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Abstract

The purpose of this study is to optimize the composition of the medium for turmeric fermentation and to select
competent turmeric fermentation strains using bacterial isolates from kimchi. Initially, 30 isolates from kimchi were
cultured in 5% (w/v) yeast extract and 1% (w/v) maltodextrin to determine viability. As a result, eight strains
showed a tendency to maintain viability until the fifth day of fermentation. Subsequently, the eight isolates were fer-
mented in an optimum medium for turmeric fermentation, 5% (w/v) yeast extract, 1% (w/v) maltodextrin, and 5%
(w/v) turmeric for seven days to determine the viable cell count and antioxidant capacity. The antioxidant capacities
of turmeric fermented by the eight isolates were similar or higher than turmeric fermented by Lactococcus lactis
KCTC 2013, while maintaining high viable cell counts of both the eight isolates and L. lactis KCTC 2013 until the
seventh day of fermentation. The antioxidant capacities of the selected five strains during fermentation might
increase possibly due to the biological conversion of active compounds in turmeric by fermentation. Consequently,
a total of five strains of the isolates showing higher antioxidant capacity (4.81+0.19-5.81+0.04 VCE/mL) than fer-
mentation day 0 were selected for fermentation of turmeric.

Key words: fermentation, turmeric, bacterial isolates from kimchi, viability, antioxidant capacity

M £ = —Zri curcuminoid A <] A EFZ o]FoIA ¢

o] T Ui &2 curcuminO] EFRsl] 154 B2

A AARLZ A7 e tigh &H]z) Q12]o] Zolr]7] Al i “}OI 897 9+ FA 8ol thAnandakumar et al.,
b A AFS e A 9 AbrEe] #4dol  2014; Ra & Kim, 2016). 2 4 A= 4% F2E5

A
SO Ao} S HAe] Edof tidk 71 wolA| L o] &3lo] ¥4+sl5(Oh et al, 2010; Singh et al 2010;
AL, 7o AFolg} sl te AWTFEolY AYZAHE Jung et al, 2012), A (Kim et al, 2011), B LS4
A9 3tgFo] =AY 7)1 5Ado] ZUE AE o2 HHsEE= A7 7] A (Lee et al., 2020), $95(Oh et al., 2010; Oh
L7t oA ATk A3 (Curcuma longa Linn)S 3 et al,, 2011; Jung, 2018) 5 73 A9 7|544E &3}

Mo ¥ W 2 Qolpal S Fale £33 Pst 2/ £ A7k waTh A%el B01d, s 7huSune
S 48 4SS Xt o, Ao s S92 O et al., 2018)3 @& (Yang et al., 2011; Gereltuya et al.,
A A 7Feke 213 el S Wy A AT 4E 2015; Kang et al, 2015; Ra & Kim 2016) 5¢] d+%=
DAE A4 RNE PR AEAA o £HAGl B AR ek, AL o) L olde) A4
2 tHAhn, 2000; Kim et al., 2005). 2]&s5 oz 713 FZ A, 2 AHE =L 7SS 7 RHow &
Srshze] ool AA| vFe] 70%ES AAsHH, YA HA ey A ‘—E.%°] e Fe e g
turmerone¥} zungerene 5 &l &t o]HE A st
*Corresponding author: Hyungjae Lee, Department of Food Engineer- o &H|A VSRS ‘5 ?l (Choi et al., 2013; Kim,
ing, Dankook University, 119 Dandae-ro, Dongnam-gu, Cheonan, 2006) U= 9738131 E0] 3latd o7 BaFo] 7154 L
Chungnam 31116, Korea _ ’ - o oo
Tel: +82-41-550-3561, Fax: +82-41-559-7868 SHAZIZL, A Holl &0 oal] AW FFes =Y
E-mail: lee252@dankook.ac.kr s glo EAND A Bz o] By AR B3 7
Received November 17, 2020; revised November 19, 2020; accepted o UJ] ol 11 iﬂ 3wl ek 44 ]L o]
November 19, 2020 54 FNZ F 3 (Ra & Kim, 2016), ©1F AES

383



384 &2 - FA - o7l - UESt - oA

maskingdt] 7|55 =Y F Uvke Aol AUtk 2w
A7re) #2454 A7 (Chun & Chung, 2011)14] 2kt
LRSS W, 7] olFH el Hask=
o oy Qux AP (Lee et al., 2016)°14]
Z. =

