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Characteristics of Lactic Acid Bacteria (LAB) Isolated from Sik-hae, and

Antioxidant and Cholesterol-lowering Activities of LAB Supernatants

Dong-Min Kang

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

The objective of this study was aimed to evaluate the biological functions such as
antioxidant and cholesterol-lowering activities of lactic acid bacteria (LAB) isolated
from Korean traditional fermented seafood, Sik-hae. A total of nine LAB strains were
isolated from the fermented seafood, which was purchased from traditional markets in
Gyeongju-city, Pohang-city, Yeongdeok-gun, and Gangneung-city. These LAB isolates
were identified based on the biochemical analysis using the API 50 CHL system and
16S rRNA gene sequencing technique. The probiotic characteristics of LAB isolates
were carried out by several assays such as acid, bile, and salinity resistance, and also
the antioxidant activity. The antioxidant activities of LAB isolates were analyzed using
2, 2 diphenyl-1-picrylhydrazyl and 2-azinobis (3-ethylbenzthiazoline)-6-sulfonic acid
radical scavenging assay as well as ferric reducing antioxidant power assay and oxygen
radical absorbance capacity assay. The safety of LABs was also evaluated by
determining the hemolysis assay, antibiotic resistance, and amino acid decarboxylase

activity. Results show that LABs did not exhibit a- or f-hemolysis on the blood agar

il



plate. The antibiotic resistance properties of LABs were examined using erythromycin,
kanamycin, streptomycin, tetracycline, penicillin G, and ampicillin. Furthermore, it
was not observed the productions of any biogenic amines from LAB isolates. Except
for Leuconostoc citreum S-02, LAB isolates also showed a proteolytic activity. The
cholesterol-lowering effect by LAB isolates was observed at varying levels ranging
from 45.30 to 81.61%. Among all LAB isolates, L. mesenteroides S-09 was found to
have excellent acid resistance, bile resistance, salinity resistance, antioxidant activity,
and cholesterol reduction ability. Thus, the present study suggests that the LAB strains
isolated from Sik-hae can be used as a potential microbial source for the development

of fermented seafood products in the future.
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7hgoll AFEET™ olF AHF-O Ak probiotics®E ¥ Uh(Park et al.,
2017). Probiotics= A A3%F oz Fof = o oA 1734 olds F
+ HAE=Z Ao & w(Sanders, 2008), probiotics®] T8 7] e o2 E FEEU
< &3l dF FdzdHE A 24, AW 75 Y s, FE A8, A%
Ao ¢kst o 7]EAdo] HaiEo] ITHAFRC, 1989; Saarela et al., 2000;

Agrawal, 2005). ©]2]3} probiotics= A Well FUEHHE 1S THs=

rf

A glehe) ejgrola AEslol shu AFOIA Aol gom PHw:

rl

HEAbe] g AFAAE FRA I glojof dhrt. o] o] AW A A AE
7hsslloF s 44l 271 9] probioticst= H]-8& 4], biogenic amine
A4 53 7he ] ekxAe] 3hiE ook SCH(Limetal, 2016). AA, =
ol A probioticst= 71775 A EF o2 1A wjd #-A vjERo] Fjs)
3L QAL A= e Aol A &F 07 AJAFEtal QltHLim etal., 2015;
Seo et al., 2019; Seong and Park, 2019). =] ZZulo] Q €]~ Ao njEFN L
20121 51999 4ol A 20161 1,903 US A3 A TH(Seo et al., 2019). ©] &
gk o] =2 & probioticsE TFYSH AFHoZRY FEstal o5 AYst
2 Ak gtetE = Aty s [aE Al QUtH(Hai, 2015; Zhao et al., 2019;

Seo et al., 2019)
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B oATIME 2019 2 Fol AFA 2A AP FEA G
2 Fo AN, eehE, A 24 FEAGN 3 e
@A, A, FUNE, FET a4 GEAZAA 1 E9
M@ ANE, BHA 2A FFANPANA 2 Fo As(EHE, A
2 S G FEA A4 FEA AGNA 1 B9 Ao 2 1) 5

F 117 A3E lete] Al A&l

Aol A fabds ZElsty] flske] A8 AR 25 g& AF Skl 225 mL

9] 0.1 M phosphate buffer saline (PBS, pH 7.2)3 &3} XEwnlA



(Interscience, Saint-Nom, France)E ©]-83s}lo] 353 # At #2d |
mLE F3te] 9mLPBSel| H7Is|A o s dAEE 3]45te] PCA with BCP
(Bromocresol Purple; Mbcell, Korea)oll 30°Col|A] 48A|7F wlj F3Fith. wlj
single colony %] =gk Zo] X colonys AE3le] W5 o]= deMan
Rogosa Sharpe medium (MRS; Difco, St. Louise, MI) [ X]o] &4 =2
(streaking) ©. 2 E='Z I 30°Col A 48A17F wjFate] 22 EElatgltt & 9F
o] fAbrs sk e FElE At 9% ¥ Korean Collection for Type

Cultures (KCTC; Daejeon, Korea)ollA] oFk2-

=3

T3 Lactobacillus
rhamnosus KCTC 5033 W72 FA 0 A8} th(Table 1). &2 € FA4H
72 MRS broth HJA| o]l v (30°C, 24 h)sl> glycerol¥} 50t 50°0.2 4]0]

stocke A Z8FATE o] 5= -70°Col|l A ByketH Ao ARg-s3it

2.1.2. ¥ 79 ERAAEEE A

=elE ke SAESHY 42> vt &o] AAIE AT Genomic

DNA<T Chelex bead (Bio-Rad Lab., Hercules, CA)S ©] &3} boiling "W'HS AFE-

ol

tel  FE3h. 168 rRNAE  S%HA17]7] $8ke] 27F  (5-
AGAGTTTGATCCTGGCTCAG-3’) primer 2} 1492R (5’-GGTTACCTGT
CGACTT-3") primerE A}-&3}9] polymerase chain reaction (PCR)Z 5 %-3}31 S
™ PCR<Z 10 pmole Z} primer, 2 mM MgCl,, 200 mM deoxynucleoside-
triphosphate, 1 U2] Solg™ Taq polymerase”’} £° = DNA PCR premix
(Solgent, Dajeon, Korea)E ©]-8-3}9] genomic DNA 10 uL¥} "2+ S5 40 pL

2 S3ES whEo] AAEA T 94°Co| A 557t Pre-denaturation $F
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Table 1. Lactic acid bacteria isolated from Sik-hae purchase from traditional market

Strain No.

