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The purpose of this study is to investigate the antioxidative and
antimicrobial activities of sourdough fermented with the lactic
acid bacteria (LAB) isolated from sliced radish kimchi.
According to 16S rRNA gene sequence analysis, the isolated
lactic acid bacteria were categorized as Leuconostoc dextranicum
SRKO03, Lactobacillus brevis SRK15, Pediococcus halophilus
SRK22, Lactobacillus acidophilus SRK30, Lactobacillus plantarum
SRK38, Leuconostoc citreum SRK 42, and Lactobacillus
delbrueckii SRK60 with sequence similarity of 99%. After
fermentation with L. dextranicum SRKO3, L. acidophilus
SRK30, L. plantarum SRK38 or L. delbrueckii SRK60 and
Saccharomyces cerevisiae KCTC 7246 at 30°C for 24 h LAB
and yeast in sourdough were present at levels of 10° and 107
CFU/g, respectively. In particular, the titratable acidity and
ethanol and exopolysaccharide contents of sourdough fermented
with L. dextranicum SRKO03 were also significantly (P < 0.05)
higher than those of sourdough fermented with L. acidophilus
SRK30, L. plantarum SRK38, or L. delbrueckii SRK60. The
sourdough fermented with L. dextranicum SRKO3 and L.
acidophilus SRK30 showed not only good DPPH radical-
scavenging capacity but anti-lipid peroxidation activity. In
addition, the viable counts of Bacillus cereus ATCC 11778 and
Staphylococcus aureus ATCC 6538 in sourdough during

*For correspondence. E-mail: limsm020@tu.ac.kr;
Tel.: +82-51-629-1714; Fax: +82-51-629-1709

storage for 5 days at 25°C were significantly (P < 0.05) lower
than those of pathogenic bacteria in the control group due to the
organic acids and bacteriocin produced by L. acidophilus
SRK30 strain.

Keywords: antibacterial activity, antioxidant, exopolysaccharide,
lactic acid bacteria, sourdough
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o]tHGobbetti, 1998). AFJ5-$- ¥ of Frojaliz

At © 2= Lactobacillus sp., Leuconostoc sp., Pediococcus

hY

sp., Streptococcus sp. 50| 1o, X|ZLoll&= Lactobacillus
sanfranciscencis 7} AP =9 U] -85S 2R3 QItkal HaL
= v} 131, Lactobacillus plantarum™} Lactobacillus fermentum
T AP A2 B oA 58] e = whEE0 | HH(Robert ef
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al.,2006; Weckx et al., 2010). $+H, & & 2= Saccharomyces
exiguous, Torulopsis holmii, Candida krusei, Pichia norvegensis
9 Hansenula anomala 5-°] 2 £ttt R %7 QI
(Saeed et al., 2014).

AL - ell - fAE F oy o 5 wof g
5l T efotA|(phytase)+= o} <, A, Zgat 2227} o]
ZA3A)7]= 7] EANphytic acid) 2] S 21 4]
ol £0] A7) o] 458 Ealt). fAke] Tl
Aol ojal W T S T bialeho s o et 51
7HA 71 o) Akt O] F5, WA AT E =92 pHol
SRS WK Ho @ W g7 9t Thiele ef al, 2002). 3],
Lactobacillus brevis linderi, L. sanfransicencis 2 L. plantarum
52 AW 31gkE(aliphatic), T 712 2-A)(dicarboxylic) ¥ 3]
EE 4 (hydroxyl) opw|=Abe] QFE& S7HAIA AW o] 85 =
1t Gobbetti et al., 1995). TE§F-GAMFI} G W= Thal 2] 9l X
B ol ma o] 2o g 3] 2]l ofAlE|o| E, ok,
olA|E, oPHIEYY|S] =, 3-methyl-1-butanol, 2-phenylethanol
S} 240 37 B WASITHKockové er al., 2011).

AR A2 YR T AR 9 WE2 R
(B-glucan), &2 Z &% (polyfructan), AU 2 (xylose) 4
oFebu] .2 (arabinose) 0] WA ThekR Fol 2
o Qlck W 14 % AE-L HEH 0 2 el v, o
MR th Aol H2 Agah Wolu Busles
UAE X(nystose), A E 2 (kestose) L 7|EF T ELS 1
H(fructooligosaccharide) & 3351 o] &2 Za|Hlo] L E
(prebiotic) A0 2 2 aFe ] QIti(Van Loo et al., 1999). 3
ejulo] 28 A el| 745l BRF W ks 2ol el
A 77 7% WA 3HE e Zzuto] 2 Bl probiotic)
fakRo] FA& H5He A0R I YeiA SlrkModer,
1994). AlT}7} L. sanfranciscensis “5-2] Q5 G-AHFS A 3E €]
thg-F(exopolysaccharide, EPS)E AJAFSHO 24 AL = 2-9]
TRk 5 kS 571171 T o)tz BAAk A7 S el
of R, A, 227 9 18} A2 5 o] B4 PAo] =
< Z#thKLeory and De Vuyst, 2004; Polak-Berecka et al.,
2013).

ER ikt B Zeliste] f714L, olikeheka, ofghE,
WAkSlp A, Tt d, I &4, vhE 2] 24l A
(reutericyclin), A WA 9 H'd 2 E XK phenyllactic acid) 52
2% A2 AS AATRO 2N B3] F413} 2 (rope) B
3 AA| T W] A S FAI7]=l BatA o] th(Valerio
etal.,2008). 53] 24k T2 24D GA G2 A S A

A& AaA7]aL ded vheol e F83 A -5 Fri(Saeed

A

olr

_id

[o

T

et al., 2014). ArR =4 B2 H Lactobacillus pentosus
IMFSS: utele] @ A1S AAKste] i TAS LS,
Lactococcus lactis subsp. lactis M300] 2y AFSE BHe)| 2] @ Al %
A= ol A 8t Gt AHEFS YERJQIctal Bl
S TH Coresetti ef al., 2004).

