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Potential probiotic activity of Lactobacillus brevis SCML 504
isolated from traditional Korean fermented food and the preparation
of ‘Sikhye’ with brown rice

Ji Won Seo, Hee-Jong Yang, Su-Ji Jeong, Myeong Seon Ryu, Do-Youn Jeong*
Microbial Institute for Fermentation Industry (MIFI), Sunchang 56048, Korea
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Abstract

We attempted to screen lactic acid bacteria having probable safety, antibacterial and antioxidant activities and potential
probiotic activity from ‘Meju’, and to improve the functionality of lactic acid-fermented ‘Sikhye’ by producing
it using brown rice. We first selected six strains by measuring safety-related indicators such as their antibacterial
activity against Bacillus cereus, biogenic amine production, hemolytic properties, and production of harmful substances
and enzymes. The antioxidant activity, -glucosidase activity, and probiotic characteristics of the six selected lactic
acid bacteria were measured, and SCML 504 was selected as the final strain to act as a potential starter for manufacturing
‘Sikhye’. SCML 504 was identified as Lactobacillus brevis by 16S rRNA sequencing, and named L. brevis SCML
504 (KCCM 12526P). Finally, we manufactured the lactic acid-fermented ‘Sikhye’ from brown rice using SCML
504, and confirmed the fermentation properties. Functional characterization of the manufactured ‘Sikhye’ indicated
that its DPPH radical scavenging and SOD activities were 66.42 and 69.25%, respectively. Free amino acid analysis
revealed that the content of y-aminobutyric acid was increased about two-fold compared to the pre-fermentation
level. These findings are expected to be useful for the development of traditional Korean beverages with various
functional properties via lactic acid fermentation.
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2 FAEe] e, Wulof nlg] o Qg e
Eo] A Aol & e 2t vk m=gk A,
chl A HER gl Aol fo] gheFo]l E31, y-oryzanol,
y-aminobutyric acid(GABA)2} & thekslt 7|54 20|
ol gHrEo] glon, Fejus sitES v ek
hel kst &4, At 2 AE AR ZRA, Udo—d, 7
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o
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B2t 37CAA & vkt 2 13,000 ppmS 2 1053F 94
w2 = ASYS F3t 0.45 pm syringe filter(Sartorius,

Frankfurt, Germany) 2 A|73t1 6 mme] welldl] z}z}e]
Fe S LotATh 492 30Tl Al 24A17F vl
o & Z42bo] well T B/3E Ak A7) 5 S48t
b=
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Hlo] QA olyle] B2 1,000 mgLe] Hlo] Al ofFl
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MO, US)e] g+ MRS(Difco™) N A =] ol] AE 3t 2kt
s A7 HEska 37C, 24A13F w ek & 2o
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2.5 mL9] ethyl ether(Samchun, Seoul, Korea)a 7Vste] 383k
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Analytik Jena, Jena, Germany)Z 517 nmel|l~] 573+ 3 o}
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s @Y 53

. . . A
DPPH free radical scavenging activity(%) = (1 - E)XIOO

A: Absorbance of DPPH solution with sample at 517 nm
B: Absorbance of DPPH solution without sample at 517 nm
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sttt AlE g dgde = MAH #FE MRS
(lecoTM) A wjR] oA 37T, 24A13F vl ST T A <]
1% slFste TAE 3t BdT=E 33 AlH £
28|o] HFsta 37T P EEeFTh

r\'_EL

FMT LE Mo YRSY 24

AR R Aale] R 54 BAL A 0A17klA
TR 4413t B9 = A 22 B)4ale] fakte] A
F 0 R 9 URE 3Pl 2t fuE
i’-jﬂ /\é;g—% l}z /ﬂ—a—ﬂ 1 ITIL" '140 oﬂ Uﬂ-ﬁL Aga/ﬂoﬂ
w7124} MRS(Difeo™) 117 l<Jo] 2t2F 4|2 100
NLE EWsle] A4S 2tk Wi ARkl BE pH
2 o] Wsh= 22} 3]473 A]RE pH meter(S220, Mettler
Toledo Gmbh, Schwarzenbach, Switzerland)$} HAE G =A|
(ATAGo Co. Ltd., Tokyo, Japan)E ©]-8&3st] S%sIAth

