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Property changes and bacterial characterizations by polymerase chain reaction-denaturing gradient gel
electrophoresis (PCR-DGGE) were investigated during the fermentation of Makgeollies by 5 isolated
yeast strains. Changes of pH were large between day 0 (pH 6) and day 2 (pH 3) and showed less
variation after then. ANOVA analyses revealed that pHs were statistically different with fermentation
times (p<0.001), while strains (p=0.60) did not. Acidities were changed from 0.19 to 1.04% and showed
rather high increase from day 2, and fermentation times (p<0.001) and strains (p=0.006) represented
statistical differences. All strains showed less than 0.150% at amino-type nitrogen contents except S
strain showed 0.442% at day 8, and there were no statistical differences with fermentation times
(p=0.4558) and strains (p=0.3513). Saccharinities of C strain were higher from day 4, and fermentation
times (p<0.0001) and strains (p=0.007) showed statistical differences. Large variation of alcohol concen-
trations (%) were observed between day 0 (0%) and day 2 (10%) and showed less variation after day
2, and there was no statistical difference with strains. Dominant prokaryotes were Lactobacillus fermen-
tum and Pediococcus pentosaceus, which producing acids and functional materials. Dominant eukaryote
was Saccharomyces cerevisiag, which might be resulted from addition of yeasts.
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traction® ol eJAst] FRaAtt. H2e] A8 AL
(3,000% g 30 min)g ¥ 4F A5 AASL lysis buffer (50
mM Tris-base, 20 mM EDTA, 400 mM NaCl, 0.75 M sucrose)
1 mlE #7Fsla . -80C 2 60°C 2] water batholl 4] Z+2 2%
2 % 33 Aelate] Alxulg 33stglnt. o 7]l 10% sodium
dodecyl sulfate (SDS) £ 100 plE H7Fst F 60Tl A 158
ZF uk3 A # T Al E¢l RNase A (10 mg/ml) 10 plE 3718
F A&l AM 5EZE WA & A4 (10,000¢ g 5 min)dt
o F59 750 uls AFATh o F5H T phe-
nol:chloroform:isoamyl alcohol (25:24:1) (Bioneer Co., Korea)
< Artete] 2A2HA £ H AAE2(10,000x g 5
min)3} A5 600 S AS AT o] A5 Al ko)
phenol:chloroform:isoamyl alcohol (25:24:1)& A 7}3le] 24
2A EFT H 9AEE(10,000x g 30 min)dti A5
500 plE HstAh o] FEdol F7F9 chloroform:isoamyl
alcohol (24:1)5 911 941%-2](10,000% g 5 min)3tal 45
400 pl= A HHd £7]32 100% cold ethanol 1 ml¢t 3 M
sodium acetate 40 plZ F7}sle] 20Tl A 2008 o] 4 I A
#HFE s FRAR S AN ARE AL

(10,000x g 5 min)dte] 455 A AL 70% cold ethanol
1 ml& ARGl AlH 3 & oA Axsiginh HEHo=
DNAE 100 9] F7=ol 3171 ¥ 0.3% agarose gel=
o]&% H7|gFoE st

Touchdown-PCR

2] AlRd EAshe MAEES £4%7] fste] A
2] AR EHH FE3 DNAY et Al 3} X9 rDNA
FAAE SFA7)= universal primerE ©]8-3}4 touch-
down-PCRS 4833} 1t}[5, 23]. Al 2l 4 $-+= 165 rDNA 2]
V3 499 471MEE SF3817] st GC clamp7} F2-4
ge338f (5-CGC CCG CCG CGC GCG GCG GGC GGG GCG
GGG GCA CGG GGG GAC TCC TAC GGG AGG CAG
CAG-3)9} 5181 (5-ATT ACC GCG GCT GCT GG-3)< pri-
merZ AHE3LGITE o] B4 285 1DNAY] H7IME S
S%317] $18k GC clamp7} ¥ GCNL-1 (5-GCA TAT
CAA TAA GCG GAG GAA AAG-3)3 LS-2 (5-ATT CCC
AAA CAA CTC GAC TC-3)E primerZ A3} tH6]. PCR
HES-2 94°Coll A 37 27] X3 3, UColA 30 Bt
Al7]31 annealing 2=l 4] 303, 74 C oA 3027 A1
& %353 FAF F, 74TA 787 £33 27
5] 59 annealing 25 64Tol A A &3t i cycle
TH FAFHEE 4438193, o] FFE & annealing &
5CE 1A PCR SFAHES 03% agarose gel&
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Denaturing Gradient Gel Electrophoresis (DGGE) £44

