Food Eng. Prog.
Vol. 18, No. 1. pp. 50~59 (2014.02)
DOI http://dx.doi.org/10.13050/foodengprog.2014.18.1.50

o] M| et
o RE! -
et

HFAETIL, @A

LS IE ofde| =5 &

217 . AL 12

i =4

FAdTAE

Characteristics of Makgeolli Sul-dut by Pre-treatment of Rice and Koji
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Abstract

This study aimed to evaluate the fermentation profile, organic acid composition, and volatile flavor components in
the meshes of Sul-dut prepared using different pre-treatment methods of rice (Godubap, Baeksulgi, and Ikbanjuk)
and different fermentation agents (Nuruk and Ipguk). Among the three pre-treatment methods used, Zkbanjuk pro-
duced the lowest alcohol content (12.2% for Nuruk and 12.6% for Ipguk) and the titratable acidity of the different
fermentation profiles seemed to be related to the degree of gelatinization during the pre-treatment of rice. The
degree of gelatinizaion for Godubab and Baeksulgi was 100%, while that for /kbanjuk was only 62.5%. Generally,
titratable acidity was higher in the Ipguk group compared with the Nuruk group regardless of the pre-treatment
method. Citric acid was the major organic acid in the Ipguk group, while lactic acid was the major organic acid in
the Nuruk group. In particular, Ikbanjuk produced the largest amount of lactic acid in Nuruk. Volatile flavor com-
ponents of Sul-dut were largely dependent on the fermentation agents and were less affected by the pre-treatment

method.
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of wet BAde] FHe] xpo]E HRIthal A4 Ut(Jeon,
1450). =4 = °ﬂ AR EE HRAIRE o 27E A
LEO] AREElOJ =], olEd A FES so tFT
gt 3g Fojahe ARlol dAIRE 59} —zr‘ﬁﬂﬁ Soll
wt 84840 UGS FASHEH ofE =]

A Ath(Lee et al., 2004). L4 :} %21 o] wtdElE
Arbalr] Qe <3le B )t
A7) = A5 & %%01%
SIAY N RS /‘}Q“OPE Wio] B o7 ALE-
A3 A TKSo et al., 1999a).

g wde]e] FUSR] &S TEAIA g FRsH]
e Gt o g IF SO F3HA| ]‘C 45‘4ﬂ &
BE AXA ==l 2o AAE] Wyl wet S5t e
2 glon, A stk wE Ao ke
=09 daEto] JFS = T Utk dHA Utk(Lee
et al, 2001). AA7HA ] AE Q5] Fro) ©e uy
g 2o B AFE AHHEH Rhizopus oryzaeol 2| gk
AR Bo] I3 AF(Kim et al., 1985), Aspergillus
niger7} AsHE AR Ealaie] AL 54 (Chung,
1997), AR Balg4AsS o] 83 dn] 43L& dgx79
RUE Y (Shin et al., 2003), 22 EZ3 7lEHES 29
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A5 (Lee, 2011), T4 &2 ¥4 B 3
2 dagAdE vAE F4(Kim et al,
&3 Svts Ao Azt #
(Sung et al,, 2011) 5°] AR o0, wkAg] 2] |5} 5+3
ATEE KR FRE DI OF LUl FUA 3]
H(Lee et al., 2007), 208 T3 §F %6l 77
b e 2 fEobr]eite] S E(Lee et al, 2004), A
2 A58 83k

HEE g0 fd9, {714 2 A
FUF-E T (Whang & Lee, 2004), 955 22 sl €
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w71 & gk F el roller mill(Kyung Chang Machinery, Daegu,
Korea)Z #3j5l] E+= S(H 7].30kg] 23)7 4L 5 uEd)
3, FEGEI S 15)S A F 3057 Aol Wzts)
o] Qul=L A ZX3AUTE dul= A F A] AR EHE B9 9
o192 gF HU) A AR HE B A}eEkt)

R

AT Mz

ARG S AW F, 2AZF Bl X3 308 T
E wj7]Z & FHol roller mill2 ¥-38le] 27122 gHEo]

