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Quality Characteristics of Wheat-Rice Makgeolli by Making of
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To improve of the quality of Korea traditional wheat-rice wine (makgeolli) production, we used a rice fermentation
starter (rice nuruk) made by inoculation of Rhizopus oryzae CCS01 which was isolated and selected from
commercial nuruk. Amylase activity of a rice nuruk was 1.8-2.4 times higher than those of commercial nuruks. The
best acceptability of wheat-rice wine in a sensory test was observed at 4 : 6 ratio of wheat-rice mash at experimental
condition. During the fermentation period, pH of wheat-rice makgeolli made with a rice nuruk was higher compared
to those made with commercial nuruks such as Sanseong, Jinju, and Songhak. Acidity of makgeolli mash was lower
in case of using a rice nuruk and birx and alcohol production were higher compared to those of makgeolli mash
using commercial nuruks. Highest alcohol production was observed at makgeolli mash using a rice nuruk and 12%
of alcohol was produced at fermentation end. These results suggest that production of a new type of wheat-rice
makgeolli using a vice nuruk was possible.
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A= Ut MEFE Ho | ol ¢ fe IR ZA FRo| ok 52 AZA B2 gdo 27t
o B EL FehuE SthYang ef al, 2011). GAE= A sha HFsto] WjRUolA Aele] nBES MANZ RO,
g3 g 2 JFo] S5 FrEl o] itk §3, Q1A gz E ol A HEAS EfjaiA TGO ThEo]
AZI ALl Bof stz BRIl Bo-& H]Z6}o] lysine, leucine 9 = 58 fa49o] "rh(Lee and Shim, 2010). +59] F72} A
arginine 52| B4 op| Ak, FHEA S ethylacetate S amylacetate, Z7 o] whet theRet ujAEo] BSsHA Hell weEk 2484,
ethylcaproate 52 ester (Lee, 1994; Lee and Han, 2001)2} A} 714 Y 9 7L Was So] gEkx| B2 a9 ik
F3 O3S o] Z25E siaAATE f714 28 1 7)1 A3 AE B A T FAEALN E dFE A=A
Z= 2} acetylcholine $-0] 375 0] 91 2™ (Woo et al., 2010; © 2 BEo] QJtk(Han et al., 1997; So and Lee, 2009; Woo et
Kim ez al., 2011a), ©]9]o|= A 581 Z4kto] tde] al., 2010). o213 5442 4% F2E& Ad vt 2] A4kte]d
700 mief] oF 7x10° olAh& FRBIL Y AT Yol B of e Hoz thrEy ok TH LA Ff dvHEnt
Hel wgt o] 59 Y vl EE 5 20] S5 3t oflz}t d& +EFE FA43] HolUL = Al e Alx
(Min et al., 2011), whgo] ST M o|x) 23hthe 2|2o) s AT oick. BB
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NeF S-S Ao oF gt Wit AEA A7 =2 it

22 AA AT gEo] AT PR A=
BE HILE EAgkeH, A7kl gt BAo] oA HA] A
AEL QHisha $4a A9 BAHES HEsn glow, §
3] FUAL FAREE Atol vlsf] A o= QbAsitia Q14
shof m]7holLba glek. el e 97, T W vkl 5
o] gt ook A1Eol T Alzk, WA 4 SolA Wiz
Ar g 2gugoA LE Z-Eo|thKim et al., 2010, 2011c).
U 2HEE D] tiREo] 9o Y&ska gl Ao,
20079 7]& Syt & AFEo| 92.5%00 H|F 2o AFE
2 0.2%°] E1% AAoIth(Kim et al., 2010). o]of] FH Y =
g1 57 T GAE AR FHA 99 AFES =07
Ag “=d A7) 57 o] FRE7| AZste] g AHy
HA o] 2005 2395 haollA] 2010 9= 1%} 2000 haZ 54j o]
A BVt oH, Sasol& At A A7) ol o83t
TSRO SIS Bestel, B AR 5
# 2017d%= AFE 10%E EX2 312 JQoHKim et al,
2010). 22t @A ES E&3 THEELEE AW, =
9 wha A2} ojREe 2 92 AEE ool uhE 2
22 9 A& 15E Aol Bagh A-oITHKim er al,
2008, 2011c; Park et al., 2009).