Traditional market

Source

Strains

LR

Jukdo Market, Pohang-city
Yeongdeok Market, Yeongdeok-gun
Central Market, Gangneung-city
Central Market, Gangneung-city
Central Market, Gangneung-city
Central Market, Gangneung-city
Jumunjin Market, Gangneung-city
Jumunjin Market, Gangneung-city

Jumunjin Market, Gangneung-city

Glyptocephalus stelleri Sik-hae
Todarodes pacificus Sik-hae
Glyptocephalus stelleri Sik-hae (A)
Glyptocephalus stelleri Sik-hae (A)
Glyptocephalus stelleri Sik-hae (B)
Glyptocephalus stelleri Sik-hae (B)
Glyptocephalus stelleri Sik-hae (A)
Glyptocephalus stelleri Sik-hae (B)
Glyptocephalus stelleri Sik-hae (B)

Korean Collection for Type Culture

LAB S-01

LAB S-02

LAB S-03

LAB S-04

LAB S-05

LAB S-06

LAB S-07

LAB S-08

LAB S-09

Lactobacillus rhamnosus KCTC 5033




F 94°Col| 4] denaturation 20 =, 58°Col| 4] annealing 203, 72°C%l| 4] elongation
30% 353 wkEEgion 72°Col A HZE clongations 103-7F A A8 T
PCR THAHES 1.5% agarose geldl T3] H7|9s5S A +
Ethidium bromide® AA3te] F& AAF-= ATy o F, @Euleley s
(Bionics, Seoul, Korea)ol] 2]Z|3lo] 7|4 E BAS HAAEAL. G7ES
National Center for Biotechnology Information (NCBI)2] database A}&.¢} H|xls}

ST,

2.1.3. l‘i‘ﬂﬂ’g Agﬁl.éq-z_—]l —]__E—“:-}\(')] 'E'Z'é:}

a9 el A3ed 542 APIS0CHL kit (BioMérieux, Lyon, France)
= . A E FAE2 MRS brotholl A Bl 4(30°C, 24 h) 5}
o] API 50CHL medium (BioMérieux, Lyon, France) 2.2 E%=E 3-4 Mcfarland =
el th stripo] HE $ mineral oil> 3 7FSFI T 30°Co A 244 7F 2

4841 7F v Fsto] AZe] Wate A+ 4= U Skl ddst

ATt

2.2. I TF2] probiotics 54 ¥4

2.2.1. YA #A

A

-

2132 Hyronimus et al. (2000)2] WH S UdF WPt AA|ekSi

=

o,

HAH SF5E 37% hydrochloric acid (HCI; Sigma-Aldrich, St. Louis, MO)E A}

~



£3lo] pH 2.0 &9L A Z3ATH AZE pH € 10 mLol MRS broth Hj
Aol A HiRF30°C, 24 h)E Akt g 242 1 mL 412§ 37°Cel A 04,
30+, 2417 A -4l 1mL &8 g F,PBSE THAHE 38]4]3le] MRS
agar W Aol 3= (spreading) 3F¢] 30°Col A 24-48 AlZF wF3FSiT). Hl

% ¥ FHH colony® AT} WAL SFelsheln,

Ye54 A3 Gillilandetal. (1984)2] WS AR HEsle] AAsHS T
MRS broth HJZ[ A wlF30°C, 24 h)E FAkt #EA S 03%2] oxgall
(Sigma-Aldrich)= % 7}8F MRS broth #} A&} # 7}8}=] ¢ wjX]ol Z+2F 1%

AE3FATE 37°Coll Al 7AIZE wlF & PBSE ©AEE 84 35le] MRS agar

{1

O

iAol Iimsko] 30°Coll A 24-48A1F wiFsiivh Wl - FAdE

colonyE Alste] WEFAS elataitt.

lﬂ o x] Al

5o H
oo Eutw W

AC)

H fF2FS MRS broth iAol A 1] %(30°C, 24 h)3t
% sodium chloride (Samchun Chemicals. Seoul, Korea)E 3%, 5%, 7%, 10% (w/v)
A7kt MRS broth vjA] 2 FH7}8kA] 28> MRS broth #A]ol] 1% &3k

30°Col A 24A17F vl EEFSiTh vk § PBSE WA Z 8]43te] MRS agar

LA

iAol W =wsko] 30°Coll A 24-48A1%F wiFslivh Wik > FAE

oft

colonys AlF3ste] WAAdS &<l



23. 43 24 £4

2.3.1. DPPH radical 274 &4 &34

DPPH radical 227 &4 232 Brand-Williams et al. (1995)9] W& I35

>

weste] AAlshein.

11t

o] AH8E A EE 28¥ F2HES MRS broth
af = ol Al B (30°C, 24 g ¥ A2 (1,398 x g, 5 min, 4°C)3te] ol

s NS 0.2 um cellulose acetate hydrophilic filters (Advantec, Tokyo, Japan)< ©]

1

23] oyl T NS AL T FHE AR 0.5 mLol 0.15 mM2]
2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigma-Aldrich)-8< 1 mLE =3&3}o] H2
o A 30%7F WSS AAIS - AS N 200 L= F 3] 96 well platecl] 5= 5}
o] microplate readers (Synergy™ HTX and Synergy™ 2 Multi-Mode Readers;
BioTek, Winooski, USA)E ©]-83}¢] 517 nmol| 4| 53 =E SASIT. &4
N2 AR sd3 49 SHTE AP on, HAH dxTEs
0.2 mM<2] L-ascorbic acid (Vitamin C, Sigma-Aldrich)E A}-8-3} % th. DPPH radical

A B4 Age] ANAe obdst 2ot

. . .. Absorbance of control-—absorban of test
Radical scavenging activity (%) = x 100

Absorbance of control

2.3.2. ABTS radical 24 @4 =4

ABTSradical 27 &4 23S Reetal. (1999)2] WS AF A3 o] 2



ASAT. B4 Aol fAHE AEOLS DPPH radical 27 84 S0 A}

S8 A A WRler FREdY. 2dS Hste] 24 mM potassium

persulfates &-7-3H= 7 mM 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid

(ABTS, Sigma-Aldrichy& A Z=3to] 16A17F HAell Bk 3 734 nmo] &3

Lo A 0.700£0.0057F H =5 31Xt AlZE ABTS €9 1 mLe} A=
10 uLE E3Hslo] 65k halo A Hke-S AA3 & AHSol 200 uLE

3 96 well plate®l] =93} BioTek microplate readerS ©]-8-3}¢] 734 nmol| A
THEE SANUY o4 HETEE A8 YT o FRTE AHE
st om, A tERTEE 5 mM2 6-Hydroxy-2,5,7,8-tetramethylchromane-2-
carboxylic acid (Trolox, Sigma-Aldrich)E A}&3}%Th ABTS radical 4~A &4

Age) AAe obele 2.