Touchdown-PCRE  F##3te] 42 PCR FHIELS
BioRad Dcode System (Bio-Rad Laboratories, Hercules,
USA)S ©]&3 DGGEE 38t £4]3% . Denaturing
gradient gel 8% polyacrylamide &<¢l 100% HAA|(7 M
urea (Bio-Rad, Hercules, USA), 40% (v/v) formamide
(Bio-Rad, Hercules, USA))E 30%°1 A 50%71A 9] &4 7}
AEH R IAHES H7tste] ARssn A4E dena-
turing gradient gell| touchdown-PCRE 433l d& FZ
AHE 30 ulE loading3dle] 1x TAE $5-8 (40 mM Tris, 20
mM acetic acid, 1 mM EDTA, pH 8.0)¢l14 60C, 80V 712
2 BAL T A7195S 935193, ethidium bromideZ
AAE F, UV delA DNA ©8& Flshgt

27IME 24

Denaturing gradient gel 3ol A o] Ag]7} 42 i=ER
#H DNA @853 35317] 95t 4zt Mess d9a
dHeZR e § i 32 SRFE AUhste] 4T
Al 3hERE S WA ok A AE2](10,000% g 5 min)3te
e Fstseh 4 WE=olA 343 DNAJ thato] At
o] B9 g338fe} 518rs, F Y] 7§+ GCNL-19%} [S25
primer2 AH8-3}¢] touchdown-PCRE 33 ¥ FZH PCR
AHEE PCR clean-up kitE ©]-8-3tof FAstAt FA € PCR
2HEEL DNA €748 Z24& 93393 (Cosmo Gene
Tech, Korea), AAH 714 ¥ National Center for
Biotechnology Information (NCBI, USA)<] BLASTE A3}
o E4stslt

-1 T
Hsls S Aotk Ao 7 Apo| ALEH FFELS
BE 29480 pH 742 B4tk C F, U, K 3FE 8UA ),
AR, S FFE 6BA N Ftshe FEE By o) du)
A ] BAHEA (two-way ANOVA) 23}, HadAE2E &
u)3k 2}o]7b ARATH(p<0.001), FFHEEE 2ol 7} ATt
(7=0.604). ZFo]7} 2 0UAE A 93 EAHEN T TE I
2 BAF Aols HAATHp=0.001), FTFHEEE TAF Ao
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Table 1. Variation of pHs in Makgeollies during fermentation periods

Fermentation time

Yeast strains

(day) C F U R K S

0 6.36+0.03 6.27+0.06 6.62+0.21 6.64+0.21 6.33£0.12 6.30£0.17

2 3.43+0.06 2.92+0.04 2.90+0.05 2.73+0.00 2.86%0.02 2.89+0.01

4 2.84+0.07 2.83+0.03 2.71+0.04 2.92+0.03 2.74+0.02 2.69+0.04

6 2.90£0.05 2.91+0.02 3.08+0.07 3.45+0.13 3.01£0.09 3.64+0.07

8 3.72+0.03 3.60+0.14 3.45+0.02 3.55+0.06 3.41+0.02 3.61+0.07
Results are represented as meantSEM on three measurements.
7F QATHp=0595). A S[13]2 22 RAeEol e By 7t 2 02AE A BAEAE TaIAE (p0.001) B
7H w waw Co} Wt ] FFHEE pHO Apo]d FH(p=0.004) =7 FA A zol7t it B Aot wU
ool dttal Harst QAR (p<0.001), ¥ AFZA I M= TFES oj&ste LA E v}Fl e WA e AsTt
A7 daEe Setddle #FHEE pH ¥t 2]zt gl Lo} FFo] FHSHA A7) DoARSE FAko] St
5 ¢ F AU A T3] £ A7 5Y9F #FES dtgom AHEE ANOVA #4243 ¢5¢ Bt 2= £
ojg3t] LAE AEF F B T pH WSS vl oJgh 2ol & HoA(p<0.001) & ATATS} AT 3R
Az B3 RE ARFFECl BH 0,5 10, 1594 ZF 2 dFdXe 28 JAEE F3 2o]7F YEEAIRE, o]
WaE R Co Wal pH7} =3kthar Bast e, £ Aol A A ATx e davt s A By /REEE X}OI
= Table 13} o] Ba3}y Fol= dFEE pHY Zo]7} 7F IATH13]. o= Ta7E AF UM FAke] o] F7FeHA|
A gh BR7|IZE Ftells & AolE BolA gethe AL 9|

