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Changes in microbial community and physicochemical characterization of
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Abstract This study was carried out to confirm changes in the microbial community and physicochemical characteristics of
Korean traditional Makgeolli during fermentation by yeast as a fermentation starter. We demonstrate that the microbial
community during fermentation affects the quality of Makgeolli. At the species level, Pediococcus pentosaceus, Weissella
confusa, Pantoea vagans, and Lactobacillus graminis were dominant on fermentation mix, after 1-2 days, in the control group
without yeast treatment. Acid production in the control group was higher than that in the yeast-treated group. P. pentosaceus
was dominant throughout the fermentation process, and the proportion of P vagans remarkably decreased following yeast
addition. Considering quality characteristics, the alcohol content rapidly increased after yeast addition, and the lactic acid
content was lower in the yeast-treated group than in the control. These results suggest that the rapid increase in alcohol at
the start of fermentation inhibits the growth of lactic acid-producing bacteria. The addition of yeast may contribute to the
reduction in the high amount of lactic acid, which can be one of the causes of changes in Makgeolli quality.
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(dinitrosalicylic acidyH< ©]-&3F5it}. 843t A& € 0.2 mLel
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A1 E-2](3,000xg, 15min) & <] 3H0.2 um, Millipore Co., Cork,
Ireland)dte] ARS-3FATE 714 #2418 column2 TSKgel ODS-
100V (5 um, 4.6mm IDx25.0cm, Tosoh Co., Tokyo, Japan)E
A3 T ©]5 42 8 mM perchloric acid (Kanto chemical Inc.,
Tokyo, Japan)& AMESIAAL, WH-3-84(0.2 mM bromothymol blue,
15mM Na,HPO, 7mM NaOH)z RE-&-A1Z1 § UV 440 nmol| 4]
AZ3t). Flow rate= ©]5% 1 mL/min, 8+-8-&< 1 mL/min°]
™, column oven®] X+ 40°C, HH3-g-o] 2= 25°CE 3%
o 9 244 columne Asahipak NH,P-50 4E (4.6 mm ID
x25.0 cm, Shodex Co., Tokyo, Japan)2 AF&-3}ATH °]FAS
75% acetonitrile (Mallinckrodt Baker Inc., Phillipsburg, MT,
USA)E AF8-319 3, flow rate 1.0 mL/min, column oven 35°C,
injection volume 10 uL= A7 3}e] RI detector (2414, Waters
Co., Milford. MA, USA)Z A&t}
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HAdE 2 B4 A 971 AE 24982 NGSE ol &
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3H3At}. Bacteria®] 3] 412 16S rRNA f#ke] V3-v4 o
2 $E3= ZFelH(forward: 5-TCGTCGGCAGCGTCAGATGT-
GTATAAGAGACAGCCTACGGGNGGCWGCAG-3', reverse: 5'-
GICTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACH-
VGGGTATCTAATCC-3"), fungi®] 3 4]-2 internal transcribed
spacer (ITS) LS ITS3-ITS4 F9LS FEsh= Zeo|H(for-
ward:  5-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGC
ATCGATGAAGAACGCAGC-3', reverse: 5-GICTCGIGGGCTCG
GAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-
3NE AFE-3te] PCR 53191 2™ PCR mixtures herculase 11
fusion DNA polymerases (Agilent Technologies Inc., Santa Clara,
CA, USAE A3 U Y= multiplexing indices9} illu-
mina sequencing adapters 212 $13}] limited-cycle amplificationS
ST HE AHE-S PicoGreens ©]&-5to] A3} & 535
%37, TapeStation DNA screentape D1000 (Agilent Technologies
Inc)s ol8sld golBEe] F7|15 ERIsTh. 29 tha MiSeq™
Platform (lllumina, San Diego, CA, USA)YS AR&-ake] A4 81
t}. Z+ A|&9 paired-end data= FLASH 12.11E ARg-sle] EF3}
A aFE MES Fgt] fofxl AlELE CD-HIT-OTUE At
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taxonomic units)g WAt 2t OTUS] tBEAM LS FAMde] 7t
e A9 fUIA R JEE EF d9ste] o)F vEes
QIIME v1.8.02 o]&3ly] mAE 3 48 F331 3, order
oA genus FE7HA ] EFRHE 2EE HERAITH
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B2 Lactobacillaceae®}, 1 5| Pediococcus <5, Lactobacillus
go| xgEo] Utk HE 0Yddl= Leuconostoc holzapfelii7t
67.7-79.7%% TFEF B o] AAA|R W&} A=W Peddi-
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A= Pantoea %5°] 4-5% EEE o] Yot FH7AAE
g Z7|o Bxgo] F43] Skt 2d ol AU, 7
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(a) Order