. 3 ok Absorbance of control—absorbance of test
Radical scavenging activity (%) = x 100

Absorbance of control

2.3.3. Ferric reducing antioxidant power (FRAP) 84 =%

FRAP 232 Benzie and Strain (1999)2] ®¥ S A A3 o] 2 A5}
FRAP &9 300 mM acetate buffer (3.1 g C;H;NaO; - 3H,0 and 16 mL C,H40,
pH 3.6), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ; Sigma-Aldrich) ¥ 20 mM FeCl; -
6H,O (Sigma-Aldrich)& Z}7} 25 mL, 2.5 mL, 2.5mL &&3lo] A3}k &
A N 8Ql fAE A5l DPPH radical 227 @4 =Ao| AFRH A3 ¥

Ak Wb o2 FH] AT 96 well plateo] A& 10 uLe} FRAP &9 190 puL



£ Yol 3083t 4§ 5 BioTek microplate readerS ©]-83}l%] 593 nmol| 4] &
FEE SAHSFY. L-ascorbic acidE ¥+ =2 % 3ol ascorbic acid

equivalents (mM AE/mg)= ERJ AT

2.3.4. Oxygen radical antioxidant capacity (ORAC) &4 =7

ORAC 57 Zuluetaetal. (2009)2] HS A WPt AAISHAT &

A A 791 Akt A5 9S DPPH radical 27 &4 S| Algd Ay &

ru9
r°1'
OE
:n%
]0
Hﬁ
HN
E
r°1'
>i
mlo
5
:i‘:
M
_I?.:
011
ﬁd
_&
mz
O{l
é

>~

_,d

Oko

011

ﬁd

?R

_ﬁ

mz

np

mlo

j9

3}o] 96 black well plate®] A] & 50 uLe} 78 nM fluorescein &< 50 uLE <3
Fod 30°Col A 157 HEg $ 221 mM 2, 2’-azobis(2-methylpropionamidine)
dihychloride (Sigma-Aldrich) 25 uL} HF-3-A] Z T}, BioTek microplate reader& ©]
gote] FFEA A AEE 30°CoA 605wt 13], £ 133]) F<F

],O

011
%u

485 nmol A AA7F o715 AL, 528 nmoll A AR HEE == slo] =4
o} 324 2 Trolox (Sigma-Aldrich)E &3l 23 3}4] Trolox equivalents (mM

AE/mg)= e AT
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€379 23S Oh and Jung (2015)°] WS AF WFste] AASHTh

2 L § 30000 24-48417F et vk 5 Sk Seke] &t

op

3 (a-haemolysis, colony % 5212k A A) HEFEE (B-haemolysis, colony
H

Frd3k AA) = 7Avk8E (y-haemolysis, colony % 3 A4 ¢l2)

X

olt

wrerabgic,

e

2.4.2. A JA 24

A g 492 Ohandlung (2015)9] WS X WEPste] A5
o} 225 52ES MRS broth B =]l A ¥l F(30°C, 24 h) & 5 L3+ v =]
1x10° CFU/mL =22 et 4219 54kt vl -2S- 96 well platell
2] 31213t &) Al (erythromycin, kanamycin, streptomycin, tetracycline, penicillin G,
and ampicillin; Sigma- Aldrich)} =335t ZHF FAA 5%7F 0.25-512

pg/mL ¥ =5 SFGATE o] 5 30°Cell A 24413t v st datE sl
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2.4.3. Biogenic amine A4

Biogenic amine A5 2% Bover-Cid and Holzapfel (1999)2] {2 &
BoAgste] ANt fAHERA B kel Y FAL 95t
Ft2 8- 27] A A ¥l A] (decarboxylating medium (DCM); Difco, St. Louis, MO)®l|
histamine €<?1-S $]3$F L-histidine monohydrochloride monohydrate (Sigma-
Aldrich), tyramine <%1-& 93+ L-tyrosine disodium salt (Sigma-Aldrich),
cadaverine €915 $]3F L-lysine monohydrochloride (Sigma-Aldrich), putrescine
kol 9]%t L-ornithine monohydrochloride (SigmaAldrich) A --A] ofv] :=AkS-

Zk7F 0.1% 7} % pyridoxal-5-phosphate (Sigma-Aldrich) 0.001%E 3 7}3}o

Azsth Az A EeE FadS 73 A (30°C, 24 hy3he]

a4rddS FE89th 1§ Bover-Cid and Holzapfel (1999)¢] #|A]gl 3 3t

o

Hj Al el E3ke] 30°Col Al 96A1ZE sF 37|21 =7 st A vt
Ao 2 M3t 7§ biogenic amine AT FAHoE AAHISITE dER2TL

2E obulieite]l WS ghe WAE hETO R AEHAT

A A5 Akt s 42 DPPH radical &7 24 5S40 AFEHE A
7 Fdet PHoR FH|HAT. AdS 9l AMEE HiAE Pailin et al.
(2001)2] WS AX WMEslo] 5% Skim milk (BD, Franklin Lakes, NJ) 2 1.5%

Bacto Agar (BD)E <3sle] wlx|E Axzston, A2 well diffusion

12



method (Tagg and McGiven, 1971)2] WHS o] &35to] F43th. #rld 3

A fell well (B7 5mm)S £ A& 50 pLE well Woll FU3 T 30°C

2.6. Cholesterol A% =4

w2 E AT cholesterol 7FA% 43> Rudel and Morris (1973)2] W

of

S dF Wysle AASIY. 253342 O-phthaladehyde 7 A HE-&5-&
Stod 2HAd 1St 0.3% oxgalle % 7} MRS brotholl water-soluble cholesterol
(Sigma-Aldrich)Z 77} 0.0, 0.125, 0.25, 0.5 2 1.0 gLo] sgats ez =

=74

mlo

Fod

FH

al x
1o

2y ahgey

==
W

ol

H)3}e] 550 nmoll 4] SHE=E

||

o] A¥S 915l MRS broth HJA| 0.3% oxgall (w/v)¥} water-soluble

cholesterol (0.1 g/L)S #7}ste] Hel® FAH+S vl (30°C, 24 )t} wf

(3

G i gA S dAEE (1,398 x g, 5 min, 4°C)3te] €Ozl G HE 0.2 um
cellulose acetate hydrophilic filters (Advantec)= ©]-&3d}e] oJ3}gt Fof 8 |
mLoll 2mL2] 50% KOH (w/v)e} 3 mL9] 94% ethanol (v/iv)& #H7Fs $ 121t
EekaL 1023t 60°Ce] Fgxo] WA} ol T2 =2 Wt

T 5 mL9 n-hexaneS H7}Ele] E3slgith 18l 1 mLe =HSE 3



%% A&l 4 mL O-phthaladehyde HF-§-<4 (0.5 mg O-phthaladehyde/glacial
acetate in 1 mL, Sigma-Aldrich)S 7} * 1023t =04 W3 T3 2mL
o] &t FAkS s HIbselth 108 & 459 200 uLE 96 well plate]]

Y 0] BioTek microplate readers ©]-83}%] 550 nmol|lA] &3 55 S4sI3t

rlo

B A Ao BT 33 HHEsgon SpSS Y1

!