=<
&3 Algka 28k R flal Akt

o0 o |o
o
: o

Sy ox
2 2 ool

Oz 1o 30

sz B

:J—‘ mlo

0{1:? 2

w B
ol

olN

>~

bn)

O

fd

re

-

i

=)

%0

&

i ol
ml

ol

9

N

ofr

o,

o

J

Qg AF(Kim et al., 2008;
Yang et al., 2011; Kang et al., 2015)= H]u% 2o of
ANA A e vBES o] 8§35 HE AF= A9 318
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A= FA, od9)004 20193 A4kd 2], v =+
A, FAA, SFAA, FHAE T8 AR 1g
of Hi 3ASHT 225g2 7tet &S & # A7)
(BagMixer 400CC, Interscience, France)& ©]-&3tod &
sletitt. o] % EN S Hit 3ASHTE DA 54 5t
0.2% (w/v) CaCO; (Daejung Chemicals & Metals Co.,
Siheung, Korea)”} &% MRS (BD, Sparks, MD, USA)
Aol =it EEek wiA] = 30°ColA] 24-484]
7+ &< BD Gaspak™ EZ Anaerobe Container System
(BDyS A&t @714 x4 stoll wjsst &, FH e ¢
(clear zone)S FAot= dFES 12} AdEsilaL, Felst
2 zpol7h e o] Y 23k Adeidinh £ #FE
< MRS WA E ARE-3t] 30°CollA F713 Z7d st
w5} TH(Choi & Kim, 2017).

AZ2| Hx2|

2017 10-12¢9 Atolell &3 A5
Ads & Sftols JHE AxE S AYeslE
. 9} A (HMEF-
1600PB, Hanil Electronic., Seoul, Korea)Z 90%7+ 23
gk % 300 um A(Chung Gye Sieve Co., Seoul, Korea)ell
A BLS F2oA U B AlRE=E AMS-EA
(Ko & Jeong, 2017).

YM K] =Mt =& YMERX] XZ=
74 HgE gk #57 WSS 8] AU R yeast
extract (BD; Y)& 0.5, 1, 25, 5% (wh), @ag9o=

maltodextrin (Sigma-Aldrich, St. Louis, MO, USA; M)
1, 25,5, 75, 10% (WWZ HF F=7F H=5 vig(YM
A3 1mL% 24 well cell culture plate (SPL,
Pocheon, Korea)oll #F3} T MRS Brothol] 30°Cell A
12X 7% v Fst AR E2F W ded 1% (vivyg wiAlell A
3}, 30°ColA 450 rppmo- 2 79 7F K ek kaliT). vy
4 F 0d, 24, 5¢, 73] sampleS 3|45l MRS $F
Aol =8, 30°CNA 2447 v & AArE
gelskdtt.
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YM 8l Aol Z}3H(turmeric powder, T)S 3 7hsk Bl X
(YMT #iZ)E AR F2 astz] d, YMuj=] oA
TF AELES FAEALt. olE ¢s] 24 well cell
culture plate (SPL)?ll % %2 YM WA 1 mLel MRS
broth (BD)°ll ¥WiE AT wdFd 1% (viv)g H
Z3lo] 30°Coll A 450 rppm e 2 5U 7+ g sy 0, 2
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o, 53kl A4S Fglatrh dEE S gl
A< 5]Aate] MRS A Al =gl on, 30°Col A
24A17F v etala A E ke ASekeh

4 HEE Qg o WS sl HAs © g
YMT ®iAE 250 mL AHzhEek=e] ¥ar 121°C, 1587
Hat & ARSI, Lactococcus lactis KCTC 2013 o5
S U8 22 ARSI, YM HiA A 2 AEE
S HQl g5 858 MRS Brothd]l HE3 5 30°Ce|
A 12A1ZF v e m et S HAsE YMT iAol 1%
(W) BE3ked 30°ColA 450 rppm o2 7L 7F R ) sk
ok g 0, 24, 5Y, 7Rt Ha NS 5, o
HE SR w2 @A 8] A st MRS SR &
2 5 30°Coll A 24A17F v ata AAE HES Alrste]
CFU/mLZ 31313 t).

