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Abstract

Lactic acid fermentation of non-alcoholic Makgeolli a traditional Korean rice wine was optimized for increased
production of y-aminobutyric acid (GABA). The Makgeolli was concentrated by vacuum evaporation at 85°C for
30 min to yield non-alcoholic Makgeolli and sterilize the indigenous microorganisms. As a result, yeast and lactic
acid bacteria were not observed in the non-alcoholic Makgeolli. The non-alcoholic Makgeolli had an unpleasant
odor in the absence of glucose in lactic acid fermentation. Therefore, the non-alcoholic Makgeolli was mixed with
3% mono sodium-L-glutamate (MSG) and 1% glucose followed by fermentation with Lactobacillus plantarum EJ2014
at 30°C for 7 days in stationary culture. During this period, the pH increased from 5.1 to 5.5 and acidity decreased
from 0.41% to 0.2%. The viable cell count increased to 3.0x10° CFU/mL by the end of the 7 day period. The
production was determined using TLC; results showed that Most of the MSG was bio-converted on within 5 days.
of lactic acid fermentation. HPLC analysis confirmed GABA production 1.59%. In conclusion, non-alcoholic Makgeolli
with 1% glucose and 3% MSG could produce functional rice ingredients including GABA and probiotics as well
as wholesome rice products through lactic acid fermentation.

Key words : Lactobacillus plantarum, lactic acid fermentation, Makgolli, GABA

M2

e e g5 A, g, 2 2 a2 FURE
&3 F WY Bdstel vhe Al dsFolh A
& TR o8 AT e 1A FE5ESs 7R
slew, Fgo] MFES EndoR AHEStE IAE ]
&oto] Al Bl et st A el Aol 7k slvh
e v g3 FESde 9] aRe ik
52| probiotic?t f714ko] ¥ o] 9l vt o} v

*Corresponding author. E-mail : splee@kmu.ac.kr

Phone : 82-53-580-5554, Fax: 82-53-580-6447

Received 20 November 2018; Revised 31 December 2018;
Accepted 10 January 2019.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

A3} F, 2ol f, HEP S v Ealo] thokel of kA H )
Lo o tabE S ek ek,
TEIA N A7 gk BAlo] E=olx| 1 Zu|Y
Aoz Selve AE WF A F| that Balo] Zoid
‘LPF/} Ao Bk thekel Ayl Adwo] g} whA
E ¥A 83 A o) zA o= A &4, st s
el 9 At ArH23), T A= g F1H45)
So] glttm HuE et H2 g oA et o] gl
= famesol’d F-0] WA 3(6), T F AT} v, 5] 23
B 29282 At £3 S # 707 RuE ek
27} vlo] 9. AA)9] M-S 3k HhH o 7 A B WE

U

J

7S Agshe At Skt on, Be v Ee
Az o Zgsle] Fne} 715AL SR 7)1, BAd A

A}

2)
A S ol IS 3r}(8). E35] At Lactobacillus
spp.©= tH3EA Q] probioticS. 24 GA g o] &3] 1 A}

- 157 -


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2019.26.2.157&domain=http://ekosfop.or.kr/&uri_scheme=http:&cm_version=v1.5

158 Sk A F A58 A]) Al26d A5 (2019)

R R S8 Ak, 4 A 9 e 331 a9
7F vk BEAEA A% 715 2AlRA] Balol EolA
3L ATK9).

FeAow ALt v
o] fl EAZE 2 aro grateS sl glolA
Fr8 m A= wiekS 98] Dad el S v FEale] tok
St PR 5ol thF e o2 HauEJrh10). 24
g o] &3t Alxd =

rr
g
o
g
=2
>
=
o2
o i
el
o

g a8tc} w3k 1919
7k -8 o] 83k
15673 Zskaafe] 7o & 4] 313 FAlol] nir1r}t
A AFAAE NS Qn ot 9l