(Ver.23.0, Chicago, IL, USA)2] onw-way ANOVAZ 2] 421 #}o|(P<0.5)5 &
Q15131 2™, Ducan®] U ¢ 75 (Ducan’s multiple range test) S &3l AF¢-

T

14



. 23 9 3z

1. A3 M e witd 22 2 &4

2 ATE SAste] T ABAF ST

=

A g As 2Ry B 4
At 9F O & Table2o] YERNQATE 9F 9] AT 16SIRNA 17144
o vles & X A3} Weissella halotolerans 1%, Luconostoc citreum 15,
Weissella viridescens 1°&, Luconostoc mesenteroides 5% 2 Lactobacillus sakei 15
oz FIHAN. A= AR A e 2 TVeH 5A4s 7Y
Ha¥ o] 9] O™ (Hanetal.,2013b), Leeetal. (2014)> x| W] 58 Wa {4k
OS2 Leuconostoc sp., Lactobacillus sp. 2 Weissella sp. &= HIiL3}qt}
AT Ao A Fe gk fAkte AR Fabd S fARE FoR R
Ak KG9 Ao FElE 95 Akt 5 L. citreum, L. mesenteroides
2 L osakei 5 75 Ul A AEE 5 e VAE dRE TF

o] = Akt o] th(Korea Food Standards Codex, 2020).
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Table 2. Identification of lactic acid bacteria (LAB) isolated from Sik-hae based on 16S rRNA analysis

Isolated LAB strains Reference strains Length  Identity (%) GenBank Accession No.
S-01 Weissella halotolerans NRIC 1627 1480 100.0 NR 040812.1
S-02 Leuconostoc citreum ATCC 49370 1505 100.0 NR 041727.1
S-03 Weissella viridescens NRIC 1536 1479 100.0 NR 040813.1
S-04 Leuconostoc mesenteroides ATCC 8293 1549 100.0 NR 074957.1
S-05 Lactobacillus sakei NBRC 15893 1499 100.0 NR 113821.1
S-06 L. mesenteroides ATCC 8293 1549 100.0 NR 074957.1
S-07 L. mesenteroides ATCC 8293 1549 100.0 NR 074957.1
S-08 L. mesenteroides ATCC 8293 1549 100.0 NR 074957.1
S-09 L. mesenteroides subsp. jonggajibkimchii DRC1506 1551 100.0 NR 157602.1
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2. Aelel N Bel® fare] Asetn 54

Aol A F2H 9Fe FA (W halotolerans S-01, L. citreum S-02, W.
viridescens S-03, L. mesenteroides S-04, L. sakei S-05, L. mesenteroides S-06, L.

mesenteroides S-07, L. mesenteroides S-08, L. mesenteroides S-09)°] tha}le] o o]
848 API 50CHL kitE ©]-83}o] #4135} ti(Table 3). W, halotolerans S-012]
74§~ D-ribose, D-glucose, D-fructose, D-mannose, D-mannitiol, a-methyl D-
glucopyranoside, N-acetyl glucosamine, D-maltose, D-trehalose, gluconate 3} 7+
< 1070¢] Zoll diste] S YR AT TS 2 L citreum S-029] 75
D-galactose, D-glucose, D-fructose, D-mannose, D-mannitiol, o-methyl D-

glucopyranoside, N-acetylglucosamine, arbutin, esculin ferric citrate, salicin, D-

maltose, D-melibiose, D-saccharose, D-Trehalose, D-turanose, gluconate, 2-
ketogluconate ‘s ¥} 22 17 7k ¢ T o] 8ol tiste] Fd& HERNIAT
W, viridescens S-032] 74§~  D-glucose, D-fructose, D-mannose, N-
acetylglucosamine, esculin ferric citrate, D-maltose, D-Trehalose, gluconate &3} 7+
2 g7l Foll tiste] IS YEFNSRIT L. mesenteroides S-042] 735~ D-
ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-mannose, o-methyl D-
glucopyranoside, N-acetyl glucosamine, amygdalin, arbutin, esculin ferric citrate,
salicin, D-cellobiose, D-maltose, D-lactose, D-melibiose, D-saccharose, D-trehalose,

D-rafinose, gentiobiose, D-turanose, gluconate &3 72 2271 ol ojjs}o]
FAdS JEMNA T L sakei S-052] 79~ D-ribose, D-xylose, D-galactose, D-

glucose, D-fructose, D-mannose, a-methyl D-glucopyranoside, N-acetyl glucosamine,

17



Table 3. Carbohydrate utilization of lactic acid bacteria isolated from Sik-hae using API 50 CHL kit

Characteristics

Isolated LAB strains

S-04

S-05

S-06

S-07

S-08

S-09

Control

Glycerol
Erythritol
D-Arabinose

L-Arabinose

D-Ribose
D-Xylose
L-Xylose
D-Adonitol
Methyl g-D-Xylopyranoside
D-Galactose
D-Glucose
D-Fructose
D-mannose
L-Sorbose
L-Rhamnose
Dulcitol
Inositiol
D-Mannitiol
D-Sorbitol

a-Methyl D-Mannopyranoside

a-Methyl D-Glucopyranoside
N-AcetylGlucosamine
Amygdalin
Arbutin

+

+ oo

+ +

+

+ + A+ o+

+ o+

+ o+

+

+ o+

2 Negative reaction. °, Positive reaction
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Table 3. Continued

Isolated LAB strains

Characteristics
S-01

S-02

S-03

CIIJ
<>
S

S-05

¢
[
N

S-07

S-08

¢
S
=]

Esculin ferric citrate -3
Salicin -
D-Cellobiose <
D-Maltose Ar
D-Lactose 3
D-Melibiose -
D-Saccharose (sucrose) -
D-Trehalose +
Inulin -
D-Melezitose a
D-Rafinose -
Amidon -
Glycogen -
Xylitol -
Gentiobiose -
D-Turanose -
D-Lyxose -
D-Tagatose -
D-Fucose -
L-Fucose -
D-Arabitol -
L-Arabitol -
gluconate +
2-ketogluconate -
S-ketogluconate -

++

4+

+ o+t

o

4+t o+

+++ o+

+o+ 4o

+ + ++ A+

o+ o+

+ o+ 4o

+

+ 0+ + o+

+ + 4

o+

2 Negative reaction. °, Positive reaction
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amygdalin, arbutin, esculin ferric citrate, salicin, D-cellobiose, D-maltose. D-melibiose,

D-saccharose, D-trehalose, D-rafinose, gentiobiose, D-turanose, gluconate &3} -2

21709 2ol st S YEFWHRAT. L. mesenteroides S-062] 74-%- D-

ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-mannose, N-acetyl
glucosamine, amygdalin, arbutin, esculin ferric citrate, salicin, D-cellobiose, D-maltose.