wted] B oAl o wh )
ZVE7| 25 E et AR F 45k
£$ W] o] g3} 2 ofafat =
3t eg 9l gatEd Aol whE A B7HE Akt

s,

Ak 22| i & S

SRR AT A R30S FRH O Hto] AN
oH(phosphate buffer saline, PBS, pH 7.0) 270 ml&- 7}5}2L W
& AE(GM)E o] gato] oF257 FABHEE A AR
fHoz sl Aoz 34 N 1 ml= 1% (W/v)
CaCOs0] A7} Lactobacilli MRS agar (Difco) 3 T} 2] o]
L=t 2 37°Cof| A 48 A7 5-QF vl oF st it =t o) &
45t S AT A5 FARF O 2 71H55F] MRS agar %
x| ol A HFOo = ] shar Al wijFsk ek A
B AFF-2 API 50 CHL kit (bioMérieux Co.)E o|-85}o] &
052 Z AT I3 DNA extraction kit (Qiagen) 2 Al
4kt 2] DNAS & A A|$E oh3 27F (5'-AGAGTTT
GATCCTGGCTCAG-3")¢} 1492R (5-GGTTACCTTGTTA
CGACTT-3") primerS A}83}0] Z351a A A29ES(polymerase
chain reaction, PCR) 2.2 DNAE 5ZA] 7] 31 DNA sequencer
(ABI Prism® 3730 Avant Genetic Analyzer, Applied Biosystems)

2§47 94714 DL BAlsto] Hstalrt.

e gl i

MHES HIE

Choi 5(2012) 9] {HH S AR M 5}o] A =95 A 2513
t} AR §-AHMRS broth, 37°C, 24 A1 73} Korean Collec-
tion for Type Cultures (KCTC) 2 €] 2ok °kS Saccharomyces
cerevisiae KCTC 7246 (YM broth, 30°C, 24 A 7H & Z+2} %] A
o] ol A u gt - AAEE(7,000 x g, 1042, 4°C) 5o =2
= A|32+=PBS (pH 7.0) 2 23] A 2{sto] ZH|skqith ghd d
7}2(BackSul, 725 S5 10.5%, Zh 16.7%, A1}
0.9%, Z3]5 1.5%) 380 g, B210g, 22 53¢ 2 Agt112g
o] 33H=9]| PBS (pH 7.0)°ll &S -41#(1.0 x 10° CFU/g)
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I F1(1.0 x 10* CFU/g) S 212} 5 ¢ HEstal W ohe oF 55
7+ RE=571(HM3000, Brown)§ o] g3l AL Yr= &
sttt Sgkeh k2 F et 3k vlo] 7 o] "obA 25 30°C,
AT 80% BFol| A] 24 X| 7F 0L HHE A A AL w02 A %
aH9lc}. o|u] GAAT} EH HjoFolS <19 A o7 FEs] ]
oryl 98 Thgko 2 WhE A7 A =02 o 2R ARLa)
A

ARI=S L OPEs & CARME & JF

g 28 235 A2 10 g F-7-2 0 2 2133 T PBS (pH
7.0) 90 mle} E3tslal FAESE ohS At A7 A
ARSI steich Bolet £10] FAE Ale] Sl
cycloheximide (Merck) 10 ppm 2 %] 7}3F MRS agar 3 THulj X
ofl % 37°C, 48 AI7F jofsto] A& o] ERJohe A
5 =A3519ith B A A S A5E Al 2 2982 10% tartaric
acid& 3713} Potato Dextrose Agar (Difco) Aol 4] 25°C, 48
ARE Hogetel B8 48 SR AR 10 g SRS
90 m1&} &3} #2315t & pH meter (Fisher Scientific) S ©]-&
sto] pHE S745F3ItE AHe= Al 7 (10 g)ol 558 /7T
7}3}AL 1% (w/v) phenolphthalein-g 3 716t t}2- 0.1 N NaOH
8O0z A sle] Anjerg 24T F AL AE (%)= (0.1
N NaOH 2-H|F x 0.1 N NaOH 217} x 0.9)/ A| &9 s}t

AL =2 ] of|gl-&- §Fef-2 Paramithiotis $(2005)2] B
2 AR wgste] BAshelTh 2, AIR(10 g1 25 mM PBS

4°COo| A 2417 51T 150 rpmE =2
aRkeReTt FErl 2141 21(20,000 < g, 104, 4°C)5toq
A& A58 50 ul perchloric acid (70%, v/v)2 &35t &
4oCof| A 24 A 7F 2] BEAL R Tl A S A A SE7 ] ffsf A
AE2](12,000 x g, 604, 4°C)sA] -2 A5 H2 0.22 um
syringe filter2 o3} A3}k A& €M 20 pl)-& high-
pressure liquid chromatography (HPLC)9] o]-& wu3l ¥
(Aminex HPX-87 H, 300 x 7.8 mm, Bio-Rad Life Science
Group) 2= 35°Co|A] o] 5AH5 mM H,S0,) 2] 745
9] %7 3}o] A refractive index detector 2 241 8}11 3-8
o) A 0 2R E ere Tt 3ks 2t AL
© 1} EPSTFF 242 Choi 5(2012) 9] Hh] o] wje} 24319
O AR AR F3| 9ufjo] Aok ZRE Thstol
4°Co) M 2A17H 2L AR50 pm)A| 7 -84 EPS & 25
1 QA1EZ](20,000 x g, 1045, 4°C) 3}SIch AAS5-H2
31 4% trichloroacetic acidS 715}l 4°Co| A 2 A1 7t vl oF3}%
th. A42](20,000 * g, 1042, 4°C)sto] FH &2 AlA sk
e N o] 2ufo] FTl=95% WL S F7ske] 4°Coll A

2= (.5 ml/min

;
ot
)

&3l Al A|s3d Al3E

15AIZE HHO%}%‘;E} AAEE](20,000 x g, 105, 4°C)3}o] =t

ol 8141713 4°CO A 8417 B9F 55
= Yol Al E=A(molecular weight cut-off 12,000 Da; Sigma-
Aldrich)3}a1 W o2 52 A5 A E| 2 EPS 5 X5 phenol-

sulphuric acid 2 =335} t}.

A E-9] F4abst 242 Coda 5(2012) 2] HH-E U+
HFsto] ST A ARE=(10 g)of] 50 mM Tris-HCI
(pH 8.8, 30 mI)E 7|5} 4°Cof| A 1 A| 7 5-oF kst & 914
=21(20,000 x g, 2042) 8t D& AFGH (8 B84 ==
L&, water/salt-soluble extract, WSE)& 524 A X33 A|&2 Y
HE}o] = 9] 35 %= += o-phtaldialdehyde (OPA) B (Church et
al., 1983)0] we} 2 akgick.