)
22
w9
N
olf
oX,
o
-z
£
ol
ol
rr
R
o,
rlr mE

acid(GABA)= 1158 =9] Hu 4 5o S Al A

ZA5tE T8 A A7 A BA R, AFAA o EE}t

= o|ehilA olm] k] A Folth(11,12). GABAE 9]
v

we r

=
own, Hpsl &y, ol &3, 1A 29, &
57 Al RESTE VRS AEASY 5
73 ol &3} e 59 Azl 715l gt
(13,14). AAE Tl = T2 Pol &dn|, ¥, =4} 5o
Al oz okt =0} ltk15). MR E B3] GABAS]
TS ol WHo g FFolofA Eejd ihtS o) %
ato] MSGEA] sholl Al GABAS] 3k ol b (16),
N7te. FEE dextroseE H7}3 T ZAA vlg dlo]
GABAE AiFeh= W (15), Al @714 vl 5714
Hj kS W ztol A]3te] GABA TS ol HP(17)
ol EuEdch HZ opeket Ay &4 Vles Ze
GABAS] AAHS =0]7] glaliM 78 I mlAEe 283
A} GdalA AP Qo Ed] TS o] &
GABA A%te] HAsks FalA 71548 Aer17l 71
2AE et e d77F A= T

B ATeMe & 4] 7 9 Ao RIPIAE Eole
Weto 2 A wkAe] Al FE o] 83l 71edS A7
2 etom, o] 98 dFgo] AAE & uhde] HEE
o] Zat B HAIE B 715 EF GABAS
probiotico] 723te 7154 & HaES AYatstuat 519

= N

EET

-/
o
2

X

W

Py o
N

Tz %
AN =2
2 ATl 97 2E U B (Daegu, Korea)2] A2
Y& Fste] 85CoAA g F5dto] AR&siinh 24t
HE A Y BECR AMRE IxRTS AdHESR
ol slo
H

iz
(Seongnam, Korea)°llA] 913193, y-aminobutyric acid

(GABA) A= A3 AFEZAZ A1EH monosodium
L-glutamate(MSG) = CJ A| € A G&F)(Incheon, Korea)2] A
S AFE3ItE MRS brothe Difco™  Lactobacilli
MRS(Becton Dicknson and Company, Sparks, MD, USA)A}
o] AlF= AHESIA

TF Y AEE HiFY H=E

Lactobacillus plantarum EJ2014+= W] 7} (Uljin, Korea) 2
2R e 75 | AEEEAE o 7] EHKCCM
11545P)¢t & ool AM8-SFSIYY. L plantarum E120145
MRS agar plateol| <] AltHul gk = 121CollA] 1523t At
3 MRS brothol] = Wi SFE L plantarum EJ2014 3+ #Fo]
£ A F3taL 30CoAA 24Xt Bt | vl Fsto] starter=
AH-&-3FATH(18).

o)
A= fl8lA S0 e vt
7¥eled v|e=-E 9+ 2] (mon-alcohol Makgeoll,
d3E e 9 MSG,

LT 0-5%S EFst] & F95 100 mLE 550 250
I Zalx3o] 251tk GABA A4kl 7142 MSGe}H
Hadoz ¥uge A} Fug deldel Bu A4ae
3. L plantarum EI2014 ¥l g S 1% o2
AET F G F71elA 30TAA 793 FA) H et

¢

e
N
i

HAe)o] PR TS Y 7HE AXHA9 = °l8s
of £ TS 53] v SR & O w i gks 10000 A
A LJgt gro 2 AEsIATh 8 T AR 3 mLe I
H A HA e 2 & 105C 71 %7](HB-502n, Hanbaek
Scientific Co., Bucheon, Korea)ol| A 71 Z3}o] a}akd A
£ S48t

pH ¥ HE &z £H

Aubde] 9l vjgdag o] A4 BEE9] pHe AR
1 mLo| 74 9 mLE 7}ske] 4% & pH meter
(SevenEasy, Mettler-Toledo AG, Schwerzenbach, Switzerland)
£ o]g3sto] SsIGith A% A= pH 839l =2 wj7}1A]
0.1 N NaOH=Z &% ste] 48] 5FS: lactic acid (%, viv)S-
2 Zlate] 4= TH20).

A= 100 S| S o] 83te] gz g e ZAk
5 100 pLell B 900 LS H7telA 10°, 10°, 10%H)



Incresed production of GABA in non-alcoholic Makgeolli by optimization of lactic acid fermentation using Lactobacillus plantarum 159

2 343k 21& MRS agar plate©l] 20 uL =%}t
T 30T F2ufF7lolA 2443t wj kgt vk 5% sk
colony forming unit(CFU)/mLZ YERNI T}