D-lactose, D-melibiose, D-saccharose, D-trehalose, D-rafinose, gentiobiose, D-
turanose, gluconate 2170 2] Foll tsle] IS YEFN AT} L. mesenteroides S-
07¢] 7§~ L-arabinose, D-ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-
mannose, a-methyl D-glucopyranoside, N-acetyl glucosamine, arbutin, esculin ferric

citrate, salicin, D-maltose, D-melibiose, D-saccharose , D-trehalose, D-rafinose, D-
turanose, gluconate &2} 72 19719 T tjste] LS YERAUT. L
mesenteroides S-082] 73-9- D-ribose, D-xylose, L-xylose, D-glucose, D-fructose, D-
mannose, L-sorbose, N-acetyl glucosamine, amygdalin, esculin ferric citrate, salicin,
D-cellobiose, D-lactose, D-saccharose, D-trehalose, inulin, Amidon, D-lyxose &2}
22 18709 gl st S YEFNAT L. mesenteroides S-092] 745
L-arabinose, D-ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-mannose, o-
methyl D-glucopyranoside, N-acetyl glucosamine, amygdalin, arbutin, esculin ferric
citrate, salicin, D-cellobiose, D-maltose. D-lactose, D-melibiose, D-saccharose, D-
trehalose, D-rafinose, gentiobiose, D-turanose, gluconate &3} <2 23712 ol
tsto] S HEUHSITh ot AdE e BEH AajdA EEE
T2kt & L. mesenteroides S-09 7} 7HY W T/ T23F) o84S Tt
A P Ao Ao 1Y 4L B 0§ AT i wel

A2 W, viridescens S-03 (8%°) ©] At



3. A&ol A B E F27S] probiotics S4

3.1. Al E2E Ak Wid 54

Akt B probiotics®] AT AFHE S A 75 7IdE] $3)
M fddA B2 & e TS Lstadoq A= = lojoF &
TH(Speck, 1976; Soomro et al., 2002; Liong et al., 2005). ©]o] 1 Ao = 23]
AN Fejd Akl dig Wibd Ads JPskith pH 2.00.% =43
S Ao A AZEe] Ao E AEdG AFE Fig 1o HERAY. di=x

2 g8H oz wol A&Ha 9l GG T L. rhamnosus KCTC 50332] A3
ETFE 0504 9.81 log CFU/mL, 30429l A1 9.75 log CFU/mL “12] 31 2A]3F
A A= 9.69 log CFU/MLE Zek YA S 7HA]= 3oz gly At
Aol HEElE FAHES AEASE 30204 8.10-9.27 log CFU/mL, 2

A ZF Aol e 6.25-8.75 log CFU/ML 50 2 gl w Q. Hald ikt

ully
o
)
KN

T2l L. rhamnosus KCTC 50333} vl ushH tha o2 Yakgd S 7}
A= Aoz YESTE Liong et al. (20059 Wikd A3 Ay x
Lactobacillus acidophilus 4% 2 Lactobacillus casei 752 2] At E% pH

A ARl Aol whel AEEo] Fadte AdE UEd S

o
A
r2

Fol Asteh g FAS AT, oleld A7 Az Wnane
w] Ao A E2]FH AT 5 L. mesenteroides S-04 2} L. mesenteroides S-09

= pH2.0014 2417 ol = AEHF S 8.70-8.75 log CFU/ML S~ 0. 2 3
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Fig. 1. Acid tolerance of lactic acid bacteria (LAB) isolated from Sik-hae in 0.1 M
phosphate buffer saline adjusted to pH 2.0 for 0 m (O), 30 m (O), 120 m

(m). LAB strains were exposured for the indicated time. LR, Lactobacillus

rhamnosus KCTC 5033. The significant difference of means was estimated by
Duncan’s multiple rang test. Means with different superscript letters indicate

statistically significant differences as determined by ANOVA (p<0.05).
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3.2. AdfolA £2d FAtde] WEEA 54

olr

3

o

A HEi= probioticse] A 3Fo| Aol AEHFHE F3 AA 7]
Z1d18k7] YA = Slakel gk WAk b ofyel E5akel] digh yAdS
7hA oF oA AJES 4= glofokstti(Speck. 1976; Gilliland, 1979). Probiotics
7 Ao o] aFHAAE FFAY FEE 03% Aot &y A
Aom o] zsteA A HE AsoA wFHE FAREY WHEE A8
71 2 5} S th(Erkkila and Petaja, 2000). 0.3%2] oxgallS % 7}t MRS broth %]
o} 54 UETE oxgalls H7FSHA| -2 MRS broth B Aol A o] A=t
A= Fig 20 YERST. dl27 2 48402 Wo| AFEHAL = GG
T L. rhamnosus KCTC 5033% 0.3% oxgall®] H7} f5o & 93-S wHx
B Aom FAHAT AsfelA FHE FAe #Fe oxgalls H7F
HA e wjx|ol A 7.32-10.63 log CFU/ML F+o 2 FelEdon 0.3%
oxgallS H7}ek wx o A= 5.68-8.77 log CFU/mML 5o 2 3helw Q). 2
oA wEEH FAET T W halotolerans S-012] A% 2.76 log
CFUmMLZE 1& &l dste] 7Hd B2 43S Wol W o= e
Wb 1 99 YR By WETQ L rhamnosus KCTC 5033 3} 4]

aske] g AELS Helou Ao w2 WESEES 7= AL
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Fig. 2. Bile tolerance of lactic acid bacteria (LAB) isolated from Sik-hae in the
presence of 0% (O) and 0.3% (M) oxgall. LAB strains were exposured for 7

h. LR, Lactobacillus rhamnosus KCTC 5033. The significant difference of
means was estimated by Duncan’s multiple rang test. Means with different
superscript letters indicate statistically significant differences as determined by

ANOVA (p<0.05).
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Abak g A% o| o (Cha et al., 2004; Han et al., 2013b; Jeong et al., 2015). 23S

Ha) Az FRAZ S ANAE BEA Aol F A A
qgdadel glofok ahwl ole]  elvelA AsfolA Bl fatwel o

WA AdS W3Ps3ATt Sodium chlorideS 2 7F3ke] 3%, 5%, 7% 2 10%
2 ZA % MRS broth ¥J#] % sodium chlorideE #7}5}# &< MRS broth
Hj Ao A e] AJEt 7 A= Fig 30 YeERSlTh Uz = JEoes W
o] AFEE 1 UE GGHEF L. rhamnosus KCTC 50339 AEAFTE 0%l A
9.42 log CFU/mL, 3%°l A1 9.14 log CFU/mL, 5%°| A1 9.20 log CFU/mL, 7%l ]
7.66 log CFU/mL, 10%°1 4] 4.82 log CFU/MLE 3%, 5%<] sodium chloride % 7}

= AS o] F FS FA] Fkoy 7%, 10%2] sodium chloride 7}

Ll

Ao AsE T Ao dehdth Adeld EI® faERE 0%l
] 8.96-9.66 log CFU/mL, 3%°| A 8.46-9.69 log CFU/mL, 5%° 4] 5.84-9.44 log