# ATINE & 50 9ze) AzolA Holt Be £8
sto] FxRéls FAY FHE ANEs] Y8l AlHESA
Rhizopus sp.& £8]8l1 SASIY Rhizopus oryaze CCSO12
WS o] FEE Wol o AR WS L Azl
Al 23 g o) v G ARG e, 1 &
E44S B3 Hjolth
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Y2 sl A AuE U EEE: DS AT ¢k
F AAS =85 =D AMSSHATH S A BESE &
S22 Gwangju, Korea) @ XF22}(Jinju, Korea), AHIF=
(Pusan, Korea)& 74310l ALga1oAT. S utzie] S-S 9
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oA 3= E ARET VAo = JRdFS S
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R, oryzae CCSO1 #x 22| ¥ =4

Aol B = s A BRSSPt E4ista 2ad
Al 10 g& goF 90 ml B FF=poll YL Z8HA &5 F 14
7t B9t AA| s A NS Potato dextrose agar (PDA, Difico,
USA)9]| chlorampenicol (1.5 mg/ml)o] g7 vl x| of] =5}
QEAZF WjoFe 3 A Riziopus Fe)9] A4S Aestol
A =8 skt == EE|E o5 CCS019] ZAE PDA
Hi 2] FFoll Z4F3ke] 30C 27|04 797t vjekste] = 2
Argo] W2 WAS YT B, CCSOL EAS BRERS
o WEHAIZ ¥ AaBeelo] TAE SUSAT DNAzl kit
(Invtrogen, USA)E ©]8-5}9] genomic DNAE Ha|3l4t) &
2]= genomic DNAE F§ © 2 3} 26S rDNA (0.6 kb)E =
Z39th SE2 94T oA 187 ¥4, 52°C oA 3027t &34,
72C oA 30% A1AF2 2 30 cycleZ 4333}t 26S tDNA ©HH
ZZ2 931 PCR primer=
5°-ACCCGCTGAAYTTAAGCATAT-3’ (forward)x}
5’-CTCCTTGGTCGTGTTCAAGAC-GG-3’ (reverse)= ARE-
3ltkJoo et al., 2011). Z=Z% 26S rDNA PCR AFE2 1%
agarose®]| 7] 953121 0.6 kb THE 3|4~ Y AA513L pGEM-T
Easy (Promega, USA)E A5l S 2351 Escherichia coli
DH5a¢] FAAZ & FAHTAE TR AFsto &= &
et ¢4 EoE FAHIAE 50 pge ampicillinQl 5
= LB A ul = of] FEF35te] 37°CollA] 16A171 v ¥t & FAE
X R5}al Plasmid Purification Kit (Intron, Korea)o]] 7<% o
2 plasmidE &) - FABIATH 22 H plasmid & FF7Igo =
AMg-3to] DNA G714 E-& 24kt d4k 4714 €2 PRISM
Ready Reaction Dye terminator/primer cycle sequencing kitE
ARt dideoxy chain termination method - ©]-&-5}o] E43514
t}. 26S rDNA d7]A 8L BLAST network service2} the
nonredundant DNA sequence databaseE Al 33= 0|= +HAY
EJHAE(NCB) A B2 T2 #59] 265 IDNAS} H] 1L - B
A3}t 26S rDNA A ZF2 DNAMAN analysis system
(Lynnon Biosoft, Canada)E AR&-3}¢] alignments, evolutionary
distance Z5-E] AX5I5T) Phylogenetic tree+= neighbour-joining
method®} distance matrix dataS AR&-8}o] 8-¢15} ).