Z WL Jung 52 HH(Jung et al., 2012)2 A
A MEFste] ARSIt A dEde g 0d, 24,
54, 793ttt | mLA 3<4=3EAL, 95% ethanolS 5.3 mL)
7Fled gl =& 8 =7t 80% ethanol (v/v)°] E=
= 3}%99H, sonicator (8510R-DTH, Branson, Danbury,
CT, USA)Z oA 2A17H5et &8t FE5E85
4°Co A 3,134 g= 1037 947 2/(LABOGENE 1580R,
Seoul, Korea)dt$1th. ©]F centrifugal evaporator (CVE-
3000, EYELA, Tokyo, Japan)S AF&3te] A5H-S 40°C
oA Y FF F, FZ7X(Alpha 1-4, CHRIST,
Osterode am Harz, Germany)3t %, -20°Col|A] W% =&
st Al 52 ARE-sHA T
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ABTS radical scavenging activity®] 7-%- 1.0 mM AAPH
(2,2"-azobis-(2-amidinopropane)HCI) (Sigma-Aldrich)2} 2.5
mM ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt) (Sigma-Aldrich)S PBS$} &3}&}

o] 70°Col A WF-S-AIZ] 5 syringe filter (PTFE, 0.2 um,
Tokyo Roshi Kaisha Ltd., Tokyo, Japan)Z o3t %
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Table 1. Viable cell count of YRK #2-3, an isolated from kimchi
grown using different percentage of maltodextrin and yeast
extract

Maltodextrin ~ Yeast Fermentation periods (day, CFU/mL)
(%) extract (%) 0 2 5 7
0.5 3.3x10°  6.5x10* - 2.7x10°
1 1 3.2x10°  1.1x10°  2.7x10°  1.2x10°
2.5 6.6x10°  12x10° 12x10° 2.2x10°
5 3.5x10°  2.5%x107  1.4x10°  2.2x10°
0.5 32x10°  1.6x10° 6.7x10* 2.8x10°
25 1 3.7x10°  2.0x10° - 1.6x10°
2.5 29x10°  2.5x10°  7.6x10* 2.0x10°
5 2.3x10°  3.1x10° 2.1x107 1.2x10°
0.5 1.5x10°  1.4x10° - -
5 1 2.0x10°  1.8x10° 2.6x10° -
2.5 2.6x10°  1.7x10° 8.5x10* 2.1x10°
5 1.7x10°  1.5x10° 1.8x10° 2.3x10°
0.5 2.1x10°  8.0x10* 1.5x10* -
75 1 22x10°  2.8x10° 2.5x10°  1.9x10°
2.5 2.7x10°  2.4x10° 3.6x10* 1.4x10°
5 2.1x10°  2.9x10° 2.7x10° 3.0x10°
0.5 24x10°  7.3x10*  2.1x10° 2.7x10*
10 1 24x10°  2.7x10° 32x10° 4.3x10*
2.5 29%x10°  2.9x10° 1.3x10° 2.0x10°
5 2.1x10°  2.7x10°  3.1x10° 2.7x10°

2HE 3]ste] MRS iR AN A5 S48
(Table 2). = A3}, GOT SY #1 1-2, GOT SY #5 1-2,
CGK KT #3 2-1, CGK KT #5 1-9, YRK KT #3 1-2,
YRK KT #3 1-3, CCK KT #3 1-2, CCK KT #5 12 %
e 852 2 5¥UAe| A 4.0x10°-2.1x10° CFU/mL
o 2 s BAN, WA 227]¢] RS 5YA}
of 2 olate] HESS HolAY APEsiaith WE xR
2 AF&3 L lactis KCTC 2013 #5% 593t A4
7 9A Vebgttl e YM A oA B AHSE B
¢ FEF 852 Akl YMT wij]of] 283131

H X222l M=
Z7-91 L. lactis KCTC 20133} A A
T 852 YMT wix|ol|A] 797k wijabm dadd
g7se] s IRls A th(Table 3). 2E 04
AFF7F 1.0x10°-2.3x107 CFUMLL & 78 #5
E Ho|A| (UL, R 2R #7F A
g FF GOT SY #1 1-2, CGK KT #3 2-1,
CGK KT #5 19, YRK KT #3 1-2, YRK KT #3 1-3,
CCK KT 3# 12 552 &8 543k &7} 0.15-1.92
log CFU/mL ¥H oA S7ksk A8 18 = ATk &
g 7d Aol Aa57F 8.2x10° -3.0x10° CFU/MLLO. 2,
GOT SY #5 12 #F5 ALg 752 FaLolA] Fh4
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Table 2. Viable cell count of 30 isolates from kimchi grown in
YM medium