CFU/mL, 7%°l A 6.01-9.43 log CFU/mL, 10%°l 4] 4.69-9.52 log CFU/mL <=2

25



log CFU/mL

S-01 S-02 S-03 S-04 S-05 S-06 S-07 S-08 S-09 LR

LAB strains

Fig. 3. Salt tolerance of lactic acid bacteria (LAB) isolated from Sik-hae in MRS
broth containing 0% (O), 3% (@), 5% (@), 7% (@) and 10% (M)

concentrations of NaCl. LAB strains were exposured for 24 h. LR,
Lactobacillus rhamnosus KCTC 5033. The significant difference of means was
estimated by Duncan’s multiple rang test. Means with different superscript
letters indicate statistically significant differences as determined by ANOVA

(p<0.05).
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= FgAHAY. ol T B Aol FelE Akt 3% sodium
chloride H7h= A&l Slo] & &S oA &kort 5%, 7%, 10%]
sodium chloride H7}= tFt 9] FEdF Sl ANE Fv o= Ao
H T} Choi et al. (2014)2 3% NaCl-> # XA ®2]38F Lactococcus lactis2 3%

sodium chloride®| 4] 108.5%, Lactobacillus brevis< 3%<] NaCloll A4 103.1%2]

o

E5S Bl 3 Parketal. (2017)2] K oA XA 3 £

£
=N

T 232 9%9] sodium chloride =7 3loll A 1559 H#F9 ABESHY

thar Haskglth o3 A+t AdE st

32
o
&
Ho
2
=X
rlo
8

=
o

B

chloride®] 7} =l weh Aol Slo] JFS e Aoz Ay £

A7 A fAH A3 P A= Ao e

4.1. A3 FE 479 DPPH radical &~A &4
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g5 olF 59 Fibstes AW E- o dHdEo] L& o] w
galo g dAEE HAEE FAHs= AoltkBlois, 1958). 2afjol A Eaw
fr2kt 9] DPPH radical 27 34 ZA¥= Fig 40 YERAT FA =+
0.2 mM ascorbic acid®] DPPH radical 27 €42 96.11%= YElS o™ iz
T-91 L. rhamnosus KCTC 50332 A&7 A2 88.29%, 2ol E&H 4k
ol A7 A2 73.57-89.51%°] HAE Yelwth. txE=F< L. rhamnosus
KCTC 5033¢} ¥|L3}o] W viridescens S-03, L. sakei S-05, L. mesenteroides S-06
2 L. mesenteroides S-09% FAFSE A EAAE 7HA= A2 T

Oh and Jung. (2015) dt=9] AF <4z

o
b
2
>
M
AC)
=
J

I
o
do
22
=Y
rlo

30.41-39.64%2] W91 DPPH radical 27 4L YeEttal Baskgl o
Jungand Kim (2015)-> Al ZHA 2] o A E8 g 659 ikt 10.30-32.44%
°] ¥W¢ 9 DPPH radical 24 @45 YeWlta B sgltl B3 Seo et al.
(2020)> AFEaAEQ HFAA EEs 652 FAbtS 21.23-28.4%9)

Hele] DPPH radical 27 275 YebTaL Hasiglt. ol2fgh oA+ 4

4.2. A3l Ed TS ABTS radical 224 €4

1R fAre BANLERE AN mESY] 96 Fars #4e U

ER ™ ABTS radical 27 &A1& aiksl A4S AS35H7] Y3 o w
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Fig. 4. DPPH radical scavenging activity of lactic acid bacteria (LAB) isolated
from Sik-hae. LR, Lactobacillus rhamnosus KCTC 5033; AA, 0.2 mM L-
ascorbic acid. The significant difference of means was estimated by Duncan’s
multiple rang test. Means with different superscript letters indicate statistically

significant differences as determined by ANOVA (p<0.05).
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ABTS™e| &4 JEF Faho] =

A o] tHRe et al., 1999; Li et al., 2012). 2J3folA F&H H

radical 27 &4 A3+ Fig. 59 YJERRATE FA 7<)

-2l 5 mM trolox 2]

ABTS radical A&7 4L 9345%= Yelwow thE1< L. rhamnosus

rlo

KCTC 50339 27 AL 74.94%, Aafo| A a9 &

A
puk

bato] 2

m&ﬁ

g3

62.18-81.07%2] W= YEelt. B85 5 W halotolerans S-01 7} 81.07%

2 7

0
T

AL

A2A S YEFAN O L. mesenteroides S-04, L. sakei S-05, L.

mesenteroides S-06, L. mesenteroides S-07, L. mesenteroides S-08, L. mesenteroides

S-09+= T} A A S-S 7HA = ASoE YENS T Jietal. (2015)

3 118

fole] oA Had A FE 50.00% BHuh 2

HE

© W, Cho and Oh (2010)& 71X,

T

AFE BTHOE 74%2] g

m“#

astgdth oleld A Azl mastge o

Jz

[‘1[‘

=3 ABTS radical 2~2H 4& 7}

4.3. A3 oA E2d A FRAP &4

CIEER ARETEE PRSP

<l

AR A oA
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Fig. 5. ABTS radical scavenging activity of lactic acid bacteria (LAB) isolated from
Sik-hae. LR, Lactobacillus rhamnosus KCTC 5033; Trolox, 5 mM Trolox. The
significant difference of means was estimated by Duncan’s multiple rang test.
Means with different superscript letters indicate statistically significant

differences as determined by ANOVA (p<0.05).
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Fa% 7leS st Al 7S sHA EsHAl sk, w=3te] €]le] 7]
%= 3gtt}(Balaban et al., 2005). FRAP &2 ferric tripyridyltriazine (Fe**-TPI1Z)
A 7F dakstAlol 9)8to] ferric tripyridyltriazine (Fe?*-TPIZ) JE| = 3+ &
3593 nmoll Al Ho F5ES 7HA = e JAS WA A ZIEHLim and Lim.
2013). A&follA Ea® 22l FRAP 4 Z 3= Fig 69 YeERAATH

FRAP &4 A3} | Z+92 L. rhamnosus KCTC 50332 0.85 mM AA/mg, 2] 3l

2

|4 Eeld FATS 0.55-1.11 mM AA/mge] WY E et Aol A
Fald FAt 5 L. citreum S-02, W, viridescens S-03, L. mesenteroides S-092]
FRAP &4 Z3+= 1.02-1.11 mM AA/mge] M= el o, gz B}
3% FRAP 24& 71 o= 1% 3lt) Oh et al. (2018)> frol<] of
o X 228t 8719 Lactobacillus sp. = 2702] fAkita=ol A 1,734.3 uM ]
FRAP &4 & YEU AT H 313} © 1, Thaipong et al. (2006)2] K 310 A

Zgol Ud FRAP AEe ¥ AWHS /M Duen we
H

4.4. A& olA E2E FAHFS ORAC &4

EFAAANA AW FRE Ak F ARES YA thabe] TR
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Fig. 6. Ferric reducing antioxidant power of lactic acid bacteria (LAB) isolated
from Sik-hae. LR, Lactobacillus rhamnosus KCTC 5033. The significant
difference of means was estimated by Duncan’s multiple rang test. Means with

different superscript letters indicate statistically significant differences as
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determined by ANOVA (p<0.05).
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u
iie]

st Aol A E Y 4hsly AEYAE futsle] A4, dwd) g

b

T2 % DNA 59 &4 Fxto] &4 271 tK(Kim and Park, 2011).