F SARFY fU1A 2 FRe] Ao e AT (Chung, 20 mesh Ao W& & Z1}7](Bluebrew lab, Seongnam,
1967), &2] £%, &2 =X, F5 & 4] £2 Korea)& AM&-3te] 308 &< SAF § 3087F A=A
57 (Lee et al, 2012) 5o Wik A77F FFHAY, 2 Yzste] M7 E Azl
o] A Wyt wgAel we EasAd ol wE =
Agle]l FAEA A3 A= nEe AAolth wEb  F5 YEE| BHE
2 d7olMe HAee] F d5E AHEe 2] AAd 21,000 g0 2 L ofnkE gl WA Y] Az 5 747t
S t2A slo] ghE wFy wiAdy] oukES U8 FE 156gd AR 75g 2 B 2,000mLE HEF H 2
2wl o A RGOl MEA0E ABHT AL Aol 29CN 2440 B AN R 2 YA
Pt AFrES BEAZ G BT FF A % 1 DA FF 2] APEE L, ukE, was)s)
AEAS vasty AZE $49 &9 ol B4 B @ +5e Aukst] 25ClM 89 F wRAAY
% skt P71 8-S vlaek ) skt (Table 1).
EEETS ol ofzie| T
AL 176 g7 AR 75g B & 274mLE FRE A %3}
A= ATk FRA 2 13002 T oNkE gl WA T E A
22 A HFR PP (F ) S AHE AT BskE @ zste] ZhzF = 694 g3 B 1,726 mLE 3 7hste] 25°Ce]
3 g A= IFE AT 3] BiorE(NEFE)2 771 A 24X 7F Bt BEa AT & 2,000 g7 LT, oJukE,
wEtde] Aldee] S AR SITE ERE AS AxE WAY] AF F B 4000mLE F7ske] 25°ColA] 8 Y F
E9l LaParisienne(S.I. Lesaffre, France)s T3t A3} QF ¥ g AJZ tH(Table 1).
ATH.
Sole
IR M= A RO T3t WA, ouks, SFN AIRE FA
HAE S AR T, 2A17F Bofl RIS 308 Bt B 2Ele] E33 FHel 80 mesh Adate] AbgaRlen, tf
w715 g ol 2417F T ] F 3087 Aol ¥ 2FE AR ARVERE 2SS dAEH F 80 meshol
sto] ALFRES Az A skl Az, Lvl T3k B2 ARFAIE &
A(DSC, SHIN DO 2920, TA Instruments, New Castle,
olgk= Xﬂ" DE, USA)E ©]&3 3743ttt 2mge] AEE 71l
WAL 5 Aln] F 2A17F Boll AXEHAL 308 e & #lo)] A& FAE Dol @, 10ule] FHFE HU)
Table 1. Material composition of Sul-dut using Ipguk and Nuruk.
Seed Mashing 1** Mashing 2" Mashing
Ipguk Yeast Water |Baeksulgi Ikbanjuk Godubap Ipguk Nuruk Yeast Water|Baeksulgi Ikbanjuk Godubap Ipguk Nuruk Water
(® (@ mbL)| (9 (& (2 ® @ (@& mb] (9 (2 (® (@ (@ @m)
- - - 1,000 - - - 156 7.5 2,000| 2,000 - - - 312 4,000
nﬁﬁ’o"é - - - 1,000 - - 156 75 2000 - 2,000 - - 312 4,000
- - - - - 1,000 - 156 7.5 2,000 - - 2,000 - 31.2 4,000
176 7.5 274 130 - - 694 - - 1,726 2,000 - - - - 4,000
nlll;tg}?écd 176 7.5 274 - 130 - 694 - - 1,726 - 2,000 - - - 4,000
176 7.5 274 - - 130 694 - - 1,726 - - 2,000 - - 4,000
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stod D3 T IAZE B9 Al WA U BAS
ANEAT BE AFE 25°ColA 110°C7HA] 10°C/ming]
52 7FdEIiY xR W gFuE A8 ALeS)
Atk AE] §E peakZHE A& AHE 3 v
z79] AL¥(AH, )% 7 AEe] AL (AH,,, )R E
23 22 28 AMEEt 38l A=E U s TH(Tan

et al., 2009; Cha, 2012).