1o,

¢

Table 2= @Z% T A= SHe| 272t 39 ofn|cEiEA BEe| Bl
WSS ST Aol XJ Ao Od_%Loﬂ AHE AEES Table 32 HF€ #FE2 7} 2z olM Yehue ofrl=
WEIYAYE HES Z4E BET C R A% FE Bk §F WS 24 etk o} U FFE 297
71 7o, s el Ak S P Aih EAEA Aasglal o] % 2 WL glslen s # e 8UA 2 St
(two-way ANOVA) A3, TEAAR(p0.001) % #FFE  & HAY 4E #F58 2 W3hE Holx dgnh 244
(7=0.006) Z5F FoJu| g Zpol 7t e Ao = YT Aol (two-way ANOVA) Z¥} & A2 (p=04558) 3 o+
Table 2. Variation of total acidities in Makgeollies during fermentation periods
Fermentation time Yeast strains
(day) C F U R K S
0 0.25+0.01 0.20£0.01 0.19£0.05 0.23+0.03 0.20£0.01 0.24%0.03
2 0.64=0.04 0.41£0.02 0.53%0.03 0.46+0.03 0.44=0.01 0.39£0.03
4 0.90£0.03 0.84+0.11 0.60+0.02 0.65+0.02 0.62+0.06 0.48+0.03
6 0.84+0.01 0.69£0.05 0.78+0.01 0.83+0.07 0.7310.11 0.69+0.03
8 1.04=0.10 0.82+0.05 0.99£0.09 0.81+0.03 0.76%0.05 0.74=0.11
Results are represented as meantSEM on three measurements.
Table 3. Variation of amino-type nitrogen contents (%) in Makgollies during fermentation periods
Fermentation time Yeast strains
(day) C F U R K S
0 0.122+0.000 0.154%0.010 0.164+0.000 0.132+0.002 0.134+0.006 0.141+0.004
2 0.127+0.016 0.137+0.003 0.129+0.002 0.130+0.004 0.140+0.006 0.144+0.024
4 0.134+0.002 0.126+0.006 0.123+0.006 0.112+0.010 0.129+0.010 0.136+0.008
6 0.141+0.008 0.130+0.005 0.137+0.006 0.129+0.006 0.129+0.006 0.133+0.012
8 0.143+0.018 0.134+0.011 0.126+0.010 0.122+0.004 0.130+0.012 0.442+0.127

Results are represented as meantSEM on three measurements.
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ANOVA) 23} 2EIAE(p<0.0001) B F5

Fofulg 2olE AT Aozt 2 0LAE A9 EAHEH
T E A (p<0.001) B FFE (p=0.003) BT FAH Aol
7F Al <t &9 &8l ¢ FFol 7 wA A
7k A7l & 7 kel HASHA adtha Bastgl
i1, o] 33} amylase®] 2H8-ol oJ3f 959 HEHo] GO
2 BHE ARt GRS dddoly LEI|HR o] &3t
Uehte d4olgtal Rasiith ARt B A7dde 9%
7h a2 A RE 8YAA] ARk o 7 FUletdon ¢i
&9 gheFo] WE 2UA ] FAT FUHE HAL L o]F 2
o7k AT & Aol A Bio] AV]e SR g
F&EERT welA o] Foj A e & & Stk £ A
ToAE T2 HeeiA] g A= A2 uF T3

2% $o ERFTE )
B2 AZH EU02 42 AYF F AFRL Az
2 Hrbsel AN Aot ek

22ie] W2k Bo| YRS Bl W
u

Table 5= HFH FFUL 4 Ueo A veue o

A atg 2dA G243 712 BYlon
ATk EAHEA(two-way ANOVA) A3 Id
(PO000) 2= f-ojvl @ Afol & BGAT w54

& aole gl Ao E UEhGTHp=0.1464). L E YA o
oJu] gt ol 0YA o] ARE A|9FH p=07328% o] 7}
ge Ao vehth £ d7dAe wa 294 42g
o] 10% 1<) whedel] G} 229]2 4% Ack WE 6UA L=
& FFL 2 5[161€ 16%, A3} oI[12)E 10-13%, F3} &
[29]& 8% ¥ B A= 10~11% Arol fTh.