O

Peroxyl radical> Ad442E9] dFo]™, ORAC assayoll A peroxyl radical->
fluorescent probe<} WH-S-sho] H|PFo] AAPES s, datst 42
AlZbe wE vy g AFES] S AAES HUbste] SA3ste Wt
(Prior etal., 2005). 2}&lollA] 2] ® 2kt ORAC &4 Z¥}+= Fig. 70 1}
EFATE ORAC &4 A¥ W22l L. rhamnosus KCTC 5033 143.66 mM
TE/mL, 23]l A &28ld FAkt2 140.25-156.57 mM TE/mLe] W 9I= e}
STk AsielA fElE A BF oixT e AW 2 ORAC &
e 7H Aoz SRIERIYE. 1 F, W, halotolerans S-01, L. mesenteroides S-
08, L. mesenteroides S-09°] ORAC &4 A= 152.47-156.57 mM TE/mg®] H
AR Yeiger Judez 43t @48 /A E Aoz E1EHI Oh

etal. (2018)> robe] tiwol A w2lst 82| Lactobacillussp. 5 37012 4k

ATFA et v uFA 2 o] B 94 peroxyl radical A A &S Fato] AL
3t #4& Sk ORAC A3g 1est w Aol M FEelE Atk

AT kst 244 ARE TS W AdlelA EeE 9T #
At Z L. mesenteroides S-09 7} 7V -3k A S A= Ao R

ot

i
o
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Fig. 7. Oxygen radical antioxidant capacity of lactic acid bacteria (LAB) isolated
from Sik-hae. LR, Lactobacillus rhamnosus KCTC 5033. The significant
difference of means was estimated by Duncan’s multiple rang test. Means with
different superscript letters indicate statistically significant differences as

determined by ANOVA (p<0.05).
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5.1, AdeA 28 FaEe] 88 B4 24

Probioticsi= AW &7 ol AEste] A W F83 BHI &
Effof st EdWo]l ftelu gdwo] glojoF dvar A <l

(Salminen et al.,, 1998). &3} -8 (a-hemolysis) - Sdolgtal XA H 7]

T 3 M JE FHE 4 B Zdow walo] dojdrt, HE &
(B-hemolysis)> &7 &Holgta A A% st A =g FH= 2

A EE A BMAS ¥R 2= FYs At vt £d(y-
hemoylsis)= &3] glaS YHEMM M H= T vkgo] glojof st
ChH(Buxton, 2005). 2&fol A 2] fFAkte] €38 54 A3 Table 491

guilth. Age] AEE oFel AslelA Fel® fAwd YERT AL

-
ofo
ek
off
o
50
rir
i)
a2
oo
gk
gt
ox
tjo
AW
o
=
rlr

¥ L. rhamnosus KCTC 5033 &

rlr
o
we
Ho
o
o
lo,
fu)
g
=
>,
i

Aoz gl Ut} Jietal (2015)2] B Lol A]

(3

23t 1Y Akl 25 vk §ds yEiEta BRasiglon
Thirabunyanon and Hongwittayakorn (2013)2] H Lol A= fole] thoA &
23 1559 fAktel A 5 Ant 88 ekt 1B

Lim et al. (2016)¢] XilofA Ex AZ=ZRY T8 AT 5
Enterococcus faecium ¥} Pediococcus pentosaceus| X &3} €4 &4 & e

dtta skl olelg Halg Fato] AEwd mibd dHe &9
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Table 4. Hemolysis activity of the lactic acid bacteria (LAB) isolated from Sik-hae

LAB strains Hemolysis
o Bb ¥
Weissella halotolerans S-01 - - +
Leuconostoc citreum S-02 - - +
Weissella viridescens S-03 r - +
Leuconostoc mesenteroides S-04 : . +
Lactobacillus sakei S-05 = ! +
L. mesenteroides S-06 S 4 +
L. mesenteroides S-07 - % +
L. mesenteroides S-08 - L +
L. mesenteroides S-09 - - +
Lactobacillus rhamnosus KCTC 5033 - - +

2 Incomplete hemolysis. ®, Complete hemolysis. ¢, Non-hemolysis
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92 SAste] PAA R BE dTE A%q0z A e
(Salminen et al., 1998; Mathur and Singh, 2005). ©]ol] & AFo|A] F&H FAk
TTE Ao s FAA g E48 HAAleich AsfeA ¥

o] A WA A= Table 501 YERHATE AafolA F2ld fFAabatol
gt FAAA N Adde v 2 W halotolerans S-01- kanamycin,
streptomycin A Aol thsle] MIC #k©] 256 ug/mL o] o= A Ao gt
o] vlaLd =9k S} erythromycin, tetracycline, penicillin G, ampicillin &4}
Aol ek MIC %#k©] 4 ug/mL o]tz FAd o]l =A Yelth. L. citreum S-
02-> kanamycin, streptomycin A3 Ao thdle] MIC ko] 256 pug/mL ©]d S
2= FAAC oigt Aol HlwH =k Or};  erythromycin, tetracycline,
penicillin G, ampicillin A Aol thgk MIC %to] 16 pg/mL ©]st= 774 o]
= YEFSETE. W viridescens S-03< kanamycin, streptomycin, tetracycline &4
Aol wistel MIC gtol 64 pg/mL o] F o= Al gk WiAde] nas

=9k O 1} erythromycin, penicillin G, ampicillin A3 Al ol o] g+ MIC Fke] 2
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Table 5. Antioxidant activity of lactic acid bacteria (LAB) isolated from Sik-hae

Antibiotic resistance (MIC, pg/ml)