L2 xx

25 C ol A 7971 vl 9Fst R oryzae CCS019] vl%F plate S 100
ml B@E R4 e g SRRl ojThslo] EAE 4
21(6.0 log spores/m 3] % A2 E 93 SO AL
o} 20| ARl W3 ke Goh B2 AW 1S SR B
< TEs ALolA 1247 WAT T 3087 2wjy|skc
2717} AAE 2tzke] A=o] wlE] £H]3 R oryzae CCSO1 %
Z 100 ml (5%, v/w)T} BFZ52 200 mlE 7}5ho] BHEs1d
o} 25 500 g 5 WAL o1 ol ¥ 4HE F2L
Edlolo] Wi FA2 B F 20T o4 FAF L5 A5t
25U HEE AT BhEr B RS AL A
% A7 3 AE AAR F Bajsio] Barg A zsigck. B
2 22 4T YT BpslEA o] 3 AY Agsct



Table 1. Proximate composition of rice and polishing wheat

W50 AEI Y ohele BB 149

Contents (g/100 g)*
Moisture Ash Crude protein Crude fat Carbohydrate
Rice 13.62+0.07 0.56+0.01 7.31+0.03 0.63+0.01 77.88+0.08
Polishing Wheat 12.93+0.04 1.28+0.02 13.79+0.05 1.474+0.02 70.53+0.11

*Values indicate the mean’s of three replications (n=3).

T 15 0] pHE} AHE ZHL 915 5 5 go] ZF4 100 ml
2 74513 48hA17) T 30°C oA 3A17 Bk AEAA 4732
SRR R PR Y

20| g—amylase &M

B =2 A8 5 ¢S 250 ml Az SatA T W1 0.5% 4
22 100 ml 7}3F TR A12(20°C)o)|A] 208 7HA o= TE0]
FHA 3AZE 5 WET T ARSI LI ATHS REA
N5% TAM O 2 A3 7HeA ARS B Bof ko

2% 783 AE NS THE ohg olof 5 0.1 N A
|H(pH 6.0)2 715} pH 6.0¢1 1% AE-ZNRE tl50] 7|F 2

6.0) 0.5 mlE A|@o] Y11 37C oA A gstsint Aol a4
o} 50 pl €31 37°CollA 5EZFEESAIZ] &, 0.1 N HCI 1 ml 71351
WHS-& AR A ). WhgH 0] 2t FHk2 DNS (dinitrosalicylic
acidyo.g2 =As}te] AFslEcHMiller, 1959). a-Amylase 1
uniti= 1E27b] 7HAAE 1 pgS Eollohs 5409 Fog
]85} tH(Kim and Koh, 2004).

orda| M=

At =AY 7k7ES- 2,000 g Bol B2 A H3 ok 2B &
< 2 3 A2ofA 1247H8) S22 4XZHEARE) JAsHA
3027 E71E AASHI 717 AIAE 2+ AlRE 100C
oA LAIZE E<E ARt Wzst ). Ak o] A vlg g
gt e Ee AxE FER 84S 12 L EaR Y1 =556 ¢
4 A4 80 mlof] HE 4 mlE HFSHL 25C oA 1Y FeH
asto] PeA|2(1d ga)skar AR 357200 g E +5 20 ¢,
A4 410 mlE 19 St Fazo] Wi 2g ggste] 25C
ol A 7Y Bt UAEAHC o AU EgubdE|o e F &
A5 gl 93 g e Alxe F53 §45 10 L Taxd
W1 =2 560 g D A4 800 mlo]] HR 40 ml-S HE}T 25C
oA 19 Bt THEste] PeA2(d gDt SAR IR
2,000 g ¥ =200 g, AR 4,100 mlE 15+ B2 2ha o]
Y2k gaEste] 25°CollA 79 Bt Haskyct 79 WA
A= 479 i o2 oifste] o] AF ol AME-stATt

pHet Sit

pHE= o33t 94 8] AJ& 50 ml& 192 pH meter (model
3510, Jenway, UK)E AR&-3to] 43513t 42 oJT3t Al
10 m1o] 0.IN-NaOH 2940 2 pH 8.3+0.17}7] Z34A]7]¢] &
88 ml 5 AEE 3 & ZAK(acetic acid) 0.2 HAFSIITH