WSES] 2he]2k A7) 242 9Ja) Al 2.0] Fefo] = 5 |
mg/ml7} 5= 2 510 0.1 M PBS (pH 7.0)0]) -85k A 2(2
ml)= 95% k5180 3% 0.1 mM DPPH (1,1-diphenyl-2-
picryl hydrazyl, 2 ml) S 71501 10327t 218 S0k - /4-2-0f| 4]
3027 HA|B1ITE A= -89 SF=(UV-1601, SHIMAZU)
£-517 nmoj| 4] 243}ar 2]z A75(% = [(blank absorbance —
sample absorbance) / blank absorbance])2 A4} th

s, B2 A% A E(1 )= 0.1 MPBS (pH 7.0, | ml)&
Faligt & FrdEEol aA17l 50 mM Z]=E 4 linoleic

= A7rekdeh A -5 ©ebs] 9z 60°C, S
A7F bAoA wjoFslith Ahl A== ferric thiocyanate
value & Z&3}7] 913 AlZ(100 W)= 75% (viv) L3847
ml), 30% (w/v) E] © A]oFARRF R 5(0.1 ml), 1 M HCIo] -3} A]
710.02 M 514 2 2(0.1 ml) T+ T35} 35 3500 nmoj 4]
A= =759 ] Butylated hydroxytoluene (BHT)Z} a-
tocopherol (1 mg/ml)-2 ht]Z 275 U §-A] AHEALs) o 4|
e LT EETERETY

12 =

ol
ol
1

=2
/\}% - W AR AR SHEE Alfonzo 5(2013) 9] B
S| ko] A (1 g)of| 15.5 M nitric acid (100 pl)<}
1 M sulfuric acid (2 ml)E 7}3F t}-2 QA1 E.2)(14,000 x g,
30 1, 4°C)5to] TR S AR HA T 245k a2 o 7 A
210.22 um membrane filter) 3+ $- HPLC 2] Aminex HPX-87 H
(300 x 7.8 mm) A& 0 2 2% 60°C, 0] EAHS mM H,SO4) &
4>(0.7 ml/min, 210 nmoj| 4] UV detector 2 415} 11 3F 580
of AL o] g 3fo] GAkT 24 BRL A,
wjee] 241 e 272 $19) Settanni ‘5(2003)e] whek A1)

0!
1

o

X
=
0.0
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E9(10 g)ofl Ft=2 2] AAdE 18510 40% acetonitrite-
0.1% (v/v) trifluoroacetic acid (90 ml) & 7}3t & 2F2 27+ 3
SRt g AAEE1(15,000 x g, 1042, 4°C) SH3tE Wdeas 5
A AZA T T2 50% (v/v) &Z-2(4 ml)of| &3 A A Bacillus
cereus ATCC 117782} Staphylococcus aureus ATCC 65389
i3t 3}t 3-8 microplate well assay (Hole et al., 1991)o]) wh
2} =43}k B. cereus ATCC 117783} S. aureus ATCC
6538-2 Brain Heart Infusion (BHI) broth (Difco)o] 4 Z£31 %
37°CollA 24 A17F v oFst QAT wl ok olS 4=](7,000 x g,
1042, 4°C)sto] A5 3]4=3FaL PBS (pH 7.0) 2 23] A 23t

2 1.0 x 10° CFU/ml2 2A3}9Ic}. Microtiter plate (BD
Falcon) 2] well o] H++% BHI broth (900 ul), Bacillus sp. A| 3
HAEFA(S0 ul) B 17264 4] A 2 & 2 5|43} gt 2(50 ul)
= 7FeE - 37°Cof| A 12A17F gt 3 580 nm ol A 3 =S
S5tk Fat=d A PBS (pH 7.0)E A =3t tl 24 &
Thw9] 50% o] 512 Lekl A/ SlAjuse] g F/atof
arbitrary units (AU) 2 YeRJ it ghg|g| oAl & 11y £
of| AME-gF rat-gof o3t hat /g0l ERIEH o] & ujAIsH
ek

XEY gt

BHI brotho| B. cereus ATCC 117783} S. aureus ATCC
65383 HE3 F37°CoAA 244171 wto] e wofel g
UAIEE](7,000 x g, 10, 4°C)3}3ch N ZE 3]<=5}31 PBS
(pH 7.0)2 23] A3 t}2 1.0 x 10° CFU/mlo]| 9h3= |32 &
(S @) AR =S f & HEE ol (1 91H o= HEst
of WA R AF0}25°CA A7 ARE T AR U BE
SHe B2 ZAHATE AFIES A (10 g)o] PBS (pH 7.0,
90 mi)E 7Feko] FYBket The 4171 84 A= g9l B
cereus+— Mannitol Egg Yolk Polymyxin (MYP) agar (Difco),

S. aureus+= Staphylococcus 110 medium (Difco)A}ol| 4 37°C,
48217 e esto] S 2B

SAXE

DEAYL FEHER 717133 AASH 5 dojl AR
+ XFHAFZ YEF It} Statistical Package for Social

Science (SPSS) 2 13 9] Q1 n)| %] EA4 54 (one-way ANOVA)

& ol g5}0] ARTE] §01 4 20| 2 oI55 P <0.05 Bl

4] Tukey’s multiple range testE 53l 5314

257|128 F2lE Rt S8

SAE 7| 2R At o R A= ot el
)5} 5 API 50 CHL kit 0] 2-5}0] o Hajis-2 31015} 16S
rRNA F-742F G714 B34 S3ll 5743 2= Table 1324+
2t} 5 28% Z-oll A MRS broth A}l 4] 37°C, 24 A7} w5107
CFU/ml o|A}e] #4of dsfe] =4 & 71 w211, MRS
agar FHHfA] Aol A A2 o FEjet 279 HEks FAs)
L7285 sttt o 2ells-S 35 SRKO03, SRK 15, SRK22,
SRK30, SRK38, SRK42 9 SRK60= Z}Z} Leuconostoc
dextranicum (99.0%), L. brevis (99.5%), Pediococcus halophilus
(98.7%), L. acidophilus (99.2%), Lactobacillus pentosus (97.0%),
Leuconostoc mesenteroides (95.2%) X Lactobacillus delbrueckii
(99.0%) = &7 = At 7, 16S rRNA 392 A7) A G4
< %3J) SRK03, SRK15, SRK22, SRK30 ¥ SRK60 o5+
F 251 55 34T L, SRK38-S L. plantarum
(99.9%) X SRK42= Leuconostoc citreium (99.9%) = Z21 =]}
t}. whebA AE 759 = FE L. dextranicum SRKO3,