&2 dinitrosalicylic acid(DNS)H (21)< E3ll
SER 34 Al8 1 mLol| DNSA|oF

mLE 7}st] Fe EollA] 5T WA 7] 40F <
Whigk B UV spectrophotometer(Ultrospec 2100  pro,
Amersham Biosciences, Waltham, MA, USA)ZS ©]-&3}o]
550 nmolA A3t ETAEEE glucose(Sigma-
Aldrich, St. Louis, MO, USA)E A}&-3}ith

TLCE 0|8% GABA ¥ glutamic acid 84 &4

MSG 3 =9} GABA A5 Y& 93t standard =
+ glutamic acid®} GABAE Sigma-Aldrichol]| A ¢ 5t
05% == AF&sI9th TLC A/lE AMZE chamber
(30x25x10 cm®el| 4] S8 3}, silica gel TLC plate’= 10%20
cm®| A7|2 ZepA ARESHTh AN E9= n-butyl
alcohol:acetic acid glacial:distilled waterE Z+7}+ 3:1:1(v/v)<]

H| &2 &3tsto] 2 20A] 4A|7F oA E3AFTE ZH
sample-& TLC plate2] £o|A 15 mm¥ & 9|2 2 ILE
A4, sample 7H42 10 mmE A9tk 24 & TLC
plate-4 sample S A% A7), Z7N7F ¢ TLC plate=
AL A] AZRAZY AZ E TLC plateol] A 2F 02%
ninhydrin% Y2]31, 90°C dry ovenollA] 5-10% &<t &A1
A2 Zh7te] spots ER1skTE

HPLCE o|3st GABA HaEN
GABA A3ke-2- 3olslr] 93 § Stk =
2 AxA1Z1 A|& & phenylisothiocyanate(PITC)&-< 20 n
L(MeOH:H,O:TEA:PITC=7:1:1: )& =43} A|7] | A&
of| Al 301 ¥H& AlZTE A8 E 98] AXRAIZL $ 200
L] A solvent® Ho|a YA EE] 8 & ASHS 045 im
syringe filter 2 ©]3}5} 3L Cy A 7 (Nova-Pak, 4 um, 3.9x300
mm)©] AZE HPLC(Agilent 1260, Waters) & 215}
4 gull A(140 mM NaHAc, 0.15% TEA, 0.03% EDTA,
6% CHiCN), £1 B(60% CHiCN, 0.015% EDTA)S 5%
(A 100%, A 0%, 23 min) Z7A]A 1.0 mL/min ==
Z2]HA] 245 nmoll 4] detector(HP 1100 series) 2 27 3151

2 ot A 54
2

% BolEE o &9
% Zo)9E S ACACH22)0 Yste] = sttt
LA EElsle] FedE Ad Ale 60 pL* ;46}04 2H]]
b2

Hhg-dlo] FFEE 700 nmolA] S EITh BETAL
gallic acid(Sigma-Aldrich)E 0, 20, 40, 60, 80, 100 pg/mL
goo] S22 2AGE, ol T YHF Ak s e
WHo R 700 nmoll A FHEE A 3l] AlLtenh

gzg g 53

dis FEE TAATFREAHI) Y SFHA et
43It AlE 100 mLe S/ 70 mLo] H %5 SR
T SHTFE 718k 100 mLE2 3 83kt o] F 15T=
i) M %‘Jﬁ:ﬂ‘:—‘ ol 43 &S stk

SAIXE

A3 A= Statistical Package for the Social Science
(SPSS, Version 20.0, SPSS Inc., Chicago, IL, USA)E ©]-835
o] ¥ W HmeantSD)S Tt oM, 7 ek b
Btz ztelE #3387 218k one way-ANOVA 2
Duncan’s testE #-83}l9t}. A3o] tigk 4352 p<0.05
Tl ASsdH

~

=
=

N
=
=)
!

B S}eko 277%, 7] 43L& e
6.0%(v/v), pH 2 A== 7+7} 4,10, 0.12% m_o—ﬂ%, ix
5 A& AFSFE 9.0x107 CFU/mLE et
Ao g B F olF e A= HAIATIHA,
AAr g2 gyld o $£835ly] Yal 85Tl 3087t
AF %5701'31‘:}. Ay AdolA vl s g glol &
1 ° H@%oﬂ*i TR g g o]F 7} Ay
, S4e] FH B, St 3R
/\1 EE %}i Al decan01c ac1d tetradecanoic acid 52
i A <7tk
= B3t fARgE Beks UrEMJOiE‘r b e g 7l
T TEs] AR A 2 43S AAE FYsta, A9
o ‘%‘éﬂ“ o] 2 gE Hrtstd]
% : &3] IS A AT
NAM®| 27| pH % AH=w 247} 42, 050%°10 01, 4=
£ AEH A ZAdthnot detected). i+ =% Ay} 1%
T 59 v AYELS 1.3x10° CFU/mLE YEREoH, ojuj 2
At ARE HEER] gkt A EAE dAshe
NETE FTL A 2olA éé*&ﬁ ol Hl& &4
1% TETF Y&
d g3ttty AFEE AT
B %ﬂr GABA A4te] AEA< MSG
H 7} w}ié— g g9E AEs] 984 MSG 3%, E%
ZF05% o2 &3S T L plantarum 12014 Z~E}El T