A, = Un-gelatinized starch (%) = (AH
Gelatinized starch (%) =100 — A,

JAH_ ) x100

treated raw.

ol & o A -
ol 24 9 EFHE
2= o [e]

=59 dEe YEE4 7] (Mastersizer 3000, Malvern

A3t 4183
o HAEE g 59 993 AR 100 mLE W2=dE
Eol mess up 3] A2 WX 3 AXA|F|HEA 58 7F
HO 2 A7 FF AFS o 30 AL 43 4
stom, F 210 &5 #zste] HA) Eold digh WiEs

Instruments Ltd., Malvern, England) &
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NeeE A FHFESFHWNTS, 2010)9] wek
10mLe] A|EE FH 3l TR A 2FBromothymol Blue 0.2 g,
Neutral Red 0.1 g, 95% ethyl alcohol 300 mL)S 2-3 W& ¥
ojz=@l thx 0.1N NaOHE F3} 248t A g2
ER Tl pHE pH meter(HI2215-02, HANA Instruments,
Woonsocket, RI, USA)= =74 &1t}

= X

g T A FREAFHNTS, 20109 +4
01 = mLE FH33 15mLe] EZ 23
AN SHFAN F SFY 80 mLE 3|53 ot
100 mL77]—7<] SFTE AL & Density meter(DMA 35
Portable Density Meter, Anton Paar, Austria-Europe)E ©]&
ate] 20°CollA] SA kit &9+ DNS(dinitrosalicylic
acid) ¥ (Chae et al., 2008)°] ™2} £33 Al (Genesys 10-S,
Thermo Fisher Scientific Inc. Waltham, MA, USA)E ] &
st SR or EFES ETEFOR sl sdgoe =

Alxksti et

OME o3&
BE A FodA S #37e S8 AR E
Aol oSl 7 Tag e 27 8
=Tl #sto)] it oA FE A S5sh7] flste] HE FEAIR
A 75tk aRs} I 57
2 Hago) A7 3 3MAFY] Petrifilm®l] 1 mL2 5=
shod 30°Cell A 48A17F vl sttt frAkt-S Amphotericin
B solution(A2942-100 mL, Sigma)©| 2.5 ppm®] ¥ =% MRS
HjAJ ol H7hstod Az - AR 100 plg =Eate] 30°Col A
48417} vl Fat it

w74t
f714H& HPLC(HPLC-20A  series, SHIMADZU co.,
Tokyo, Japan)Z post-column™'H-& 483l &4 315t} 2t
7 €519 AJ&E 045 pum membrane filterS AM8-3}o]
o] 713 & SHODEX RSpak KC-811(8.0 mm IDx300 mm)
columng 270 A3t AEA ST ovend] 2E=
63°C, flow ratex= 0.8mL/min o™, °o]&F4E 3mM
perchloric acid $13Z, injection volume2 10 uLo] T} &
¥ F712FE reaction coilolA] 02mM BTB, 15mM
Na,HPO,, 2 mM NaOHE AR&-3te] LAz o m ojuf 2
5°C, WA-&A 9] flow rate= 1.0 mL/min® 3},
440 nmoI A o] FEEE F7gste] AEsIith e AP
390 2 X8yt

T

k A

A AE-S GC-MS(Agilent 6890N GC/Agilent 5973
mass selective detector(MSD, Agilent Co., Pal Alto, CA,
USADE AMgstel BAsGTh My HEe] FEe
SPME  fiber(50/30 um  divinylbenzene, carboxen on
polydimethylsiloxane) (Supelco Co., Bellefonte, PA, USA)
= ,\],_Q_;},oﬂ o, 94z AlE 10 mLE 20 mL headspace
vialoll ¥ 3L teflon cap&i YB3t 50°Coll A 30%7F
FRdE ] =2AIZl F, SPME fibers 1cm =FA7A
307 B 3T AES FFHAY F GCY injector
port200°C)el] fiberE =ZA17]3 18 F¢ 23t
Chromatography & 3171 913 GCMS®] column DB-5ms
60m lengthx025mm 1idx025um film thickness: J & W
Scientific, Folsom, CA, USA)§ AFE-3FH AL, oven &=
40°CoN A SEZF FAE F 200°C7HA] 5°C/min®] HE 2
TIAA 2087 FAEA T Injector 2%+ 200°C,
detector === 250°CC.H, carrier gas2% heliumS A}
|39 2 452 1.1 mL/min®] LT} Tonization voltage=
70 eV, 22|31 FAE FAEFe] W el(m/z)= 33-5002.2 3}
o] A5t BE A2 duplicate® 31T
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Fig. 1. Changes in (a) alcohol contents, (b) reducing sugar, (c) titratable acidity, (d) pH during fermentation of Sul-dut using Nuruk

( @ Baeksulgi, O Ikbanjuk, ¥ Godubap).