Table 1. Identification of lactic acid bacteria isolated from sliced radish kimchi by API 50 CHL kit and 16S rRNA gene sequencing

Sugar utilization 16S rRNA gene sequence
Strain Species affiliation Confidence Related strain in NCBI Similarity Identification
(%) (Accession No.) (%)
SRKO03  Leuconostoc dextranicum 99.0 Leuconostoc dextranicum LH6 (KT719225) 99.9 Leuconostoc dextranicum SRK03
SRK15  Lactobacillus brevis 99.5 Lactobacillus brevis LM17 (KY643651) 99.8 Lactobacillus brevis SRK15
SRK22  Pediococcus halophilus 98.7 Pediococcus halophilus KL33 (KJ699142) 99.5 Pediococcus halophilus SRK22
SRK30 Lactobacillus acidophilus 99.2 Lactobacillus acidophilus MS1 (KP987308) 99.9 Lactobacillus acidophilus SRK30
SRK38  Lactobacillus pentosus 97.0 Lactobacillus plantarum SLC21 (KX943327) 99.9 Lactobacillus plantarum SRK38
SRK42  Leuconostoc mesenteroides 95.2 Leuconostoc citreum FT671 (KM207810) 99.0 Leuconostoc citreum SRK 42
SRK60  Lactobacillus delbrueckii 99.0 Lactobacillus delbrueckii KT1 (KC404974) 99.7 Lactobacillus delbrueckii SRK60

Korean Journal of Microbiology, Vol. 53, No. 3
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L. brevis SRK15, P.halophilus SRK22, L. acidophilus SRK30,
L. plantarum SRK38, L. citreum SRK 42, L. delbrueckii SRK60
o2 yrgsiich
HA AR W Folle Alat, AR B 5730] 5 ot udE
o] ofst] 53] Ao e ¥ fAktC 2= Leuconostoc
mesenteroides, L. dextrancium, L. citreum, L. brevis, L. fermentum,
L. plantarum, Pediococcus pentosaceus X Enterococcus faecalis
5ol Ao 22 AN 7] AL Fu| ol = Fadt g
Fobar B % H) 9l+=d|(Cheigh and Park, 1994) o]= £
FollA] AR ZHE7 o) 4 HelEl 2t A o) LAlehe A
2 gl qitt. SH| 2 & At hetero-fermentative LAB)
2ol S T 4% 24K o4kEiRks W gk o
ol 7]k o) kel AR o] 44 2
ik BAL 9 Srolshut, £4717t0]
F(homo fermentative LAB)1} & 9] =
F1N7F AStE = A o2 4 A ¢l=dl(Cheigh and
SR A7 A=zl sl
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91 t(Scott and Sullivan, 2008). £3],
a5 A U7 HE S AT 4 ol A
Lolle fAtS o &Rt 2 At EE A
3o} 15} 2 ofAE Bnk bt g F 5,
= SRR, HIEH, a4 52 AARRe B o]
715 o] A7) ol Frhe A7 ATHE SIr(Saced ef dl,
2014).

AP A| AR TR AFIA) ShE A ST A
B 9 AEAE 1010° CFU/ge] o] 2Lk, W 714
ol P E FFet p7EHStsto] 45 A Aok ThgRt
50} §AkEE 0] 47 AU 02 ZTbETE A ) 4
AbRo] FRE W A, Yol s et et

ft
o

r
e 4
il
i Jo
I
o rlo

i
nL ME
L
>
>y
1©

)

|

P
oy
=)
oX,
R

fe
e
i)
of oL
ol oo

& WNE T G ol &5 LA &
Sh AT FF/dwe] 3 Y o] 8520 ehstar 21
H3}o] s A = 215 ¥
gt fARESo] SR AR =S i B0 AN O
A% 71 A%,
E(whole grain), A-G-2 o] ZX5AY Z28 Z2(gluten-free)
A& 22303 sk A, BB 7L F71E 9
A0 8E Ao}l = = Ao = AHA QUthArendt er
al., 2007). A =04 He] ¥l ikt 500] F oo R
ChFRE Akt o] 8-5 AL gl o o] 59 §-835F A eje/d o]
o] FA el 715k Ao 2 e A Qlo] & dAtollA
=

ox
o,
)
o
o
3

A= W 2E odEs

SRS A QT A7) STl AN AR
& el WA A= ]
AV, O k& 91 EPS A14JeRS 27 231 Table 29} ek,
=7 ol A8l Ak A= 212F4.4+0.6 % 101
CFU/g 9 3.6+2.1 x 10° CFU/g 0.2 Ve O, L. dextranicum
SRKO03, L. acidophilus SRK30, L. plantarum SRK38 & L.
delbreckii SRK60 2] 9-AF4==10° CFU/g o] Ato]glo L), L.
brevis SRK15, P. halophilus SRK22 9 L. citreum SRK42 2] -5
A4 10° CFU/g o] A2 213191tk SRK22E A 9]t 71
9]0] BANFTLS. cerevisiael] T3k A] RS 107 CFU/g
ol S EI ). 0] pHe} FAHEL 747 5.84 £ 0.5,
0.27+0.05%21 RFH, Al 2% AM=9-0] pH 1 $1:=4.21 £0.11~
4.96+0.150]31 AL 2] FH9]=0.42+0.04~1.00+£0.130.2
ZAE|o] AL S U] SAREGT] W E4-2 pHiz WL, 4t
T =7 yebgth EE8 AR L dextranicum
SRKO3 (1.10 £ 10 gkg), L. brevis SRK15 (0.94 = 0.09 g/kg) 2!
L. citreum SRK 42 (1.23 + 15 g/kg)2 ) 2L R T} -q-o]ghtst 4=~
Fo] ofehe-2 A A S, S0 34kl SRK22, SRK30,
SRK38 % SRK60- ofleh&2 A/dskA] aFqteh. djz+to]
EPS 9H-2 fAES HEto] WAl A= W EPS 3
FHO-FJ5HA F-& 4=0] 2l 2™, SRK03 (26.0+ 0.8 g/kg),
SRK30 (25.4 + 1.4 g/kg) 9 SRK60 (20.5 + 1.9 g/kg) & T} &
Aol s 04 e oFo) EPSE A4St eich