B Lactobacillales

Bl Gammaproteobacteria
I Nostocales
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(c) Genus

Pediococcus
Lactobacillus
Weissella
Pantoea
Leuconostoc

< e 2 o olsheby 54 W3t 531

52:26.5%°] EES HIh Wb, 3% HrpelM s Eavt
A ZEAA 1% BFe] FEE&S BATE Yun 5(2016)°0 rc}
Panioea 42 E, B 5 A% 4

O] 7] A4k Ea 5, AE A% S B HE

A 2o 803 7|58 wole oz odud 9

oq:lL‘)ﬂ}‘i golE Pantoea vaganse TF¥E 714k A E pH
£ ZaAFIHA F7) QG el 2448 vEIta Bysigit
(Yun &, 2016). 3719 #E 1299 F8 $HFLS Pedio-
coccus pentosaceus, Weissella conﬁlsa Pantoea vagans®) 2™,
O] Pediococcus pentosaceusﬂ As] Z2sk] 799 77.6%2]
XSS HIo 7Y o|F F2gh Lactobaczllus plantarum, Pan-
toea vagans, Lactobacillus graminis, Lactobacillus coryniformis,
Weissella confusa, Leuconostoc holzapfeliidll 2]8] E3E-&o] 7H4s)
= e YT 53], 2% @5 ©1§ Lactobacillus plan-
tarume HE 73] wep HrF o Ry go] Friste] g
2080l 44.4%% -2A3IN oM, o9} WHNZ Pediococcus pentosa-

i o mlﬂ

(b) Family

2592IResSIg sryoreer T8

B Lactobacillaceae

[ Leuconostocaceae
W Gammaproteobacteria
(d) Species

Pediococcus pentosaceus
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Lactobacillus plantarum
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Leuconostoc holzapfelii

Fig. 1. Taxonomic composition analysis of the bacterial community during Makgeolli fermentation by yeast addition (left: control,

right: yeast addition).
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Table 1. Relative abundance of bacterial and fungal species during Makgeolli fermentation by yeast addition

(a) Bacterial species

Unit: ratio (%)

o P, pentosaceus ~ W. confusa P, vagans L. plantarum L. graminis L. coryniformis L. holzapfelii
Fermentation time (days)
ch Y? C Y C Y C Y C Y C Y C Y
First mashing 0 0.8 1.9 1.6 0.9 5.6 4.0 0.2 0.2 3.6 6.2 0.1 03 797 677
1 70 541 588 301 242 09 0.1 0.1 7.7 6.3 0.3 0.4 0.5 7.2
2 263 464 408 286 265 05 0.6 0.1 36 176 03 0.5 0.6 4.6
Second mashing 3 521 422 188 292 199 03 1.0 0.2 6.1 220 04 0.5 0.5 4.6
4 76.0 63.0 4.6 112 8.1 0.2 5.1 1.4 0.8 149 43 3.0 0.3 1.9
5 793 649 29 8.9 5.6 0.1 7.9 1.7 0.5 119 27 3.1 0.2 1.8
6 788 73.6 34 5.6 52 ND” 7.8 1.2 0.5 8.5 3.1 2.5 0.2 1.0
7 776 683 29 7.1 6.5 0.1 8.7 24 0.5 6.8 2.4 3.5 0.2 1.3
10 673 813 40 5.2 70 ND 123 1.2 1.1 39 6.0 1.7 0.3 0.5
14 346 87.1 6.4 34 134 ND 294 0.6 29 2.8 9.1 0.9 0.7 0.4
20 73 886 69 43 115 ND 444 06 10.1 1.6 151 0.5 0.9 0.4
C: Control, yeast non-added Makgeolli with Korea traditional nuruk
JY: Yeast addition, yeast added Makgeolli with Korea traditional nuruk
JNot detected
(b) Fungal species Unit: ratio (%)
S. cerevisiae S. fibuligera W. anomalus P, fermentans
Fermentation time (days)
ch Y? C Y C Y C Y
First mashing 0 0.1 753 74.4 22.7 17.3 1.0 72 0.6
1 39 88.5 91.4 11.0 3.6 0.4 0.7 0.1
2 334 91.5 65.3 8.1 1.0 0.2 0.2 0.1
Second mashing 3 46.6 90.9 52.2 8.7 0.9 0.3 0.2 0.1
4 75.6 98.2 23.7 1.7 0.5 0.1 ND? ND
5 73.3 99.5 25.8 0.5 0.8 ND ND ND
6 71.6 99.4 27.4 0.5 0.8 0.1 0.1 ND
7 75.2 99.5 239 0.5 0.8 0.1 0.1 ND
10 87.3 99.3 12.1 0.6 0.5 0.1 0.1 ND
14 80.2 99.1 19.1 0.8 0.6 0.1 ND ND
20 92.1 98.5 7.3 1.2 0.6 0.1 ND ND