ToT YR Mo RElE X ®RIIL B4

TE AR mE bt TE 259 vﬂ“" fr714ke]
B8 247} 2413 9= 353 AR E 13,000 rpmof|A]
1057 A1 E-2]3baL, 0.45 pm syringe filter(Sartorius) % ©]
} & HPLC(Agilent 1200 series, Agilent Technologies, Santa
Clala, CA, USA)E ol-&3lo] Sttt 42 13 column
< Aminex HPX-87H(300x7.8 mm, Bio-RAD, Hercules, CA,
USA)E AHEst] 435t oM, o] 542 5 mM sulfuric
acid(Sigma-Aldrich, MO, US), %2 0.6 mL/min, H&7]<
DAD detector 210 nm(Agilent Technologies, Santa Clara, CA,
USA)<} RID detector(Agilent Technologies, Santa Clara, CA,
USA)E °]&3te] FA £kt

7T dE A e fElotolit A
Mt 2E A o] TE ARl mE frejobr| itk
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Tokyo, Japan) o]-g-sto] ST 24413 T = 3]
F Mg RS 3000 pmollA] 1027 QAERS 3 21zt S
A 2 mLel| 5% trichloro-acetic acid(TCA, Sigma-Aldrich, MO,
US) 2 mLE H7F8kaL 4TCollA] 1A]13F ¥H-8-A171 & 13,000
pmol| A 1023F YA EEE HAISHA T A 500 pLoll
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ARl 22l
Aol wel AR fArre] 222 g9 ARE ¢
el Ak RN Thda WA o Az vF 100

2]
€ g

of & FHsk] T A RE ARSI e 24
2 W 348ke] MRS 224 vijA] o ksl & Klete
G, A Fo] ol EelF 2005& TElati e, 44
wgo AMEE7] 98 fakt TR a2 283

Bacillus cereusol tist &M &3

B. cereus= B, 87] Tl Hi3le PSR 2FlA
A eg=o] FalE LA AW ek AHE A5l
= TES} A 9] 33E EHATIA "k 2ol At
o] Aiksle 714 vHEle] 04l T3 22 3t S|
]3| BRGlE FallS E3H o7 AAshs Aol 4
AAA kbt 21F f3ln A& digh 3t a3t =8
gk A 84 F U= AAE AL QT Enan 5, 1996). whEbA
olx FHE He|FE gie = I S48 =43 A
B. cereus KOCM 4093591 thated 10 mm o] o] e4S 2t
T 65= 12F A3 o, 58] SCML 504+ 15 mme]
e AY & g7l vlal 255 T B cereus©l|
et B3 7P e 118 tH(Table 1).

Table 1. Biochemical characterization for selected strains

Hio|2H Y ool MMs

dtx o 2 nlo] oAl oyl oju|iAt Pebit A4S
Adete nAE od LR FgelA] A= 2R
AL RER AFEE AT AT FE, FuH], &%
Z& 5ol WASHA Ho] I AE, 53] ghe] dE UE
2 FA 2 Falde]l =dur] AlAsHA ARSI A o2
ilo] Skt sl B9 shuelthSeo 5, 2018). W}
A, LE AFEE = ke vle] oAy ofFl A4 of
= AF AAR A7) 98 dEAR] A B AR
% shvtol™, Lim(2017)ol 2™ fAikto] Aiksts 22
o oJg) vle] Ay oIS Asksh= mlAEo] A =AY
gehit gao] S AAdta Bausta gle, 28 i
Foll AHg3l7] Y3 fAE FH Ao blo] oAy ol
A} A R-E =43 A3} SRCM 1016072 Al &Jstar, ZE
A FFollA] AAATHA AU QA Faflgt o s
o] - 22 o] YA H = AL &5t thTable 1).

feto] =Ae] B g5 A/dsh= a-hemolysis, 218
TE 2 SaiAlA A9 Sk AB/d3H= B-hemolysish

Strain no. SCRM 101584 SCRM 101585 SCRM 101587 SCRM 101603 SCRM 101607  SCML 504
Identification L. plantarum L. plantarum L. plantarum L. brevis L. sakei L. brevis
Antibacterial activity B. cereus
(mm) KCCM 40935 12 11 11 10 11 15
. 2)

