
A& 82%9] terpeneFt AEE Y2 HWang 5, 2020),
71 b RAMEA] ot A H| W= oyt AlEA0
A terpenef= T2 HiGAR A5k, doju aa(8-
glucosidase)oll 2Jsl] 4-2¥+=dl(Lee 5, 2015), pH7} &
S 2HojA gFo] EobxtH(Knoll &, 2011). Table 29]
A AE F5+9A 1A €59 pH7F 7 13teH, As
59 B-glucosidase?] /o] Y=ol HIs} 3.2-5.94]
=2(Yoshizaki 5, 2015) E4°] terpeneR9] S =
M7 Aog wH

351RME2] methyl mercaptans A8 F5+94 S5+

}

FoATE HEEACH, 426.78 mg/LE T3] T Fol
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Table 4. Contents of volatile compounds in the distilled spirits (25% alcohol) of solid fermented mashes made from different
combinations of fermented agents and auxiliary material

Compounds Concentration (mg/L)

A. oryzae (yellow kojr) A. luchuensis (white koji) Traditional nuruk (sanseong)

+ zeolite + zeolite + rice husks
Acetaldehyde 578.7140.65° 529.74£2.91° 228.04+1.04°
Ethyl acetate 41.99+1.73° 145.98+1.63° 326.27+4.96°
Ethyl butyrate 152.7620.40° 162.65+0.95° 124.93+2.63°
Ethyl hexanoate ND ND 6.8140.42°
Ethyl lactate ND ND 136.75+3.35
Ethyl palmitate ND ND ND
Ethyl nonanoate ND ND ND
Acetic acid 19.34+0.40° 24.1240.40° 99.38+3.10°
Propionic acid ND ND ND
Butyric acid ND ND 95.90£3.10°
Isovaleric acid ND ND 5.37£0.19°
Valeric acid ND ND ND
Hexanoic acid ND 43.20+0.13° 44.2643.49°
a-Terpineol ND ND 10.85+0.03°
Linalool ND ND ND
Nerol ND ND ND
Geraniol ND 13.03£0.46" 99.05+2.28°
B-Damascenone ND ND ND
1-Butanol ND ND ND
1-Propanol 220.03£0.54° ND 164.52+4.62°
3-Methyl-1-butanol ND ND ND
Methyl mercaptan ND ND 426.78+1.36
Furfural 86.93£1.11° 115.39£1.49° 376.61£5.40°
Total 1,099.76+4.83" 1,034.11£7.97° 2,145.52+32.87°

ND, not detected.
All values are meantSD (n=3).
“Values in the column with different lowercase superscripts are significantly different at p¢0.05.

SkrElo] . Methyl mercaptan< -9 A=2%{o]H AHS|E5F Z acetaldehyde $HH2 HE FE2+94 &
Fojeh JullE 2 7ML A, B AAUE 4.0 pg/L F7F 228.04 mg/LE, Y=+AZEO|E 7 529.74-
Z o2 FolLee 5, 2015) F4 A5} Q8 AHo|th = 578.71 mg/LECH o 2.59] A YERAT) Acetaldehyde

= VFFoE= 108F9] FlghEo] SRIEAN, Bacillus  + 90%2] AFgo] A 4= Q= B JA|Fko] 83 mg/L

subtilis 52 /Y=ol 3t BT SF7F Al cysteined] & (Oishi &, 2013)& =oF 759 o= IA T2 v
o] o3t B4 Fol ERIEACWHSun 5, 2021), oF&7F  AA] ERITh o QPR £AIZ ol A, %’4&
A oA FEEA ottt 7], &Y, ut Z530] 700 mg/L ©]3tE A3t QL

https://www.ekosfop.or.kr 461



Solid fermented spirits: suppressing off-flavors

HSo, 1999). A 5539 acetaldehyde Bt SF
13.37 mg/LRl A& 7totA(Park 5, 2006), 14 TR
& AR SHFY o] wE- &7] "ol olof gt A
Ast #27F 97 Furfurale Y=+AEE0|E 557
Fo A 86.93-115.39 mg/LOA|TE, AL F2+9A &
T+ 376.61 mg/LE o 4.34] &A Hegth S5 Al
amino carbonyl #5302 A EH, 71EF 9] A H7}
£ gEoltKLee &, 2015). Furfural®] 4L &40 &
FH 7714 EF, pHY ¥ HEC] A3 FF
QFo]] Qa4 1 ABAo] 2K Lee S, 2015). AE F=+
A zezoﬂ ol furfural ?Fgo] 2 o= A, 1L

A &4 g g ofnl it O1K(Table
2), 5714t $kgFo] &=31(Table 3), pH7} ¥2(Table 2) &
olo] At} A, SF Al &84 4ol Slof Al=Te|Ex
5= 7HE Aolo] fJA|oto] TdetA 3= FAISk 4|
W FA= 5 7HRS g Jlong £357]9] o]
olf7] wiizoll, 5719 AR AlRto] AojA WA B2 &
L wo gojlog M7=}