C: Control, yeast non-added Makgeolli with Korea traditional nuruk
YY: Yeast addition, yeast added Makgeolli with Korea traditional nuruk

Not detected
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Ao oy A3 AA AA E(Order)

A7 NA Pantoea

2ol M Saccharo-

mycetales’t 99% ©17d EXEo] AU I FNA Saccharomyces
HA7HAA =

2, Saccharomycopsis 4:0] 2Z3=Eo] Q) &5

pentosaceus= pH 2.5-9.02] W2 HLlolA S 7Fs3HH glucose,
fructose, lactose, mannose, raffinose 52 49 A3l 7HA=

RAog gold vl th ANt 4t FHES —Zri lactic acidell
gt pH 749} &5+ 522 bacteriocin ™ Zi_‘li oA
Ao M (Nakajo 5, 2006), Pediococcus <5 % P pentosa-

g7t A=A Saccharomyces cerevisiae7t -1, 3
7HE dhg 0doll ZHzt 17.3, 72%9] BXE&S WOl Wickerhamo-
myces anomalus®} Pichia fermentans= T5NA ¥ S22
a7 AREEA EEE] AAEAT FH7E HE 0-3Y
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(b) Family

||“|III |I"- ______
Species

(d)

Saccharomycetaceae
Saccharomycopsidaceae
Phaffomycetaceae
Pichiaceae

Bl Saccharomyces cerevisiae
Wl Saccharomycopsis fibuligera
Wickerhamomyces anomalus

Pichia fermentans

Fig. 2. Taxonomic composition analysis of the fungal community during Makgeolli fermentation by yeast addition (left: control, right:

yeast addition).
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Table 2. Changes of quality characteristics during Makgeolli fermentation