Biogenic amine Tyramine 222 ND 3.03 ND 0.88 ND
(mg/L) Histamine NQ" NQ NQ NQ 295.01 ND
Haemolytic activity y-hemolysis y-hemolysis y-hemolysis y-hemolysis y-hemolysis y-hemolysis

Indole ) - - - - -
Phenylpyruvic acid - - - - - -
B-Glucuronidase - - - - +9 -
DPPH radical 23.66£032  28.40:044  2520:037  21.85:031 2123046  23.97+045
scavenging activity (%)
B-Glucosidase activity” + + + + -+ -+

YNot quantified.
INot detected.
egative effect.
Positive effect.
M4+, 1.5-1.9; ++, 1.0-1.4; +, <1.0.
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& =l 2= y-hemolysisZ TEFH, 652
T 25 88do] 2AYsHA| oo}, Park 5(2017)°]

A A 5 25 &8 Aol ik kAol
S-S glsldthTable 1) 3 o +2 22 5 shv
©1 indole®} phenyl-pyruvic acid GA] A¥ TF ZF A4
A Eae Flst o, ZtelA benzopyrene & B-
glucoside WBA 33E7 glucuronic acid ﬂ'L%O]
glucuronic acid conjugate® 535 o] oz HH S
uf o] A3S #o] Fof L UAE AT Fem
H 31 (Nanno 5, 1986)¥ B-glucuronidase2] 7% SRCM
101607 T AT HEE A5, YA 5F] A5 =
d BAE AR Z= RS 2T RIS tHTable 1).

MY 72Fe gikst gd
AR A &4 Ak 2AE B8 AW 4tskA
= k] ke {:’E}jﬂr ‘ﬂa‘%& i 6‘}—% Eigs

alv}(seo =, 2018). w}a‘rﬂi
ok A3l 6F2] FATS o= DPPHel W3l 3
Absl S S A Al fakt 25 20% o] 3]
kst G 2te AS GRSk th(Table 1). o] 2 gt
A= Seo 5(2018)9] Hiro| A fAHE 8F°] 10 - 20%
gatsl 2418 Zhetia Haudk 23 fAR 23S Ho)
At wEbA] Al T 65 BT 940 AAE
2E, ALE G The okl kAl = AL8-E
€ 7Fs/82 gelsllnh. B3k Cho 5(2008)2 Fx
FAHTS o] g3le] FAk whE Al ksl Eado)
5 AxstAtta Basta glof, dn] Bk
e 5 Bell Uy gkl Edo] U1 Alew

e

30, I3 30

le)

fe o oy v oy ot K
e o
21 rSL' 2
rum =

r
_0|L
38
g

B-Glucosidase 4
B-Glucosidaset= F-2Hto] WA= B4 F sh=E )
A e frElr7]e Solde 2a glo] A% A
of theFet ok E&Hm lom, 1 F UFY
isoflavones 14+ 4] m| A E2] B-glucosidaseo] ]}
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Table 2. Enzyme production profiles by API ZYM kit of L. brevis SCML 504

Enzymes SCML 504 Enzymes SCML 504
Control D Acid phosphatase +
Alkaline phospatase - Naphol-AS-BI-phosphohydrolase +
Esterase (C4) + a-Galactosidase +
Esterase lipase (C8) + B-Galactosidase +
Lipase (C14) - B-Galucuronidase +
Leucine arylamidase + a-Galcosidase +
Valine arylamidase + B-Galcosidase +
Cystine arylamidase - N-acetyl-B-galcosaminidase -
Trypsin - a-Mannosidase -
o-Chymotrypsin - a-Fucosidase -
UNegative effect.
'Positive effect.
0 Lactobacillus plantarum NBRC 158917 (NR113338)
Lactobacillus plantarum CIP 1031517 (NR104573)
51

10

0.020

99 ﬂ
1

Lactobacillus plantarum JCM 11497 (AB289253)