FA1X 2= SPSS 18.0 versionoll ]3] F-AHEAI(ANOVA)
= A5 2 (SPSS, 2011, Chicago, IL, USA), z} =3
# 7+e] 9] &Duncan’s multiple range test (p <0.05)=Z
A8kt
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olf gk A AT W] mE 3l e] Ao]2 Azt
"k 99 Jrrt ol rE grrt Eopxithe A
A3 (Lee, 2011)9} FASHAl £ AFoM = &g 1 LR
g 71o] B9 ko] 70.06 mg/mLE 71 Ekew 9
, 258 3942 mg/mLEo 2 UERY AL
At Az qu=t Wdr] 8o wE 27] $
A YeERETHFig. 1b). 22y
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7} 1.1, 1.3 mLE YEPST 2E7 g EHs RE HA]

oA AT hre] Frtst o e 7 UA) o) %
WA 7]e} IFERE FollA = AHert thA 7ASEGTh Ta
o

WAy oh wEyke] AS A ow Ftsted B
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2A74A] F7Vsthr) o] pH 4 F2olA A = A th(Fig.
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Fig. 2. Changes in (a) alcohol contents, (b) reducing sugar, (c) titratable acidity, (d) pH during fermentation of Sul-dut using Ipguk
( @ Baeksulgi, O Ikbanjuk, Y Godubap).

=
o
=

1d). ok oA yEhd A3 Ak F4 o] FH e Aol et ol a59] JiAS
lactic acid®] A Z7} W Eo 2 Boxm, AL 7} =7}8} 7t EoEHA EIZE BF e o] AAEFS ] o

= sl pH7F A Ao 2 deEn) A} 7+ A tH(Table 3). A4 L} EHE 1 dxjolle AT,

b=, L 5Fybo] 7zt 19.4, 194, 192 mLE H|S8aL

Z7191 901740% eit=o] 5,05 mLE WA 7]}

rU.‘,

o}n oo ko 1o Hu

= de =59 Olsfety S4dtHst e
%‘%—% UFA R ARGt WA, w8l aFRe ko] 64 mLe 6.35 mLoll M]3 thA B g Ko
435 AAYE Geste] Axd A E 25°CoAA & Y v=e A Ve Ath(Fig. 2¢). pHE
9 om Mg sma &tle) olgletd EAL 2AE Axls AHg A8 7] Ajol: I gron W) MaH=
Fig. 20 vepfiglch 452 o5 Wske 1@ &5 § ¢ AR SUkste] a9 dAele A7) 401, ks

2 Axpol| A oubEe]l A9 AT FhFo] 54%2 WA7] 394 IFH 3992 YERITHFig 2d). Y= L& &TlolA

7.5%F 7R 6.7%KTE WA UElg e wavt [y = 75 2E euld vlE) ARrE =3 oled A=

BAE Fs ST v IR e 95g S A AN B U A7) dEel i (Kwon et al,

YER A tHFig. 2a). 2a T8 AlFS &g 9 dxfe] & 2013), B8 9 oA R E AL fANE 2 FHo]

L ke WA} 162%2 7PE Egkon, w7} Fo)(Table 3) 2] £ 90 2HE] obgAS YERIT
=290 9

15.5%, k= 12.6% 22 e} +5& 2942 A}

39S ol ¥gh YFE TS JeITh ol MAZ[| [HE A M2 SSiE
Ud*o% =3t F5e FelEg <F 75,000 SPi grEeo] DSCE A3 A|59] 39 peaks HE9] #AF 73004
22 AN wH-E—ﬁz AZEtH(Table 1), 99 T 53} Aolo] B3 o &2 e =H|(Choi, 2010),
29 9 39 2 AR}l A WA7] 3627 mg/mL, 2JHHE amylosed] tEtelE H]7HdHES-S UERH O 2 amylose T
22.58 mg/mL, L5 27.68 mg/mL 59| S YeRAL o] E& wle] sl Aol 2F A}ﬁ-ﬁ»lovu Ak
™

,2E 33Ut WA 1612 mg/mL ouk= 289mg/  (Kim, 1996). A5 HAEES 71Este] 42 DSC thermogram
mL, 3255 1708 mgmLE R W52 e AHgFHtt & Fig 39 Yepith A7 9F 7Rt A= peak7t W
w2 Skl S vehlo ﬁ‘wﬂ*ﬁ} sdsHA 3t ASHA] ol HEo] &3] TIENRS & AN,
9] ztolof| wjet G} S °ﬂ o7 A7 e o2 = Risd AVIRAAME §E peakE R ST ouFSelA
A hFig. 2b). Thek LFR ZolAs L& 7YATE T, T, AHe 27 632, 683°CS} 34)/g olfom, Avte
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Fig. 3. DSC thermogram of (a) Baesulgi, (b) Godubap, (c)
Ikbanjuk, (d) rice powder.