ARHow ZR2Z WS A% 249
£ AAHE AR BAT, A3 olHE A
acid, methyl mercaptan, furfural 3¥o| A|ujz{o]3]ct,
PF+AZTO|E FFHFE o377 §lo] & 74 459

o] S=lo] 4% WS 44 Exolgic

'6“!'[‘

- O

3T
5 o
ohFe

=2 =
o I

N

4 isovaleric

3.6, i 259 £:L28180 ME LTS HAHY
Table 4014 W=+A|&2F0|E 55704 monoterpen
alcohol77t F=+A&To|E S7F0l Hls| ta =4

Lepdol wel, Hs+AlEEtolE A &5 el

HE 49g PUYS AESEHTable 5). FEFF]
40%NAH 55%2 F71gel we 1A] $99] AR FFS
5.48%1A 9.53%2 178 A5tk SR Uk

UFE FEE YA 0R YA 8 1% S71ol whet
F& FEE 1.26% 45otks AR UEen, o9
FoASE 0.898 H|A £t oo weh 1A &3
Bokego] U3 AVl IA JTFE vA= A= g
OJH‘}M ol 1A &£4%9 &4 A Qo] +EIF
9] o]Fo] ARFA Fo] HEol, R A
W7t HAA] Zolr] WiEo R osfEr.
AL g S et SRAY IS
SHFE 37.14%01 A 43.74%2 & 9&H 07 Z71519
E}. m %‘M AFE Fgo] et SRAY dIE 5=
=1 QE}LH 9 ﬂxﬂ &8 ¢FL BT 1% 3710
TE 1.57% S7From, ol9]
UrE‘r”E} FBA S Fhol Rob 1A &
o] &FE OEOH ot SHAY] dTE Fgo] T
7kttt @5y ofgAR, 1A &89 ¢FL BTt
5.48%°14 9.53%= 7ol whet SRH S T
2 1188 S7totolet. whebA 1A &R EEHEk o
S SFAY ITE FFS AT EY FEFE] 1% St
g whe}t FHN9 AT FF2 2.58%% 7oA oH
o] ATATE 0.82F LERGTE
olo wkg} furfuralel Fol= TF= F 2.0800A4
0.48% 4.3u] Hopxlon, $H4tE 2.80°014 1.002%
2.84 SrobAry. ek, 1A Ha o] Hajo] F2 oA o
7] 9%t Ao|BE, FEFRFS T 7| A SR &

Zote] Aol Qoid % ek w4y FRUFS

Table 5. The effect of moisture content on alcohol production of solid fermented mashes and distillates made from A. /uchuensis

(white koji) + zeolite combination

Initial moisture ~ Mash Distillate

) pH Acidity (mL) Alcohol (%) Alcohol (%) 0D (275 nm) Volatile acidity (mL)
40 4.56+0.02° 2.60£0.28° 5.48:0.06" 37.14+0.04° 2.08£0.00° 2.80£0.14°

45 4.42+0.03° 2.40£0.57° 8.060.03° 36.59+0.05¢ 1.43:0.36° 2.45¢0.07°

50 4.52¢0.01° 2.00£0.00° 8.50£0.00° 42.5610.04° 0.850.00° 1.15£0.07°

55 4.510.02° 2.80+0.00° 9.53+0.01° 43.74%0.02° 0.480.00° 1.00£0.00°

All values are meantSD (n=3).

“dyalues in the column with different lowercase superscripts are significantly different at p¢0.05.
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&3t 271 A 9ed Aog g
4. Q9%

# *“"E]% A5 X} 5?"””‘% A %‘H«] F5-& AJAbe]
AolAE Ae FE+FA7E Y=+AlSTo|ERT 1.3H]
ol =8It AE FE+EA 1A &9 FUA T2
357.62 mg/100 gC& Ax+AETo|E Tl B|5}o]
ol 6.18f o4 #3koH, formic 36.61, lactic 156.55,
acetic acid 66.74 mg/100 g2 &2 o] A& Ut
As F5+3A 14 &R SFF(EIE 25%)2] o5 4
£l acetic acid, bytyric acid, isovaleric acid, methyl
mercaptan &%o] Y+AETo|E Ao met 34 &
ol &t Acetic acid= 99.38 mg/LolAl 19.34-24.12
mg/LE  butyric acid,
mercaptan< ZtZF 95.90, 5.37, 426.78 mg/LollA &4
22 Zo1E9t. ¥ A8 furfural £ 376.61
mg/LoA 86.93-115.39 mg/LZE 4.34} ZrAstict. HE
W, acetaldehyde A& 228.04 mg/LolA 529.74-
578.71 mg/LE S753itt. 1A €59 &9 S71o
et Ad3E PAEE BEH o R FTl6Ie, SR &
F& FFE SISt 1A &R9] R/l 40%00A4]
55%% S7hHdel weEh SRAY] IS 2 37.14%00
Al 43.74%= ¥t ol et furfuralel] sigshe=
T8=(275 nm)FE 2.08014 0.48% 4.34) HotxioH,
e 2.80004 1.000.2 2.84H wolsc.

isovaleric acid, methyl

LAl 2

2 A7 5208 SRR PJ015294)
o Ao ofsl +R=HASU.
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