Lactobacillus brevis ATCC 148697 (NR044704)
00 SCML 504
82 — Lactobacillus kimchicus JCM15530 T (NR116411)
597 Lactobacillus casei NBRC 158837 (NR11333)
Lactobacillus rhamnosus NBRC 34257 (NR113332)
100 | Lactobacillus paracasei subsp. paracasei ICM 81307 (AP012541)
104 o8 Lactobacillus paracasei R094T (NR025880)
Lactobacillus paracasei subsp. tolerans NBRC 159067 (NR014054)
89 Lactobacillus sakei DSM 200177 (NR042443)
Lactobacillus sakei NBRC 15893T (NR113821)
100 1 Lactobacillus curvatus NBRC 158847 (NR113334)
80" Lactobacillus curvatus DSM 20019T (NR042437)
ﬂissella cibaria 11-1-59T (NR036924)
Weissella koreensis S-5623T (NR029041)

—Leuconostoc mesenteroides NBRC 100496T (NR113912)

Leuconostoc lactis KCTC 3528T (NR040823)

Fig. 2. Phylogenetic tree based on nearly complete 16S rRNA gene sequence of SCML 504.

All sequences used here were from lactic acid bacteria type strain. Lactobacillus species and other related lactic acid bacteria, based on 16S rRNA
sequences. GenBank accession numbers are given in parentheses. The branching pattern was generated by the neighbor-joining method. Bootstrap

values are expressed as percentages of 1,000 replicates.
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Table 3. Comparison of fermentation characteristics according to fermentation time for manufactured brown rice ‘Sikhye’

Fermentation time (h) 0 24 48 72
Viable cell (CFU/mL) 3.8x10’ 4.2x10° 3.0x10° 1.3x10°
pH 6.12 3.92 3.15 3.08
°Brix 8.0 8.0 73 73
DPPH radical scavenging activity (%) 66.42+0.21" 71.19+0.12 75.62+0.35 71.96+0.23
SOD activity (%) 69.25+0.44 73.93+0.36 73.56:0.42 75.91+0.18
Glucose 8,403.07+12.45 6,702.40+112.45 5,369.06:181.44 5,144.23+11.24
Reducin sugar Sucrose 5.99:0.08 5.8620.02 4.80£0.09 4.60+0.04
(mg/L)
Fructose 2,068.12+15.49 1,361.41+8.91 1,180.23+11.24 1,199.15+4.59

YData are expressed as the meantstandard deviation (SD) of three experiments.
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= 2 9T 74 g5 ZAsIAtKTable 4). o] g3t Azt dn| fAkd R 2] A 718
A2 13} Aol SoEA Aol AF 9 Had ok Enlo] 2 WsKe FAW 7154 BAE el GABA

o] A8l 71 ok B ool gl vl S e ] bl 2RE Bo1eled 9 GABAS] 4419 2 5

o th/dol Ha vt 53] faketol thet AKS]A #Hilo] B3 715 e BHo R A E AxXE A, 714

TootHA] o] 5 o] &3k A& 3-8l et A7) Eiddl SHRENE B2 7FedS 2 571 2 Folg A

o|FoiA| 1 = Aotk wEhA E Aol e s TR

A FoZHE e, Piksl 2 Z2vlo]| o S e <

M, 538l B3-S A ¥ Lactobacillus  brevis

SCML 504 w5 ~dE3alglom, o] & o] &3l A w54 2 Ao vF2EE a3 3t &4, kst

22 F ohUR] dnlE o] &gt Akt B E Ve AEE g Z2ulo] QEl A 54 B st V5o &

Axsk7] A AT APsisink. HFH o= SCML 54= & frahtS Adstka, Udﬂl 2ae] Akt HEE B

Table 4. Change of free amino acid content according to fermentation time for manufactured brown rice ‘Sikhye’

Fermentation time (h)

Free amino acid content (mg/L)