Aol T, T, AH= 747} 64.1, 70.8°CS} 9.2J/g & e}
WTh A7RRO] W Nk 7hRe] FsteE 62.5%2
eht ohe HEes g B s8kE e ARl X
FE AT & F USTh Ik o AR Topyut
o 2o 2 7}E A28l annealing A 2|3t AR 7
T7b Adee] Ha] & 2EE oFd= Kim &
Shin(1990)9] A7-Adeh= &e futso] T A Bt
W RER o|FslE A Urhlisier ole outEol
SR ATl 3 E 0 ] W o AEy.

Table 2. Characteristics of koji.

Sample SpY SAP?  Acidity”  MC?Y

Ipguk 85.89 6.47 8.4 6.55
Total enzyme 74,724 5,629 - -

Nuruk 1,609.89 23.71 1.2 7.51

75,342

USP : saccaharogenic power.

ISAP : spectrophotometric acid protease unit.
dAcidity : titratable acidity.

Y“MC : moisture content (%).

Total enzyme 1,110 - -

Table 3. Changes of viable cells during fermentation of Sul-dut.

=]
g, e, FEgEs SEsen, 2 A3 Table 29t
Kdgsy 22 el o] Hold Rhizopus sp., Aspergillus
p, 5 U712 v A0 Z(Kim et al, 1997) o]
o | Aspergillus kawachiis—= ¥ FAIZ1 Y=ol v]5|
Z

(SP)Z} i3] = (SAP) Fo] ¥53] =3k}

i &4 AFTE Table 39 Y
Atk T FE UM s Ta 27 1, 2 A
A ARFIF 1.0x10° CFUmLO| S 2 fabad 3 45
(1.0x10%-1.0x10” CFU/mL)X.t} @gkom vty 57]9] 9
Zp| A @rG7F WA 7|eF I FRE 1.0x107 CFU/mLRA| v
07 TAFAL utE FolME 6.03x107 CFUMLLZE
thEtof Hlal] AA stk ohRk 2R 1, 2 A &
U bt B FAFE BE 9 LAME AAFHo=
st WAy el 1N FolM e FAES7E 1.0x10°
CFU/mL "¥ro.2 AZHA %kom, FH#TE 5.0x10°
CFUmLU| o2 AZE A it s §At9]
E57} 4.65x10° CFU/MLO.Z A E9] Bajof o3t 21
g A olal kel Aol 71 Ao® ek
ol WbE = @goM e B 1, 2 I ERSF 1)
AE A E YeEhgilon &g 9 dxpeA = 10 v o]5H
73tk =8 Ak o] 93ko 2 1.0x10* CFU/MLo]do] 21
A S AR A4Sk 2E 9 YAl 1.0x10° CFU/
mLu| 2o 2 AZE ] et} = wrgoM gre] Zaes
e 2 olF BRO #F57F HAF AsE] A&t
= Park et al.(2004)9} Park et al.(2012) 59 R 29} H|S=
gk A4S e AT

g
BT e BREFFE F5 AEA A2
#1420 2ol & A kot 4% Abg Al T,

(Unit : CFU/mL)