(a) Control
Fermentation time (days) pH Soluble solids (°Bx) Total acid (%) Amino acid (%) Reducing sugar (%)
First mashing 0 6.16+£0.04" 1.00+0.06 0.07+0.01 0.08+0.00 2.92+0.03
1 4.11+0.03 23.2+0.01 0.61+0.02 0.19+0.01 17.61+0.02
2 3.76+0.02 22.9+0.01 1.01+0.02 0.26+0.02 12.01+0.42
Second mashing 3 3.78+0.01 18.9+0.01 1.08+0.02 0.34+0.02 7.39+0.10
4 4.28+0.04 13.7+0.01 0.40+0.01 0.09+0.01 6.31+0.11
7 4.33+0.04 12.74£0.10 0.53+0.01 0.16+0.01 4.11+0.08
10 4.51+0.15 11.9+0.06 0.59+0.01 0.20+0.01 2.82+0.03
14 4.32+0.02 10.7+0.01 0.60+0.01 0.21+0.01 1.73+0.01
20 4.41+0.02 10.3+0.01 0.65+0.01 0.25+0.01 0.86+0.08
31 4.37+0.04 9.8+0.01 0.66+0.01 0.31+0.02 0.33+0.01
"Values are presented as mean+SD (n=3).
(b) Yeast addition
Fermentation time (days) pH Soluble solids (°Bx) Total acid (%) Amino acid (%) Reducing sugar (%)
First mashing 0 4.94+0.01" 4.0+£0.02 0.13+0.01 0.06+0.01 2.26+0.01
1 4.62+0.01 14.7+0.01 0.33+0.02 0.16+0.01 6.37+0.11
2 4.33+0.01 15.6£0.02 0.44+0.01 0.20+0.01 5.56+0.03
Second mashing 3 4.76+0.01 15.0+0.01 0.48+.0.01 0.24+0.01 4.63+0.01
4 4.60+0.01 9.6+0.02 0.19+0.02 0.07+0.01 3.02+0.01
7 4.43+0.01 10.7+0.01 0.34+0.01 0.13+0.00 2.17+0.03
10 4.41+0.01 9.9+0.01 0.39+0.00 0.17+0.01 1.04+0.01
14 4.33+0.01 9.3+0.01 0.40+0.00 0.19+0.01 0.38+0.01
20 4.57+0.06 9.7+0.00 0.42+0.01 0.24+0.01 0.27+0.00
31 4.59+0.01 10.0+0.01 0.46+0.01 0.30+0.02 0.42+0.01
DValues are presented as mean£SD (n=3).
2 Zglete] ¢3Ee A STt mEN €38 FRE 2ol o] T4t FUl BE JEFE £ ZoE dAddEnh 3R Ml
b 9 F A eE T 2 A A bacteria & Pantoea vagans®] A50] JAE AL T

A ghake wg 2047k a5 7R
HA7HrA g 27] FHSA Ask bt
BR H7H H pH7t AA8] HAse FPdolitt ofn
g 0y 7%%01] w}a} 57 6—5— Aeolw, 26k & 9]
l%o%’it}
‘%‘éﬂgl F44 9101*1 —L*P e J&%

ol guLL Ao} 7

3, HE 2719 S =
) AR sl A% AR 0135”:}. %};17} aein
LUl Fo) AW, 3 B BER AREE 2% 4710 o

3 St A5 S ke wdE|e Fu|ot BEA
s T oleld A AAES A 3] AR A e
gt BEAC A BEEW, B3 aRIF A8l A"d
e st AR F4 9 d3s YR E ¥ ¢t
(Cheon, 2017). ¥E 0-3Y0l F4F &=Fe] F7H52 a8 A7kt
oAl WSk, oF 154, 379 FUHES Ho] 3ol 77t 1.08,
048%= UETE $4F $ wa Aol wet Fkehe
grolm, 2tk T o] FHE 3147 F-H7HE7E 0.40-0.66%,
HA7HE 0.19-046%2] TS YERNSIT. o2t A9=
z719 F71E 4t s e 3 ARA7RE 98
Aoz Algdr) ¥y 727] A7) o

1-249] F8 $38%9 bacteriad] 71208 A2z Sl=m,
T7lolE WE 7Y o]F =713 bacteria, ZFNME EXES
T3] SVl 2049 £ $HE2 Lactobacillus plantarum

24 e

mE = —1N H ol o

2 tﬂi' Fbi' Flf ot o

B 27, 22 ¥32E 5o 93] JAHAAY Pediococcus
pentosaceus’t FH]3F & B bacteriocin] 2|3 Ao Z A}

R=A|=

_I?rjlk} %I-F—c'; H#il.

AR B WE Y F A1 BF ASHE Table S
St WERRSIT. A7 BRAA AE ggste 4RO
2 wsHoE P golt AFH P oh]

(Song 5, 1997). TS &9 o 3 J=E
A9} lactic acid®} acetic acid &HaFo] r}s)
3L, 3] acetic acid?] S7H= ¢EZE9] AslE Qs 2AMEE
7F Y3 ks AL one F4E AT & 89
o= ALHATHChoi 5, 1992). BAE §712e % 7502 2
= prop10n1c acid, formic acide= 719 AEEA] 29U THdata not
shown). F37H2] 2 F714F2 lactic acid, succinic acid, ace-
tic acid £22 FAHAL, AX F7ME malic acidE EIH3H
4Fo] AEHAT. olge A= Lee(2011)7]- A 2L o)L
st gde]e] wE F F8 F714HE lactic acid, succinic acid,
acetic acid £ 2 B3 Aol AX5A Y. F {714 g
W A wEt S7Re AEOE 2 F lactic acid7b 7HE H]
ol EXOH, I FVIEE &8 FHUFFA @A YET o]