0 24 48 72
Urea 6.37+0.12" 6.20+0.09 5.97+0.11 1.4120.01
Aspartic acid 20.54+0.22 19.02+0.32 19.29+0.13 18.73+0.33
Theronine 15.23+0.31 11.49+0.23 10.87+0.15 10.49+0.12
Serine 16.87+0.12 13.23+0.16 13.1720.11 12.630.26
Glutamic acid 24.92+0.21 5.51+0.34 5.39+0.13 5.1520.15
o-Aminoadipic acid 3.94+0.32 6.99+0.33 7.57+0.19 7.1920.19
Glycine 23.29+0.18 31.55+0.15 31.64+0.16 30.640.09
Alanine 28.13+0.17 19.29+0.11 17.2540.15 17.48+0.15
a-Aminobutyric acid 7.50+0.14 1.86+0.14 0.00+0.09 0.00+0.09
Valine 0.00:£0.09 4.38+0.31 4.62+0.26 3.67+0.31
Cysteine 64.21£0.32 54.0240.29 52.60£0.20 51.08+0.18
Cysathionine 11.32+0.42 8.19£0.31 7.63+0.31 7.3740.33
Isoleucine 8.92+0.23 7.77+0.30 7.7540.35 7.48+0.12
Leucine 33.08+0.16 27.04+0.25 26.88+0.11 25.500.16
Tyrosine 17.82+0.11 5.27+0.13 4.7240.15 4.57+0.28
Phenylalanine 27.66:0.23 23.53+0.31 23.28+0.16 22.50+0.12
B-Alanine 2.70+0.15 4.30£0.11 6.10+0.11 4.53+0.32
B-Aminoisobutyric acid 1.67+0.32 0.00£0.09 0.00+0.09 0.0020.09
y-Aminobutyric acid 24.57+0.13 43.13+0.15 44.4120.12 43.15+0.31
Ethanolamine 4.6120.11 4.45+0.10 4.33+0.33 444021
Ammonia 22.34+0.19 25.94+0.31 26.28+0.29 25.5040.15
Orithine 2.41£0.31 15.06+0.20 15.60+0.31 15.2440.33
Lysine 10.75+0.22 11.40+0.19 10.77+0.11 11.000.14

YData are expressed as the meantstandard deviation (SD) of three experiments.
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o, 884, 8l Ak 3 feflaa *M of o} e
oA T X FEE 28l 629 FFE 12 AHE
o 659 A AT S Ut e =R 51"L§]- B-glucosidase
A Ji}j}-o] QEl~ EAS =X ],MJ_ SCML 504 T
S pH 2.0 2704 540 log CFU/MIL, oxgal 1.0% 719
/\1 8.07 log CFU/mL, 80C Z71°l A 7.46 log CFU/mLZ
=2 AEEE B9 o1, CCD-18Co Al EE o] 83 F-2h
5o A+ 92.93%i Eo B wo] A Zzulo] o
g2 540l 7P Fdte] HF FFE A sk 16s
RNA 7|44 'tr"@] S B3l Lactobacillus brevis2 7 %
o] L. brevis SCML 504(KCCM 12526P)= W3tk H3
Ao 2 SCML 5 5= 01—&6‘}04 fakt g dnl A8
£ Al xsto] EE EAS RISt gk Alxg 45
71578 A< 23}, DPPH 2tHZ 22753 SOD 272
66.42%°} 69.25% = =2 ikl AAE zteE RS EQlE)
Aom, frEloln| At #4 A3} y-Aminobutyric acid
(GABA)S] k& g Aol vl&l oF 207} F7falsint.
23 91812 99 /149 Al Wad Aew AR
HAR, B ATE FAEE ol el B 7154 S
2= 37 A% RS ALE A% /1% AR 889
Roz Flue

A

ZAe 2

o] =L 20199 % AR EHHEA T A
° 7 A AEESFTATAIG Q] K¢S wko}
€ <

FHE AFI YT No. 2016M3C1B5907049).

Conflict of interests

The authors declare no potential conflict of interest.

ORCID

Ji Won Seo https://orcid.org/0000-0002-1028-9667
Do-Youn Jeong https://orcid.org/0000-0003-4105-1624

References

Baek CH, Choi JH, Choi HS, Jeong ST, Kim JH, Jeong
YJ, Yeo SH. Quality characteristics of brown rice
Makgeolli produced under differing conditions. Korean
J Microbiol Biotechnol, 41, 168-175 (2013)

Bang JH, Shin HJ, Choi HJ, Kim DW, Ahn CS, Jeong YK,

Joo WH. Probiotic potential of Lactobacillus isolates. J
Life Sci, 22, 251-258 (2012)

Cho KM, Ahn BY, Seo WT. Lactic acid fermentation of
Gamju manufactured using medicinal herb decoction.
Korean J Food Sci Technol, 40, 649-655 (2008)