Sample Da Nuruk Ipguk
treatments Y Yeast Lactic acid bacteria  Total bacteria Yeast Lactic acid bacteria  Total bacteria
1 1.77x108 2.34x10° 4.3%10° 2.44x108 <10 1.7x10*
Baeksulgi 2 1.22x108 6.15x10° 2.9x10° 1.77x108 <10’ 5.9x10°
9 5.58x10° <10* 3.6x10° 3.78x10° <10 <10°
1 1.61x108 9.65x10° 5.4%10° 2.41x108 <10° 1.85%x10*
Tkbanjuk 2 1.18x10° 9.6x10° 5.7x10° 1.29x10° <10° 1.75%10°
9 6.03x10’ 4.65x10° 8x10* 6.75x107 <10° <10°
1 1.41x108 3.65x10° 3.6x10° 2.27x108 <10 1.65x10*
Godubap 2 1.9x10% 6.8x10° 3.1x10° 1.83x108 <10 1.75x10°
9 4.88x10° <10* 2x10° 8x10* <10 <10°
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Table 4. Total solid contents and particle size analysis of Sul-dut.
Ipguk Nuruk
Baeksulgi Tkbanjuk Godubap Baeksulgi Tkbanjuk Godubap
Solid contents (%) 4.33+0.08"° 2.9240.15° 5.91+0.17 3.144+0.10° 3.01+0.17° 3.10+0.07¢
Solid size (um) 5.62+0.06° 6.20+0.00° 5.32+0.07° 8.18+0.02° 7.07+0.05° 6.07+0.02¢
"Mean+SD.

**Means with different letters in the same row are significantly different according to Duncan’s multiple range test (p < 0.05).

Fig. 4. Floating stability of pre-treated Sul-dut ( WM Nuruk
Godubap, VY Nuruk Ikbanjuk, @ Nuruk Baeksulgi, (] Ipguk
Godubap, ¥V Ipguk Ikbanjuk, O Ipguk Baeksulgi).
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Zt AT 71 24 3 S Table 59l YERHSRL
o} RE AP ZEZHOE fumaric acide HAEE A
SUTE Pl = WA7], ks, ALERbl A citric
acid’} 27+ 3,738.5, 3,011.1, 3913.8 mg/mLE ©& {-7]4t
o Hlgl Bol A&HA=d olzls ZAF= So et al
(1999b)e] A7+ZA2Ae} FAFIAL A= LF Ald2olr=
citric acid ©]9]°l| succinic acid, malic acid, lactic acid 5]
FZ HEF e oxalic acid, acetic acids°] P HEF
ATt FEFAAME lactic acid®} succinic acid?} =4 A&
o g F5S AREste] Las €59 F8 fr]4ite]
lactic acid®} succinic acidZ}= So et al (1999b)2] A+<}
ARt A JEMIIYE 75 2a AP FolA lactic acid
o] AR o R =4 HAEHA=d old s A A=
e AP B daxr] fikto] Bt7] Witolth &
3] F5 ubEFFo| A lactic acid’F 1,6124mg/mLE BE

Table 5. Organic acid contents of Sul-dut made from treated rice by different method.

Organic acid (mg/mL)
Kogi Pre-Treatment Total acid
Oxalic Citric Tartaric Malic  Succinic Fumaric Lactic  Formic  Acetic Pyroglutamic
Baeksulgi 557 3,738.5 nd" 319.0 652.1 nd 324.7 nd 106.2 18.9 5,215.1
Ipguk  ITkbanjuk 62.7 3,011.1 nd 245.6 546.1 nd 214.8 nd 84.0 16.6 4,180.9
Godubap 36.8 3,913.8 nd 334.6 749.5 nd 359.6 nd 88.2 13.4 5,497.5
Baeksulgi 22.1 3657 5.9 171.3 861.8 nd 458.4 3.8 67.7 1.0 1,957.7
Nuruk  Ikbanjuk 1.4 268.9 3.1 1.8 599.3 nd 1,612.4 nd 512.6 nd 2,999.5
Godubap 23.0 4112 43 161.9 950.9 nd 597.6 nd 60.1 nd 2,208.9