E=(Brix)2}t YFE ST

gl Just A 2S5 YA1E 2] 7] (Hanil micro-12, Korea) 2
QYR & AFSle Hsto] ZAFEAN-1a, Atago Co,
Japan)E ©|-8-3t] G=5 ST EHE AFE A7 Al
100 mio] 9] FRASE /R T SR b FAAS o
L3l 245} 2 Gay Luccac TableZ 0] 83l 15C=2 B
3t

iAot SR>

Aite= i3t ARE HHdAEeE HFs] 345ty
bromocresol purple (BCP) 0.02%& &3t MRS || o]
Eerela 30Coll A 48417F o) F 94 H2He Aestol 24t
Fo2 A4 aRdFS$E= PDAC| chlorampenicol (1.5
mg/ml)o] $h-E vjR|of =ste] 30°C ol A 48417k vl st &
2 N9) gt APH max J=E At 74 Ad-2 33
HhESto] =3)ste] WHgto 2 Yehf e AJ& mlg colony
forming unit (CFU/ml)Z EA|3}% .
2sEoL

5E7H= A (color), F|(flavor), Staste) B T2 7]Z
Z(overall acceptability)o]] ojste] - ZcH(53), ETH4R),
BZo|th(3x), vhth2R) E mf- vhoh(1) 9] 53 A=
2 olgste] AAITIeich W HALE chopel 7 RS Holet
7] $latol Atapely | dolatn BT sk ® 149 15
4, 952 LE3F7H AU 5HES e & AAskaT

An e o@

2 Aol AR A =AW o] UHHE oS Table 13}
2t B 8 13.62 g/100 g, S& 0.56 g/100 g, =iz
7.31 g/100 g, ZA]5} 0.63 g/100 g ¥ Er=3}= 77.88 g/100 g©]
AT =YL 525 12.93 g/100 g, 3|5 1.28 g/100 g, ZThHz
13.79 g/100 g, Z A% 1.47 g/100 g, BH4312 70.53 /100 g&
UEbsth 22 = e 8 9 SaedkE o] g3ter,
3, 2 9l 22 RS WA YEb

Kum 5(1995)2 S-2utol A FEn2 d2A U= 57HA
S, 339, S, ooy gl dFE)of it dutd
H EXoA =8 13.2-14.2 g/100 g, X% 0.4-0.5 g/100 g, =
i A 6.1-8.7 g/100 g, Z3]H 0.6-0.7 g/100 g T Br23HE
76.6-79.1 g/100 ] FFS b= 202 Bugh o glom,
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Fig. 1. Morphological characteristics of the strain CCSO01. (A) Colony
on PDA 7 days after incubation, (B) Sporangium and sporangiophore.

Sy o] H9 445 11.6-14.2 g/100 g, A% 0.9-1.1 g/100 g,
ZEhlE 11.5-12.2 g/100 g, £3]5 0.4-0.5 g/100 g E Ehp3
B 74.2-75.2 g/100 g TS Jehfs Ao s B ustgrHKim
et al., 2008, 2011c). & Aol ARGRE BE| A9 7]|EY A<}
frAstg o, =FY Y] A9 vedtE o] o]d Y] Higt
2o ol A yehyith

R. oryzae CCS01 #2| 22| U SH

AR5 02X E Rhizopus FH| Q] FF0]%l CCSO0L #++5
Beig ¥ BREPA 9 2R 518 olgelo] Sl
o}, 424 225 @5 CCSOLE PDA HiRIAF0A] ZAPIo] of
F W= FEo] A% Baeln, EAPS Hol F4ste] AL
Ao 2 et o w(Fig. 1A), A2 AS27]0) 84S Hr
7} WA SOl Hedo R HojA T meke Ty A
FAQl Rhizopus £ EEFAQ EAZ AU Y SIch(Fig.
1B). 3 CCS019] 26S rDNAS] H7| AL B3t A} 699
bp=Z ZAAERJI phylogenetic tree EX3t ZI} Rhizopus
oryzae UWFP 8467} 100% A|dlo] HEH oz B ATLo]A
£ gt FH0|E Rhizopus oryzae CCS01 2 H 3} th(Fig. 2).