= g %) UL FEZ 23| bacteria 22| TR o]

Hir
rlo
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Table 3. Changes of organic acids during Makgeolli fermentation
(a) Control

£ v HE S A E vF 2 olsiehE] 54 ¥s) 535

b

Organic acid (mg/100 mL)
Fermentation time (days) ; -
Citric acid Malic acid Acetic acid Succinic acid Lactic acid Total
First mashing 0 42.60+2.28" ND? 38.79+4.01 42.10+1.94 92.37+2.10 215.86
1 ND ND 42.13+0.60 51.80+1.76 258.87+4.98 352.80
2 ND ND 39.04+1.71 36.80+2.61 285.46+14.92 361.30
Second mashing 3 ND ND 45.44+0.60 40.27+0.83 292.58+5.96 378.29
4 ND ND 11.67+0.63 17.61+0.23 163.25+11.29 192.53
7 ND ND 13.67+0.08 28.17+1.71 188.63+3.43 230.47
10 ND ND 12.02+1.15 36.47+1.64 207.20+8.68 258.30
14 ND ND 13.01+1.15 31.04+1.18 191.71+16.42 234.77
20 ND ND 13.01+1.94 31.584+2.72 202.40+13.71 246.99
31 ND ND 18.52+0.60 39.26+1.67 257.89+6.66 315.67
YValues are presented as mean£SD (n=3).
INot detected
(b) Yeast addition
o Organic acid (mg/100 mL)
Fermentation time (days)
Citric acid Malic acid Acetic acid Succinic acid Lactic acid Total
First mashing 0 64.95+2.20" 42.75+2.86 54.11+3.08 52.39+1.67 83.62+3.87 297.82
1 77.59+0.97 45.91+0.52 42.23+1.98 80.65+2.13 84.48+1.82 330.96
2 66.43+0.82 28.08+0.48 34.52+1.19 70.05£3.49 76.87+1.19 275.95
Second mashing 3 40.93+2.47 ND? 35.36+1.22 73.46+0.78 76.26+1.51 226.01
4 10.48+1.22 8.20+2.14 4.85+0.76 28.46+2.29 41.97+1.82 93.96
7 ND 8.66+0.87 7.98+1.45 32.93+0.18 51.132£0.25 100.70
10 ND 11.51£0.26 10.34+0.01 39.22+1.93 59.18+2.39 120.25
14 ND 11.63£1.18 10.344+2.00 36.94+2.66 62.48+4.35 121.39
20 ND 11.25+0.49 11.44+0.77 39.38+4.30 66.84+6.84 128.91
31 ND 11.60+0.57 12.13£0.98 39.78+1.78 66.99+7.50 130.50

"Values are presented as mean=SD (n=3).
INot detected

wigkom o]z Qs A AA bacteria®] S0l JAE ] lactic
acid 9] F7150] WA et 20 & Alsd). e
Hglol= A ERIE) 332 ZolskA] &7] Wil lactic acid7}
ZHsH o et ogt AFe] FHjE wolge 9L 5t
A gk sl o] Alojd £ gler=z Fort Jasit).

2l ¥ glycerol &2k 5}

Ars 4o da HHolA FHF TF 3
3= Table 734 8ol YERNATE T/ = FE glycerol,
glucose, sucrose®] BQIENY, EF 7 fructoseE XS
4Fo] ERIFAUTE F FET T L' 27] FHTAA A
+ =A ‘/]'E}”":‘H] ot A= Wa x| TR §lo
B2 Saccharomycopsis fibuligeradll 93l A w37} o] Fo|F o
U, 438 @ag a7 Saccharomyces cerevisiae2] NAG7} F
ol R HUbrRT  ARgo] Wtd Zog JeEc)
Glucose & A HE 1447 &5 H7HrolA @A el
=, ol glucose7t FIAES] FFHholy R I g Wg
71-AZA o]&Eo] EUW Ao=m FAdHEt) 27k EF olF
glycerol &L F7tshs ZAaoln, &8 H7FrA E=A UE
ST} glycerol G52 UAMFEZEA glucoseZFE A=,
S AE A ot BdS A s XEF9] &

gh A E S AFE 98-S $hal Hal(Jdckson 5, 2000)