nd : not detected.
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Table 6. Volatile compounds of various Sul-dut.
Peak Area (x107)
c RI* Compounds name Ipguk Nuruk
Baeksulgi Tkbanjuk Godubap Baeksulgi Tkbanjuk Godubap
1 <800 ethanol 86.2(8.9)"  108.4(11.0) 97.8(1.8) 91.4(6.7) 84.5(25.6)  88.0(13.0)
2 <800 ethyl acetate 11.8(4.9) 8.5(50.7) 10.8(22.5) 6.0(68.9) 6.1(60.8) 9.2(10.1)
3 <800 isobutyl alcohol 7.9(7.8) 9.2(16.7) 10.8(4.7) 17.3(25.5) 10.9(14.2)  17.7(30.1)
4 <800 3-methyl-1-butanol 31.3(2.8) 36.3(2.2) 44.4(2.8) 36.9(10.6)  32.5(3.2) 37.1(14.1)
5 <800 2-methyl-1-butanol 10.3(28.9) 13.0(4.1) 10.7(9.1) 14.8(3.7) 14.5(1.7) 15.5(1.9)
6 <800 isobutyl acetate 1.4(7.7) 0.9(2.2) 1.7(18.8) 2.7(0.4) 1.5(9.0) 3.7(5.1)
7 <800 2,3-butanediol 1.4(10.8) 0.8(13.5) 1.0(36.3) 0.6(5.7) 1.2(31.7) 0.8(35.7)
8 801 ethyl butyrate 1.0(20.0) 1.0(9.2) 0.7(21.2) 0.7(16.2) 0.6(8.6) 0.5(28.9)
9 876 isoamyl acetate 26.2(5.9) 26.4(0.4) 22.8(12.0)  20.0(0.6) 16.5(4.1) 24.5(2.7)
10 902 methoxy phenyl oxime 1.7(12.7) 3.1(69.4) 1.0(32.5) 3.4(84.9) 2.7(35.0) 1.1(2.5)
11 998 ethyl hexanoate 7.72.3) 8.0(0.8) 6.4(9.5) 9.7(0.7) 11.2(2.0) 6.6(0.8)
121097 ethyl heptanoate 0.3(3.5) 0.2(6.3) 0.2(20.9) 0.3(8.5) 0.2(4.6) 0.3(1.3)
13 1122 phenylethanol 56.1(1.2) 83.6(4.0) 66.0(12.4)  43.1(15.9)  68.4(0.1) 47.2(5.5)
14 1177 diethyl butanedioate 0.3(7.2) 0.4(9.8) 0.4(15.0) 0.7(13.6) 4.02.1) 0.9(3.1)
15 1197 ethyl octanoate 51.6(0.6) 59.3(4.3) 49.7(2.8) 56.0(8.9) 53.0(7.1) 42.0(7.4)
16 1261 phenethyl acetate 37.3(6.6) 43.0(6.9) 38.5(2.9) 10.1(12.8) 8.6(6.7) 18.8(9.9)
17 1291 propyl octanoate 0.3(4.7) 0.3(25.2) 0.3(3.1) 0.2(8.6) 0.1(21.7) 0.2(22.7)
18 1294 ethyl nonanoate 0.3(4.8) 2.0(17.2) 2.6(9.0) 4.1(18.5) 1.4(9.2) 2.4(14.1)
19 1317 4-ethenyl-2-methoxyl phenol 0.3(6.8) 0.7(28.3) 0.2(29.8) 0.6(52.0) 0.5(5.1) 1.3(29.6)
20 1347 2-methylpropyl octanoate 0.3(0.9) 0.4(18.9) 0.4(1.3) 1.2(24.1) 0.8(20.4) 0.9(18.6)
21 1396 ethyl decanoate 57.7(2.9) 61.8(8.4) 56.9(1.8) 65.1(14.5)  59.1(10.4)  44.6(18.8)
22 1447 isoamyl octanoate 1.0(5.8) 1.5(14.8) 0.9(38.9) 2.1(18.3) 1.3(16.8) 1.0(30.6)
23 1449 2-methylbutyl octanoate 0.3(7.5) 0.4(10.9) 0.3(15.0) 0.5(21.1) 0.5(9.5) 0.3(30.4)
24 1544 isobutyl decanoate 0.3(2.9) 0.2(8.5) 0.2(3.9) 0.5(19.1) 0.4(8.4) 0.3(33.2)
25 1592 ethyl dodecanoate 12.5(12.2) 13.0(5.7) 10.9(7.3) 13.5(16.8)  12.5(3.0) 7.2(29.9)
26 1638 3-methylbutyl decanoate 0.2(17.6) 0.2(10.4) 0.2(1.7) 0.2(24.1) 0.2(9.0) 0.2(32.3)
27 1790 ethyl tetradecanoate 2.7(18.5) 2.8(1.7) 2.8(2.9) 2.5(29.4) 2.7(5.0) 2.2(23.8)
28 1997 ethyl hexadecanoate 4.9(6.4) 5.7(4.5) 5.5(7.8) 2.9(60.6) 3.7(14.7) 4.8(20.0)
? Reteution indices were determined on DB-5ms using C8-C19 as exterual reference.
®CV% = (standard deviation/peak area average)x100 (column: DB-5ms)
Al@dwellA 78 =4 AEEJed o8 dibs ikt Table 7. Sensory evaluation of Sul-dut.
o] 4.65x10° CFU/mL 2 g} Al Hl3l Bol lactic acid Sensory evaluation
Al =2 2 a9 dAtelA] Eeld A H ATt Sample Color Flavor Taste Overall