20| g—amylase &4

R oryzae CCSO1Z A| 237 AFF(0]8} B-5)} AR5
9] g-amylase &3S A E A3} Fig. 33} Z3lth Al HEE2
o-amylase EAJ-2 AHA4J0] 205.8 unit, 80| 254.5 unit W A=
7} 288.7 unitld] H]3} B-52] g-amylase E/d-2 498.2 unit
© 2 A2 Rt oF 1.8-2.44) A= =9t

AEAQ A =2 Rhizpous &, Mucosr <, Penicillium
2, Endomyces &, Asperigllus < 2 E94A o5 59 thokst
THolEo] A FEHE-L2 ol F Rhizopus & 57}
7P 7 SAe] Fad o2 4¥A Ath(o and Lee, 1997;
Lee and Han, 2000; So and Lee, 2009). ©]& 2] AFA}=0] 9
8l Rhizopus %2 #8015 5 Az AHH 2= HF5ho
2o EUS YAl AT Am=HSIckSo, 1993,
1999; So er al., 1999). T Woo 5(2010)& 7%2] A2 Az
204 g-amylase AT AFH 3L I3 Z3} 300
mg%2 213l Kim¥} Koh (2004)2 A|H RS0 A &
23t 5%0]9| glucoamylase B/ &<Q1%t A3} Rhizopus sp.
7} Aspergillus sp. 2.0k 9%t 2 2 B 139k

Strain CCSO1 (this study)

100} Rhizopus oryzae UWFP 846 (AY213625)
Rhizopus delemar ATCC 34612 (HQ435039)
Rhizopus microsporus CBS 261.28 (FN182234)

Rhizopus homothallicus CBS 336.62 (AB250198)
99

Rhizopus caespitosus CBS 427.87 (AB250191)

Rhizopus schipperae ATCC 96514 (AY213627)

Rhizopus sexualis BCRC 32007 (DQ466593)
Rhizopus stolonifer CBS 319.35 (AB250195)
1001 Rhizopus circinans BCRC 33727 (DQ466608)
Fig. 2. Phylogenetic relationships of the strain CCS01 and other
closely related Rhizopus species based on 26S rDNA gene

sequences. Numbers above each node are confidence levels (%)
generated from 1,000 bootstrap trees.

M- B3 orzilo| FAHIS M

48} Zokrt.

A3t Yol v&E de|she] A2g 2] 9] pHe 3.85904
3.88 $Folglon, 2ARL 0.68% )4 W Tgo| Z7lerE =
7k 1.04%(H 100%) 0]tk Y= 7.2 °brixoA] 7.8
°brix =E0| 1 YL FF2 Y FeFo) 80%2L 100% A 2+
ZF 11.840.05% % 11.240.06% A= o, U 3=F 60% ©]
st e ZH2 13.4% (4 &=F 0%), 13.0% (B 3= 20%),
12.8% (2 3HF 40%), 12.6% (U 32k 50%) 2 12.4% (2 F=F
60%)2] ¥F-Eo] BAEcHTable 2). THH ikt 7.30
log CFU/ml (%&:¥=10:0)°]4] 7.57 log CFU/ml (&L =4:6) =~
o)1 R 4= 6.20 log CFU/ml (22 =10:0)°| 4] 6.34