AP =S W A= 10° CFU/g o4 AR5t 2
A Ea2etE, WA 9 A4 IRt kS Wt
WA QIAR= AR E=9-0] B84 gl m] g E8h2] S/ A

ik

Fe T A QA a2 Y Alslekd 9ol
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of =2 AAE = Ao R dHA glon ofQo= ~EeHd CF W fARF SR = B A RS FaL A A sk 34
T, g X7 28 9] oF g1 E Hha AR Fo o 0] SAE AAISHAL = Qs AP BAAFS T =
2} Akl Zpo| 7L ek WA vt AYE = AR st 5= ghalof tisff v E A2 g o] M EE2 44
T olHA HEm A WA S L HH o T4 Z|Q1 4] ofl A9l 2 1otk Gerekovaer al., 2011). , A
AJAet= Aoz HirkE Bl Ql=t|(De Vuyst and Neysens, A= W m =S FAE T AR O] thARA] AT 2180 o] 5]
2005) ¥ A Aifof A e 2T Q191 07 AEEE SHYE BAE /g5, AP =S Akt o] AeketA W Ay
94l AN AR R A T TR S S ) S, LAY, ot
7 HEE o Akt thebA] fARE R 3R] Al 9 FFetA E4(hh), Rk R, I EAR 7RSO
ol ZFol 7} ATt & ASEo) th 2t AR ol A E2l o] 2tk 53], A9 Al 2= FlH 2 Aol Trg—ﬂtﬂ
ikt AR S SR QAL 7] Aot Aattol] ofshH ol fHAb o] Qlefl 2ARS BARFO B A 2F AlFo] 553
Aol A 71 &5 WA = Akt Lactobacillus sp. A9t FofshA| = AL 1] EAF Eal & (T BfolA], phytase) &
0]l Leuconostoc sp., Weissella sp. 2 Pediococccus sp. S-0) AT A 0] 8T 4= = FFE] &S 7K Ak
919 1 lactococci, enterococci W streptococei 5= EEA| 2 7} AR O3t AFY =9 W = S o] #H EAK(pentosan)
Atk 4 A ek $3F AR 2= Saccharomyces sp., O] Gl FAokAL =] it H{ES AT
Candida sp., Pichia sp. ¥ Hansenula sp. 50|, -89 7, Al o] Tl 2] Baj| g A o] o]&) WrtE el 28 Bl w11 3]
g 25, AP e AR 2% Fof| Pk ol AR SRV} U Wk Sk U R 2 o] A A AR H of= 7|
cheFstetar &ef A QIeH(De Vuyst and Neysens, 2005). AL B2 E AX = et T2 S By AR 7
De Vuyst@} Neysens (2005)0]] T=H, A =9 a 50 o 9 Rtd =4 D EPS A4t 212 3 A1 E Sl W
9

IS R R
AR oA, a2, pH ¥
HHAE FARITEIL ST Attt Bk o] 29t vl
OB AP = utF A] F W= ofu| AL HElo] = Wl vlEly]
& QAT o5 ikl o §o R AR AN Z
Sk wheba] AR =S 2 Sof 2253k S Ak

B0l 100:1 xolu, o) uj 2L
R EL PR

A A= 1}
= 2EE R o] §5hs AR it aRo| S Hlj R
o] Fu|of JFsHA Sl A s anE Uehfa 7] Ee

0] 958 FRAFA] 7| 31 | BT O] ARG A2 ZA T4k 9]

Neysens, 2005).
Ventimiglia 5(2015)2 219j& o2 -ﬁ-@—?ﬁ HE351A] &
& o] APSIES ol A 715 AR HheF B AT

o 1.62+0.01 Log CFU/g, 21 A]7F ok 61 =2.99 + 0.00 Log
CFU/g©. 2 UEH=d] 3 0]tz U] e i Whe 2

Zo0|Q]tt. 3t L. planatrum PON1001483}- L. sanfranciscensis
LMGIMO8 3 sl o) A HHIE4 oA
8.71+0.03 Log CFU/g®| GAkt27} A% 5 oirh ot ofo] 2 ol

Table 2. Microbiological and physicochemical properties of sourdough fermented with lactic acid bacteria isolated from sliced radish kimchi

Strain Z:]‘t;l: cell counts (Ci;/sgtl)3 ol T(;tce:ldtii;rzz;:t;le E(tg}}i:)ﬂ EPS (g/kg)
Control 44£06x10"  36+21x10®  584+£025  027+0.05 0.43 +0.08° 54+1.1°
Leuconostoc dextranicum SRK03 2.4+ 1.0 x 10% 24+1.7%10% 4.72 +0.09° 0.62 +0.04° 1.10 £ 0.10% 26.0+0.8¢
Lactobacillus brevis SRK15 64+17x10%  41+£12x10°  485+0.08 0.52+0.05*  0.94+0.09° 10.4 +3.0%
Pediococcus halophilus SRK22 4.6+0.7 % 10%® 1L1+£35x10%  495+0.12° 0.48 + 0.05 ND 123+2.9°
Lactobacillus acidophilus SRK30 33£1.0x10  66+£13x10™  467+0.11° 0.61+0.07° ND 254+ 14
Lactobacillus plantarum SRK38 67+15x10°  47+33x10™  4.64+0.14"  0.65+0.07 ND 187+2.5°
Leuconostoc citreum SRK 42 82+ 1.4x10%  53+6.1x10™  4.96+0.15° 0.42+0.04®  123+0.15° 15.5+1.5"
Lactobacillus delbrueckii SRK60 53+12x10% 33+55x10°  421+0.11° 1.00 +0.13¢ ND 20.5+1.9%