LAB strains
Erythromycin Kanamycin Streptomycin Tetracycline Penicillin G Ampicillin
Weissella halotolerans S-01 0.5 >512 256 4 <0.25 <0.25
Leuconostoc citreum S-02 <0.25 >512 256 16 <0.25 0.5
Weissella viridescens S-03 2 > 512 > 512 64 1 <0.25
Leuconostoc mesenteroides S-04 <0.25 >512 >512 8 0.5 2
Lactobacillus sakei S-05 <0.25 32 32 2 <0.25 <0.25
L. mesenteroides S-06 0.5 >512 >512 16 1 2
L. mesenteroides S-07 2 >512 >512 16 2 4
L. mesenteroides S-08 <0.25 >512 >512 16 0.5 1
L. mesenteroides S-09 <0.25 64 32 2 <0.25 0.5
Lactobacillus rhamnosus KCTC 5033 0.5 >512 512 4 <0.25 2
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ug/mL ©|st= Aol = YEFRT L mesenteroides S-04-2 kanamycin,
streptomycin A Aol thEle] MIC #ko] 512 pg/mL Rt} =of A Aol o
sk Ujidoe] HlalA =9k O} erythromycin, tetracycline, penicillin G, ampicillin
A g MIC ko] 8 pg/mL o|st= 7hr/do] A YEFRLTE L sakei
S-05< kanamycin, streptomycin A Al tisle] MIC ko] 32 pg/mL ©]d S
2 AA sk Aol HlwA  H%OL;  erythromycin, tetracycline,
penicillin G, ampicillin &2l 3k MIC #kol 2 pg/mL ©]st= Aol =
Al YEFSET}. L. mesenteroides S-06-2- kanamycin, streptomycin &FA) A of] T} 3}
MIC #tol 512 pg/mL Htt szof Al thgh whdo] Hlu 4 Fkont
erythromycin, tetracycline, penicillin G, ampicillin & Aol t]$t MIC Fto] 16
pug/mL olst2 Aol =A UERSTE L. mesenteroides S-07-> kanamycin,
streptomycin A Aol t]dle] MIC #ko] 512 pg/mL Rt} o} A Aol o
sk Ul o] vl =9kO i} erythromycin, tetracycline, penicillin G, ampicillin
FAA ] W MIC ghol 16 pgmL olstz /o]l =7 YEbstth L
mesenteroides S-08< kanamyein, streptomycin A3 #l| ol thsle] MIC %ko] 512
pg/mL Kl ol A thk Aol BlawA FHh O} erythromycin,
tetracycline, penicillin G, ampicillin &3 #l|ol] d] g+ MIC gko] 16 ug/mL ©|3}=
Aol = YEFSTE. L. mesenteroides S-09- kanamycin, streptomycin &4)

Aol thste] MIC #to] 32 pg/mL o] o= BHAA] thgh wj/do] H|uA]

ke
32
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gtol 2 pgmL o8tz el A Yeist dx =2 d&4e= §o

AFEE L Q= GGH T L. rhamnosus KCTC 50332 sHAA WA A=
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kanamycin, streptomycin A Ao ths}e] MIC Fke] 512 pg/mL ©]F o= g

A gk o] HlaA =9k O erythromycin, tetracycline, penicillin G,

ok Lim et al (2016) EA @ 1054 EF FAEF F L

mesenteroides> kanamycin®| 3k A& o] =k o} ampicillindl] el A=
Aol wual Basilor B A Aol fAfsk Ay FFS VA=
Aoz ddHETh T3k, theFst AEdelA EelE At E©] kanamycin,

strepomycin®]] FHH 0% F& FAA WS dERAT:E tE dT7AE

o] AFAF}}E A tH(Mathur and Singh, 2005;  Kang et al., 2017).

5.3. Aol A 28 f-4FT 2] biogenic amine A5 4

Probiotics= H|H Y Ado]o]of 5} biogenic amines &3 #2 F3lE2 A
ol mE A4 EA The Aol thete] WHEA] qb o] SR Hojof Fitar
44 ATHLim et al, 2016). PIAES] BES Fato] AAH Aol
A MR wEt Al FF, FE R AA T 43 & U

(Barbieri et al., 2019). 23|l A E&] ¥ 472 biogenic amines B85 23

=

= Table 6] LEHIATE APol ALEE 9%l AselA BelE fALEa
x=7=Z A8-%H L. rhamnosus KCTC 5033 S histidine, lysine, ornithine %

tyrosines T3 7 §lof ol EZS HAFAZ 3= biogenic amines A4
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Table 6. Production of biogenic amines of lactic acid bacteria (LAB) isolated from

Sik-hae

LAB strains His Cad Put Tyr

Weissella halotolerans S-01

Leuconostoc citreum S-02

Weissella viridescens S-03

Leuconostoc mesenteroides S-04

Lactobacillus sakei S-05

L. mesenteroides S-06

L. mesenteroides S-07

L. mesenteroides S-08

L. mesenteroides S-09

Lactobacillus rhamnosus KCTC 5033

2 Negative. His, Histamine; Cad, cadaverine; Put, putrescine; Tyr, Tyramine.
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2 AT Pircher et al. (2007)9] H.alo|A ¥a AA]H]
U Xz FEE fFAkdol A cadaverine ¥} putrescine2 AT ¢ At
31 K 313} 0™ Moreno-Arribas et al. (2003)2] H Lo A= ofQlol A FelE

frAketo] tyramines AT 4 vhal H skl $HH, Jung et al. (2013)<]

7b Qo] XA Fekthal B
A ople] Aibgo]l 54 el whet Aolsty Aol EdE ik

T T Y5 tyramine, cadaverine, putrescineS- A 3} ThaL B a1sFSI T o]

23 Ayt fAEe] B9 2 750 wel f-AEEE biogenic amines

ZEEHoAIE AF MY B2 FE7E A AN Fad LS Gt
UTHPark et al., 2017). B8k, 2 3Fol] EAete ikt G o] A S
FAA 71 G AT 1A EgEE Aoz 4EA ) ThGarcia-
Cano et al., 2019). A&l A F2]H fAbre] o F38) &4 Z3}= Table 7

of ettt Aol AHgE 9Fo] Aol Eed Fikd T 8T

WE = clean zone©] 2ol dild RasS VA= AR I

t}h A RE, A Efel A BEElH A 5 L. citreum S-022 5% skim milkS $F
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Table 7. Protease activity of lactic acid bacteria (LAB) isolated from Sik-hae

LAB strains Clean zone

Weissella halotolerans S-01 +a

Leuconostoc citreum S-02 -

Weissella viridescens S-03 FR
Leuconostoc mesenteroides S-04 i
Lactobacillus sakei S-05 =

L. mesenteroides S-06 +

L. mesenteroides S-07 +

L. mesenteroides S-08 +

L. mesenteroides S-09 +
Lactobacillus rhamnosus KCTC 5033 +

a Positive. °, Negative
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21t} Cholesterol 7Aas A= ZFQ L rhamnosus KCTC 50332 84.02%,

2o A EelE fFabrS 4530-81.61%2] W= e AsjolA Ee

i}

g AT S L. mesenteroides S-09°] 81.61%%= 7}& 573+ cholesterol 7F4
4E Blom gzt AR ghE VYERITE oS0 =5 W viridescens
S-03 (75.11%), L. sakei S-05 (71.11%), L. mesenteroides S-04 (70.62%) =S 2 1}
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50339] cholesterol A T2 88.10% = YElWom E A5t Aol fFAlst
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Fig. 8. Cholesterol removal efficacy of lactic acid bacteria (LAB) isolated from Sik-hae in
MRS broth containing 0.1% cholesterol and 0.3% oxgall. LR, Lactobacillus
rhamnosus KCTC 5033. The significant difference of means was estimated by Duncan’s

multiple rang test. Means with different superscript letters indicate statistically

S02 S-03 S-04 S-05 S-06 S-07 S-08 S-09
LAB strains

significant differences as determined by ANOVA (p<0.05).
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