160 A=A FALTE

Fegstach 1
AE 1Y 2ol pH 4152
Z7VehE A Whg 7Y 2ol pH 5.5
£ YeRf At wkdo iE% 3%9} 5% =719 A$- LR
Xl pH 51004 ehatelA] ZHasshaA g 7 Zjell pH 422

TS e tHFg. 1). AeE I 1%9] 2%
ZW& g 19 2ol 1.50% = FA5HA 5718 o] g
3¢ Aol ZAFPHA B8 27] AR 3k FARSE 0.50% S
YeRgleom, =9 3%} 5% 2719 4% 28 7 041%
oA g 19 2o 135% 8 FASH 718 T &2 o
2 Zrletglon, HE 7Y o] AF 7hAsle] 1.60%S
YehAAthFg. 2). L=F 0% 1% 2719 745 213k vt
571 WYPs]E Bek HEgEe] pH/F Yol F o] sgolA]
Al AErE Hashs AdE UERIT o] = 24k
7 wEel o8 f7]ake] AdE F A= MSGETH

F8 19 A7kelel 79 B9 A4 AR
A5 T 0%} 19% 29| B

23 ol F A5H 0

o ﬂl\ﬂl

10

OGlucose 0% DOGlucose 1% B Glucose 3%  MGlucose 5%

bcaa d — —

pH

debhb ad e

0 1 3 5 7
Fermentation time (days)

Fig. 1. Effect of glucose on the pH of non-alcoholic Makgeolli

fermented by L. plantarum.

Each value is a meantSD (n=3). Different letters in the same condition mean significant
difference by Duncan’s multiple range test (p<0.05).

OGlucose 0%  OGlucose 1%  BGlucose 3%  mGlucose 5%

25 r

aa ad
a cb

15 b b
1_
05+ b Cde : b

’——‘—' : dd dd
0 . \ , \

0 1 3 5 7

Fermentation time (days)

Acidity (%)

Fig. 2. Effect of glucose on the titratable acidity of non-alcoholic
Makgeolli fermented by L. plantarum.

Each value is a meantSD (n=3). Different letters in the same condition mean significant
difference by Duncan’s multiple range test (p<0.05).
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Fig. 3. Effect of glucose on the viable cell counts of non-alcoholic
Makgeolli fermented by L. plantarum.
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-Glucose 0% Glucose 1% -0-Glucose 3%  ~-Glucose 5%

a

Reducing sugar (%)

Fermentation time (days)
Fig. 4. Effect of glucose on the reducing sugar content of
non-alcoholic Makgeolli fermented by L. plantarum.

Each value is a meantSD (n=3). Different letters in the same condition mean significant
difference by Duncan’s multiple range test (p<0.05).
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FARY whE F Eevls S Hlal B4 6F3{th(Table
D). T& A 1,031.19442.67 pg/mLolA] HE 59 HE
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Table 1. Changes in polyphenol content of non-alcoholic
Makgeolli fermented by L. plantarum EJ2014

Fermentation time (days)

0 1 3 5 7
Polyphenol content 1,031.19 100477 1,000.77 119256 1,478.98
(ugfmL) 2677 3889 £67.75°  +4490°  +56.50°

YEach value is a meantSD (n=3).
Different letters in the same condition mean significant difference by Duncan’s multiple
range test (p<0.05).
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Fig. 5. Effect of glucose on the GABA production of non-alcoholic Makgeolli fermented by L. plantarum (TLC analysis).
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Table 2. Changes in glutamic acid and GABA contents of
non-alcoholic Makgeolli

Before fermentation
Glutamic acid 2.54% 0.06 %
GABA 0.00 1.59%

After fermentation
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