ABSourdough was prepared by inoculating lactobacillus (1.0 x 10° CFU/g) and yeast (1.0 x 10* CFU/g) into a mixture of wheat flour and other ingredients and then fermenting
at 30°C for 24 h. After fermentation, the viable cell counts of LAB and yeast in sourdough counts were measured by pour plate method.
Data are Means + SD from triplicate determinations and means with the different letters in the same column are significantly different (P < 0.05) as determined by Turkey’s

multiple range test.
(LAB, lactic acid bacteria; EPS, exopolysaccharides; ND, Not detected.)
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T\ A AHE-E L. brevis SRK15, P. halophilus SRK22 4 L.
citreium SRK42= 0|9} H]| =8} 20 127} BRI | Q] T I
3t L. plantarum, Lactobacillus curvatus 2 Lactobacillus
graminis 522 BAA|7] AF =S Y= 8A|ZHTH) pH 4.7
o]812 o} x| 1 72417k S0l = 3.65 o] o2 Lpekit=d] o]
L 4 Be Ake] A URolek M) B, S
cerevisiase2} L. sanfranciscensis, L. brevis, Lactobacillus
paralimentatrius, Weissella cibaria & P. pentosaceus 5]
SAFRE 2T AN S SARES BR O] S4]0]
oJ3Fe u| x| A Ao}, L. brevis@®t W. cibaria 5 L.
sanfranciscensis @] A4S EX15= A1E Ao, AR =
-9 pH+=3.57~3.850]3L A== 10.0~12.5 A= 2 e
oL St 2 Ao AFS A= oStk §10]
B & pHO W AHE 2 2 A E|glck, o] 5 Ak
ofleb-&- 3} ] A Z(glycerol) 2 AYALS}R] B3} S. cerevisiae
7} 2 o]5 AR IES AASIITHAL 319) 2 L(Paramithiotis
et al., 2005), L. dextranicum SRKO03, L. brevis SRK15 9 L.
citreum SRK42 = o &F-2-2 A A 515t

AR 22X B2 L. citreumn HO12 L Weissella koreensis
HO20& A =9 Al 28 2BFE| 2 0]- 831 7 -9-25°Cof| 4] 24
A7t i F F A= 107 CFU/gol| 0] 2331 27] pHE
6.380]| 4] 4.39 &2 45| ) o, fakt et pH= ARl
w2t 507k Apo] = LrEhbA] 9bgkeh R vl Aol
Sholl whet pH= s W SAME = S7HE Q1AL ol L.
citreum HO12 8] ZAY= 7} W. koreensis HO200] v]3] ThA 3=
Al UrebgThaL shof 2 A-9] A= 9-9f n] =54 E o]
sleba] E4do] Ak Iek 3, fARES HESHA =
ZT AP S Yol A= 24 A7 vljoF B G-7]Ato] A o] A&
w1 2] ghol W7 Wofl 2R St WA A v &2 AP =S
AHdstol A o] FaEE m XA QhQhrkar 3k 2 152 o
2= A7 A of| FHFE AW A Fofl £ E A
stoll oI5k A7} ST, SFAIRE L. citreum HO129} W,
koreensis HO20 2.2 A| 23t A =90 A= 7-2]8t 9F2] &
A3k ZA%0] BT £ 7o WE old SATAA
W. koreensis HO20-2 -5-AF2] A AJeko] oo vl [ citreum
HO12& ZAF0] A dwko] o Wkt 2Ato] tigt fAke] vl&
S YEl+= 93 2] 5x(fermentation quotient, FQ)= UHF2] ©.
22,0277k 22 Mol o] ko] TshA Sk A%
Aol SE3t Ao 2 A Q). om W. koreensis HO207}| %]
9] FQE A= A0 ERIE|ATE. AlTthr} W. koreensis
HO20 (4.7 mM/kg)2 L. citreun HO12 (3.3 mM/kg) 2T} ot
2 ko] Wt L citreum HO122} W, koreensis HO20-2 7

&3l Al A|s3d Al3E

Z5t0] 24 A7 ulFRE AR = W EPS A2 S glkg A=
of ol2F L, FANRFS 191 o 2 HEFA| g R A
A= Yof| A= 9F3.6 gkg A= =d|(Choier al.,2012), &
¢Atof| ARERE FARF O 2 A 23 A =9 W EPS 3 o]
= Hr} 953] =94k

EPS= 3R Ag W AR e Y SAA| = A AR BISER oh e
2k Aflstol] of sl A Ed Fh. F7-= 5% (homopolysaccharides)
1} o] & (heteropolysaccharides) & & L2 582 5t F 5
O] R = AJE LEARQI HIH o] F 2 vk o9l o] S5t
A Fefolct Alato] ARG EPSE A& HERA SHA,
SHYSHA, FoAl W AS} Em HpA]| 5 o= o8 Rt o}
Yep ek Aliz S4] A, B 2= B D @5 e AHE S
A3t 59 75 &91% Hl QltiSanalibaba and Cakmak,
2016). TH| E =(panettone, &2 2 W a A|7] o]ggjol WhE
H| 53 ookt i A 2 A] Bl EgH(dextran) v} 22 Sho| ==
= 20]E=(hydrocolloid)A] 3}8+2] H7E-S Az o 2 whol
2hg-5aL Qlok ohfet g 2|2 dE 71 R Hlo]| o F R AN
o] AYAFRTEPS o] UE2] #|H(levan)> AR T=-9-L} W] 22
2 i B 9 Rzt oo anpAo|BR sto|lEeE
2olt HA7MES YA 4= Akl sFoi(Patel ef al., 2010)
EPS AJAkeFo] B A& AP =9 Al 2o o] &3t &
el E=gol Ao r AlR

AR=20] Sttt 2
AT FARES ] DPPH #t]Z 427
T Pt e A A 5S S7% Aib=Fig 13 ok
=9 DPPH eht]Zh 275 2] el4t dhiket A Alls-2
ZYZF11.5 £ 3.4% 9 1.05 £ 0.05 =0 o), SAHFS A
Folo] W AT ALSIE -] FAkERs-& thx o] Hle) o)
Yl 470 2 7 LiEhehP<0.05). 8% Qe 2 22)
BHT ¢} a-tocopherol o] B8] Al W& =220 |0t L. dextranicum
SRKO03, L. brevis SRK15, L. acidophilus SRK30 L L. plantarum
SRK389] DPPH }0]ZF 4750 25-40% & = & LFERte
A t}7} 82| A S of| YA = L. dextranicum SRKO3, L.
acidophilus SRK30 9 L. plantarum SRK38-2 AAG 3| =2
AA S-S Vel YA, L. citreum SRK42 2 L. delbrueckii
SRK609] A &= thas WA Yepyit
jihol J8) G Abs}E AE AL g
& oIl of3] 271 S4RS R 4 9
(reactive oxygen species) & AJ4J5H=T) o] 23t BAALAE-S
Ao chr s 2| ol et RS ol A Al 2o
S sk b A1 pitsto] o A /d = o] DNAR}
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>
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T Rlof| £4< e 22 r] 2| 5) S(malondialdehyde)
= A 3Eo| £ARS =t} Lactobacillus sp. 5-2] AE -SARFS T
E0UY5E S 4A]Z #at o)) superoxide dismutase