Table 3. Viable cell count of eight isolates from kimchi grown
in YMT Medium

Fermentation periods (day, CFU/mL)
0 2 5

Isolates from kimchi

Fermentation periods (day, CFU/mL)
0 2 5 7

Isolates from kimchi

Turmeric (not inoculated) - - -

Lactococcus lactis KCTC 2013 1.6x10° 1.4x10° -
GOT KT #5 1-6 5.1x107 - -
GOT KT #5 1-8 1.4x10°  6.4x107 -
GOT SY #1 1-2 3.3x107  2.7x10° 1.4x10°
GOT SY #3 2-8 7.5%107 - -
GOT SY #3 2-10 6.4x107 - -
GOT SY #5 1-2 1.6x107  1.1x10°  2.8x107
GOT SY #5 1-10 5.3x107 - -
GOT SY #5 2-1 1.7x107  1.3x10° -
CGK KT #3 1-1 6.7x107 - -
CGK KT #1 1-3 4.5x107 - -
CGK KT #1 1-4 2.0x107 - -
CGK KT #3 1-6 7.8x107 - -
CGK KT #3 1-7 6.1x107 - -
CGK KT #3 2-1 9.0x10°  2.0x10%  5.5x10°
CGK KT #3 2-3 7.5x107  4.3x10® -
CGK KT #3 2-3 7.5x107  4.3x10® -
CGK KT #3 2-5 1.8x107  1.9x10® -
CGK KT #3 2-7 1.0x108 1.9x108 -
CGK KT #5 1-9 1.8x107  2.5x10%  2.1x108
CGK SY #3 1-1 5.9x107 - -
YRK KT #1 1-6 2.9x107 - -
YRK KT #1 2-5 2.2x107 - -
YRK KT #3 1-2 4.0x10°  1.9x10°  9.8x107
YRK KT #3 1-3 1.1x107  22x10°  4.9x107
YRK KT #3 1-5 42x107  1.7x10® -
YRK SY #3 1-3 2.1x107  3.5x107

CCK KT #1 1-4 2.7x10¢  2.4x108 -
CCK KT #3 1-2 1.3x107  2.1x108 1.8x108
CCK KT #3 1-6 2.1x107  5.3x108 -
CCK KT #5 1-2 4.0x10°  9.0x10®  4.0x10°

o7 2 AFFE fAskE AE SAAT 5 AT

wods 8 25 Ui 29| eitsts

ABTS radical scavenging capacityS Q1+ A3}, HF
SHA] 22 YMT wiAl & 2 a7]7HE<t 431+0.10 - 4.83+0.03
mg VCE/mLE w& atslsg wejow, wgr|7 79
et bshsol A fashe AES Btk izl
L. lactis KCTC 20135 A5 Ha7t8e] A% 4.69+0.11 -
541+0.16 mg VCE/mL W] JitslsS B 3 THTable
4). AA A Y s7T= wad akshs2
4.81+0.19-6.31+0.32 VCE/mL|At}. #-&]+#52] 7%, CGK
KT #3 2-1, CGK KT #5 1-9 #5=2 3y
0L}l ts}so] 7 =k, 29 el &Atslsol

Lactococcus lactis KCTC 2013 1.0x10° 2.8x10° 6.8x10° 5.5x10°

GOT SY #1 1-2 2.3x107 1.0x107 2.0x10” 3.0x10°
GOT SY #51-2 1.5x107 2.6x10° 1.4x10° 8.2x10"
CGK KT #3 2-1 3.2x10% 1.6x10° 2.5x10° 1.0x10°
CGK KT #51-9 1.3x107 1.7x10° 1.4x107 1.8x10°
YRK KT #3 1-2 1.2x107 3.6x10° 2.1x10° 1.0x10°
YRK KT #3 1-3 8.8x10° 1.4x10° 2.0x10° 1.6x10°
CCK KT #3 1-2 3.0x10% 2.1x10° 1.7x10° 9.7x10°
CCK KT #5 1-2 2.9x10° 2.2x107 2.5%10° 1.0x10°

SO 2 o1F A sk e 2ol wh
o el5t gatElsel S7he wolx Wit webd, Wi

0o 74 =& A4S BAY CGK KT #3 2-1, CGK
KT #5 195 FE3 da2 A9stdth. viHe] CGK
KT #3 2-1, CGK KT #5 1-9 A3t 659 EaaF &
F7(GOT SY #1 1-2, GOT SY #5 1-2, YRK KT #3 1-
2, YRK KT #3 1-3, CCK KT #3 1-2, CCK KT #5 1-2)