2 glycerol ¥

2 Ao
A 9714
ol uzdele] FAO Ve 93

ANFES AT e AR 2 3
FA7THNGS)S B3] 2AF, BE 2
g2 st e Bkl o

£ FRE4S IAaT BE cuEHE 529 Ak AT
s w7e)e) AR 27 RXo] YRS Fol AnHoz
gol F4 Aolg vepdth. TARS A% dE 2719 2

= Saccharomycopsis fibuligera’t TIF-2-013L, AldF<= Pedl-
ococcus pentosaceus, Weissella confusa, Pantoea vagans®] 5212
2 I3t FAF % A FFe] =4 JEuTh HrE 2E
A2 AR Saccharomyces cerevisiae?t $-73310] 422 A &
=7F whEnl, wE 27)9 w2 4Ee wEE A AHr=]

Al 710e Bk *§"é bacteria91 &S FAlst= Zo= e
t}. E}EW A FFoR HFE A2 uf, 42L& 5ol
e 2R 247}7} 2Aze] AlojRle] dgle] HE Bakte] A
iy Xﬂﬂ—i’ﬁ S BT AFe ddds grd 3l
< Aoz FoEd.
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Table 4. Changes of free sugars and glycerol during Makgeolli fermentation
(a) Control

Fermentation time (days)

Free sugars and glycerol (mg/100 mL)

Glycerol Glucose Fructose Maltose Sucrose Total
First mashing 0 23.47+9.33" 928.90+4.66 15.13+0.16 ND? ND 967.50
1 79.16+0.80 7529.144+21.02 90.45+1.14 8772.19+£29.73 17.18+0.72 16488.11
2 411.70+19.09 4940.07+9.43 18.41+0.90 6617.59+5.70 47.62+0.73 12035.40
Second mashing 3 372.46+8.80 2721.66+16.89 120.22+9.56 1857.44+4.09 105.82+0.54 5177.60
4 244.50+4.78 1016.08+11.17 ND 2825.88+12.14 ND 4086.46
7 270.46+13.74 764.79+3.28 ND 361.57+8.43 32.56+1.81 1429.08
10 341.79+6.32 528.13+3.72 ND ND 54.45+6.34 924.37
14 339.75+1.07 394.71+4.95 ND ND 39.84+3.80 734.46
20 374.05+2.07 118.50+11.08 ND ND 28.08+6.87 520.63
31 448.51+2.45 35.83+1.81 ND ND 25.76+1.13 510.10
YValues are presented as mean£SD (n=3).
INot detected
(b) Yeast addition
o Free sugars and glycerol (mg/100 mL)
Fermentation time (days)
Glycerol Glucose Fructose Maltose Sucrose Total
First mashing 0 42.53+2.80" 3268.46+14.92 45.70+0.66 ND? ND 3356.69
1 401.60+12.00 2218.56+15.96 21.46+1.57 ND ND 2641.61
2 442.51+16.64 2541.90+10.76 90.25+13.37 479.68+13.04 46.06+4.49 3600.40
Second mashing 3 419.87+1.19 2369.30+6.96 77.97+8.78 124.02+21.57 55.06+7.60 3046.21
4 304.28+0.19 554.10+2.09 21.07+0.81 843.15+10.52 ND 1722.61
7 364.61+0.82 656.98+4.70 44.22+2.10 268.20+10.61 25.62+2.09 1359.62
10 373.87+1.12 336.64+4.38 52.06+2.02 121.96+5.31 31.18+3.13 915.70
14 394.4442.71 206.51+3.04 36.66+2.61 ND 28.35+1.87 665.96
20 432.62+0.93 218.64+1.74 17.33+0.98 ND 26.68+1.91 695.27
31 477.89+3.90 395.20+4.66 23.00+1.25 ND 29.73+£1.52 925.81
"Values are presented as mean+SD (n=3).
INot detected
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Fig. 3. Changes of alcohol content during Makgeolli fermentation
by yeast addition.
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