(SOD), catalase (CAT), glutathione peroxidase (GSH-Px),
glutathione (GSH) 5-2] 343} Hlo] A] AE]S 733hA] A ALs}
A AEYAREE OHE H 551 AR St(Girotti, 1998).

Invitro W in vivo Aol 4] Z2H}0] Q8 A QAL AVSHA] &
A A S A W AN B A0 S A =

Qittar & A ¢lthMishra et al., 2015).

Afify 5(2012)0]] 2Johd ZEujo| 08 35S tFo= 7
AbslE g =A% A1), Probionebacterium freudenreichii 2]
DPPH 2Ht] 7t £ 745-2.97.75% 2 H|ehd] C 9 BHT Hrhe &
OISt =k, T o} 2 2= Lactobacillus reuteri (96.74%)
ofl A A Lbebsteh T SRt 2 Aol 4 ALSE AR
DPPH 2}0]7F 47]5-2 o] Rrh We s2o0|9ir. 2k, R
T2 EZRE E2% Lactobacillus casei subsp. casei SY13
3} Lactobacillus delbrueckii subsp. bulgaricus LIJo]| 23} 2]
EAke] A= 62.95%2} 66.16% A E| o] o] 5 HFE
2 g3t 3 2AF0| = S0 2(superoxide anion) L 3| =5
Al 2}t)ZH(hydroxyl radical) 2} DPPH 2ft]Zt A7 50] YER}
gHikslE o] =2 A 0 7 FQIE It Zhang ef al., 2011).

L. delbrueckii ssp. bulgaricus2} Streptococcus thermophilus
O] &5} wfokT} L. acidophilus, L. casei ¥ Bifidobacterium
bifidus ©] T v F o 2 I {5 Al 23t A7 ashA] ob2
ol vish B4 =& ksl o] UEEAL T ol A L
acidophilus 2] A 2}z AASL 54.86%, L. delbrueckii
ssp. bulgaricus 2} S. thermophilus 2] 3+ vl oFof| &5t =)zt

AASL45.17%2 YeERgTiaL B vl ) =d|(Gjorgievski
etal.,2014) o|+= L. acidophilus SRK302} B|5=3F =50 T}

SHH, T AP E9-0) 3h4ibe) g2 W E of] ARB-E A

e 2251 5 M 9 olofek 2o
O w(Banu et al., 2010), AFY =2 L= =]
#|35tKphenolic acid)-> 2] Aol F4 % Z]'% gz 4
A, +A12] A4 A 5 5ot e AksE 2wt g
oF 7} 9z A0 2 oref#f 9lck(Karmar, 2014). AT} AF
9.3 A|0] o $EHE AR ZE T FASF AT B
AL Aol A B 31E| 31 QJtiCoda et al., 2012). Coda
(2012)9] R 10| uf =, 34 3FAESIA @1 BHT (1 mg/ml)+
1042 qhofl ¢F 65%—4 /\7475 e e, A =99
DPPH =}t]zt 4 Hraur =
A= AT SHAIRE AP =9 WSES] gtz A 52 AMd =
S-ofl Bl §-2J8HA| =okoH, 53] &, 7H-E(kamut), 7
2 3 US A7V ALY = 9] o) AA 52 35~48% 2
ARSI ottha Shech. S, A= ol are] 4
/?_}ﬂ*— Aslist=td] AxtAolqlon, eirfd A 5ol =2
o 7R A == A A o) 1H4te} A A5 ottt
220280} 0] PAAO] Fof U H5 01
slod Xﬂ S A == Ak A A ol whE A E 3] A

n

_1}11 offt

L. plantarum C88 Hﬁookqﬁgi#a Helslal o] & wgh Ul
A B3} 3 2ulE 752 AR|5e] AL EPSELPC-12 3
83 }1 Bpeko oF 1,15 x 10° Dao| 1L, ZEEA @

= 1229 B0 2 A E e Bkt 53] LPC-1+=
DPPHEM P 2750l o5 At} B3 ahitelaof of
3] =¥l Caco-2 A| 9] 418} &/l gt HE v} Q=
Aoz Bt vk Qlek E=FHLPC-12 P_El%_‘tﬂﬁlEﬂ 2878

S 9JA| A 711, superoxide dismutase X F FAFSHA] AL
LPC-1 ko] ej&2 o2 S7FEQiek webA L. plantarum
C882] EPS9 28l & dAAZ o] A4, A U H] &4 34
shebd o] ek 24 9 A E dikEke] 74 5 A 2

mlo

100

DPPH radical-scavenging
activity (%)
Py D 2
T < <9
-

[353
[=]
1

(“**"*q0) Ananoe Axonqryut
uoneprxorad prdip

e
d
d d L0.9
be 0.6
b

a 03

I ol lnl BN
~0.0

de
! s
ab
H a
O - ﬂ

Con. SRKO03 SRKI15 SRK22 SRK3O SRK38 SRK42 SRK60 BHT a-Tocopherol

Fig. 1. Free-radical scavenging capacity ([J) and antioxidant property (M) of sourdough fermented with lactic acid bacteria isolated from sliced radish
kimchi. Data are Means + SD from triplicate determinations and means with the different letters in the same column are significantly different (P <0.05) as
determined by Turkey’s multiple range test. BHT, Butylated hydroxytoluene; Con., Control.
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UPEFURS 710 2 1B 315 b} 910 1 2(Zhang ef al., 2013), EPS
AR EFO] | 0L & =2 L. dextranicum SRKO3X} L. acidophilus

SRK309] G452 Tha 7] Lpehytel.