NMe Bart YD FE Fikstsol LE 0YAET =
ol L %, GOT SY #1 1-2, YRK KT #3 1-2, YRK
KT #3 1-3, CCK KT #5 128 H=3F wa7tsgvo 29
2ol A 24zt 5.79+£0.16 mg VCE/mL, 5.48+0.06, 5.55+0.21
mg VCE/mL, 5.81+0.04 mg VCE/mLZ 7} £ 3Aits}
TS H33, CCK KT #3 1-2—°— 59ato| A 5.64+0.21 mg
VCE/mLZ 7].74— =2 it §]. EO;\E]‘ O]E. E_gﬂ 7].74—

=& ele S Hol BHadrE Fng g AL g

o1k 4= 21913} ﬁx—i i SF dgs kg 5440 w}

gt zfol7t & ATHE ATE(Kim et al, 2012; Lee &
O

Hong, 2015)2} % S A Bk wiFAX A e
St Lactobacillus plantarum 452 A3 HLﬁﬁ}oﬁ ABTS
2ttjZd &~7%3% DPPH @z &ASS 13 A+
(Jeong et al., 2019)9A4 = H| L EFo|A Ht} @g oA
e AT 848 29oH, ABTS gHZ 27 FHT
DPPH 2}t|Z &750] B £& 45 Btk & A7
ME Jeong 5(2019)F= THEA DPPH gz &A% B
T} ABTS )7 27%50] 1 =& BAHS 18t (data
not shown), ¢]= &g A HLEOMF, waddg, 4% 5
ut A ED 2] Gkl 7] Wi E A7t
"ot artse] ditskse ol o3l Atsto] way
A 745 A o= A Rl Aol wEe
945} AzHged os] S7Hle AR AZFE™(Wu et

. 2016), o5 B3 MEL 7I5AHS IRIT + IS A

P_i di=iRsi=3
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Table 4. ABTS radical scavenging activities of 80% ethanol extract of the turmeric fermented by eight isolates from kimchi
. . Fermentation periods (day, mg VCE/mL)
Isolates from kimchi
0 2 5 7
YMTY (not inoculated) 4.83+0.03% 4.70+0.10 4.33+0.00 4.31+0.10
Lactococcus lactis KCTC 2013 5.41£0.16 5.32+0.26 5.19+0.06 4.69+0.11
GOT SY #1 1-2 5.68+0.12 5.79+0.16 5.74+0.06 4.81+0.19
GOT SY #5 1-2 5.80+0.13 5.44+0.05 5.2740.05 5.86+0.09
CGK KT #3 2-1 6.31+£0.32 5.27+0.06 5.36+0.09 5.41+0.22
CGK KT #5 1-9 6.02+0.40 5.4340.07 5.50+0.03 5.61+0.10
YRK KT #3 1-2 4.94+0.09 5.48+0.06 5.03+0.07 4.85+0.01
YRK KT #3 1-3 4.99+0.00 5.55+0.21 5.124+0.06 4.83+0.05
CCK KT #3 1-2 5.43+0.07 5.41+0.06 5.64+0.21 4.94+0.11
CCK KT #5 1-2 5.3340.07 5.8140.04 5.01+0.05 4.89+0.10
D YMT; 5% yeast extract, 1% maltodextrin, 5% turmeric
9 MeantSD, replicated in three times
Uges @ Mo e Aass FUSsS Selskl a7 W P
T 8% oM way F 7Lkl vt A S| S7ke AV AP HEAN Aeghl o8 f3743
Sobxl GOT SY #5 129 &S Faf Fshse] S7F  #o] S7H7] Ees Yzum, g das g3 7%
BHA] 98 2% (CGK KT #3 2-1, CGK KT #5 1-9)& A 3ro] 71548 A & US o= JgETt
23k GOT SY #1 1-2, YRK KT #3 1-2, YRK KT #3 1-
3, CCK KT #3 1-2, CCK KT #5 12 5 AAEYLF 5 ZtAle| 2
Fo 4% BAE A% FFE AF AUsan B a7
S %ol JUE WES o) Aeeo] BT PUNEE PY ¥ wEE $EATY AFAICHINE PIOI3I403)
A Qe 2R HE adFE AAERYH ZYsdaL, Al o8 o] Feixl e o FAL=EHUT
ol 2% JurEd Agsva Ak
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