Cole CB, Fuller R, Carter SM. Effect of probiotic supplements
of Lactobacillus acidophilus and Bifidobacterium
adolescentis 2204 on B-glucosidase and B-glucuronidase
activity in the lower gut of rats associated with a human
faecal flora. Microb Ecol Health Dis, 2, 223-225 (1989)

Enan G, El-Essawy AA, Uyttendaele M, Debevere J.
Antibacterial activity of Lactobacillus plantarum UGI
isolated from dry sausage: Characterization, production
and bactericidal action of plantaricin UGI. Int J Food
Microbiology, 30, 189-215 (1996)

Eom JS, Song J, Choi HS. Protective effects of a novel
probiotic strain of Lactobacillus plantarum JSA22 from
traditional fermented soybean food against infection by
Salmonella enterica serovar Typhimurium. J Microbiol
Biotechnol, 25, 479-497 (2015)

Granato D, Perotti F, Masserey I, Rouvet M, Golliard M,
Servin A, Brassart D. Cell surface-associated lipoteichoic
acid acts as an adhesion factor for attachment of
Lactobacillus  johnsonii Lal to human enterocyte-like
Caco-2 cells. Appl Environ Microbiol, 65, 1071-1077 (1999)

Henriksson A, Khaled AKD, Conway PL. Lactobacillus
colonization of the gastrointestinal tract of mice after
removal of the non-secreting stomach region. Microb Ecol
Health Dis, 11, 96-99 (1999)

Hwang CE, Kim SC, Lee JH, Hong SY, Cho KM. Enhanced
biological effect of fermented soy-powder milk with
Lactobacillus brevis increasing in y-aminobutyric acid and
isoflavone aglycone contents. J Appl Biol Chem, 61,
245-255 (2018)

Jeong MS, Ko JY, Song SB, Lee JS, Jung TW, Yoon YH,
Oh IS, Woo KS. Physiochemical characteristics of Sikhye
(Korean traditional rice beverage) using foxtail millet,
proso millet, and sorghum. J Korean Soc Food Sci Nutr,
43, 1785-1790 (2014)

Jeong SJ, Shin MJ, Jeong SY, Yang HIJ, Jeong DY.
Characteristic analysis and production of short-ripened
Korean traditional soy sauce added with rice bran. J
Korean Soc Food Sci Nutr, 43, 550-556 (2014)

Jeoun KS, Kim Y], Park SI. Preparation and characteristics
of yogurt from milk added with soy milk and brown
rice. Korean J Food Sci Technol, 27, 47-55 (1995)



Manufacturing ‘Sikhye’ with brown rice using Lactobacillus brevis SCML 504 57

Jo SJ, Oh SM, Jang EK, Hwang K, Lee SP. Physiocochemical
properties of carrot juice fermented by Leuconostoc
mesenteroides SM. ] Korean Soc Food Sci Nutr, 37,
210-216 (2008)

Kiers JL, Van Laeken AEA, Rombouts FM, Nout MIR. In
vitro digestibility of Bacillus fermented soya bean. Int
J Food Microbiol, 60, 163-169 (2000)

Kim DJ, Oh SK, Yoon MR, Chun AR, Choi IS, Lee DH,
Lee JS, Yu KW, Kim YK. The change in biological
activities of brown rice and germinated brown rice. J
Korean Soc Food Sci Nutr, 40, 781-789 (2011)

Kim HH, Park GS, Jeon JR. Quality characteristics and
storage properties of Sikhe preparaed with extracts from
Hovenia dulcis Thunb. Korean J Food Cookery Sci, 23,
848-857 (2007)

Kim KY, Kim HG, Song BC, Cha CJ. Screening for
fermentative microorganisms that grow on brown rice
with high amylase and protease activities. Kor J
Microbiol, 42, 160-163 (2006)

Kumar S, Tamura K, Nei M. MEGA3: Integrated software
for molecular evolutionary genetics analysis and sequence
alignment. Briefings Bioinf, 5, 150-163 (2004)

Lee MW, Yi YH. Quality characteristics of Sikhye prepared
with puffed rice powder during saccharification. Korean
J Food Sci Technol, 44, 553-558 (2012)