M= L RAkFe| SHHER! gt

Bo)E gARFOR AZT AFIES ]S4k} 2409 o}

2] 2Al0] B/ TE 5787 A= Table 33} ) o=+
) 9ALT} A1) SRS 7171 19,3+ 1.5 mM 2 11.6+3.6 mM
o2 UEpou), $AkES WEste] AxT AR ) &
7\ko] g o2 mek SofiA B ool WEEATKP

<0.05). L. dextranicum SRKO03 (48.7 = 2.0 mM), L. acidophilus
SRK30 (48.2+ 1.8 mM), L. plantarum SRK38 (49.6 + 2.5 mM)
9 L. delbrueckii SRK60 (68.5 + 2.1 mM)ef| 2] &} -3-A12] A4
o] FJBHA| =kt 2AR 53 Aol Qs HEE
A| Q¥o-"bH, o] & 9l L. dextranicum SRKO03 (19.1 £ 1.7 mM),
L. brevis SRK15 (13.6 = 1.2 mM) 2 L. citreum SRK42 (15.9 +
2.9 mM)] oJ8l AR EI00] o)z ek felel B
2 ko] ATHP <0.05). 3+, B. cereus ATCC 117789]) thgk vt
2] A& L. brevis SRK 15 (32 AU/g), L. acidophilus SRK
30 (64 AU/g) Y L. plantarum SRK 38 (16 AU/g)7} AJAFSFA L,
S. aureus ATCC 65389]| tljgt B 2] L A2 L. acidophilus SRK
30 (32 AU/g) ¥ L. plantarum SRK 38 (128 AU/g)7} AJAFsFA
c}.

wel o e A% 5 7

YolAletolu F7go] A
= o]oH 7:];(“;( ZA]mn

o B = L §

I~

ZoY ‘%*(capsule) A AR B i ko] Y W
S A= 2l ¢l+o|cKPetruldkova et al., 2009). L
2 0LE who] ]E = g AJ5to] HAR] 7| = u| =L B. subtilis,

Bacillus megaterium, Bacillus cereus 2 Bacillus licheniformis
o] Glek. o) 52 AV AL, A 3 Thele] gl
L whol| A 2 Z =213 1:}0]14- SR Bl 2 AR
A ot 52 gtk il S, B, A E, £
55 skt (Messens and De Vuyst, 2002). 53] 0] So
227}10°C
o= of
_— E

ﬂJI
1o
el

FU/g o|AF 2|8t 7§ AlZZ 0] Uk Q)3 o] & 4]
7 QI W7HES AMEaA kw22 HAE oA
W Sl shue AYESE AgTems WA

_12F
>4

E o

A& GAst] A& QA7 AL S E
A 71=d] ©2-8 ZtHThompson et al., 1993). AL &-2-0f &
S AR f714L o] Akshet A, ofehE, IHikStaeas, Tof
A, XA 28] 2(reuterin) 5-2] S| EA S A
2 HYA A= 0] £4]L o}A|SH](Chavan and Chavan,
2011). §-7]4ke] &kt B2 A=A o] v e 2] & ALS] o))
o3ttt pHb Whes g 1940 Hlslelae] Sust 27}
5}7] woll thH-Eo] 714k pH7F RS ot &4d0|
%=t} Ventimiglia 5(2015)0]
9 [, graminis 2 A Z3F AR =2 U

W18 L. plantarum, L. curvatus
LAF9] BHaFL 0.31~0.81

mg/go] il AR 0.10~0.17 mg/g .2 A o1 0]E59]
ATFH 0l B BHL Lrehfgicka kel ¥ A Atel
0160 2 0] A1 Fol uhel AL 571400 501
& Aolghe ot 4 I3ick

Nisa 5(2016)-& L. casei, L. brevis D Candida humilis 2] &
ol oJaf] HAAIZ] AP =S tof) A H A AL SEF
Z+7+0.013~0.46 g/100 g 2 0.001~0.17 g/100 g A = o]

fo

Table 3. Content of organic acids and antibacterial activities of bacteriocin produced by the lactic acid bacteria in sourdough

Strains Lactic acid (mM)  Acetic acid (mM)

Control 193+ 1.5° 11.6 +3.6°
Leuconostoc dextranicum SRK03 48.7+2.0° 19.1+1.7°
Lactobacillus brevis SRK15 351+13° 13.6 £1.2°
Pediococcus halophilus SRK22 33.6+2.8° ND
Lactobacillus acidophilus SRK30 482+ 1.8° ND
Lactobacillus plantarum SRK38 49.6 +2.5¢ ND
Leuconostoc citreum SRK 42 343+3.8 15.9+2.9%
Lactobacillus delbrueckii SRK60 68.5+2.1 ND

Bacteriocin activity (AU/g)
Bacillus cereus ATCC 11778 Staphylococcus aureus ATCC 6538

ND ND
ND ND
32 ND
ND ND
64 32
16 128
ND ND
ND ND

Data are Means + SD from triplicate determinations and means with the different letters in the same column are significantly different (P < 0.05) as determined by Turkey’s multiple

range test.
ND, Not detected.
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Bacillus s
el Ft=Aol| 7]12sk= A
I 9JtChavan and Chavan, 2011).
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Fig. 2. Viable counts of Bacillus cereus ATCC 11778 (A) and Staphylococcus aureus ATCC6538 (B) in sourdough immediately after fermentation [[1] and
after storage at 25°C for 5 days [Ml]. Data are means + standard deviation from triplicate determinations and means with the different letters in the same
column are significantly different (P < 0.05) as determined by Turkey’s multiple range test. Con., Control.
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wgolol thgt gt B2 =] Wrkal &elA qlck(Caplice
and Fitzgerald, 1999). Messens2} De Vuyst (2002)°f w2,
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MAL FF5 0] 83 e 23X FAH2l Bacillus 2] Z4]2- 2]
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Vuyst, 2002).
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dextranicum SRKO3, Lactobacillus brevis SRK15, Pediococcus
halophilus SRK22, Lactobacillus acidophilus SRK30, Lactobacillus
plantarum SRK38, Leuconostoc citreum SRK 42 L Lactobacillus
delbrueckii SRK60 2.2 =X =9t} L. dextranicum SRKO03,
L. acidophilus SRK30, L. plantarum SRK38 2.2 L. delbreckii
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