o

DGGE £4

e A5 WAE dAS FR1s] A8 LY E]
165 rDNA9] V3 9] 9} 23| A& 9] 285 rDNAS] D1-D2 -]
£ degenerative primer2 533 & DGGE W& o] &3}
AT 2345 Fig. 10 Yebl et 22 2ady F9 Al
T Hgle HATE ARdTo] JHEglo] 42 A AR
] A HES el SlthFig 1). 531 F, S, K R 22
dad A EdA NEe = 2E 093 294 7+

1z

Table 4. Variation of saccharinities (brix) in Makgeollies during fermentation periods

Fermentation time

Yeast strains

(day) C F U R K S
0 0.57£0.12 0.60+0.00 0.67+0.06 0.93£0.06 0.70+0.00 0.87+0.06
2 7.50+0.61 7.57+0.12 6.60+0.10 6.87+0.21 6.73+0.12 6.80+0.10
4 7.90+0.10 6.53+0.12 6.47+0.06 7.53+0.12 6.37+0.12 7.33£0.12
6 8.10£0.10 6.90£0.26 6.93+0.06 7.73+0.06 7.20+0.00 7.50£0.00
8 8.53£0.06 7.53+0.06 7.90+0.17 7.97+0.12 7.73£0.06 8.10£0.10
Results are represented as meantSEM on three measurements.
Table 5. Variation of alcohol concentrations (%) in Makgeollies during fermentation periods
Fermentation time Yeast strains
(day) C F U R K S
0 0 0 0.5 0 0 0.5
2 11.0 115 115 10.0 10.5 11.0
4 11.0 115 10.5 125 9.0 9.0
6 11.5 10.5 10.0 10.5 10.0 10.0
8 12.0 10.5 11.0 10.5 10.0 10.0
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Table 6. Identities of DNA bands obtained from DGGE profiles of 165 rDNA in Makgeollies

Band No. Closest relative

% ldentity Accession number

1 Enterobacter gergoviae 90% HQ242716
2 Pediococcus pentasaceus 97% HQ8344%
3 Lactobacillus fermentum 92% CP002033
4 ) N .
5 Oryzae sativa 86% -
Fermentation time (day) © I FPNT LR, Fit FFAAMT AEo] 7Hssta
A c ¥ L Y E-= probiotic® Z 28311 cholesterol 3] &2 7} Stk
092 4 68 0 2 4 6 8§ 0 2 4 6 8 I RuEHATHA] 7S 2ol AEE o] F #FEL 94 Y
w1t SAH AU Sl 75 okl
FoA% s AR e TE 49 O]Eoﬂ% A2 A
3 okotd 19 Wl=9] 165 rDNA @719 713 fAHE HES
= Uetll= Mt Enterobacter gargoviae?] Tt ©] Al AUl
=5 Algteltt. o] A8 Aoy Fxo] EANG Aol HEH
W 7Hs A= UARE T E 49 o] Foll= #FE A oo} I
B T o i e Sel PSR S sl AR A, o] Aol
dFLol 93] AFEE AR A% F-L probiotics®] & o]
—1 s ApEd AQdA e U "F A RE 2] Az Aol
ol e ATt 165 rDNA

Fig. 1. DGGE profiles of 165 rDNA fragments from Makgeollies.
C: commercial bread yeast, F: yeast isolated from
Kyungnam traditional Makgeolli, U: yeast isolated from
Ulsan traditional Makgeolli, S, K, R: yeasts isolated from
Pusan traditional Makgeollies. DNA bands (number 1
to 5) were recovered from the gel and sequenced to
identify the bacterial strains.
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Table 7. Identities of DNA bands obtained from DGGE profiles of 285 rDNA in Makgeollies

Band No. Closest relative % Identity Accession number
1 Saccharomyces cerevisiae 100% JN637175
AB550108
2 Saccharomyces cerevisiae 97%
Fermentation time (day) lytical chemists, Washington DC, USA.
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Fig. 2. DGGE profiles of 285 rDNA fragments from Makgeollies.
C: commercial bread yeast, F: yeast isolated from
Kyungnam traditional Makgeolli, U: yeast isolated from
Ulsan traditional Makgeolli, S, K, R: yeasts isolated from
Pusan traditional Makgeollies. DNA bands (number 1
and 2) were recovered from the gel and sequenced to
identify the yeast strains.
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