600

v
(=3
o

Y
(=3
o

o-Amylase activity (Unit)
s 8
o o

=
(=3
o

Sanseong Songhak

Nuruk

Jinju Rice

Fig. 3. Comparisons of a-amylase activities of three commercial
nuruk and rice nuruk of R. oryzae CCSO1. The a-amylase activities
were assayed at pH 6.0 and 37°C for 5 min. Values indicate the
mean’s of three replications (n=3).
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Table 2. Comparison of pH, total acidity, brix, and alcohol contents of the wheat-rice makgeolli by rice nuruk of R. oryzae CCSO01*

Ratio — Contents —
(Rice : Wheao pH (%T::aacaei;gletl}c/:id) Brix(%) Etﬁ,f(i,/s)
10:0 3.86+0.01 0.68+0.02 7.8+0.05 13.44+0.11
8:2 3.86+0.02 0.89+0.04 7.8+0.06 13.0+0.10
6:4 3.85+0.00 0.90+0.04 7.6+0.09 12.8+0.09
5:5 3.88+0.03 0.91+0.03 7.4+0.05 12.6+0.08
4:6 3.87+0.02 0.92+0.01 7.2+0.04 12.4+0.10
2:8 3.8540.01 1.03+0.05 7.2+0.07 11.8+0.05
0:10 3.88+0.02 1.04+0.02 7.2+0.05 11.2+0.06

*Sacch. cereviase KCCM 12684 was innoculated from 5.0% (v/v) into makgeolli and fermented at 25°C for 7 days.

®Values indicate the mean’s of three replications (n=3).

Table 3. Comparison of actic acid bacteria and yeast cell numbers of the wheat-rice makgeolli by rice nuruk of R. oryzae CCSO1*

Ratio Viable cell numbers (log CFU/ml)
(Rice : Wheat) Lactic acid bacteria Yeast

10:0 7.30+0.02 6.20+0.00
8:2 7.43+0.00 6.324+0.02
6:4 7.43+0.04 6.30+0.02
5:5 7.434+0.03 6.30+0.01
4:6 7.57+0.03 6.34+0.03
2:8 7.54+0.04 6.32+0.03
0:10 7.51+0.02 6.28+0.04

*Sacch. cereviase KCCM 12684 was innoculated from 5.0% (v/v) into makgeolli and fermented at 25°C for 7 days.

® Values indicate the mean’s of three replications (n=3).

Table 4. Comparison of sensory evaluation of the wheat-rice makgeolli by rice nuruk of R. oryzae CCS01*

Ratio Contents”
(Rice : Wheat) Flavor Taste Color Overall acceptability
10:0 3.90+0.03 4.55+0.04 4.05+0.02 4.40+0.03
8:2 3.854+0.04 4.50+0.05 3.984+0.05 4.42+0.04
6:4 3.95+0.04 4.55+0.04 3.944+0.03 4.40+0.05
5:5 4.25+0.03 4.50+0.04 3.98+0.01 4.50+0.04
4:6 4.30+0.02 4.70+0.03 4.00+0.04 4.55+0.04
2:8 4.15+0.01 3.95+0.02 3.88+0.03 4.10+0.02
0:10 3.75+0.04 3.80+0.01 3.86+0.03 4.05+0.03

*Sacch. cereviase KCCM 12684 was innoculated from 5.0% (v/v) into makgeolli and fermented at 25C for 7 days.

® Values indicate the mean’s of three replications (n=3).

log CFU/ml (&:=4:6) 4220]9{THTable 3).

At go) vl geElste] Azt vhde] Y] $eErE A
Algt At 2 3ol 60%3 wrE ezt Fu|ek gl A 4+ 4.30
9470 718 %o, Mo -9 A o] HlE Al HolA:
A A A7k UehbA] ekghet. AR A< 713 % Hell
A= 8 ghEFo] 60%<1 wHAeE]7t 4508 F2 o2 vehgtt
(Table 4).