S 7F5HA]

(malolactic fermentation)”} %138 = 21

ggom, A pHe S7Fst= A& 220 MLF
7] wjstoltt,

L&

e Aol e e xtolE AA s flske]
GC-MSE ©]-&3t TS w43 Z 7= Table 6
WER ITE. Ethyl acetate= B4 7]9] A5 = &8 A Y
oA 11.82 5 L& AP 608 B TFFS
UER L, isobutyl alcohol= Y= & Al TolA ILF
vt WA 717F 242 10.83% 7.92 Z+2F 1773 1738 yEr
A F5 dE AP Hls] &% HAEE Ak Isobutyl
acetated| M= 75 LE AP oA Y= 2a AEEERY
o] H&T 2, diethyl butanedicates #5 TS5

-|0II

Baeksulgi 6.50£1.61" 5.43+1.87° 4.00£1.24* 4.71+1.82%
Nuruk Ikbanjuk 6.21£2.15%  6.07+1.54" 4.86+2.03* 5.64+1.60°
Godubap 6.64+1.74* 4.86+1.88* 3.93+1.82" 4.21+2.12%®

Baeksulgi 6.14+1.83* 5.86+2.11* 3.79+1.81° 4.36+1.86™
Ipguk Ikbanjuk 6.07£2.30° 5.79+1.85" 4.14+1.51° 4.64+1.82%

Godubap 5.64+£1.65" 4.93+2.16* 3.57+2.34% 3.50+1.74°
"Mean+SD.

*®Means with different letters in the same column are significantly
different according to Duncan’s multiple range test (p < 0.05).

kg 3k oukEollA] o] 7 Z = 31t} Phenethyl acetate=
2 g APt JF 2E AN oF &y
QU% ethyl nonanatex= M4d7]¢] 734 Y= L& A|A
0302 714 AP 5 ‘ﬂe‘}i Aol M 41= 7}
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7 Bt} 2-Methylpropyl octancate:= =+ & Al
Ho} 75 08 AlFTolA gol IRIFAT. RS
AvkA o g WA ] FRo wt & xolE KB F5EL
I J=a7ke] zpol7h s vEba AR el wE W
sh= dEAle] Fiol mE HelRths Aoy A 3
g ol A o] ztolE Ho Ao wet 3ol wst

7FASS & AAUTH
HsEot

#eH7h= 154 Hde oz Ao 1
A= Table 79 YeERAAT. A, vk oA F212<1 =}
olE UeIA gorer &hle] 3 AR e g
Aol wet thEA YEREAI R, T2 gFolA {23 <]
5 2ol VA &gttt AwkEel Vs es RE A E
TFAA BS=SFE oL, Y= TR0 350 Ho R Vs
7} 2R 2 JukEo] 564 H o7 | Z et =Ut

o Ok
£ =

A AR5 W7, uts, AFHeR AXEE g2t
o Y= MFFHFS AREste] FaAzl e 59
EAS BAsIY T WA e aFeke] A FES 71E
A2 Qe HEo] $hdd] EaE o) ukze] ¢
FREA 53l Qdf 37.5%2 AHAES TF3t o]
g profiled] ZpolE HAEH HF &3 FFo] thE
g2l vls] Wrar G gefol F438] #adte A4
IS Yepfdc daAe] mE &89 At o=
oA APt o2 =A FHHJOH, 7] pHE FT5F

NA oF 41 AEE JERNI L, JoolMe o 312 &
2ol & YERH AT olH gt ETl9] 27] A= ¢} pHE HA
Eof o3 kddmet= oS AFTUL AdE=
arsEyto] 7h wrol WA 7)) ofnksee] Hlske] S| 7}
ghekorom AR shefo]l 2 out=o] 7MY EUT
5 JisolM s 9 ARA frakde] @FF7F 4.65%10°
CFUMLE 7P¢ Bol AZ=Aom, ofof wzt 9 Yxpol|A|
9] lactic acid’} 1,6124 mg/mLZ 74 @o] HE= T} AL
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