Lim ES. Incubation conditions affecting biogenic amines
degradation of probiotic lactic acid bacteria. Korean J
Microbiol, 53, 273-285 (2017)

Nanno M, Morotomi M, Takayama H, Kuroshima T, Tanaka
R, Mutai M. Mutagenic activation of biliary metabolites
of benzo(a)pyrene by B-glucuronidase-positive bacteria in
human faeces. J Med Microbiol, 22, 351-355 (1986)

Park HY, Park SK, Kim BG, Ryu DG, Lim ES, Kim YM.
Isolation and characterization of cholesterol-lowering
lactic acid bacteria from Kimchi. Korean J Food Sci
Technol, 49, 377-382 (2017)

Park KB, Oh SH. Production and characterization of GABA
rice yogurt. Food Sci Biotechnol, 14, 518-522 (2005)

Park KY. The nutritional evaluation and antimutagenic and
anticancer effects of Kimchi. J Korean Soc Food Nutr,
24, 169-182 (1995)

Park NY, Lee SH. Fermentative characteristics of yogurt using
lactic acid bacteria isolated from Korean traditional
fermented food. Korean J Food Preserv, 24, 707-713 (2017)

Park SI. Application of green tea powder for Sikhe
preparation. Korean J Food Nutr, 19, 227-233 (2006)

Ryu MS, Yang HJ, Jeong SJ, Seo JW, Ha G, Jeong SY,
Jeong DY. Characteristic study and optimization of
culture conditions for Bacillus amyloliquefaciens SRCM
100731 as probiotic resource for companion animal.
Korean J Microbiol, 54, 384-397 (2018)

Ryu MS, Yang HJ, Kim JW, Jeong SJ, Jeong SY, Eom JS,
Jeong DY. Potential probiotics activity of Bacillus spp.
from traditional soybean pastes and fermentation
characteristics of Cheonggukjang. Korean J Food Preserv,
24, 1168-1179 (2017)

Saavedra J, Abi-Hanna MA, Moore N, Yolken RH. Long-
term consumption of infant formulas containing live
probiotic bacteria: Tolerance and safety. Am J Clin Nutr,
79, 261-267 (2004)

Seo JH, Lee H. Characteristics and immunomodulating
activity of lactic acid bacteria for the potential probiotics.
Korean J Food Sci Technol, 39, 681-687 (2007)

Seo JW, Yang HJ, Jeong SJ, Ryu MS, Ha G, Jeong SY,
Jeong DY. Characterization of Lactobacillus brevis
SCML 432 isolated from Meju in Sunchang and optimi-
zation of its culture conditions by statistical methods.
Korean J Food Preserv, 25, 397-410 (2018)

Shin JY, Shin JH, Kang MJ, Choi MH, Park HR, Choi JS,
Bae WY, Seo WT. Physicochemical characteristics of
lactic acid fermented Seomaeyaksuk (Artemisia argyi H)
Sikhye added with different addition ratio of MSG. Korean
J Food Preserv, 24, 254-265 (2017)

Shin MS, Kim HM, Kim GT, Huh CS, Bae HS, Baek YJ.
Selection and characteristics of Lactobacillus acidophilus
isolated from Korean faces. Korean J Food Sci Technol,
31, 495-501 (1999)

Song KJ, Hwang ES. Quality characteristics and antioxidant
activities of Sikhey added with Artemisia capillaris extracts.
J Korean Soc Food Sci Nutr, 45, 1630-1637 (2016)

Takasuga T, Senthilkumar K, Takemori H, Ohi E, Tsuji H,
Nagayama J. Impact of fermented brown rice with
Aspergillus oryzae (Febra) intake and concentration of
polybrominated diphenylethers (PBDEs) in blood of
humans from Japan. Chemosphere, 57, 795-811 (2004)

Yang HJ, Jeong SJ, Jeong SY, Ryu MS, Jeong DY. Isolation
of biogenic amine non-producing Lactobacillus brevis
SBBO07 and its potential probiotic properties. J Life Sci,
28, 68-77 (2018)

Yang SO, Chang PS, Back BK, Hong SD, Lee JH. Changes
of isoflavone distribution in soybeans using almond
powder. Korean J Food Sci Technol, 39, 231-236 (2007)