A g o) ulg-S deElste] Axg urde] Y] g gk A}

ol ©3HE T a1 71E o]849 Zpoof 71Agk A
o2 BE gt 3 TsAQl Hollxe ARt o]

15}
<r
=44

dw 5ol AdE Aoz ddEHlY ¢3E "Zd"*ah—} 5%
7Fe Este] 2A o] TS A Ul vl &S 4602 3
F A8 o] 3 A S X3S
A- =g alzalol ws §4

- ot v e o) TE EAS A2 3= Figs. 4-7 %
Table 52} Z3tth

Ao A pHE gra sl Alshyl o538 A =S Azt

g 4 = 293 X %9 PR o] &FH th(Kim and Yi, 2010).
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Table 5. Change of lactic acid bacteria and yeast cell numbers during the wheat-rice makgeolli fermentation®

Fermentation Nuriks Viable cell numbers (log CFU/ml)
time (day) Lactic acid bacteria Yeast

Sanseong 5.9+0.02 4.6+0.02

Songhak 5.9+0.03 4.4+0.04

‘ Jinju 5.9+0.04 4.440.04
Rice 5.4+0.01 4.7+0.03

Sanseong 7.6+0.01 6.7+0.02

Songhak 7.4+0.05 6.3+0.04

: Jinju 7.6+0.02 6.7+0.03
Rice 7.2+0.03 6.8+0.01

Sanseong 7.8+£0.04 6.9+0.04

Songhak 7.7+0.01 6.9+0.02

? Jinju 7.9+0.01 6.9+0.01
Rice 7.3+0.04 7.0+0.03

Sanseong 7.9+0.02 7.5+0.01

Songhak 7.9+0.02 7.3£0.03

: Jinju 8.1£0.01 7.4+0.01
Rice 8.0+0.02 7.7+0.04

Sanseong 8.0+0.02 7.7+£0.05

Songhak 8.1+0.02 7.7+0.06

! Jinju 8.2+0.04 7.8+0.04
Rice 8.0+0.03 8.0+0.02

Sanseong 8.3+0.01 7.7+0.02

Songhak 8.4+0.06 7.7£0.01

> Jinju 8.5+0.03 7.8+0.05
Rice 8.4+0.04 7.9+0.03

Sanseong 7.9+0.05 7.0+£0.02

Songhak 7.9+0.05 6.9+0.01

¢ Jinju 8.0+0.01 7.0+0.02
Rice 7.8+0.04 6.9+0.03

Sanseong 7.4+0.05 6.6+0.02

Songhak 7.3+£0.07 6.3£0.01

7 Jinju 7.6+0.01 6.4+0.04
Rice 7.0+£0.02 6.0+£0.05

*S. cereviase KCCM 12684 was innoculated from 5.0% (v/v) into makgeolli and fermented at 25 C for 7 days.
Values indicate the mean's of three replications (n=3).
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(F3h R 4TIRAR) NN Ba7E APl weh obd WEF GO}, WLEE WE 2] pH 398004 i F7] pH 4200
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Fig. 4. Change of pH during the wheat-rice makgeolli fermentation. S.
cereviase KCCM 12684 was innoculated from 5.0% (v/v) into
makgeolli and fermented at 25 C for 7 day. Values indicate the mean’s
of three replications (n=3).
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Fig. 5. Change of total acidity during the wheat-rice makgeolli
fermentation. S. cereviase KCCM 12684 was innoculated from
5.0% (v/v) into makgeolli and fermented at 25°C for 7 day. Values
indicate the mean’s of three replications (n=3).
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Fig. 6. Change of brix during the wheat-rice wine makgeolli fermentation.
S. cereviase KCCM 12684 was innoculated from 5.0% (v/v) into
makgeolli and fermented at 25°C for 7 day. Values indicate the mean’s
of three replications (n=3).
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Fig. 7. Change of alcohol contents during the wheat-rice wine makgeolli
fermentation. S. cereviase KCCM 12684 was innoculated from
5.0% (v/v) into makgeolli and fermented at 25°C for 7 day. Values
indicate the mean’s of three replications (n=3).
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